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ABSTRACT 

The testa of three circular tubes arc described* A nunber of 

nodifications arc discussed« A new typo cf output is described. The progran 

is defined. 
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I„ TUBE TESTS 

1.1. TUBES CII '  oA KB 1 ANB 2. 

Tubes Nfl 1 and 2 were built according to the drawingtof the statue 

rapert Hfl 2 with the Modifications given by figures 15 and 16 cf Btatus report 

N^ 3» Furthermore, the polo pieces of tube HA 2 wore flat toned (0.5 nr.i) because 

it HOB thought that the focusing action of tho radial component of magnetic field 

MOB toe strong in tube Ne 1. Figures 1 and 2 show the axial nagnotio field vorsus 

radial distance with the pole pieces of the two tubes. Figure 3 gives BODO of the 

critical dimensions measured in the tubes. 

None cf tho tubes was satisfactory as tor as tho dimensions of tho 

ridgo ^re concerned, as the crowns uoved slightly apart during brazing« The ridgo 

gaps wer.- respectively 0,139 and 0,129 no instead of 0,060. 

Figures 4 and 5 are plots of the VSVR« In spito of the wrong di- 

Q0nsionS| tube 1 was well matched. Though the values are generally not taken at 

the BODO frequencies«, it neons that tho prosonoo of tho sole and gun do not 

affect the VSHR, showing that little power is radiatod by tho ridge transfomer« 

This is also supported by the fact that the tubes radiated very little through 

tho leads in contrast with CM OH tuboi - O v 
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of the teats. 

Photos 1 to 6 show various parts of the tuboa at different stage; 

The oathodoe(typo 103 CSP) were BOOOWhat difficult to activate,, 

but worked well, and the tubes proved in gooorol satisfactory as far as tech- 

nology is oonaexned. 

Figure 6 shews the output poworf boon current and tuning range of 

tube n* 1» Iho points of Doasurenont voro choson at the peaks and valleys of the 

output power* Tha  tube tunoa to high frequencies, but with a wry sharp decrease 

of output povor* 

Figaro 7 shows power output versus boon current,  Iho snail ondu- 

laticn3 of the curve are du. to slight variations of line voltage and frequency 

as shown in figure 8 vhoro the frequency was noasurcd- 

MnTrimm power obtained at a ringle frequency was 7 watts at 

31,400 hc/s at 1500 volts and 127 ni, with 3,7 % officioncy. 

The tube dotorioratod progressively by arcing during attempts to 

InproVO over these figur08< 

Photo 5 shows tho dnnogca on tho circuit and the noly ridgO, 

suggesting that a good onount of curront was lost near the gun, 

Conoorning now tuba h- 2, figures 9 and 10 show output power and 

wavelength voraus lino VOltagO for two difforont sole voltages» The timing CUXTOS 

arc not regular. If one superimposes ther.i with a shift of 100 volts for the line 

voltage, thus 0< apon^ating for tho difference in sole voltago, the tuning curves 
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superinposc only dorn to 9,4 OB« Fron this value down to 8,4 DO, they are dls- 

tinct. Actually, it cfton socucd on the scopo showing the X£ envelope that there 

was conpotition between two nodes of oscillation. Pklfortuaatily, the YMB of the 

tube had not been noasurod above 9.2 ri.i. 

Maxinun output power at a single- frequency was 7.4 watts with 1330 V 

199 DA at 10.25 til, with an efficiency of 2.7 #<, The tuho deteriorated like tube 1 

Both tubes wore sinilar in nany respects. Both were often noisy 

oven after a few hOUXBOf Operation« Tbcy wore operated for about ten hcurs«2ba 

nost significant difference is the tuning rango, which did not extend to the 

higher frequencies in tube 2.- Thla is probably duo to tho optical systen. Tube 2 

had a Stadler cathode-anode distance (figure 3) ■ 

Üben the tubes were opened, they were danaged in nuch the sane way. 

(photos 5 and 6). Tho collectors were apparently very inefficient and there were 

indications of electron bodbardoent on  the pole pieces in the space between tho 

collector and the gun. 

Other observations will be described now. 

1.2. gnnggSB ATO THTT-IAL gggAgSKgl c? igg,.spin.. 

In both tubes.. the sole centering device- proved very effective, bat 

net always bandy« Sball disploooDsnta could be obtained, bat generally nut as 

expected. On tube IS 1 data Wore toJoon after two OOTOful aUgDDOnts« Fron tho 

tuning curves it eon be inforod thr.t tho co].e-anodc distance differed by about 

0.01 1.T.U Mossurenanta en the CII 03 had shown that tho distance should bo con- 

trolcd within 0„005 EC. Thu3 the centering system nu3t be nr.de noro accurate- 

(sec later). 
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On tubo Rfl 2, frequency drift was measured. In 30 ninutos the tubo 

reached stablo operation. The frequency drifted fron 28.600 to JJ,100 Mc/s, «hilo 

the solo anode distance rust havo varied froiu 0*282 to 0.?50 nn. The distance 

measured under the microscope is 0f2&L m (sec table figure 3)« This corresponds 

to a toi.ipcraturo rise of 400&C for the sole if the anode is supposed to remain 

at the 08DO temperature» In ordor to reduce the drift, a shorter ceramic support 

was designed for the subsequent tubes. 

1.3. MAGSBTIC FIELD AND ELECTRON OPTICS. 

Figure 1 shows a plot of magnetic field versus radial distance for 

the pole pieces used in tubo RS 1. The anode diamotcr is indicated by two vertic?~ 

lines. The field was not the BODO on the two halves of the- oiroUDforenoo« Since 

the circuit occupies only 1202, it was easy to avoid the effect of asinutnal 

non-uniformity. In tfro vicinity of the pookB} the oqur.ticn of the field is 

approximately 

II = II 

( \ 

2 

The radial component is given by 

(r-rO x 2Z 
H = - H 
r   0 

This component has a focusing effect and varies linearly fror, one edgo of the 

solo to the other, fron figure 1, wo find 

r * 1*4 DO 
0 

a =1.0 en 
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Thus,  for Z - 0.1 en, r   - 1.6 en, wc have 

E   - - C.04 II 
r o 

The absolute valuo is of the order of 300 oersted. Tn a field of 

this magnitude, electrons viith n volocity of c/20 will turn with a radius of 

ubout Q.3 en. Thus, the focusing action is quite pronounced. On photo 5, it can 

be seen that tho bean of tute N2 1 was very well centered and nuch narrower than 

the circuit. It was thought bettor to decrease this effect. 

For tube N2 2, the lips of the pole pieces were cut down flat on 

0.5 QD in the Z direction, and their distance increased to 9 nn. Figure- 2 is a 

plot of the nagnctic field. It has now azinuthal uniformity«, One now has 

r = 1.42 en 
o 

a -  1*06 en 

The iuagc of the bean on photo 6 shows that the bean started off 

side and turned to the other side where it stayed for about a third of its tra- 

jectory,, and OOPS back to the center. There nust have been another effect to 

maintain the bean off center. 

In the two tubes, tho edge of the sole opposite to the cathode WU 

distorted by the heat of tho latter. This has certainly affected the launching 

of the bean. In the future, one plans to use arc DOltod nclybdenur.. 
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1.4. TUBES CIl 07 CB NS 3 AND 4. 

Those two tubos woro dosignod and machinod together, but tubo N2 4 

was stopped for modifications aftor the tests on tubo N2 3. Originally, the only 

difforenco was that tube N2 3 had a enooth solo, without the side rails. Tho 

magnotic field had proved quito officiont to control tho bean in the axial 

direction and those rails enhance- arcing. 

Those two tubes difforod fron tubes 1 and 2 in tho following 

respects. 

- The solo dianotor was noninally 0.1 nn smaller. 

- The sole had a knife shaped section which should be noro officiont 

than the collector, since it will disperse tho electrons axially (figure ll). 

- A noly anede block was inserted between the ridge and the plato 

in order to collect ill-focused electrons and to protect the first fingers 

(figure 12). The sole was uodified accordingly (figure ll). 

- Tho ccranic support of the sole was shortened and thickened in 

order to increase heat conductivity (figure 13). 

- The polo pieces wore i..odificd (figure 14). A plot of the magnetic 

field can bo scon on figure 15. 

One now has r =1.43 en, a = 0.95 en. 

On tho wholo, tho three sots of pole pieces are fairly similar in 

this rc.?pcct. Figure 16 shows the magnetic field versus current plot of the three 

seta of polo piecos used so far in the sane electromagnet. Set N2 2 is perhaps 

Equivalent to nS 1 for tho sr.no gap but set nS 3 i3 markedly inferior for fields 

in excoss of 6000 Oersted. 
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- The cathode was turned 90u arround its axis : the rnoiy edges thai 

hold the emissive materiel are now 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 on higher (that is, in direction 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 tells was made out of stainless steel, r.nd screwed to the shell instead of 

fixed on i"fc 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 were maintained at 4302C for twe 

hours during bake-out, tube Ä"3 was maintained for about five hours, until the 

pressure went down to 10 on Hgu 

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

The cathode was very easy to activate and emitted quite well all 

the tine. 

Figures 18 and 19 are plots of output power and wavelength versus 

line voltage for two values of beam current. Since the results were no better at 

200 mA than at 180 mA, plots of output power versus bean current were taken for 

three values of beam voltage, which were kept as constant as possible, but not 

enough to avoid the ondulations seen of the curves (figure 2C). It night have 

been possible to obtain more power at 7.60 mm by increasing the current, but not 

at 7.87 mm, and this was deemed dangerous for the tube. 
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This tube operates at substantially lower magnetic field than the 

CM 08's and the first two CM 07*8 I 3,000 Gauss instead of 6,800 and 8,000. It 

could have operated With the magnets shown en photo 11 in status report II2 Jt 

The weight of the who].c unit «ould have been about 11 £b : 

Tube proper • » • „ 1560 g 

Stainless steel ring ■ ^-.^ 150 g 

Centering device (duraluninhm) 380 g 

Magnets 2 x 1350 g   2700 g 

Intemodiate pole pieces: 2x80g 160 g 

Total >. ■. 4950 g 

The reason for this low magnetic field is perhaps the location 

of the sole with respect to the cathode : perhaps the trajectories are linear at 

high voltage and the magnetic field can bo lowered without losing current to the 

anode (Hull cut-off)« I'oro important is the largo sclc-anodc distance that can be 

calculated from fig-ares 18 and 19 and frOD cold propagation data« Figure 21 is a 

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

or current pushing effects. 

It can be seen that it raises with applied power* It ray be that. 

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

ding faster than the sole, on the sole would DOTS off center„ However, the results 

on tube 2 indicate that the sole was almost exactly centered when optimum power 

wa3 obtained. Anyway, there is a hope of cancelling out thermal frequency drift 

by adjusting the natural sole cooling. 
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The nogt striking fx-aturo of the tubo is that it oscillated up to 

4-3,500 Hc/s with a few watts output and that uaxiuuu power obtained at a sir.glo 

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

The tube had socio discontinuities but it was generally not so 

noisy as th~ first two. 

After BOOS true, the adjusts lent of the sole did not respond 

properly, a few arcs occured and power went down. 

After opening the tube, the circuit was intact, but the anode 

block had partly nclted. It is probable that a good auount of bean current was 

still lost en the anode block. The poor operation of the centering device led 

tc stop tubo N2 4 and to provide it with the new titaniun nenbrano, brazed polo 

pieces and a shield proventing l^aks fron the cathode to the pole pieces. Tube W5 

can alr.o be rebuilt in the sane fashion. 

In tube 112 3j it could also be scon that the current hod not left 

the gun along the center line of the sole, but that it had also an iuportant 

conponent of velocity in the direction of the axis of the tubo. This nay be duo 

to a slight lack of parallelism between cathode and accelerating plate. The bean 

rcrained on the side of the circuit for an appreciable length of its path (sec 

photo 7). The sole surface was slightly swollen in the vielnity of the gun, a 

further reason to look for bettor riclybdenun. 
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II. TECHNOLOGICAL STUDIES 

II.1. ROBBING. 

Further tests to forn the nain crown with a thin fin inside as 

described previously have not been successful,    Perhaps the slot in the hob that 

corresponds to the fin was not polished very well,. Another test is boing pre- 

pared but, if the fin cannot bo obtained, the second hebbing oporation at right 

angle to the first one, will nevertheless be trijd. If this is successful, the 

ridge would have tc be brazed at the BOOB tine as the circuits. 

An intordigital line with fingers I3/l00 DO thick has been Dado 

in another laboratory of the Conpajrry. There is soao hopo of going down to 0,08 DO 

II.2. SOLE SUPPORT. 

Besides the shorter cerai.de shown en figure 13, a rcre rigid 

ncMbrano ("second OOOteeaa") was designed (figure 22). It is nadc cut of tita- 

niun, is brazed directly te the pole piece. A du;.ray  tube containing this 

noubrnno was built, baked, and ■ealOQ off with a vacuun gauge. The brazingswere 

successful. The rigidity cf the uonbrano is appropriate. This uenbrano will bo 

used en tube 1J2 4 and on tube N2 3 when it is rebuilt (figure 23). 
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A third system of sole support was designed (figuro 23) ■> It in- 

cludes a Di.iallcr nur.bcr cf parta and bracings and should bo about three tines 

noro accurato since tho iioubrane is closer to the sole. 

11.3. NEW CATHODE DEZIGN. 

Figure 24 shows the new cathode design, whero the .iclybdcnun 

cylinder is held and surrounded by a very thin cylinder of tantolun« This should 

decrease radiation and conduction cf heat away fron the cathode and thus de- 

crease tho thcrnic expansion in the sole. 

11.4. TITANIUM PUI-1P. 

Figure 25 shorn the design of Q titaniun punp that will be inserted 

between tho tube and the diffusion punp* Copper tubing will be used. The punp 

and tube- will be soalod off after baking. The punp will be sealed off after the 

tests of the tube. 

11.5. CERAIiIC WINDOW. 

The brazing cf the coranic window to copper guide is not always 

successful. Tests arc continued. The tubes still use a glass window and this 

is the only thing that prevents frou baking i-bou at 600 or 650*0« 
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Ill, COLD TESTS 

III.l. DIRECTIONAL COUPLER OUTPUT. 

The principle of a now typo of ri output is being studied. It 

uses a short section of intcrdigital lino placed parallel to the nain line on 

the side opposite to tho sole. In the region whore there are two lines, the 

propagation separates into an nsynotrical and a syuetrical node, which beat over 

a quarter of a cycle. This ferns a directional coupler. 

This output should radiate much IOLSS through tho gun electrodes, 

lead to a r.crc uniforr. electron bonbardacnt cf the lino, and leave noro freoden 

for tho choice of tho shape cf the riJgc coupling the shorter lino to the wave 

guide. The resulting explication is not considerable at least for linear tubes. 

This typo cf directional coupler was tried at scale 10 with tho 

two braes lino3 described earlier (schematic of Fig,26). The separation between ■ 

tho two lines could be varied as well as th.iircordon length. 

A constant rf input at constant frequency was fed to one of tho 

circuit. Figures 27 and 28 arc plots of tho power detected in the output of 

the other circuit witl the eoauon length in abscissa. Measure:-.ontowere taken 

at 3740 llc/s for 2 OD spacing and at 3700 IIc/s for 5 OQ spacing. They are diffi 

cult to interpret booooao of the rapid changes of transmission due to the pe- 

riodicity of tho circuits. Furthermore, it was chocked that when there is maxi- 

mum power in tho output, no power is propagated at the loose end of the input 

line. 
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For a gconotry giving naxinur. transmission at a single frequency, 

tho transmission was Measured as a function of frequency "by the uethed indicated 

in the schomtic of figure 29« The results aro given on figure 30. 

Mmrlniri transnission is 45 $ with brass linos and 70 % with silver 

plated brass. This i.iay be due to losse-3. 

III.2. MSASUREIiallT OF LOSSES. 

In order to Measure losses in the actual circuit of tho tube, a 

nodol with an input and an output of the usual type i3 being built« 
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IV, LINEAR TUBES 

Two linear tubes cf tho now design (CH 07 LA.) are being built 

(figure 25, 3d. status report). They are being nodified in order to add tho 

anode block first used in CM 07 C3; They should be completed in the first days 

of May. Tho cloctro-nagnot of tho CM 08 is being Modified to acconodate tho now 

design 
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V. CONCLUSION AHD PKOGILJI 

Throe Olroulnr tubos have boon built and tested. Their technology- 

is considered auch superior to that of the Ql Oft. Those first three tubes have 

operated as average successful CM OS's« However, the tuning range of the third 

tube oxtonlod up to 43,500 No/l with a few watts and delivered 15 watts at 

40 000 No/Si The efficiency is only about ;> % and it scons that a substantial 

anount of current is lost directly fron the cathode to the pole pieces. 

Tho fourth tube has boon stopped for modifications. 

Two more circular tubes will be asseablcd as soon as the tcsults 

are available, and will have a more accurate centering syster.:. 

Tests a hi.bbinh, propagation, etc .... arc continuing. 

Two linear tubes are nearing completion. This design will not be 

pursued unless it proves to have substantially butter  ' performance than the 

circular design^ which are uuch easier to manufacture. 

Tho packaged circular tube night weigh as low as 11 -6b 
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