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UMIARY

The experimecntal results on the tubes cquipped with four interdigital
lines npounted in porellel hove not been satisfactory. These negative results

arc thought to be due to the cxistence of scveral parasitic modes.

Therefore the mounting of ncew tubes of that type has been given up

and the efforts have been directed tnto the following problems,

a - Complenentary tests on interdisital lines, essentizlly centered on pro-
pasztion and the poracsitic modes so as to understand better the behaviour

of the circuits nounted in parallcl,

b - Study of a ncw vater cooled tube project. It differs basically from the
sinmilar project, described in the last report, W.R, 563, by the scction
and the shape of the fingers, Ve are led to a tube whera the vhole of the
fingers is cooled, the circuit regularity is optinun, ard the general
dimensions cre smaller, As for os we know, this project scoms to nake

possible the obtention of better performances,

The study of the circuit and of its matching has been done by means

of two experimental lines at the scales 3 and 1.,
Technological tests concerning this project arc finished, Two tubes

have been started; their parts are boing nachined, and oreof thenm is

being nounted,

sl vas
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We have also achieved the following work :

= Linear tube : a project is being studied, based on the usc of a
new gun type.

- General studies on tho lines fhoy have been pursued with comple=~
nentary tests on the alternated fineser line, and rescearch work on

2 new obligue finser line,
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DETAILED REPORT

I. TURES THE CIRCUIT OF VHICH IS COMPOSED OF 4 LINES IN PARALIEL

I.1. Genernl consider-~tions

In the previous rcport W,R., 563, we established the possibility of
obtaining a power in the order of 500 Votts, with o very low cfficiency of 10 %
and a goin of 3 dB, on a loclred-in carcinotron, the circuit of vhich presents
& very high attemuation,

These insufficient results cannot be attributed to the resistivity
of the circuit, vhich is entirely wede of copper. On the controry, it might per-
heps be possible to improve slightly the performances of this type of tube by
reducing the length of the linc so as to rcelize a conpromise between the atte-

nuation of the conb and the starting current of the carcinotron,

Letunlly, it is probeble that the ascertained high frequency facts
aro duc to a complex functiontn;, of the quodruple circuit, characterized by
the presence of parcsitic propagction nodes which appear more easily as the

regularity and the input of this circuit are loss perfect,

It has beon &hought illusionary to try and obtein with this tube
convenient performicnces without a nore complete knowledge of the propagation on
pultiple interdigitol lines, '

The rcalization of this type of tube has therefore been abandoned
for the benefit of the present study.

o
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I.2. Study of the propcgation. Parasitic modes.

This study nay be dccomposed 28 follows ¢

a) identificotion of the variocus modcs propagated by an asscmbly of inter-
digital lines in parallel,

b) research of the couses for vhich the parnsitic nodes appear (poor nat-

ching of the line, unsyrmetrical input, etc... ),
¢) influcnce of tho coupling between line in parallel,

d) elininntion of tho parcsitic nodes.

The first phose of this study wes considered once more by carrying
out comparative neasurcnents betwoen sinple ond nultiple interdigitel line
circuits, As it is lmown, only one node prepogetes on e simple line, vhercos
on 2 double circuit two nodes (a syrmetrical cnd an ontisymnetricsl) can propa-
gate simultonoously with different velocities, One should thorefore find, in

the latter case, two neipghbouring dispersion curves,

Por the tire being, the precision of the ncasurcnents effected hos

not permitted to identify with certcinty thoe two nodes of propﬁcation.

II, TUBE VITH .\ W.TER COOLFD CIRCUIT

Soveral nodifications hove been nade on the project discusscd in
the preceding report VI,R, 563,

II,1., Principle of thc nodifications

The besic idea wes the use of a tube bent in U shcope, with outer
and inner dicmeters equal respectively to { mm and 0,7 rm, but the central part
of which was flattened (see Pig.5. of the last report) : thus, while naintaining

aval 55¢
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on the circuit a predetermined small pitch, o more important average pessage
section for the cooling water is obtained, Measurenments of the flow rate in
function of the pressurc have shown later on that a tube with a 0,3 inner dia-
neter was sufficient, ss long o8 water pure enough to prevent risks of obtura-
tion is used. It hos therefore been finally possible t¢ adopt a constant section
tube, for the nonufacturing of fingers,

To this fundanental argunent, it can be odded that
- the machining is nade easior
- the circuit regularity is greater

- the coupling resistance of a circulcr tube is better than that

of on ovoid tube,

Let us point out olso that two projects have been envisoged on this
basis, using in one cose L_J shoped fingers, and in the other case trapedoidal
\\____// sheped, so o3 to obtain 2 circuit as rcgulor as possible,

I1,1.2. Cooling of the first fingers

- e e S e Em e e En en s = G e

In the previous report we indicated sone of the nain charccteristics
of the CM1 13 R as it had becn conceived in the first scnester (sce genercl design
Fig.8, of rcport n® 7), In particular, it was said that the threc first fingers
of the line would not be coolcd,

In order to overcone this inconvenience, and for other rcasons of
technological order, the projoct has been nodificd aond has led to a dovice in
vhich 2ll the fingors are touched by the wator circulation, This has been node
possible by the use of trapezoidal shape fingers,

The general characteristics of this new version of the CM 13 R
axre given hereafter,

confues
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11,2, Circular tube with treopezoidal fingers

This tube is now boing realized, For it seens that this version has
the maxinun guarantics of success when opposed to the difficulties resumed in

paregraph I1.2,.

A - Characteristics s the trapezoidal shepe fingers arc nade
fron a Monel tube, with a 0,6 m outer diancter. This naterial has beon chosen
80 as to give the fingors a sufficicnt rigidity despite their sncll section,
The inconvenicncy of the poor electric conductivity of lionel is elininatoed
by & supcrficial copper=-plating, vhich tckes into azccount the skin effect.,

Fige 1. shows the wain geonetric choracteristics of this circuit,
The piteh is of 1.5 m like in the first CII 13 R version; the total line width
pesses to 12 mm, the height of the back-pl-te ridges is brought back to 0,83 m,

B -~ Study of the dispersion

A 1line at the scele 3, corresponding to the onc described above,
but with fingers with a 2,4 rm diancter (0.8 x 3) instead of 1,8, has
been used, Tho length of the fingers, the intervels between the fingers
and between the fingers ond the back-plate are absolutoly honothetic,

The c¢/v=f ()\) curve has been plotted by using the resononce
nothod (Fige 3)e

It will be noticcd that the delay ratio goes fron 12 to 20 fron
one extrenity of the band to the other,

The elenent of the lincar circuit on which the neasurenents have

cosloee
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been effected is in exact confornity with the description of paragraph
I.1.1., It has 25 fingers (sce Fig. 4).

The dispersion hes been neasured by the method of the mobile probe.
The curve obtecined is given by Fig. 5.

The extrene values of the delay ratio are
8,000 Mc/s c/v = 25
10,500 Mc/s e/v = 14

The very good concordance of the results obtained on the experimenteol
lines at the scales 1 and 3 will bo noted, especially as they are not
absolutely honothetic,

I1.2.2, Transformer

In the provious report (poragraph II.2. page 7), the noin details
concerning the study of the CM 13 R nmatching transformer, have been given,
The noew version nokes use of a transformer with identicol characteristics; the
pisoatching caused by the use of a nodified line, is corrected very sirply by
the use of snall short-circuits fixed between the first two fingers near their
cxtrerities,

This corrcction has been ncde directly on the line at the scale 1
(see Fige. 6). On Fig, T, the matching curve of this line has been plotted,
The V,S,W,R, is in the order of 2, Tests are being node to dininish this value.

Photograph 8 A and B show tho details of the oxperimental trensformer
at the scale 1,

ssmfvas
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L = Goneral conception

In tho first vorsion of the CM 13 R, described in our previous
report, the fingers werce threaded ond brazed in holes drilled through the cylin-
drical ring, Purthor technological tests have shown that the regularity of the
drilling wos unsatisfactory because of the tendency of the drill to slide obii-
quely in the notal,

In the new version this difficulty has been overcone by divi-
ding the ring into thrce elcnentary rings. The figers are located in sepni-cylin-
drical slots nilled with 211 the dcsired precision on the junction wells of the
three rings (sec Fig. 9),

This technique furthernore 2llows to noke use of tropezoidally
shaped fingers which confer to the tube assenbly the following advanteges ¢

a = the junction surfaces of the three elenentory rings are conical ¢
during the brazing operation the accurate positioning of the

assenbly is ecasier to be insured,
b ~ the spacing between the two extrcnities of the fingers allows
to ploce within the ring the terninel position of tk transformer

vhile cnsuring, nonetheless, the cooling of all the fingers,

¢ - the less of pressure in the curved portion of the fingers is

lower.,

The height of the tube has been roduced to 40 mm by nodifying the
design of the collector and the fceding sten,

orafows
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B -~ Characteristics

Nnost all of the characteristics of the first CM 13 R
version have been conserved, Yot, tho odoption of the Monel tube of 0,6 mm
outer dianeter for the finger pmanufacture resulted in a reduction of the height
of tho bock-plate ridges ot the extrenity thereof to 0,2 mm from the top of the
fingers,

Moreover, in rccson of their now shape, the fingers have
a s8lightly greater length.

e recall the nain characcteristics

= Total nunber of fingers .seececccesscssse 91

- Nunber of attenuated finsers ceseccesss 31

- Finger longth  ceeeieececsviisnncnnscnnes 13,6 m
SRS 2o 50 00g0i0 AQOIGON GRG0 000 SO0 Q0T 1.3 on
- Width of tho interaction SpPace  eseeecces 10 mn

-.LiHO-SOIG diStC‘.nCO #0080 0000cecserereee 1.213[1

C = Genercl drowing

Fig, 10 is o general draving of the tube, There will be
noticed the simplification of the desizn of tho feeding stem, the reduction
of the cross-section of which has permitted to reduce the tube height, There
will be also noticed the nodificeotions brought to the transformer assenbly,

II,2.4. The state of realization work

The Monel tube is coated, by electrolytic deposition, with a 1/ 100 mm

ooo/o-o
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thick copper layer, T%en the copper is diffused at 800°C during half an
hour,

Finally the fingers are shoped on o speciel steel nodel,

b) - Brazing

Tho general assenbly project of the tur2s has foreseen three stoges
of brozing, the choice of the first clloy being conditioned by the tenmpo-
rature beyond which the superficizl copper loyer deposited on the Monel
risks to be clininated, Thercfore we have forescen the successive use of :

~ Silcoro 75 (Au 75, Cu 20, Az 5) for the realisction of sub-assen-
blies (terperature of fusion 890°C)

- Palloadiun cutectic (Ag 685, Cu 265, Pd 50) for assenbling the sub-
assenblies togeAier (temperature of fusion 790°C)

- Incosil 15 (In 15, Cu 24, Ag 61) to solder the input finger of the

transfornier on the first finser of the line

The third stoge nay optionolly be dispensed with by realizing the

corresponding operation during the second one,

A triel of brozing the line with Silcore 75 was not satisfactory,
This alloy flows rather baodly and it is difficult to insure a perfect tight-
ness on assenblies of parts with fragile contours of the progromation, and
tho terperature controls are not rigorously established, In view of this
difficulty, it has been decided to use during the first staope tho PA eutec-
tic, and the Incosil 15 for the grouped second and third stajes. A second
version CM 13 R tube, now being nmounted, will be brazed soon in accordance
with this process,

e
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Jointly, systenatic tests will e carried out with Silcoro 75; the
use of this alloy nay pernit, in the definite tube versions, b avoid the
use of Incosil 15 which is relatively fragile for.receiving the sub-assen-—
blies.

The photogreph of Fig, 11 shows the line elenents which served to
study the wator circulation and the naxirun thernal dissipcation of the
finrers, The inner dicneter of the Ilonel tube is 0,3 rm. It has been found
for an input pressure of 10 Kg/cn2 and per finger :

flw LI B BN BN BN BE BN BB BN N AN 1.1 cm3/ sec
speed of flow .... 15.5 n/ sec

The circuit being heated by Joule effect, tho fusion of the 10 fin-
gers occured for & total applied power cxceeding 4,700 Vatts, i.e, 470 Watts
per finpger,

Assuning that the length of the electron bean is hppro::imatoiwequal
to one half of a finger length, and that practically no nore electrons in-
pinge on the other half of the line, the line (50 z“in{;crs) will bs able to
dissipate in the therric form: an cnergy of the 6rdcr of 10 KV,

This dissipation power is grectly sufficient even if assuning an
efficiency of 30 %,

B - Renlization

The tubes are being nanufactured, miost of the components

are ready. We nay cite in particular : bodies with coollng jacket, line blocks
(ring and fingers), sole, collector with cooler, UHF output window, wave guide,

Sone

of these components can be scen in Fig, 9 (rines, fingers) ond Fig. 12

(collector, sole).

soilipgs
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The first line block is being nounted, and will be brazed
soon. It nay be hoped that the first comnplete tube will be avoilable in the
course of January,

II.3. Lincar tube

The conception of this tube cas considered when reclizing o linear
test of the TJU typo circuit . Indeed, the regulerity of this linc is
elrost perfect and the joints aro tight.

The schene of the technicgl realisation is as followus

a - Drilling 0,6 mn diancter holes
b -« 11411in~y 0,5 mm depth cnd 1 m diancter

¢ - llounting the cssenbly finger
soldering ring
- copper ring

This is the process used for rcalizing circuits of thie sane type
on tubes operating at 1,000 Hc/s.

It is not possible to monufacture by this process circular tubes
because

a - drilling fron inside towords outside is unfecsibdle,

b = nilling is very difficult to do within 10 cn dianeter rings,

On the contrary, in the present stote of the tochnique, this process

when applied to a linear tube, appears to pernit the obtention of the greatest
circuit regularity.

Yet, this solution has not been retaincd presently for the follo-
wing reasons ¢

silame
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a) the first threc fingers are not cooled, Now if the circular version gives
sctisfactory results and denonstrates the necessity of cooling the whole circuit,
the lincar tube, at lecst in the conception briefly set forth above, is no longer
justified. Besides, the adoption of trapezoidally shaped fingers for o linear
circuit would be, of courso, neaninéloss.

b) it would be difficult to naintoin the line-sole distonce constant within
0.05 mm on a 7 cn length.

In connection therc--ith 1t may bo notod thot the reason a) can be
elininated by the study of a new gun, This study wes started recently,

STUDY OF NEW CIRCUITS

I1I.1, Ladder type delay line with alternate fingers

This study, becun during the period covered by the previous report,
has been resunied on a linc clenent constituted by 25 fingers. The diancter of
the fingers is 4 mm, the pitch 6 im -sec photo 13).

The dispersion curve (Fig. 14) has been plotted according to nea-
surenents carried out through three different nethods (rosonance, nobile short-
circuit, nobile probe), The rosults are in accordance with the statenent on

this subject in the previous report.

III,2, Oblique ladder type delay line

I1I,2,1., Principle

It is known thot a straight ladder delay line has a pass~band
of zero width, If the bars are placed obliqucly with respect to the diroction
of propagation of the bean, the copacities per unity length between the fingers
arc different on the ecdges and at the center : the dispersion is no longer ver-
tical,

cos/oee
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I11.2.2, Study of the dispersion

For a line of this type one nay write, with the saone notation
as in the previous report (p. 10)

kS

gl XL Tk + AN
Al Joo * 4 ) 8in”

pleleG

The cxperinental determination of the dispersion curve was node with
tho aid of 2 linc elenent shown on the photograph of Fiz, 15, Ve have :

- Inclination of the fingers deseiessents 609

- Fingoer dicneter  civeeericccrcnrescees 4 mm
= Finger height .4itvecericnsnccecensss. 10 m
~ Line m1dth  .eeeescacecsrncseasnsesees 34 mm

The moasurcnients are expressed by the curve of Fig, 16, It will be
noticed thot the pass-band is relatively low (about 10 %),

On the contrary, the coupling resistance rust be inportant and it

nay be envisaged to opercte Il type Cercinotrons on the second space harmonic,

Finnlly, it will be noted that such a structure, having no back-plate
is casy to be realized; cooling the fingers would not present any particular
difficulty.
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PROGRAM OF RESEARCH FOR THE NEXT PERIOD

The realization now being done of two tubes with iadder delay lines,
having a ridged back-plate, and trapezoidclly shaped finsers cooled by water,
will be continued, These tubes will be tested,

Two identical new tubes will be sterted,

A new gun will be studied in 2o Carcinotron operating at 1,000 Mc/s,

This study, begun at the end of the period corresponding to the

present report, has for its object to perr:it :

a = the realization of a linear tube the first finger of which will

not be cooled,

b - conmnecting two Carcinotrons in series,
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FIGURES
Pige 1, Circuit of the CM 13 R with trapezoidel fingors
Fig; 2, Fhotograph of the line with trapezoidal fingers for ;l. = 10 en
Fiz, 3, Dispersion curve of the line for )\ = 10 en
Mz, &, Photograph of the line with trapezoidal fingere for )\ =3 cn

Mz, 5. Dispersion curve of the line at 3 en

Fig, 6, Photogreph of the line with its transformer (scale 1)
Fig, 1. Matching curve of the Cii 13 R 1line

Fiz, 8, (A - B) Photogrephs of the experimental matching transformer (scale 1)’

Fig, 9, Photograph of the ring elenonts (new version)
Fig. 10, Overall drawing of the CH 13 R (now version)
Fipg,11, Photograph of line elenments for the theorctical dissipation study

of the CIl 13 R circuit

Fi~x,12, Photograph of the CM 13 R collector and sole (new version)
Mr, 13, Photogroph of the ladder line with alternated finpgers

Fip, 14, Dispersion curve of the ladder line with alternated fingers
Fi .1.. Photograph of the oblique ladder line

Fig. 16, Dispersion curve and principal dimensions of the oblique ladder line
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