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Noise in a hollow beam injection gun for "Q'" type tubes

J.Arnaud®, G.Wendt*® and J.Lind **

Some first experiments on the noise of magnetron
injection guns will be reported. The injection
gun may be considered as asmooth anode magnetron,
one cathode hat being removed so that a part of
the rotating beam escapes from the crossed
field region to follow the magnetic field lines,
‘“he main cdvantage of such u gun 1s its large
cathode area; but the current density is found
highly inhomogenous; another drawback is the
hign noise level which issimilar to the spurlous
oscillations of the smooth anode magnetron,

* CSF Compagnie Génerale de Telégraphie Sans Fil,
Centre Physique Electronique et Corpusculair:,
Domaine de Corbeville, Orsay (5 & 0).

** Raytheon Company, Burlington, Massachusetts,
U.S.A.
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The experiments have been done with a conical

canode the angle of which is 9° and the diameter

two timeséthe diameter of the cathode, The fig.l
shows some types of sun tested., The gun is a
cylindrical oxyde cathode; Iy is an impregnated
cathode, III is cylindrical with a smaller
effective length and IV nnd V are conical with
an angleaf3° VI iscylindrical and is surround-
ed by = grid. .

The static results concerning these guns:
perveancé, current density distribution, break
up will be given in another paper by G.Wendt,
L.Andersdn and J.Lind, We shall give here only
some measurements on noise,

The collector is grounded through a 50 Q load;
the nolsé voltage is measured by a heterodyne
voltmete; the central frequency going from 30
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Noise current versus the cathode temperature

KHz to 230 MHz; the bandwidth is 4 KHz. The
noise current in the beam is expressed in uA for
the bandwidth of 4 KHz, The noise may zlso be
collected by a cavity in ‘L’ band with a pulsed
cathode voltage of 10 kV; its variation versus
the magnetic field is in good agreemert with
the low frequency results,

In the figure 2, the noise current is plotted
versus the coil current for the long cylindrical
cathode, The voltage being 100 V, the current mA
is equal to the microperveance, the map of the
magnetic field corresponds to a coil current
of L A, One sees at first that the noise Jevel
is very high, around 1 pA, which corresponds to
a ratio noise current over shot noise current of
200. The spectrum is rather flat at leasu up to
230 Miiz i{f we except some ionic oscillations
below 5 MHz, so that we found that the total
noise modulation is at least 2%. One okserved
also that the noise varies rapidly and periodic-
ally with themagnetic field for moderate mignetic
fields; this is similar to the spurious os,lllat-
ions of the smooth magnetron,

The curves of fig.3 are obtained with an
impregnated cathode. In contrast with the class-
ical ‘M’ type guns, the excess noise_is net
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Noile current of a conical cathode versus

maghetic field

the

sueressed when the cathode is temperature

limited;

theld,c. current,

the‘noise is simply proportional to

This negative result may be

restricted to a long cylindrical cathode.
figi4 shows the case of ashorter cathode length;
thel noise has the same order of magnitude,
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Noise current versus the angle of the magnetic
field with the axis at the mean cathode radius
S a constant mean magnetic field- i

Similar results are also obtained with the guns
T ad V. '

~1e slide 3 corresponds to a conical cathorde
with a field constant along the cathode; the
noise is rather small compared to the previous
case for any value of the coil current; it is
approximately 0,1 wA, This test has been done
again on a sealed tube up to 500 V with similar
results, A more detailed study shows that the
important parameter is the angle between the
magnetic field and the cathode surface; when
an electron which would leave the cathoie
along a magnetic field line flows to the right
no excess noise is observed;, this is shown in
fig.5 where the noise current is plotted versus
the angle of the magnetic field with the axis,
for a constant magnetic field at the middle of
the cathode; similar curves are obtained fér
any magnetic fields and vol tages. '
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gridded %un

A griéded cylindrical cathode is shown in the
'slide 7, ithe excess noise is nownearlynegligible:
107 pA:| but it may be noticed that the positive
grid absorbs nearly 2/3 of the cathode current:
this occurs mainly at the left side of the
cathode!wherp the external electric field is
small; “his supports the hypothesis that the
noise appears mainly in the low field regions
of the cathode. In the conical cathode the
electric! field and the drift velocity are larger
and ar. improvement in noise may be obtained,

A test| has been done withacylindrical cathode
segmented into four parts. The current of the
left paﬁt may be negative which shows that some
e]ectron? having gained energy flow in .the wrong
directicn, When small voltages are applied be-
tween th? four parts (less than 20% of the total
vol tage) the currents may be done equal for
each- part of the cathode; no important change
in noiseTis observed.
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Crossed field noise in the low -velocity region

/
M. A.Pollack?®

Introduction

The unsolved problem of high crossed-field moise
has lonyg heen uf interest to investigators

Txperiments have shown that noise -currents verJ
much in excess of full shot noise Ll] and
temperatures well above cathode temperature iz]
can be found in crossed-field electron strears,
There is evidence that the noise growth appesrs
in the guu region of crossed-field devices,
and is greater for space-charge-limited operet-

Electronics Research Laboratory, University
of California, Berkeley, California

]

|
I

Y

ion than|for temperatdre-limited operation [1],
the reverse of the situation found in ‘D' -type
beans, |

This knowledge has led to interest in the
crossed-{ield gun region, and the low-velocity
region ne¢ar the potential minimum, inparticular.
Others h#ve pastul ated that apotential minimum
ipstabilﬂty drives wave growth at the bean edges
producing the high noise L2]. The present in-
vestigation was undertaken to examine this
hypothesis and the overall problem of noise
transport in a simplified structure, the crossed-
field diqde.
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