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SOMIAHI 

The Gxporincntal results on the tubes equipped with four interdigitcl 

lines DOunted in pcxoUel havo not been satisfactory^ These ne^ativö results 

are thought to be due to the existence of several parnsitic nodes. 

Therefore the mountloß of now tubes of that type has been given up 

and the efforts have been directed unto the following problems, 

a - Conplancntary tests on interdigltol lines, essentially centered on pro- 

pagation and the parasitic nodes so as to understand better the behaviour 

of the circuits nounte'' in parallel, 

b - Study of a new uater cool-'d tube project. It differs basically froc tho 

sinilar project, described in the last report, 17.R, 563, by tho section 

and the shape of tho fingers, Wc are led to a tube «hero tho vrhole of the 

fingers is cooled, the circuit regularity is optiuuu, and tho general 

dinensions arc snallcr, As far as we know, this project seens to nake 

possible tho obteation of better perfomanccs. 

The study of tho circuit and of its nntching has been done by noans 

of two experiacntal lines at the scales 3 and 1. 

Technological tests concerning this project are finished. Two tubes 

havo been started; their parts aro being nnchinod, and ore of then is 

being nounted. 

•••/••• 
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Wo havo also achieved the followinß work ; 

- Linear tube t  a project is bcin^ studied, based on the use of a 

new gun typo, 

- General studios on the lines : they have been pursued with conplo- 

ucntary tests on the alternated ■finder lino, and research work on 

a new oblique ftiwjor lino. 

I i 
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DETAILED REPORT 

I. THEES THE CIRCUIT OF VHICH IS COIiPOSED OF ^ LUTES IN PAR/J.-LEL 

1,1. fiancr"! considcr.-'.tions 

In the previous report W.R, 563» we ostablished the possibility of 

obtaining a power in the order of 500 Votta, vrith a very lav efficiency of 10 ?S 

and a c^in cf 3 dB, on a lochod-in carcinotron, the circuit of which presents 

a very hlgb attenuation. 

Those insufficient results cannot bo attributed to the resistivity 

of the circuit, -.hich is entirely DOdo of copper. On the contrary, it uißht per- 

haps be possible to improve slii>itly the perfomences of this type of tube by 

reducing the lon/jth of the line so as to realize a conpronise between the atte- 

nuation of the conb and the startirv; current of the carcinotron. 

Actually, it is probable that the ascertained high frequency facts 

are duo to a coiuplcx function*^;, of the quadruple circuit, characterized by 

the presence of parasitic propagation nodes which appear more ocsilj'' as the 

regularity and the input of this circuit are loss perfect. 

It has boon tooucht illusionary to try and obtain with this tube 

convenient porfomances vrithout a nore conplote knov/ledge of tho preparation on 

ciultiplo intordicital lines. 

Tho realization of this type of tube has therefore been abandoned 

for tho benefit of tho present study. 
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1.2, Study of the propr.^r.tion. Parasitic nodca. 

This study nay bo docomposod as follows : 

a) identification of tho various nodes propagated by an nsscnbly of inter- 

dißital lines in parallel, 

b) research of the causes for vhich the parasitic nodes appear (poor aat- 

chinj of tho lino, unsynr.otrical input, otc... ), 

c) influence of tho coupling bctv/ocn lino in parallel, 

d) elinination of the parasitic nodes, 

Tho first phase of this study was considered once norc by carrying 

out conparativo noasuroncnts between siuplc and nultiple intcrdijital lino 

circuits. As it is loiown, only one node propagates on a siuplo lino, whereas 

on a double circuit two nodes (a synnetrical and an antisynnetrical) can propa- 

gate sinultanoously with different velocities. One should therefore find, in 

the latter case, two neighbeuring dispersion curves. 

For tho tlofl being, the precision of the r.casurcnonts effected has 

not pomittcd to identify with certainty tho two nodes of propagation. 

II, TUBE h'ITH A V.V.TER COOI-ES CIRCUIT 

Several nodifications have been nade on the project discussed in 

tho preceding report V/,R, 563. 

11,1, Principle of the nodifications 

11,1,1, Fingcr_gconetr2 

Tho basic idea was the uce of a tube bent in U shape, with outer 

and inner diameters equal respectively to 1 nn and 0.7 nn, but the central part 

of which was flattened (see Pig.5. of tho last report) : thus, while uaintaining 

,••/,,, 
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on the circuit a prodctemined snail pitch, c  nore inportant avera^Q passage 

section for the cooling watwr is obtained. Pfeasurononts of the flow rate in 

function of the pressure have shown later on that a tube with a 0,5 inner dia- 

netor was sufficient, as Ion/; as water pure enough to prevent risks of obtura- 

tion is used. It has therefore been finally possible to adopt a constant section 

tube, for the nanufacturinc of finders. 

To this fundanental arjunent, it can be added that 

- the nachining is made easier 

- the circuit reßularity is greater 

- the coupling resistance of a circular tube is bettor than that 

of an ovoid tube. 

Let us point out also that two projects have boon envisaged on this 

basis, using in one case | ( shaped fingers, and in the other case trapedoidal 

V  _/     shaped, so as to obtain a circuit as regular as possible, 

11,1,2. Coolinj of the first fingers 

In the previous report we indicated sone of the main characteristics 

of the CH 13 R as it had been conceived in the first sonestor (see general design 

Fig.S, of report n0 7). In particular, it was said that the three first fingers 

of the line would not bo cooled. 

In order to overcouo this inconvciiicnce, and for other reasons of 

technological order, the project has been nodifiod and has led to a device in 

which all the fingers are touched by the uater circulation. This has boon made 

possible by the use of trapezoidal shape fingers. 

The general characteristics of this now version of the CM 13 R 

are given hereafter. 
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11,2, Clrculf.r tubo vith  trapezoidal fin^rs 

This tubo is now boin^ realized. For it aeena that this version has 

the naxinun juarantios of success when opposed to the difficulties rosunod in 

paragraph 11,2, 

11,2,1, Stud^ of_tho_circuit 

A - Characteristics : tho trapezoidal shape finders arc aade 

fron a Monel tubo, with a 0,6 on outor diauotor. This uaterial has boon chosen 

so as to {jivo  the finders a si^ficicnt rigidity despite their suall section, 

Tho inconvciiicncy of tho poor electric conductivity of Honel is olininatod 

by a superficial coppcr-platinj, xftiich  takoa into account tho skin effect. 

Fij, la shaus  tho nain ^conotric characteristics of tills circuit, 

Tho pitch is of 1.5 nu like in tho first C!! 13 R version; tho total line width 

passes to 12 OD, the height of tho back-pl-to ridges is brought back to 0,83 m, 

B - Study of the disporsion 

a) - 10_cg ox^crincnt£.l_linG (see Wig,  2,) 

A lino at the scale 3f corrospondinj to tho one described above, 

but with finders with a 2,/f nn diarjeter (0,8 x 3) instead of 1,8, has 

been used. Tho length of the fintfors, tho intervals betuoon tho finccrs 

and between tho finders cad tho back-plato are absolutely houothetic. 

The c/v = f ( A ) curve has been plotted by usinc tho resonance 

nothod (Piff, 3). 

It will be noticed that the delay ratio GOOS fron 12 to 20 fron 

one extronity of the band to tho other, 

b) - 3 en experimental lino 

Tho elonent of tho linear circuit on which the ncasureuonts have 

• t •/ • • • 
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been effected is in exnet confomity M±th the description of paraßraph 

1,1.1, It has 25 finders (see Fifc-, 4), 

The dispersion has been noasurod by the nethod of the nobile probe. 

The curve obtcinod is civan by Fie*  5« 

The oxtrone values of the delay ratio aro : 

8,000 Mc/a      c/v = 25 

10,500 Mc/s      c/v ^ 14 

The very cood concordance of the results obtained on the experlnental 

linos at the scales 1 and 3 will bo noted, especially as they are not 

absolutely honothotic, 

11.2,2, Transfomcr 

In the previous report (paragraph 11,2, paß© ?)» the nain details 

concoming the study of the CII 13 R natchinj transfomor, have been given. 

The now vorsion makes use of a transfomor vdth identical characteristics; tho 

uisuatching caused by tho use of a nodifiod line, is corrected very sir.ply by 

tho use of snail short-circuits fixod betuecn tho first two fingers near their 

ertrenities. 

This correction has been uade directly on tho lino at tho scale 1 

(see Fig. 6). On RLgo 7, tho Hatching curve of this line has been plotted, 

Tho V,S,V,R. is In tho order of 2. Tests aro being nade to dininish this value. 

Photograph 8 A and B show the details of the experinental transfomor 

at tho scale 1, 
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11,2,3. Oll  15 R deraipn project - 2rd version 

A - Goneral conception 

In tho first version of the CM 13 R, described in our provious 

report, the finders wore threaded nnd brazed in holos drilled through the cylin- 

drical rinj. Further technological tests have shown that tho regularity of the 

drilling \/as unsatisfactory because of tho tendency of the drill to slide obli- 

quely in the notal. 

In the now version this difficulty has boon ovorcoDe by divi- 

ding the ring into throe oleuentary rings. The fngors are located in seni-cylin- 

drical slots nilled v;ith all the dcairod precision on the junction walls of the 

three rings (sec Fig, 9)o 

This technique furthemoro allows to nalce use of trapezoidally 

shaped fingors which confer to tho tube assembly the following advantages : 

a - the junction surfaces of the throe elencntary rings are conical s 

during tho brazing operation the accurate positioning of the 

assonbly is easier to bo insured, 

b - tho spacing between the two extronitics of the fingors allows 

to place within the ring tho terrjinal position of tb transfomer 

while ensuring, nonetheless, tho cooling of all the fingers, 

c - the loss of pressure in tho curved portion of the fingers is 

lower. 

The height of the tube has been reduced to 40 nn by nodifying the 

design of tho collector and the feeding ston. 

,../.•. 
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B - Characteristics 

Almost all of tho characteristics of the first C!I 13 R 

version have been conserved. Yet, tho adoption of tho Monel tube of 0,6 m 

outer dianeter for tho fincer nanufacturo resulted in a roductio:i of the height 

of tho back-plate ridcos at the oxtronity thereof to 0,2 nn fron the top of the 

fingers. 

Moreover, in reason of their now shape, the fingers have 

a slightly greater length. 

Uo recall tho nain characteristics ; 

- Total nunber of fingers   ., 91 

- Nunber of attenuated fingers    31 

- Finger length    13f6 nn 

-Pitch    1.3 nn 

- Width of tho interaction space    10 nn 

- Lino - sole distance      1,2 nn 

C - General drawing 

Fig, 10 is a general drawing of tho tube. There will be 

noticed tho sinplification of tho design of tho feeding ston, the reduction 

of tho cross-section of v;hich has pemitted to reduce tho tube height. There 

will be also noticed tho modifications brought to the transfomor assenbly, 

11,2.4, The state of_realization_work 

A - Technolo/rical tests 

a) - Copper plating and shaping of the fingers 

The Ilonel tube is coated, by electrolytic deposition, with a l/lOO nn 
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thick copper loyor, Thon tho copper is diffused at 8000C dwrixiG half an 

hour. 

Finally tho fintfors aro shaped on a special stocl nodol. 

b) - Brazing 

Tho general assembly project of the tuM has foreseen three staces 

of brczinj, tho choice of the first alloy beinc conditioned by the tonpo- 

rature beyond ^/hich the superficial copper layer deposited on the Moncl 

risks to bo elininated, Tlicrcfortj v;e have foreseen tho successive use of ; 

- Silcoro 75 (Au 75, Cu 20, /.£ 5) for the realisation of sub-asaen- 

blios (tenperoturo of fusion 8900C) 

- Palladiun outcctic (^ 665, Cu 265, Pd 50) for assonblin^ tho sub- 

assenblies to/jc^cr (tcnporr.ture of fusion 7900C) 

- Incosil 15 (in 15, Cu 24, Iß 61) to solder the input finder of the 

transfornor on tho first fin~er of tho lino 

Tho third sta^c nay optionally be dispensed v/ith by roalizinc the 

corrcspondiriG* operation durinfj the second one, 

A trial of brazing the lino with Silcoro 75 was not satisfactory» 

This alloy flows rather badly and it is difficult to insure a perfect tight- 

ness on assenblios of parts with fracilo contours of tho procraoation, and 

tho tonperature controls aro not rigorously ostablishod. In viow of this 

difficulty, it has been decided to use during tho first staco the Pd outoc- 

tic, and the Incosil 15 for the grouped second and third stajos. A second 

version CM 13 R tube, now being nounted, will be brazod soon in accordance 

with this process. 
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Jointly, systonatic tosts will be corriod out with Silcoro 75; the 

uso of this alloy nay pomit, in the definite tube versions, b avoid the 

use of Incosil 15 whioh is relatively fra^lo for rocoivirvc the sub-assen- 

blies. 

c) - Cooling 

Tho photograph of Fi^, 11 ahorra the line elonents vrhich served to 

study the water circulation and tho naxinun thornal dissipation of tho 

finö'ers. The inner diar.iotcr of the Ilonol tube is 0,3 Eda It has been found 
2 

for an input pressure of 10 Kc/cn and per finder : 

flow     1.1 cu / sec 

speed of flow 15.5 n/ sec 

Tho circuit bein^ heated by Joulo effect, the fusion of tho 10 fin- 

gers occured for t  total npplicvl power cxcecdiritj 4,700 Uatts, i.o, 470 Watts 

per finder. 

Assuning that tho length of the electron bean is appro::iraate^y equal 

to one half of a finger length, and that practically no luoro electrons in- 

pingc on the other half of the line, the line (50 fingers) will be able to 

dissipate in tho themic fom an energy of tho order of 10 KW, 

This dissipation power is greatly sufficient even if assunlng an 

efficiency of 30 ^, 

B - Realization 

Tho tubes are being oanufactured, most of the conponenta 

are ready. V,re nay cite in particular : bodios with coolTng jacket, line blocks 

(ring and fingers), sole, collector with cooler, UHF output window, wave guide. 

Sou© of these conponenta can be seen in Fig. 9 (rings, fingers) and Fig, 12 

(collector, sole). 

,../•. • 
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The first line block is beinc uountod, and will bo brazed 

soon. It nay bo hoped thr.t the first conplcto tube will bo av2ilablo in tho 

course of January, 

11,3. Linear tube 

Tho conception of this tubo ccs considered whon realizing a linear 

tost of tho 71     typo circuit   . Indeed, tho rc^jularity of this lino is 

alr.ost perfect and the joints aro ti^it. 

The scheno of tho tochnicql realisation is as follows : 

a - Drilling 0,6 nn diat:ctor holes 

b - HUUag 0,5 nn depth and 1 un diaucter 

c - Ilountine tho assenbly   finger 

soldering ring 

copper ring 

This is the process used for realising circuits of tho sano type 

on tubes operating at 1,000 IIc/s, 

because : 

It is not possible to iianufacturo by this process circular tubes 

a - drilling fron inside towards outside is unfeasible, 

b - tailing is very difficult to do within 10 en dianoter rings. 

On the contrary, in the present state of tho tochniquo, this process 

when applied to a linear tube, appears to pcruit tho obtention of tho greatest 

circuit regularity. 

Yot, this solution has not boon retained presently for tho follo- 

wing reasons : 
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a) the first throe finsors are not cooled. Now if the circular version civos 

satisfactory results and denonstrates the necessity of cooling the whole circuit, 

the linear tube, at least in the conception briefly sot forth above, is no longer 

justified. Besides, the adoption Of trnpozoidally shaped finders for a linear 

circuit would bo, of course, neaningloss, 

b) it would be difficult to maintain tho line-solo distance constant within 

0,05 un on a 7 en length. 

In connection thercith it nay bo lotod that the reason a) con be 

elininatod by tho study of a now cun. This study was started recently. 

Ill, STUDY OF OM CIRCUITS 

111.1, Ladder typo delay lino with alternate, finders 

This study, bocun during tho period covorcd by the previous report, 

has been rcsunod on a line clcucnt constituted by 25 fincers. Tho diancter of 

the finders is 4. an,  the pitch 6 m -SOG photo 13). 

Tho dispersion curve (Fi/j, 14) has been plotted according to nea- 

sureuonts carried out through three different nethods (rosonrjaco, nobile short- 

circuit, nobile probe). The results are in accordance with tho statcnent on 

this subject in tho previous report, 

111.2. Oblique ladder typo delay lino 

111.2,1, Principle 

It is known that a straight ladder dolay lino has a pass-band 

of zero width. If tho bars are placed obliquely with rospoct to the direction 

of propagation of the bean, the capacities por unity length between the fingers 

arc different on the edges and at the cor.tor : the dispersion is no longer ver- 

tical. 
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111,2.2. Study of the_disporsion 

For a lino of this typo one nay write, with the MM notation 

as in the previous report (p, 10) : 

Tho cxpcrinental doterr;j.nation of the dispersion curve was nado with 

tho aid of a line elcnont shown on the photograph of Fi^. 15. ^ro have : 

- Inclination of the finjors    60° 

- Pinter diauoter    4 tin 

- Pincer heiclit    10 nn 

- Lino i.adth    34 m 

The noaaurcr.cnts are expressed by the curve of Fi^, 16, It will bo 

noticed that the pass-band is relatively low (about 10 ft). 

On the contrary, the couplinc rosistanco nust be important and it 

nay bo envisaged to operate II type Carcinotrons on tho second space hamonic. 

Finally, it will be noted that such a structure, having no back-plate 

is easy to be realized; cooling tho finjers would not present any particular 

difficulty. 
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PROGRAII OP RESE;j?CH FOR THE NEXT PERIOD 

The realization now boin^ done of two tubes with ladder delay lines, 

having a ridded back-plate, and trapezoidrlly shaped fin^-era cooled by water, 

will be continued. These tubes Mill bo tested. 

Two identical now tubes will be started, 

A now gun will bo studied in a 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 per: it : 

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

not bo cooled, 

b - connecting two Carcinotrons in series. 

«• H*H*M*_*<M 
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