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A PROPOSED MECHANISM FOR THE BROADBAND
NOISE IN LONG CROSSED-FIELD GUNS

by

T, Vaa Duger® and R. D. Harris®™®

Guns uvoed to produce beame for crossed-field microwave
amplifiers con bo broadly divided into two categorios. If the
width of ¢the cathode in the direction normal to the magnetic
ficld io amall compared with a cycleid length, the gua is called
short. iany practical guns, especially for high-power deviess,
hove cathods widthe which are comparable with, or even much
larger than, a cycloid length. These long guns have been found
to produce a beam with much greater breadband asloe whon
oporated apace-charge limited than whon temperature limited. 0
The posscibility of operating with s temperature-limited cashode is
not available in practice gso the reasens for high nolse under
space-charge~limited conditions are of considerable importance.
In this note wo wich to propose a mechaniom for the noles genera-
tion and give some ovidonce for the proposition.
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Trajectory calculations have been made for a pazticular
type of long gun. Thio gun was dosigned by G. S. Hﬂm3 on
the baasio of o theoretical flow in an infinito diede. It shows
promice of boing very important for high-power devices cinec,
in pﬂnciple.' it can bo mado arbitrarily wide and oncessive
cathode current densitics caa bo avoided. The trajectorias in
an infinite crossed-ficld dicde, aceording to the single velocity
theory, are parabolas if all charge leaves the cathoda with a
pariicular value of initial novmal velocity and woro transverae
veleeity. This flow s the basis of the long-gun design. As
has beon pointed out by Kine, thoso initial conditione do not
it with the existonce of a Maxwellian diatribution of normal
and transverce velocities at a real cathode. The argumeont is
made that if the roguired initial velocity is in the raage of
thermal volocities, §¢ chould be just as geod a value as is sero.

To sce what actually transpires, we havo attompted to
make tynjectory calculations, taking account of the ieitial dis-
tribution of velocitios. The Litton resistance notwork was used
to {ind the potontial diatribusions. Trajecterios were calculatsd
on an IBM 7090 computer. We chase to use the parameters of
the gun studied by Midford and Kino. 2 The calculations were
made for two differcat conditiono of curvent limitation. In ene
cace, the saturation current was sot to five timaes the cathode
cursent proscribed for the gun. In this cass a potential minimum
anicts in front of the cathode and the current is limited to approui-
magoly the design value. Ia tho sccend case tho satuvation current
wag eat to the design volue of cathode curront. In the theory, 2
zorc field exists at the cathode surface: the cemputer intorprota~
tion of the voltages on the resictance board for tho latter case
matched this condition quite well. In this caso thero {0 very little
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sorting of the amission current. To permit increasing the
scale, only the loft one-third of the cathede was simulated.
A dummy accelerator was insarted along theoretical equi~
petontiale since the actual accelerator did not £fit on the re-
sistance network with the enlavrged scale.

At cach of 23 points along the caothede, 34 vologity
classes woere conoldered. The trajectory followad by the
medinn clectren of each class was calculated. The calcula~
tione are necessarily {terative. The firet approximation for
potential distribution was obtained from o Monte Carlo calou-
lation using the program developed by Pallack.® Trajectories
using the second, third, and fourth approximations for the
space~-charge distribution for the case with a potential mintmum
are schown ia Fig. 1. It is seen that there are lavge differences
botwoeen successive steps of the &era§Mz thero appears to boe o
evidonce of convergence. The mjac%&ﬂea for the case with no
petontial minimurm are shown for the third and fourth space~
charge approzimations in Fig. 2. The trajectorica plotted in
those figures ar¢e raprecentative: some were omitted for clarity.
Cualy a partial plot of the trajectories for the sccond space-~
charge appronimation was mado but the resuite were similar to
thooo of Fig. Za. We noto that there is little difforence between
the trajoctorica of Figs. /a and 2b. The calculation appears to
convorge.

The proposal we wish to make for a mechaniom which oz-
plajas the high nolee in space-chargo-limited long guas is
suggoataed by the lack of convergenca of the trajoctory caleulations
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deseribed abave for the casce with a potential minimum. For
the purpose of thie proposal we considor the boam above the
cathode to be divided into two parts: (1) the low-voloeity region
around the potential minimum, and (2) the beam boyond the
minimum. The coafiguration and density of the charge cloud
boyord the potential minimum strongly determines the shape
and dopth of the minimum aad, thorefore, the eurrveont and elec-
¢ron velocitios pascing iuto the boam beyond. I, in turn, theso
curraont and velocity changes lead to ouifleiontly impostant

" changeo of the chazgoe cloud, a feedback, leading to instadility,
io possible. The lack of convergence of the trajectory calcu.

lations when o petential minimum is present appearo to be a
nero-froguency manifostation of this instabllity. On the basis

of the above argumaent, ong would expect the obsarved conver.
geneo of trajactories and freedom from instability for tho ecase
in which thore is little sorting action in tho neighborhoed of the
cathode. The propescd mochaniom would be cupoetad to produce
a breadband noise, as is eboorved, since a wide range of tranoit
times ave invelved in the process.

It should bo noted that tréjeaww caleulations for shert
guns have converged. 5:6:7 In these caleulations tho cathode
curzent deponda on the floldn neaz the cathede co the corting
action §o presont. Furthermore, rathor than the potoatial
misimum being unotable in the chort gun, approcinble smooth-
fag has been obsexved rocently. 8 Arsaud and Baehlerg have
reported a reducticn of noloe when a grid is placed over a
space-charge-iimited cathode. Thic can be explained on the
basis of the proposed mechanism. The grid would act to
ahield the potential minimum from the ficld ﬂuctaatiqns
rosulting from chifting boam positions, thus opening the feed.
back path. Fiaally, it may be of intorest to note that trajoctory
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calculations made for a cylindrical magnetron with an r-f field
by Lehr, et al. 10 exhibited a behavior with respect to the type of
current limitation similar to those described above. That is,
when the current was space«charge limited, 34 successive itera-
tions yielded no convergence. When temperature was limited,
convergence was attained in a few steps. Obviously, there are
differences between the model for the magnetron calculations
and the long+«gun model of this paper but the similarities between
the models and between the results are worth noting.

1_"5"



N

&

1,

2,

3.

40 .
: xamw No. 488, university of cmtfomia, Eserkeley. QOctober
22, 1%3.

5.

7.
8.

9

19,

REFERENCES \

E. Okreas (Bd. ), Crossed-Ficld Microwave Davices,
Academic Press, méw York, Vol. I, p. 151; 1961,

T. A. Midford and G. S. Kino, ;I_JRE Trana. on Electron
aevicea, Vol. EDcO, pP. 431-@39; 1962,

@. 8. mua, IRE 'x':-ans. am Eiecztmu nevlcea. Yol. En..?,
Ppe 179-1833 1960.

M. A. :Poilaek. .&metrenies Research Labaratery Series 60,

Je E Boors, et ét.. Teﬁh. Documentary Rep. No.
A&D»TQR -62-75?. Elecﬁmn Eahysie.s Lab. , Uaiversity of
miehigan, Havembex 1963,.

N. Re . Mamana. i“mate commwm:an, 1963.

P. x. Kirst@im .ﬁgrtvate uommuaieaﬂm 1963

H. a. Mmenn and T. Vaa Damar, LBEE Txana. en Llectmn
Bevieas tm be yuhli@heﬁ}

3. Arnaud and . mamer, 3. Agpl. Phys., Vol. 33, p. 2344
lgéaa I' :

CQ G. Leh?. Jn Wo mmﬂ‘ 2 &lmrmau. Ro C- G“ﬂh@?p

J. Elecemggga aﬁd Cont, Vol. 13. Pe 89; 1962.

b



Fig. L

g‘%gv 2

FIGURE CAPTIONS
Three successive ateps in iterative caloulation of
trajectories in a long Kine gun with poteaiial minbmum

taking account of initlal velocitias,

Two successive steps in lerative caleylation of

trajectorios in & long Kine gun without potentinl mini-

mum taking account of initial veloeities.
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