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A232RACT

The tests of three circular tubes are described. A nunber of
nodifications arc discussed. A new btype of output is described. The progran

is defincd.
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I, TUBE TESTS

I.1. TUBES CIi "~ oA N2 1 AND 2.

Tubcs N& 1 and 2 werc built according to the drawingsef the statius
raport N2 2 with the medifications given by figurcs 15 and 16 of status report
Ne 3, Furthermorc, the pole picces of tube N¢ 2 werc flattened (0.5 mm) beeause
it was thought that the focusing action of the radizl component of nagnetic ficld
wos too strong in tubc li¢ 1. Figurcs 1 and 2 show the axial magnetic ficld versus
radial distancc with thc pole picces of the two tubes. Figurc 3 gives somc of tho

eritical dimensions neasured in the tubes.

Nonc of the tubes was satisfactory as for as the dinensions of the
ridge ureconcerncd, as tha crowns noved slightly apart during brazinge. The ridge

gaps were respeetively 0,139 and 0,129 m instoad of 0,060.

Figures 4 and 5 arc vnlots of thc VSWR. In spitc of the wrong di-
rensions, tube 1 was well natched. Though the values are generally not token at
the senc frequencics, it secems that the prescnco of the sole and gun do not
affect the VSWR, showing that little power is radiatcd by the ridge transformer.
This is also suppcrted by the fact that the tubes radiated very little through
the leads in contrast with CiT 08 tubces.

8o
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Photos 1 to 6 show various parts of the tubes at different stages

of tho tests.

The eathodes (type 103 CSF) were soriewhat difficult to activate,
but worked well, and the tubes proved in goncral satisfoectory as fiur as tech-

nology iz concuimaed.

Figurc 6 shows the output power, beam current and tuning ronge cof
tube n? 1. The points of neasurciwnt were chosen at the pecks and valleys of the
output power. The tube tunes to high froqueneics, but with a very sharp decrease

of output powecr.

Figurc 7 shows powor cutput versus bean currant. The sionll ondu-
laticns of the curve aro duc to slight variations of linc voltage and frequency

as shown in figure 8 where the frequency was ncosured.

Moaxiimn power obtained ot 2 single frequency was 7 watts ot

31,400 ile/s at 1500 volts and 127 nd, with 3,7 % cfficicnoy.

The tube deteriorated progressively by arcing during atteuphs to

inprove over these figures.

Photo 5 sheows the dannges on the eircuit and the noly ridge,

suggesting that a good amount of current was lost near the gun.

Concerning now tube N2 2, figures 9 and 10 show output power and
wavelength versus line veltage for two different sole voltages. The tuning curves
arc not rogular. If one superiniposcs them with a shift of 100 volts for the line

voltage, thus compensating for the diffcrence in sole voltage, the tuning curves

ae s
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superinpose only down to 9,4 rn. Fron this value down to 8,4 un, they are dis-
tinct. Actually, it ofton socmed on the scopo showing tho %f envelope that there

was coupotition botween two nodos of oscillations Unfortunafzly, the VSWR of the

tube had not been noasurcd above 9.2 rm.,

-

Maxirun output power at a single frequency was 7.4 watts with 1350 V.

199 nA at 10.25 mm, with an efficiency of 2.7 %. The tube deteriorated 1like tube 1

Both tubes wore sindilar in nany respects. Both were often noisy
ovon after a few hoursof operation, They were operated for about ten hcwrs.The
nost sigmificant difference is the tuning raonge, vwhich did not extend to the
higher frequencies in tube 2. This is probably due to tho optical systens Tube 2

hod 2 smaller cathode-anode distance (figurc 3)0

Wnon the tubes were opened. they were darmcged in much the sore way.
(photos 5 and 6), The collectors wero apparently very inefficient and there were
indications of cleectron bombardiient on the pole picces in the space between the

collector and the gun.

Cther obseorvations will be described now.

. ettt . e .

In both tubes, the sole centering device proved very effcclive; bub
not always handy. Smnll displacenents could be obtained, but generaiiy not as
oxpecteds On tube N2 L date were taken afier two careful aligrnmentss From the
éuning curves it can be infered that the sole-anode distonce differed by about
0,01 im. Measurciients on the Cl 08 nad chown that the distonce should te con-
troled within 0,005 rm. Thus the centering systen mugt be nade noro accurato

(scc lator).
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On tukec N2 2, frequency drift was nmeasured. In 30 ninutes the tube
reached stablo operatione. The freguency drifted fron 28,600 to 21,100 Me/s, whiic
the sole anodo distance rust have varied from 0,282 to 0.250 rmi., The distance
noasured under the nicroscope is 0,281 rm (sec table figure 3). This corresponds
to a teuperature rise of 400¢C for the solo if the anecde is supposed to renain
at the sane tenperaturc. In order to roduco the drift, a shorter ceranic support

was dosigned for tho subscquent tubes.

T.3. MAGNETIC FIEID AND ELECTRON OPTICS.

Figure 1 shows a plot of nagnetic fiecld vorsus radial distance for
the pole picces used in tube N2 1. Tho anode dioncter ig indicated by two vertien’
lines. The field was not the senme on the two halves of the eircunferences Since
the circuit occupiecs only 1202, it was casy ©o avoid the offect of azimuthal

non-uniforni%y. In the vieinity of the peaks, the equotien of tho ficld is

terg \ 2 1
H = nf 1 _(_-.‘1_>
3 0 a

—

approxinately

The radial component is given by
(zexy) x 2Z
33 0 5
a2
This conponont has a focusing coffect ond varies linearly fren cne edge of tho

sole to the other. Fron figure 1, wo find

r =1l vn
)

a =1.0 en
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Thus, for Z = 0.1 cm, r = 1.6 cn, we havo

B, == C.04 H_

The absolute value is of the order of 300 oersted. In a field of
this magnitude, elecctrons with a volocity of ¢/20 will turn with a radius of
about 0¢3 cne Thus, tho focusing action is quito pronounced. On photo 5, it can
be seen that the bean of tube N2 1 was very well centered and mueh narrower than

the eircuit. It was thought better to decreasec this cffect.

For tube N¢ 2, the lips of the polc picecs wero cut down flat on
0.5 mm in the 2 direcction, and their distance increased to 9 mm. Figure 2 is e

plot of the nognetic field. It has now azimuthal uniformity. One now has

= 1l.42 cn
= la06 [s1n}

H
|

v
|

The image of the bearn on photo 6 shows that the bean started off
side and turnecd to the other side where it stayed for about a third of its tra-
jectory,.and cane back to the center. There nust have been another cffect to

rmaintain the bean off eenter.

In the two tubes, the ecdge of thc solc opposite to the cathode was
distorted by the heat of tho latter. This has ecrtainly affceted the launching

of thc boam. In the future, onc plans to usc arc melted nmolybdenun.
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TUBES CIM 07 CB N2 3 AND 4.

These two tubos woro designed and rachinod together, but tube N2 4
vas stopped for nodifications aftor the tests on tube N2 3. Originally, the only
difforenco was that tube N2 3 had a smooth sole, without the side rails. The
nagnotic field had proved quite officiont to control the bean in the axial

direction and these rails enhancee arcing.

Those two tubes differod fron tubes 1 and 2 in the following

respocts.

- The sole diamoter was noninally O.1 mm soaller.

= The sole had a knife shaped scction which should be noro efficicnt

than the colloctor, sinec it will disperse tho clectrons axially (figure 11).

- A noly anode block was inscrted between the ridge end the plate
in order to collecet ill-focused clectrons and to proteet the first fingers

(figure 12). The sole was nodificd accordingly (figuro 11).

- Tho ceranic support of the sole was shortcned and thickened in

order to incrense heat conductivity (figurc 13).

~ The pole pioces were irodificd (figure 14). A plot of the magnetic
ficld can be scen on figure 15.

Onc now hos ¥ =143 cn, a = 0.95 cn.

On tho wholo, the three scts of polo picces arc fairly similar in
this respect. Figuro 16 shows the megnetic field versus currcnt plot of the three
scts of pole piccos used so far in the same clectronngnet. Set N2 2 is perhaps
équivalont to n? 1 for the samo gap but set n? 3 is narkedly inferior for fields

in cxcess of 6000 Ocrsted.
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-~ The cathode was turned 90¢ arround its axis : the moly edges tha+t
hold the emissive materiel are row parallel to the edge of the sole and to the
magnetic field, so that the edge of the cathode that faces the interaction space
is now non emissive. Furthermore, the radius at the cathode surface was about
0.05 mn higher (that is, in directior of the positive electrodes) than at the sole
level. When the cathode is hot, the difference is still greater.

- The external sole centering device was made of duraluminum ins-
tead of steel (weight) and the ring. between the titanium shell and the centering
steel Balls was made out of stainless steel, and screwed to the shell instead of

fixed on 4t by spring action

- During brazing of the interdigital lines, about half of the

attenuated part of the line, on the collector side, was filled with brazing.

- Finally, while tubes N2 1 and 2 werc maintained at 430°C for two
hours during bake-out, tube N3 was maintained for about five hours, until the

-6
pressure went down to 10 mm Hg.

Figuro 17 is a plot of VSWR versus wavelength in the cold tube.

The catheode was vory easy to activate and emitted quite well all

the time.

Figures 18 and 19 are plots of output power and wavelength versus
line voltage for two values of beanm current. Since the results were no better at
200 mA than at 180 mA, plots of output power versus beam current were taken for
three values of beam voltage, which were kept as constant as possible, but not
onough to avoid the ondulations seen of the curves (figure 2C). It might have
been possible to obtain more power at 7.60 mm by increasing the current, but not

at 7.87 mn, and this was deemed dangerous for the tube.
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This tube opcrates at cubstanticlly lower magnetic ficld than the
(M 08's and the first two Cl{ 07's : 5,800 Gauss instead of 6,800 and 8,000. I%
c¢ould have operated with the nagnets shown cn photo 11 in status report N2 3,

The weight of the wholc unit would have been about 11 £b :

Tube PLOPRT o.3:5 5t sie sieisiemmme s eeoene 1560 g
Stainless steel ring <evve.--.s 150 g
Centering device (duraluminim) 380 g
Magnets 2 x 1350 & seecesseaeen 2700 g
Internediate pole picces: 2x80g 160 g
ORI SRR el o)« ohellel sl e Mo le e okelte o 4950 g

The reason for this low magnetic field is perhaps the location

of the sole with respect to the cathode
high voltage and the nognetic field can

anode (Hull cut-off). More important is

calculated from figurcs 18 and 19 and from cold propagation data. Figure 21 is a

: perhaps the trajectories are linear at
be lowered without lozing current to the

the large sole~anode distance that can be

plot of the distance versus applied power, calculated by ncglecting space charge

or currcnt pushing effccts.

It can be scen that it raises with applied power. It may be that,

actually, the magnetic field is decreasing. Otherwise, the anode would be expan-

ding faster than the sole, on the sole would nove off center. However, the results

on tube 2 indicate that the solo was almost exactly centered when optimun power

was obtained. Anyway, therc is a hope of cancelling out thermal frequency drift

by adjusting the natural sole cooling.
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Thc nost striking flecture of the tube is that it oscillated up to
43,500 lNo/s with a fow watts output and that naximun power obtained at a single

froguency was 15 watts at 40,000 lic/s.

Tho tube hnad somo discontinuitics but it was generally not so

noisy as thc first two.

After some tino, the adjustient of the sole did not respond

properly, o few ares occurcd and power went down.

After opening the tube, the circuit was intact, but the anode
block had partly nelted. It is probable that a good anount of bean current was
still lost on the anodo block. The poaroperation of the contering device lod
to stop tube N2 4 and to provide it with the now titeniun nembrane, brazed pole
picces and a shicld proeventing lcaks fron the cathode to the pole picces. Tube N23

can also be rebuilt in the sane fashion.

In tube N2 3, it could also be scon that the currcnt had not left
the gun along the center line of the sole, but thot it had also an iuportant
couponent of veloeity in the dircction of the axis of the tube. This may Le due
to o slight lack of paralleclisn botweon cathode and accelorating plate. The bean
rornined on the side of the circuit for an eppreciable length of its path {soc
photo 7). The sole surface was slightly swellon in the vicinity of the gun, a

further reason to look for beittor nolybdenun.
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IT. TECHNOLOGICAL STUDIES

HOBBING.

Further tests to form the iain crown with a thin fin inside as
described previously have not been successful, Perhaps tho slot in the hobv that
corresponds to the fin was not polishod very wells Another test is being pre-
pared but, if the fin cannot be obtained, the sccond hobbing operaticn at right
angle te the first onc, will nevertheless be tried. If this is succossful, the

ridge would hove to be brazed ot the sano tine as the circuitse.

An interdigital line with fingers 13/100 mn thick has bsen nade

in another laboratory of the Conpamy. There is some hope of going dowvn to 0,08 mn

SOLE SUPPORT.

Besides the shorter ceranie shown on figure 13, a rore rigid
nenbrane ("sccond roubrane™) was designed (figure 22). It is nade out of tita-
niun, is brazed dircetly to the pole piccce A dwamy  tube containing this
neubrane was built, baked, and secaled off with a vocuun gauge. The brazingswore
successful. Tho rigidity cf tho nenbrano is appropriato. This nembrane will be

used cn tube N2 4 and on tube N2 3 when it is rcbuilt (figure 23).
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A third systen of sole support was dosigned (figuro 23), It in-
cludos a snmaller nunber of parts and brazings and should be about three tines

noro accurato since tho nonbrane is closer to the sole.

NEV CATHODE DESIGN.

Figuro 24 shows the now cathode design, where the ::olybdenun
cylinder is held and surrounded by o very thin cylinder of tantalum. This should
decreasce radiation and conduction of heat away fron the cathode and thus de-

creaso the thernmic cxpansion in the solc.

TITANIUM PUMP.

Figure 25 shows the design of & titoniun punp that will be inscrted
between the tube and the diffusion punp. Copper fubing will be used. The punp
and tube will be scoled off after beking. The puip will be sealed off after tho
tests of the tube.

CERAIIC WINDOW,

The brazing of the ceranic window to copper guide is not always
successful. Tests are continueds The tubes still use o glass window and this

is the only thing that preventsfron boking thea at 600 or 6509°C.
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III, COLD TESTS

III,1. DIRECTIONAL COUPLER OUTPUT.

The principle of a new type of rf output is being studied. It
uscs @ short scetion of interdigital 1line placed percllel to the main line on
the side opposite to tho sole. In tho rcgion whero thero are two lines, the
propagation separates into an asynctricel and o synetrical nede, which beat over

a quarter of a cycle. Thig forms o dircctional coupler.

This output should radiate much less through the gun clectrodes,
lead to a more wniforn clectron bombardilent of the line, and leave nore freedon
for the choice of the shape c¢f the ridge coupling the shorter linc to the wave

guide. The resulting complication is not considerable at least for lincar tubes.

This type of dircctional ccupler was tried at scaic 10 with the
two brass linecs described carlier (schonotic of Fig.26). The scparction between -

tho two lincs could be varied as well as thdircoirion length.

A constant rf input ot constant frequency was fed to one of the
cirouits Figuros 27 and 28 arc plots of the power detected in the output of
tho other circuit with the coition length in abscissa. Measurciicntowere takon
at 3740 le/s for 2 tm spacing and at 3700 ile/s for 5 1z spacing. They arcdiffi
cult to interpret becouso of the rapid changos of transmissicen duc to the pe-
riodicity of tho circuits. Furthernore, it was checked that when there is naxi-
mu power in the output, no power is propagated at the loose ond of the input

lince
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For a geonetry giving naxirun transmission at a single frequency,
tho transnission was neasurcd as a function of frequency by the nmethod indicated

in the schonatic of figurc 29, The results aro given on figurc 30.

Maxirwi transnission is 45 % with brass lincs and 70 % with silver

plated bross. This nay be duc to losscs.

III.2. MEASURENMENT OF LOSSES.

In order to ncasurc losscs in tho actual circuit of the tube; a

nodel vith an input and an output of the usual type is being built.
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IV. LINEAR TUBES

Two lincar tubes cf the new design (CM 07 LA) arc boing built
(figure 25, 3d. status rcport). They arc being nodified in order to add the
anode block first used in CM 07 C3. They should be conpleted in the first days
of May. Tho clectro-riagnet of the CM 08 is being modified to accomodate the new

design
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Ve CONCLUSION AND PROGRAM

Three circulor tubos have been built and tested. Their tecknology
is considored nuch superior to thnt of the CM 08. Thosc first three tubes have
operated as average successful CH 08's. However, the tuning range of the third
tube oxtended up to 43,500 Mc/s with a few watts and delivercd 15 watts at
40 000 Mc/s. The cfficicncy is conly about 3 % and it sceus that a substantial

anount of current is lost dircctly from the cathode to the pole picces.
Tho fourth tubc has been stopped for nodifications.

Two riorc circular tubes will be asscnbled as sodon as the tesults

oarc available, and will have o ioro accurate ccntering systen.

Tests a hobbinh, propagation, ctc .... arc continuing.

Two linecar tubes arc ncaring complction. This design will not be
pursucd unless it proves to have substantially better - performance than the

circular dcsign, which are much casier to manufacture.

The packapged circular tube night woigh as low as 11 £b




Bl T GTWR BUS




W.Re 695
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