CETLXIE

COMITETUL DE STAT PENTRU ENERGIA NUCLEARA
INSTITUTUL DE FIZICA ATOMICA

FR-138-1975
June

USE OF A CONVERTED MAGNETRON FOR MAKING AN
ELECTRIC GENERATORS WITH RADIOISOTOPES OR
A CONVERTING CELL OF THE FISSION NUCLEAR ENERGY

C.CRISTEA ané G.FRATILOIU

Bucharest - ROMANIA



LIE OF A CONVERTED MAGNE TRON F 0 MAING AN B, 00700

CONERATORS WITH RADIGISOTCRES GR A TOMVERTING 70,

CF T4E FISSION NUCLEAR ENERGY

Guouristea and Golratillcoiu

ItMSLItUte U Aropls Proarcn, B L ROx 5208 ,Buchgrecs Y yman
lustract: [ tnis pAPer T o W fh.io TR oiple g
maget. 0D 15 exaTineud T e stanaip oot of e g
cnmplishing of the necessary transformaticn 7 rn
device. The working i8 explained f tne wiectr.. ,e
Nerator with rafioisotopes 4% Woeil as =" tne =,
ting cell of the fissinn ~uclear ¢ner -y 5Hv ALY
mudi{1ed maganetron. Both the ele 'ric gerevat. r w.t
radiotsotpes and the cravertiag cell o: « v B I
AQuciear enerpgyv represent eleryy SJUTCES SUNG. 2o
the form ¢! micro-wavere - the maln nower Sours: - n-
of direct currunt - the seconcary reduce! nower = .1 o
1, ntroductiom
Thne f1rst eleCLronlc e Lo make a nian ovaer oo -

MICro-wave s W¥as tne majgnetron that uses tw. ele~t -

fields - .2 cnnstant and the other ~3ctlian’ = 5u; - )
one another. In hoth thede electroraygnetic Sieids . rne 7ad0 =
tic fieid and tre electric field are = quadrat are. The gt ar

magnetic field 15 parallel with tiie osctillant magrevic 7.0,
The Taynetron is one of the mort elaborate wsaot i ovox
the microwave field / 1, 2, 1, 4, 5, 6/, There are mwany jlabori-

ous studies degcribing this elactronic device. tereafte:r, rthe



Anode po’e Anoce covfy

\,
e . Cothode
Outpo?
K2 iP 5
y { Interoction space
End hat Qutpot Loar
‘o) CU/UWO)’ view (6) C'ro:: ;ec//o”/]lrpfﬂd/'{ﬂ/ﬂf fa

oxis of cathode

Fig. 1

Diagrams showing principal physical features of

the cavity magnetron oscillator /3 /.

Fig. 2

Paths traversed by various el¢etrons in a
magnetron under oscillating conditions /3 /



werking priaciple 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 ccnversion.
Figure 1 represents a cross-section of a magnetron.Figqure
2 represents the rough distribution of the oscillaring electric
field at a certain time. Figure 3 offers only the tangential com-
ponent of the oscillating electri~ 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 w:  regard to the direct current component of the electric
field (electron c fig. 2) or decelerates them (electron d fiq.2 )
and consegquently focusses them arround the electron beam (elec -
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
a low kinetic energy that undergoes a strong dispersion. The ra -
dial electric field dus 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 up-
preciatively. when the kinetic energy, i.e. the electron velocity
increases, the action of the axial magnetic field of the magnetron
grows stronger. Under the cosbined action of the axfal magnetic
field and of the radial accelerating electric field (both statio-



nary fields), the electron undergoes a beginning of an open spiral
motior. Following its spiral course, this motion becomss approxi -
mately tanceatial to the magnetron geometry (fig. 3). When meeting
the tangential Component of the ocscillating electric field - |{n
a situation favouring its acceleration, the electron is still more

accelerated by the energy borrowed from the electromagnetic wave.

Fig. 3

Teangential comgonent of the osci'lating elec-

tric fie!d at a certasin tine.

As a result of this additional accsieration, the spiral described
by the eiectrons is closed owing to the stronger action of the
magnetic field due to a non-zero velocity of the electrons,elec -
tron b (fig. 2). These elactrons are thus turned back toward the
cathode . They are now in the oscillating electric field possessed
of an unfavourable phase for the upkeeping of the electromagnetic
osalllation and as such they represent only consumers of the elec-

tromagnetic vave power.



-I1f the tangential component of the oscillating electric
field 18 met by the electrons when their movement is parallel
to this component - in a situation of deceleratton - they yield
energy to the electromagnetic wave continuity to move but along
an oper ing spiral until they reach the anode (electron a, fig. 2)
Theoretically the enerqgy increase of these electrons within the
constant radial electric field is almost integrally yielded to
the electromagnetic wave and the electrons reach the anode with
a diminished enerqgy. This behaviour explains the rather high ef -
ficiency - 30-608% of the magnetron. The enerqgy consumed by the
out-of-phase electrons falling on the cathode is about 5% of the
energy consumed by the magnetron. The above-mantioned behaviour
both of the electrons ylelding energy to the electromagnetic
wave and Qf these borrowing enerqy froa the electromagnetic wave
is valid for the elecirons that, in the absence of the electro -
magnetic oscillations, come back on the cathode under the influ -
encs of the axial sagnetic field. In the absence of the oscilla-
tions, the relation between the axial magnetic field and the ap -~
plied anode voltage is such that the curreant in the tube is null.
At a given anode voltage the magnetic field that cuts the anode
current takes the name of cut-off sagnetic field. In pormal oscil-
lating operating conditions, the magnetic field of the magnetron
has a higher value than that of cutt-off magnetic field,.

2. Converting a magnetron so a6 to make it work as
a _slectric generator wi'h radioisotopes

S0 as to give a simpler explanation of the transforme.:ions
to the imposed on & magnetron to make #£ an slectric generator with
radioisotopes it 1is necresary to emphasisze the character ~f rotating



field of the oscillating electrics field of a magnetrcn.
Both radial component Er and tangential component E, of
the oscillating electric field can be considerad as rotating elec-

tric fields

. = E sln(mt-ar)

r or
1)
Ft = Eot sin ( wt - a,i
where
a = g + — ¢
o 2p

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

The angulAar rotation velocity of these f:elds is

b = =55

In a magnetron, the szlectrons the tangential velocity of
which is at such a phase with recard to the tangential electric
field that they yield energy to this field, rofate concomitantly
with it, The rotation, cophasal with the tangential electric field
is achieved by keepinq constant the anguiar velocity of the elec -
trons i.e. the same as that of the tangential electric field 1 .
This constant angular velocity I 1is obtaimed 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.

SO0 as to realize an electric generator with radioisotopes
by means of a magnetron, .ts cathode is replaced by a cylinder the

lateral surface of which 18 covered by a thin layer of an a or 8



rilisactive substance. The thermoionic eri1ssior is s replacald
v the o or ¢ radiattion. If a single radioactive substance is
used, the energetic dispersion of the radiaticn is relatively
small and depends on the thickness of th> substarnce laver.

As comrpared with the working of the ardinary raunctron
the working of the magnetron converted into an electric generator
with radic: sntopes offers two different characteristics

a) In the ordinary magnetron the electrons leaving the
cathode poussess a small energy and are accelerated by the cons -
tant radial electric field. In the electric generator with radio-
isotopes the a or 8 par‘icles leave the cathode of their
h. ghest energy and there is no nore radial field of acceleratior.

b) In the ordinar;y magnetron the electron: which 4c not
fulfill the "space" ~ondition with regard to the u~cillaring field
are back-reflected on the cathode by the axial magnetic fizld in
a neighbourinqg zone of the cathode before they could acquire too
high a velocity. In the electric generator with radioisotopes this
process is impossible since the particles leaving the cathode have
already reached their highest velociiy.

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!:r than {t. 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. Pigure 4 represen.s this working in the

case of a constant axial magnetic field. Figure 5 represents this
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Pig. 6

working when the axial magnetic field is decreasing from the
cathode to the anode while fiqur2 6 shows it in the case of an
axial magnetic field crowing on towards the anode.

1.. all three cas>s, after leaving tha cathode an orbit
is initial)y formed for the emitted pcrticles wkich they reach
by a shorter or longur way according to the configuration of
the axial riagnetic field through which they crravel. This orh!t

radius Ro is

R, = (2)

where
m - is the particle mass
Vo < is the emission veiocity from the cathode
q = 1s *he particle charge

B, - is the magnetic field on the ~rbit.



When tha enerqgy dispc:sion is larne the cathode-anode
space can be full of this kind of initial orbites.

Hereafter we shall assume that the energy that parti-
cles a or 8 can yield to.or borrow from the electromagnetic
wave, in an enough short time interval, i3 realized as small
psrcentages in comparison with the particle energy.

If particle (1), on reaching the orbit finds a "co -
phasal” tangential electric field, it will yield energy to the
electromagnetic wave and its velocity will thus diminish. The
velocity decrease leads to the decrease of the orbit radius
more or less rapjdly according to the configuration of the axial
magnetic field adjacent to the initial orbit. As a result of the
radjus diminution, the particle maintains its initial angular ve-
loc',y f# and consequently r2mains cophasal with the tangential
ele~tT8c field (for well choosenvaluss of the magnetic field B
in each casac’. Remaining cophasal with the tungential electric
field, the p.rticle will continue to yield energy to the electro-
ragnatic wave until it comes upon the cathode or at least very
cluse to {t.

1f on arriving on the orbit, particle finds an
"out-of-phase” tangential alectric field, it wri1 portow eneryy
from the electromagnetic wave and its velocity will increase.
The velocity increasg wili result in the orbit radivs increase
which depends on the configuration of the axial magnetic field')
On the other,hand, owing to the radius increase, the angular

velocity @ will resain constant and therefore the particle will

In Lh? case of a non-uniform sxisl magnetic field the most

saventageous ars those for which Yo - =Y .



continue to borrow energy from the rlectromagnetic wave until it
will come on the anode.

The energy acquired by particles (2) from the electromag-
netic wave is higher than the energy yielded by the electromagne-
tic wave to particles (1) because the path of particles (2) is
longer while being at the same time nearer to the anode cavities
where the electric field is stronger '). Consequently, an electric
generato. with radioisotopes working within an axia} nagnetic
field strong=ar than the cut-off magnetir field will not oscillate.
It if receives micr #ave energy from without, this system will
work as a particle accelerator.

“he working of an electric jenerator with radioisotopes
cderived from a converted magnetron is obtained by an axial magne-
tic field equal to the cut-off magnetic field or smaller than it,
By using such an axial magne:ic field there will always be, on
the particle trajectory from the znode t.0 the cathode a radial
component of the velocity similar to the radial comporen: created
by constant radial electric field in the ordinary magnetron. inis
radial component constitutes a velocity reserve for the particles
yielding energy to the electromagn.tic wave, Along the trajectory

the radial component of the velocity is transformed with the help

of the magneti. field in a tangential component of the velocity.

*)

1t is possible that by & more through analysis a magnetic field
configuration could be detersined that could aliwminate earlier from
the electromagnetic wave zone the (2) particles -nabling thus such
s working . The two exhausting conditions impo:es in this case on
the megnetic field <sender howaver more difficult the contruction of
such sn electtic generator with raficisotopes. For instance, the
achisving of cthe magnetic field configuration from figure 6 {is dif-
fiecu'.t if a completely axisl magnetic field is wanted.



Figure 7 shows the working of an electric generator with
radioisotopes made from a converted magnetron. The full line re-
presents the paths of particles (1) and (2) in the absence of the
oscillating regime. In the care of the oscillating operating con-
ditions , particles (1) will
be slowed down and yield
energy to the slectromagne -
tic wave, contingently tra c1-
ling with this electrus.gne -
tic wave unti) its fall on

the cathode. The inftial

’B yielding of energy on the

first part of the traiectory
J/—‘

> slong the electrnmagnetic wave

prevents the falling of these

particles on the anode. The

Tig. 7 configquration of the magnetic

field should be such that particles (1) could maintain along the
longest posaible part of the trajectory rossible until they fall
on the cathode , a constant sngular welocity egqual to that of the
rotating oscillating electric field. Particles (2) will, from the
very time theoy leave the cathode , be accelersted by the field of
the electromagmetic wave. The small welocity increase these par-
ticles undern %“eiween the csthode and the anode is sufficient to
produce the increase of their radius 20 80 as to make them fall
on the anode. The energy yielded to the electromagmetic wave by
particles (1) is much larger than the ensrgy borrowed from the
slectromagnetic wave by particles (2). The oscillations will be

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



crowaves,

The fall of the particles possessed of an electric charge
aon the anode results in a charge accurmulat.ion on this electrode.
Consequently a voltage will appear between cathode and anode. The
sign { + or -~ ) of this voltage will depend on “he nature of the
charge of the radiolsotopes used. The elactric fleld produced bet-
ween anode and cathode by this vcltage acia in a contrary way upon
the working of the electric generator with radioisotopes. The di-
rect current electric source concomitantly created in this device
has a small power and can be used., The condition of utilization of
this additional source is that its operating conditions should be
near tnnhse of the short-circuit operating conditions. Under these
operating conditions, the electric fiald batween anode and cathode
has a small value. - so that it cannot influence unfavourably the
working as a microwave power gensrator of this electric generator
with radioisotopes.

The voltage value of the direct current sourxce, i.e., the
value of the radial electric field can be used for controlling the

microwave power.

3. Use of the converted magnetron fofF achieving a

converting cell of the fission nuclear energy

In order to achieve a converting ~ril of the fission nuclear
energy, the lateral surface of the cathode should be lined with a
thin layer of fissionable material. The cell nmust work in a neutron
flow within a nuclear reactor, in the neutron beam of a neutrnn ge-
nerator or contingently in a set of a large nunber of cells brought

to the condition of criticality. Since the mean density of the fis-



fionable material within a cell volume is small , {f 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 transfoimed in microwave power by means of con-
verting cells with a high efficiency (50%) while the other part
shouid 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 8 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 -
ticles possessing initial orbites as, in figure 4 and hindering

the working and therefore the efficiencv 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 fissirn products favours this kind of working.
In comparison with the electric generator with radijoisotopes 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 as to cover the whole energy

field of the fission products with the best density.
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