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ABSTRACT

The work of this year consisted to study the anomalous
effects observed in crossed field guns; the more stricking effect is
the exoess noise which may reach 104 time the thermal noise of the
cathode and which causes the sole current in optical systems. The
oonditions in which such a noise appear are now well known; the speo-
trum and the correlation in the magnetic field direction have been
deternined.

The theory of the excess noise has not yet been given; the
experinments done show that the noise in the gun proceeds from an ing=
tability of the space charge which may be modulated by the olassieal
noise} according to this idea, the first step is to find an unstable
flow, Up to now omly a flow neglooting the space charge or a flow
with constant ourrent density has been studied. In this report a flow
in vwhich the cathode owrrent is a linear fumotion of the distance om
the oathode has been theoretiocally studied; the d.c results, obtained
with a digital computer, are given in this report) some critical magnetioc
fields for whioch the electron velocities vaniah after a particular
angle constitute an unexpected phenomenom. On the other hand the computed
trajectories permit to design a highly convergent gum which could

prosent some advantages compared to the classical gun assuming s constant
ouwrrent density.
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The acnsitivity of the gun to an external signal has been
shown to be very high when the exocess noise is present; the noise cha-
racteristios of a coaxial optical asystem have been studied.

It is possible to design a gun without excess noise, by
the two following means i
1. A narrow cathode gun for high impedance beam$.

2. A gridded gun for low impedance beams (medium power).
Sud guns will be used in the T.P.O.M. which will be desigued
during the second year program to study the parasitic effects in arossed

field dovices and to realise low noise tubes.

We shall give at first in this final report some charac-
teristic results described in the previous reports
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DETAILED REPORT

BRILLOUIN FIOW IN CROSSED FIELD SPACE.

The simplest way to present the properties of such a flow
is to plot the electric field versus the distance.

If the sole bias is neglected we have the following sketch,

= 2
since the slope of the field in the beanm is %%:V)B after the
Poisson'slavandmp=m°, wp being the plasma angular frequency and

L the cyclotron angular frequency.

£
0=1I,< 1'2<13
SO‘C \ine
V=0 V=V°
1 ] — htal area : V,
s e |\ S\

When the current injected inareases the left hand sids of
the beam reacha the sole; this corresponds to a first maximm ourrent
gven by

Z o = [B/Bc _((%‘)Q_I)VZ}‘Z
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vith
V)BE/C

\2
Z i = 57— ==

* Vl"-/eo

£ being the width of the structure.

The current can increase again if the left hand side of the
bear leaves the sole up to

Z s =

The comperison is done with the theory in the figure 1.
When the magnetic field is increased the plate voltage may be raised
with a negligeable interception and the cathode cwrrent follows the law

But the tranomission collecter over cathode current decreases because
the beam qn'ouh(due to the noise.)

MRASUREMENT OF THE NOIJR.
the sole
a) The sole current, vhen / is negatively Mased with respect

to the cathode is oonnected to the noise in the beam and has been used
at first to measure the noise; however it may be noticed that, for an
infinitely long drif$ mui th apptoximately given, from energetic
omsiderations Yy
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L B2 -
To/Tu =[- 4 (5) L+ varv]
Therefore the sole current is a measurement of the noise
.enly for short sole length,or with a segmented sole which indicates at
what distance from the gun the beam reach the sole.

b) Use of & cavity or @ delay Adno.

The microwave noise may be collected by a forward wave
structure (undriven TPOM) or by a bachward wave oirouit (M Carcinotron
below the starting current); in the secand case the noise appears liks
a narrovw band noise (AF/ ‘f = 5 to 10 %) the central frequency of which
being the oseillation frequency of the ecarcinotron. However the position
of the beam is not known with a sufficient accuracy nor the coupling
between the beam and the circuity a cavity would present the same
difficulty.

c) Measuroment of the low frequency noise.

Non linear effects in the beam involves a low frequency
noise vhich is strickly comnectsd to the microwave noise, and the
noisiness of the beam has therefore,Studied by measuring the noise of
the oollector current.

Two different methods have been utiliged ¢

1. The collestor being grounded through a 50 Q resistance the
noise voltage across it is measured between 30 Kieand 230 MHz with a
tunable comercial available ampliflier having a bendwidth of 4 KkHz
(Bruel and Kjoer N2 2002 and 2004). For the noiseness of the beam we
shall uses the noise modulation N which is the ratio of the rm.s.

!
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noise current in a 4 Ko band to the d.c. cowrrent. The total noise
nodwlation integrated over the total band can reach unity e.g. the
collector owrrent is completely modulated by noise. Most of the mea=
surements have been done wilth this method.

2. The second method utilised a low frequency passive tunable
rogonance circuit in the cellector and the noise is measured on an
oscillograph. This method avoids non linear effects in the amplifier
and is therefore more accurate but less sensitive,

NOISE VERSUS THE TEMPERATURE OF THE CATHODE,

It is well known that the temperature of the cathode hams
a strong effect on the noise; this is shown again in the Fig.2 with an
impregnated cathode, the collector current being kept constant. The
excess noiss vanishes under 1000%y which corresponds to the temperature
limitation of the cathode when no magnetic field is applied.

NOI THE GUN HAS BEEN PHOTOGRAPHIED WITH A WIDE :
HIGH SPEED OSCILLOSCOPE.

The oscillograms are reproduced approximately in the Fig.3
which shows that the noise appears lilkes an oscillation modulated by
noise, when B/Bo is rather small which means when the cathode is not
back bombarded. For high magnetic fields the fundamental fxequency
disappears.
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Such a high frequency oscillation (f &/ 180 MHs with
B = 30 Gauss) seems to be modulated by an other frequency (F 2 40 MHz)
vhich may be due to a feedback from the collector region.

OISE SPACE.

After a long drift space the noise is moxe similar to &
white noise; the theory of the diocotrom effect shows that the enin is

YN&'W\-/W = $Z~l (

It is proportionnal to w; however, experiments done on the treak up of
hollow beamsby B. EPSETRIN'/ and others,show the large signal behaviar
of the beam; it forms a set of spolmes which rotates one around the other;
the spolms are of increasing sise the limit = being due to the image
eoffect in the sole and the line. This large signal effeots invoive

lov frequency components; the speles being distributed at random, let

us congider each of them as a ponotual charge a, the rms owrrent will be

(1)- B, EPSZTEIN s Thdse 3 1'Universits de Paris.
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With such an asumption the spectrum wiil be flat from O up to a frequency
corresponding to the mean distance of the spokes. The weasurements of

the noise spectrum indicate that the size should be of the order of
magnitude of the line sole distance D. This characteristic frequency lies
between v/2D and v/D as shown in the Fig.4.

SCALING LAWS.

From the previous paragraph it may be expected that the
total noise modulation N :@—— /T 1s constant and the tandvidth
increases according to B when a scaling in voltage is done with B ~ Vl//'z
consequently the measured noise modulation in a fixed bandwidth (4 Kis)
should docreases according to N ~ V'l/ 4, e experimental curve Sshows Enk.
the mean value decrease slowly with V but the range of V is no% suffi-
cient to establishe that it deoreases according to v"l/ 4, Some ripples
are observed which could be due to a feedback from the collector. At
the lowest voltages, the sole current increases rapidly, but N decreases;

we may suppose that the electrons which have gained or lost energy are

absorbed so that the other electrons are less noisy.
STUDY OF THE CORRELATION,

We intended to know if the noise is correlated in the
direction of the magnetic field. We may expect that the correlation
is unity for distances smaller than the height of a oyclo¥d and sero
for much larger distances. The experiments dome with collectors near the .
gun are not in disagreament with this hypothesis; after a long drift
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space, the correlation increases as it may be expected from ths theory
of the diocotron gain.

The correlation is measured at low frequencies; its value
does not depend on the particular frequency chosen. A special apparatus
has been built for this purpose.

An exsmple of the results is shown in the figure 6, for
from the gun (b) the correlation is unity for smell B (the correlation
mey be due to the transverse diocotron gain) but it tends to vanish
at the highest B/Bc (small height of the cycloY¥d). Near the gum, the .
distance between the collectors is rather large so that the correlation
is always zero.

Some tests have been done at first with probes on the
cathode; the tests have not been sucoessfull for,on one hand,at the
high frequencies oold parasitic couplings exist between the probes and,
on the other hand the low frequency components have a too smell amplitude
in the gun.

SPECTRUM WITH AN r.f, SHORT CIRCUIT BETWEER THODE SOLE,.

The spectrum gensrally observed is shown in the figure 7
(ourve without capecities); it presents periodic peaks (the separation
into two peaks of the three first peaks has no meaning; it is due to
the image frequency).
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When an r.f. short circuit is put between the plate and
the cathode (the decoupling is indicated in the upper curve). This
support the hypothesis that the periodicity is due to the collectar r.f.
ocurrent flowing back to the plate and inducing a voltage which modulates
in phase or in opposite phase the beam according to the frequency. This
is observed for moderate magnetic fields; for high B/B,, the phase of
the noise along the cathode is probably to much erratic so that the plate
r.f. voltage (obviously in phase in all the gun sinos the sizes are small
oompared to the free wavelength) does not involve a clear periodicity.

JRAJECTORIES AND NOISE WITH A SCREEN GRID.

The figure 8 shows a gridded gun; the grid is constituted
of th:Ln‘ tantalun tapes through which the beam flows. The cycloIdal
movement may be suppressed with a suitable voltage, even with a magnetron
type gm.

~ The figure 9 shows a gun gridded with a thin nickel grid;
the technologiocal results are not good.

Mﬁs\mmshmtbaoptioal systen used with a tantalum
grid, and with soue cathode probes.

‘The figure 11 shows the noise modulation and the current
with such a grid. In oontrast with the classical gun, the excess noise
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appears only vhen B/B° =1,63 one remarks that the sole ocurrent appears
Just at the same time, the colleotor current decreases for more current
is absorbed by the grid and the collector current increases far higher
magnetic fields when the beam flows between the cathode and the grid.

The figure 12 gives a summary of the results with gridded
guns.

JEST WITH A COAXIAL TYPE STRUCTURE.

The photograph of the experimental system is shown in the
figure 13,

An experiment (figure 14) shows the noise modulation
which appears like the sole current only whem B/B, > 1,4. A 100 %
transmission is obtained from 11/13c = 1,1 to 1.4,

A set of anodes permits to measure the noise variation
from the gunj wvith a small initial noise the diocotrom effect is clearly
seers; but the gun may be saturated by the noise; the limit value of the

noise N 1s in any cases around 0,5.10"3.

SENSITIV OF THE GUN TO +f+ EXTERNAL SIG!

We found that tle beam modulatian is 30 dB higher when
the exness noise ia present, the frequancy of the sigaal
being around 30 to 50 Mis; this external aignal was applied by & wire
on the cathode parallel to the magnetic field. The beam modulation was
observed on the collector.
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ON_RESONANCES .

Cyclotron resonances are obsgserved when the beam flows
outside the optical system in low d.c. field regions; the residual gas
may in this case play a role.

DESIGR OF A GRIDDED GUN.

The power dissipated on the grid was in the previous expe=
riments 1 % of the total beam power; in order to decrease it,the grid
mst be nearer to the cathode which corresponds to a smaller gride
cathode potential. However a constant d.c. field is measured on the
cathode only if the wire apacing is smaller than the grid to cathode
distanos.

So, we have built a grid using a pitch of 70 w and a wire
diameter of 10 phe It was at first at 0,5 mu of an impregnated cathode
(22 x 3 mm) Plate-cathode spacing = 3.9 mm.

The secondary emission and the direct emlssion of the grid
involves a grid current which decreases with increasing cathode currents.

Without magnetic field ocne has

Vp' V‘v Ip mA Ig mA grid power/Beam power
200 0 1.7 0.15
10 23 3 0.6 %
20 61 6

31 24 9 344




'oRo 929 1’0
IR CAL .
The line is connected to the accelerating plate.

The figure showsthe maximum grid voltage which may be
applied without sole current; for lower voltages a small grid current
may appears also, ac that the voltage Vg indicated is the beat one;
by no sole current we mean less that 1 % of the cathode current,

Uomthntamiseleuboampmro!SZvauOMmbo
applied with a good transmission (the line and collector ourrent are
measured together but we may suppose that the line current is negligeabls
sinos the sole current is sero).

The figure 17 shows the results with 130 gauss. The too
soales are modified to take into account the scaling laws. The corres=
ponding voltages are much higher so that an important part of the beam
Teachs the accelerating plate.
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JRAJECTORIKS IN A CROSSED FIELD GUN WITH A
CURRENT DENSITY PROPORTIONNAL TO THE RADIUS

The calculations of the noise which assumes the uniformity
in the direction of the cathode surface have not led up to now to instahlitids
or to high diocotron gains., This is the reason far the study of a bean
in which the ocurrent varies linsarly with the distance because this is
more similar to the real situation of the M type gun when the exoess
noise appearj such a slipping stream may involve high diocotron gain
mainly near the pole.

In the case of a wniform current density the trajectories
are given (the initial velocities being neglected) by 3

2 B
X~X.=%’— E;TE—Z. +mw¢b‘11 ®
W j
\}=;'J%[%b_4wwj} x
w&
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Let us considexr the case where the current varies according
to r 3 it may be easily shown that all the trajectories are homothe=
tical with respect to the pole, that the space charge density f is

independant on r and that the potential varies according to r‘"g as

long as there is no multiple stream (th:ls occurs when VO vanishea).

B is perpendicular to the paper and uniform; the potential
vector A is supposed to have only a
component equal to

A -8

2
—
B

-
which satisfies = grad A

In this kind of problem it is known'®) that the flow is
irrotational, rof (mv-eA)=0, so that mv e A s the
gredient of a function W.

V= grad W+9A

PDW

Ve a
Pr

W

Vot &6+

+wrtr

1(—-

vith w=-'91§- (Larmor angular frequency)
V} =0
W:wr‘%(e)

Let us put

(1) cABOR, P.I.R.E. Vol 33 (1945) p. 792.




W.R. 929 164

for the asymptotic developpement near the cathode it will be easier to
put F(O) -0 instead of %(9’) $ the velocity is now given by 3

W= wrt ({(e)-8)
V, s2wr ({(0) - ¢)

V, - wr £'l8)
V’a =0

The initial condition at the cathode (zero velocity) involves

-F(o) = ?’(O) 20
The problem is now to find ]e ( 9)

The potential is then given by

by w4 P ookt ]

972_.?:(»%[4 f"- ?]QQ +1¢9‘+—ﬁ"’]

S [t aop]
'LF 9‘%31 . w‘r[xﬁf’-zf’ng +80+2 ']
L2 [k f"’+4ﬁ£"-47€;‘9-;.,£"’.4£’

iy f" + #'{i'

nh§ ~-Lp-w (8254820 + 80% 6%

SIS
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The components of the current density jp and jJ, are 1

-9 ‘r_:...‘Q—‘DVF =‘-Lan~8£3-ié¥L9'+g£9L+éﬁ'z'#
ﬁoy & {.l"#z ".h(f“9~8fﬁl+4#-r#ﬁnz
+¥¥| ‘“-3 ,'94-[@ {e;,_ge‘s_cfwe_

N N S AR T N

fre-tpe]
) % b -&zi(t; .{26{;':9@.?2(3 : gf f{f"’feg_‘?#"‘&z#’
+2h 20 4+ '8 82O +h -4 B -80°

PP A e A E
P

. ! ! )
-%’&9:- %eve = w‘v[%?‘ﬁ'-(éffevtg]@ehcﬁ

Let us write the law 3

The two terms are 3




_%_\F 9r( w 3 !
B (re)= 4 [ff?,;‘ff ,z;‘;ff"*## ff
id

+2) ot
! M{ew e+4{ ho -8o*

B e
Hff 9z+;ﬁ9é+l’;F:9 Mf#; “{.
w’@ {"M’gfn,hff{?; AH 6 h

s W IGFPH-? MAVS X

+A;¥F +iiﬁzf A Mf#ff
\epg 20 £y "
R R A

-+‘G?9+8 1(2"9’
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This 1ed to the differential equation in ]3 ( e)

S s e e
+h ety f‘hf"f“ hef pie 208 5 4 p
s O[-96 9 ko™ e g2 g p!p e 4r pL16] %0

e"[%jehu F'} 3263

Let us develop ?(9) in sery for smll ® , taking into accomt the
initial conditions

Ve (0)=0  Vgloeo)=0

One obtains 3 /
‘E {5‘ 9 +(3 e/ +<r“ eu/&

that is ’
23 b/ 4/5 \ 3
F(s0 +Z0e 0t 3y 3 [

! - Vs /5
%_lOK o "_’_Lx K,?Q' ﬁ(ﬂ -—X“
%m:_’\/o’ Kse-/i} :: ((’?9% (uK 0°, no J"
' /

me—
]

g1

5/3
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One sees that the derivation of high order reach for O =0
values very much higher than the first derivation and than the function
itself; sinoe the digital computer begin by 6 = 0 , some terms will be
at first important and others which will be completely negligeable.

The differential equation is writtem so that the important
terns (for ©- O )are before the less important ome.

Then we have

EXalizats

+Af"

o pogfte-gppe

R A Y e AL
Js16f s htflo+2) Q"%
48 PP -4 2E"O- 4O PO
P2 P g0 P 320"
+36f9”

-3¢ £

- p3
c%z:?

Power of the first
term in

e-l

e_‘f'
e #'5/3
+15/3
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2%,

Sinoce the second third and fourth derivative of 1/2 () beoome infinite
vhen @ approaches O , we have to begin the caloulation, not

at 6 = O but for a amall valus of O ; s0,we need the first terms
of the developpement of {(9)

The multiplication of the various derivative gives 3

e

2/

rlooo H; + koo 6;' X,; 7] y
+(3'600X:K5"%0Xs5:>6 3

|+ (Le.h 00 6} f ~ 2T hh (; +0. w;;f,)e‘/:-..

,_2,000 X:" 9. XOOK; (T’} ,'/5

(Isczo 6"' K? + 1§ o000 yg X-") 6 "
u(u%sz [ + 151200 rera s 46000[‘”61;_

7

(1000 X‘ + 8400 K“ ¥z o

(IG 200 U; Jg + 13520y, &’7)
+ (21952 2 + 26400 1[4 90720y lfs)é

lr/5

L+....
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The first comparison of the coefficients of the terms in e gives
3 3
looo 6;’_2000 55 + '°°°Xs =0

is not determined by the differential equation tut only by the initial
_‘
conditions. For the second comparison { © /5) wo need

A g"z %[32/14055 9"/3, 9022 {79"/1;?4%/, B‘f..]
vhich gives |
'5°°K:K7°LXOOK;K§+MOOX:K?*'?’U'D%:O

__ 3240 I |
1%~ %50 " ‘fs BN

The third comparison (terns in 5) implies the knowledge of the
products ¢

_zo{'{"z 515[1?00055 /..1131900%.(;6/3 J

ny - 3 by
) 9=.+%_§£_ 7.2,007 & 403201, O ]
1 put - % %3
-8H 9=+$9T§[+3.€oodse —5.040(;(7 J
Then,

3600{}“& ~-19¢o0 s (;‘4. 156 ro“df;} 180005/:63
0= +|61006}5,+L%Kz.oaf;(;-t-?)o?:/J?-z?oood':’
~7200 r;‘ + 3.6‘00(}’
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397 %00 K:K., +3%F 240 6;2{:-{- So22 67 ~38600 Kg' =0
Consequently

2

o 206 _ 13 f5 o %ewa [
{s 378 \»5 s 37 %0 g

1R 133

L
. - _— e, —— K ._8I_. pJ-—-v +-—C-—’l-§-L-p—L-
21 135 st (e 25 175 [5°

17 _ 3\8%
21 218%5 (.;'
!‘orthefmxrthoomparieonwenaedtlmpmdﬁcts

8 F{i"b— -8 [ 7200 drg

29

KF¥‘F‘": o7 F_";S'oo(g e -

29 L

k9.500
7229 L (f‘

_160 - 0 T
729

The oomperison gives

- 6‘6;,0

28 e T }
+ V6. hoo lf;(" _LTFhH X?‘s-}. 66.000{;(}'“ £ 201952 J’;

3
+ 81200 X‘ n'; {5"’2"")“°°K:a’u+"‘"°gz‘a’q+3°'?“Jfﬂ}’3
=4
° + l?.&gcxs - (u%.hoo + 40.3204 stoko) d’; J’;
+(u.soo,.;.aoo'-o,.coo)dr}_ .66 &
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18800 [ (5 + k1160 P 4 241920, )y ¢
+ 12 K96 55 + SB.IOOK?..IER-?" O&,(y;- Hee k& }=

Therefore
= LF L Wz _f_,_,&
fu= (+  uwo izs yi i3z 0%
8L (12 view ,L),L
s5o\ 2 21335 ¥}/ )i
ey 81 (12 2! [ )l 343 é’l ]
+ = - % — ) I+
55 175(% 21835 (5" X"} 390 175' ’J’,’.
K - _%59 5 108 1 1358.123 |
" 13g, (5 YE Ipozmiek VT
835 Y5 30.028125 )/

Contral.

To state the validity of the caloulation of the coeffi-
cients of the function € we shall prooeed by another way.

From the definition

3/ 5/, "
Vosrw[-20'32p0 ’+z,he +2p @ +zr,,e/’ Y

- "m"{k 9‘/3._ XX‘O 3+ (k X;’_ 8&/?) 9 +J




W.Re 929 25,

s o ¥ ‘ Y.
Vo=t 5y 674 7,0 3+9%6/3+n5/"ai...J

2
\/:: %’_[Zﬁ'xs g + POpc 1 © +/49J?+50X5b)9’f
(36 o fo 4 10 yo ) O J

then the potential % is given by
‘L”? tf: Vz‘f\f:= ';%3_1 r'“-)fs v /+(7°(F?f? 1.36) 6 ¢ -
N N L S -

('“ €3¢ +“0(5Xn) g3
+30 5 - 225

and for the derivatives

D3E s B [ap o)

3% Y 2 khly
B ag it
12-99? . %% fs"o(h, a/s (z,(o“zrgwog)a

5/
+ (196 53 +3€oefr%-2,88(me ”

+(é 30(73/3"‘ 550 peih + 180 )fs-uo)})@
b oo




The space charge density f = - EOAT is then

2
W
—%f:g—

and the component of the current density :

Yy
~j2 ar-_%(;vrz rw’ (~100X53

(50 s e"*/s+ C2o0p5p,+ 3 246

26.

.,(920% + 8’00(1«,:53 -l Auod/,.)e /3
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r‘S‘o 55 (630(5%%%14‘)8
(380% L 8003’5_%“ ’*40{;)9 /s I”L
(/1 ’”OX;(h"-% XFOdrsX”.’.! ?IUXS -2«5-203/1.,)3/
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The second expression exhibits the meaning of the cons-
tant\'so At the cathode the current density is J

J= - %, 250 J"“"%
D 243

J is proportionnal to r, and to the cube of the Larmor angular frequency
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And the comparison of the coefficients
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The differential equation is written according to the powers of § :

Power of the first term
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For the first comparison of the coefficients (termsin 8 ) we need
the products of the first line.
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The last term is due to the cube 32 of the differential equatiomj it
nay be written

k342000 19‘; + #3680 %k#z+2"rﬂ"32/ﬁj
O= .
43389468 fz+z7a 1260 #ﬁ 6L7 3524, + 23328

¥C=_o‘oo?lo3308




W.R. 929 3%.

Control :

Vez2risrd, (ze i 3 +z£k 1{26 67 ... )

V- r%‘ _3%,(59”" H{Zze/"’u?%, "’hzs{ 9‘°/’+..~)

vl Vf—l /Aelo . 8% elc/5+ (R{z g%t)@ =£) Xﬂﬁﬂ&)m >
\{:: 5\'%0 (2?9/5+ Ho,e & /51_ (l1‘1£;+|?0€’)9"/3)
brnhd, +230 f) 6™

Z?T 7 (MB ) Olo{uu)e " (lz'Pz+'70£+7zé>B'%
(57»“‘% ’F,, +2'30:F6 +36% 7} ﬂ) zz/3+

75ty )

' 1
Vi = % 2 [ ..... ]
&
%?_‘g - i%ﬁ <51>6 ¢ (55084 %0 6, (96?%1 lseof,‘ﬂ%}lﬁ)éj

(Aur»{f&“w%%u& + 792 ﬁ)e"ﬂ ol

2% 509”/+ (%850 ,+1260)® s (:zsez, fwmxoﬁ)/
{+ ¥A881(? 9 + mcc {2 +wo7o7?+?sz:, )e"‘

+ |sou8{ oy

_2/5

-0 o= %z rsoe SBSO:F +\?to)ew’

&o F - { + * '0/5
u.ss/,f +wcxoﬁ+9»cx{lz+cn>
?gnegf,fl,,usow#+97oz¥,+tenoxﬁ

+|19c.$)e 3




Srammsiang famrie |

[,

§ oo

W —
4

&8

[

%%ae:lr 3 (5 goor”g;so +(2,:o Sl;offf 128 s-ooﬁ
° L L BSWPIST LN (u551280€1¥«+?14§oo£6+ V57 9?#
(3588300, +h082Y £+ 15 272 4 )e +
?; yr = zg"l{z'} (50 o4 (ssoo]?z +l‘¥|o)83+(14 k34 fzﬂ ,;;30,?4

?_Ll(r(jr)-_.lfg’wo ® . (7800 f-t+‘skzo)93+(3z868{i:+ 3'>"féoﬂ

o\w\r& =0

Comparison of the coefficient :

_£z,_ 19800 £1+ 8550+300 =0

vivskody s neﬂo ﬁw 132300,

+64f042

c§0760¥1¥k+141500£ +l516§8{r1_
*uﬁclo%,' +|3608f +’:zts8{,} o

+ 3$k60ﬁ“ + 221356

40,
250, (138008, + 8550) 8"y (o smofﬂ 89150,

+ CCH°€1+3LI¢0)9"+ (50760 fidys 2ui500fe
+ 151658 fl + 119 étofiﬁ |5cog-€z + |38424f)6+ﬂ

N Wiegd, + 648 )05 +.

|+ 2235 d,+1296) 6%+

Py =-0kn6969

=400 3
34008, + 10260 }=e f" +0060h%4 33

y 3t h2uf} ‘?c=-0,00710331
1
+ 129¢




W.R. 929 41,

For § o Ve et
P s A5 tofs
243

36 107,243 3G LAWY _ 3/ dolA ft]
£ \[ $,85. 0,150 r‘[m']‘ =2 68”0 [cv:i
a‘r°= IA/C'\A‘L Po = Sem

2ys 340107 A,

sxample

squntion of the trajectories

L:Lf f‘"‘

/3 (4 04465?03 + 006045436_ 000?103319

)

A T
n
wM +o

‘fbls(i 09833‘559 + ozos‘s‘x,se - 00%2 C?SZO,. )

v

_\.—q.—

Yy
6" 4+0,38333306% [0,96634k - 020554 5) B4
f +(o,0326"?6‘2+o,‘55'082_e-0,4042.39)6"+

= L3P (4.,. 0,53 6 3(,361.,. 0,39233 ok, 0,29 | zg;e‘,t--.)

el

%
LL - 060 (1+O}{8l891+0HL7hh9”+q0?2829‘+“->

[+]

~)

L)

0.\ 062|103 |04 |05 0¢c|lor|08|09] 1.0

¢

1,006 | 1,024 [1,05% (1,105 1125 1,272] 1,41 [ 1,61 [1,92 |2,42

Ietuaseokforthevulmoféforvhichvoulm

.-rf':O €’=0 19.;_/'1:.:#0 #’#O




W.R. 929 42,

The differential equation gives then
Fn3+ 8{{“".,.14 ft{'.’.SZf;:. 0

The only real root of this equation of the third degree for F” is

pe-al

2]
L,%O_-_z.[oiz':‘,_‘}_

* becomes infinite when ?'-. o

Sinoe

So that an asymptowexists. Along this asymptote, we have

_;Lo&,:m?* L T

Let us call eothe angle of the asymptote and introduce a new
veriatle §$=9,-©  since f‘=€"=o £+ 0
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Comparison of the coefficient
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The last point oomputed in the table %:12(9) vas
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Result
§<017
So that the angle of the asymptote is 60:8,4-%-,:!-4—0,[?-:!'!?
O, 6F°
In the region free of spave charge we have the Laplace's equation
t > >
2%, 17°¢ 1 2% o
or* U nr r or

Let us assume for ? a law

The Laplace's equation gives then
4 L\+ t\”: O

And, with the initial conditions

{>:Ar‘ws2,8= Z_%%_ rlecd 28

This field may be realized by two electrodes one of them being planar
0. C = 60‘*‘450&" (2°
and the other an hyperbolic cylinder

rl(witg_ fontd )= C
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INTERPRETATION OF THE RESULTS.

Let us consider at first the case where B = 0, the figure 18
shows how a convergent flat beanm could be built; the approximate shape
of the olectrodes is shown in the figure 24 (b). The current density
of the left hund side gun is highly non uniform since it is zero at the
angle and a more uniform density should be obtained with the right hand
side gun.

The figuresl9 and 20 give the trajectories obtained for
various magnetic field the factor F, being related to the magnetic field

by
J

rw?

n
w
1
~
|
o

:
N
r
[
s

w being the Larmor's angular frequency 1\8/2.

To give a physical meaning to these solutions we must consider the
cathode as a double sheet plane; the initial velocity is zero but the
velocity for © = 360° 1s never zero. (Fig.24 (a)).

A very unexpected result is the singular points whioch
appear for F, = 1.025 - 0.884 - 0,746 and probably others for higher
nmagnetic fields which have not been computed. For these values a zero
velocity - zero potential point occurs at angles of respectively 132° -
300° = 218°. It may be considered that these values are interpolated;
the accuracy is about ¢ 0°5.
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The radius is unity at this point and a symetry exists between
this virtual cathode end the original cathode. This is shown with more
details in the figure 21. The particular case Fo = 1.026 is more care-
fully studied vith an equipotential; the equipotential corresponds

to 33;.-_- 1 (a1 the equipotentials in the beam are homothetical)e.

This case is of interest for the study of the noise booause
it is a well defined system in which space charge oscillations could
occur; the symetry may simplify the solution of the equation of pertur—
batione

A practical such gun could be built with suitable electrodes)
they have not been yet computed and the aketch of the figure 24 (o) is

only an approximation.

If the beam reach just the anode (critical magnetic field).

We have
Eﬂ? 1)
w?
99 097 .1 026=]
£rw?
The total current is I = "é"
80 that
z_ VY N8/ _ 2.2
I Vp/é&

instead of 1 for a classical brillouin beam.
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A double mode operation(figure 24(d)) could be considered
also.

For magnetic fields a little smaller than the magnetic
field corresponding to the critical points, highly convergent beams
can be obtained aince the asymptote of the trajectory goes near the

pole.

This is the case around 0.715; suitable electrodes have
to be computed; such a gun is shown in the figure 24(c).

T I




UQRO 929

LISt OF FIGURES

Fige 1 Maximum current in the interaction space.
2 Effect of the temperature on the noise.
3 Noise oscillograms.
4 Noise spectrum after a long drift space.
5 Scaling laws of the noise.
€ Correlation of the noise in the direction of the magnetioc field.

7 Spectrum of the noise with an r.f. short circuit between the
cathode and the plate,

8 Trajectories with a screen grid.

9 Gridded cathode.

10 Gridded gum.

11 Noise modulation and currents versus the magnetic field.

12 Comparison botween a gridded gun a classical gun amd & coaxial
type gun.

13 Photograph of the measurement system with the coaxial optical

gsysten,




s | swenen | semn

—
R |

Loy

| S—g—

W.R. 929

Meg. U4
15
16

aAr=

22 !'°= 1.025 trajectory and equipotential.
3 ’0" O.SW 0,505 0.510 0.515 0.520 04530 0,540,
24 Soketch of gms.

Noise and currents vith the ocaxial optical system.
Dioootron gain in ooaxial optical aystem.

Gridded gun; maximum grid potential without sole ourrent
versus the line voltage. Sole current without grid B = 250 Gauss.

QGridded gun B = 130 Gauss.

Bon wiform gun. Trajectoxy without magnetio fisld.
r°=-o 10 5 2 1.4 13 1.2 11 105 1 0.95 0.9
l‘o =09 0,805 0.85 0.8 0.75 0.7 0465 0.6 0.55 0.5

( I 1d 1.09 1.08 1.07 1.06 1.05 1.04 1.03 1.02
) . .01 1
o gn 0.895 0.89 0.885 0.88 0.875 0.87 0.865 0.86
(111 0.75 0.5 0.740 0.735 0.T30 0,725 0,720 0.715
0,710 0.705 0.7 "

—fmpe




—
ey

| s '

Y% e e ¢+ 9 s vy ¢ 2
| T
 |(1eore0aa) ajos ayy syseau wesq Iy UayM JUIIND Wnwixely

——t |
h i
. AN
AY—="N \\
AOL=A \\ \
7 \ 10¢S

\
—\
R

(vadnd ajeyd qnoym)
o ' 4, \
’/' K
4
-— o (182133409407) 2U2440 @ae_«mzv,\ L fyunyg

'.,

ARt



Jh

(90)L  OSLL 00L L 0s0l 000! 06
0 o
£
so
+- =
|
l
| 370=VWe0 =]
ssneb g¢ =g (30S=Y" 2H1Y =3V)
AOL— =%\ asiou Jopaje] y(AwW)
| A 002 “u> uJ> w




% NOISE SIGNAL

0.1 psec.

s

P -

: i ~
: ﬁ L

i L

11

0.2 psec.

1psec.

1]

Fi.. 3




Criasaaee

revabaae

cearseres

e
PR
PR
‘ ol
leiiieaa-
o 3
$ -
:

vaun

s
|
it
‘

sstabransbicand

IO

I T
: A Lol

. o

I : : :

: : :

S P : ;

EST SUUSEIUEYS SETEEINIG S S SR FONUS IO

i R : :

¢ T : : R

4 : : : :
RSN SRR SERNEURENS S § S . .\V\ ISR D -




008 009

00V 002 0

m— . Vd

=

N 5200 =*A
NS0 =
msF = ab

W

-

(worrejnpows asiou) Ewm.z




>oo_.uﬂ

A00Z=N=N

._:m Y7 woyy wagl * (q
unb ayy Jesu _n

e R A

et e .« e e o e e AL e e

| +

238_.8 om ._832_ U91314J30 UOITR|3440)
e St S o N e B ——— N |




W 4 002 ool o
o€ ,_
N p——
c
(Aw) Buidposagl—s
asiou AV
NG LGN b A 06
.m_ﬂwu%s_m JANIN
0oL
mo
“A Mo ...a»ﬂmo_mw ap




- U99JIS

s

A0 3170S

Yum \

NoyIMm
WIZLEYIPIM
0 ¢€=4d

7 nér

zummom W \k

//58.
11V1d
D







.

L '
’L&
et
4

i

-4

.k.l“‘~‘

€.
-
~f

-

22

ARRE LA

'*‘;!.

|
B R

L e .,.
- " Y T - — o
7 S PN Wirte 78 ¢ A ok e A -
T g s TN TR IR T WL TN, T,

T e W ; ol - inde

1Y Y0

{.




y C 0
c .
o_u _ -
r -
o —— 4
co ot
. 02
=6
o1x g1l AOY -m> 0¢
< , AV- -._»
=N AO6 = (vw) 1
ATV A002 =} v




O wide cathode
1 classical short gun
2 gridded gun 4mm}

: i 2
A N-hoise current 22:‘::3:;' tgy:: gur:m | collector A (mA)
d.c. current :

(Af = 4 kH2)
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(mA)

COAXIAL TYPE GUN

Noise modulation ﬁN,\/T‘_

VL=VC- 100V

Vp = 50V
Vg =-15V

100% Lransmissioﬁ
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Figure 17
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Figure 19
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