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FOREWORD

This Technical Documentary Report was prepared by S-F-D
laboratovries, inc., Union, New Jersey, on Alr Force Contract
AF 33(657)+8290, LESN 2670-h156, entitled "Applied Research on Exten'~d
Interaction in TUM Magnetron."” The work was administered under the
direction of Electronic Technology Laboratory, Aeronautical Systems
Division. presently degsignated Llectronic Technology Tivision of the
AF Avionics Laboratory of Reseavch and Technology Divisfon., Lt. M. Heil
was project engineer for the laboratory.

The report summarizes the results of a twelve month feasibil. y
study beginning February 1962 and eunding February 1963. The work was
performed under the general direction of J. Drexler, Director of
Engineering ac S-F-D laboratories, inc.

The chief contributoirs and their fields of interest were:
F. A. Feulner and P. du Foss&, electrical design and M. Liscio,
mechanical design.

This report is the {inal report and concludes work on Contract
AF 33(657)-8290. The contractor's report number is 20-F.
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ABS'IRACT

This report describes the areas of endeavor and results
obtained on 4 tweclve month feasibility effort directed toward high
power generation at wmlllimeter vave frequencies. Axislly extendea
interaction in an TCiM® coaxial magnetron was the wmeans employed
toward attvaining this goal. The work described in this report was
periovrmed at 35 Ge.

The TCEM coxxial magnetron, which is an extension of the CEME
coaxial magnetron peincliple;, increases the number of resounators possible
and hence the power generation capabilities of the CFM conxial magnetron.
The axially extended interactf{on approach to high power generation
further incresses the power generation capabilities by iuncressing the

number of regonators by a factor of two or more.

RN TR

The mode coiitrol problems associated with the TE,,, mode
o

cavity used in a single stage ICEM coaxial wmagn tron had aiready been
solvad. Howaver, i{n a two stage cube employing two sets of vane

resonators., 8 method of mode celection was vrequired which wouid aliow
oue Lo operate in a particular 1E mode and yet ighibit operation in

the TE

Oln
mode of a particular cavity. Seversl special hybrid test

0l(nx1)
vehicles were employed to study th{s problem.

Four two stage ICEM coaxisl magnetrons were constructed and
evaluated. The two sets of vae resonator assemplies of this tube
were successfully phase tocked through the common cavity te which each
is coupled. The output waveguide is coupled to this common cevity,
A peak power outpul of over 150 kw at 35 G¢ has been demoustrated.

The feasibility of the axially extended {ntersction ICEM
coaxial magnetron has been demonstrated. The extension of this princi-
ple to high frequencies opens the possibility of generating high peak

powers #t approximately three times the frequency em:ioyed in this study.

RTD-TDR-63-40Th
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1.0 AN_1VTRODUCTION TO THE CEM" AND IC.M™ COAXIAL MAGNETRONS

The difticulty encountered in present-day risfng-sun Ka-band
magnetrons can be tra-ed directly vo their small Interna! stri-ture.

A1l of the coaveuticnal tubes utilize a riging-sun anode cont afning 17
to 22 rescnators. The zanall number of resonators results in a correa-
pondingly smell colnode dlam=ter. The high cathode current lovading and
the higun power denstty of this fine~grained structure limit the avail-
able power, life and reliability. Although 1t would he damirable to
{ncrease the number of resonators and gize of cathode in order to

reduce the demands on the structure, numbers of vesonaters above 2 shov
very small separation between the desired and undesirved modes. The pro-
blem has been solved in the CEM gud ICEM coaxial magnetrons through the
vae of the TE011 mode cavity. Since the principles of uvperation of

the CEM and 1CEM atructures are identical and since the CFM coaxlal
wmagnetron 18 similar to the conventlonal magnetron, only the CEM coaxial
magnetron principles of operation will be discussed here.

The CEM coaxfal magnetvon has an array of vane resonators in
which alternate resonators are coupled to the TECII mode of & coaxial
cavity throu W oalots in ihe abell ot the funer cylinder.

Since the currents in the TEOll mode have the same phase at all points
along the circumference of the cavity wall, all che coupling slots are

driven {n phase and, therefore, all the coupled vane resonators are

excited {n phase., Figure 1 ahows the anode structure and field configuration.

The uncoupled resonntors which are adjacent to the coupled
regonators, are exclited by the RF magneric fleld threading a pair of
coupled and uvncoupled resonatora. This RF magnetic {ield is In opposite
directions In adjacent resonators and the electric fieius across the vane
tips of adjacent vanes &re opposite in direction and thus out of phase
by !800 or « radiang. This fleld configuration, therefore, 18 known

as a m mode.

Manuscript released by the author March Y971 fov publication as an
RTC Technical Locumentary Report .

RTD-TDR~63-iTh
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The CEM structure exhibits excellent frequency stability as
evidenced by the pulling and pushing figures obtainable. Also in one
X-band tube, the Qu is about TOOO as compared to BOO for a conventional
strapped magnetron, The high Qu allows higher Q.'a to be employed,
resulting in higher circult efficiency and, therefore, greater overall
efficiency.

Advantage I8 also taken in this design of the fact that con-
ventional magnetrons operate at too high an electronic impedance level
for maximum electronic efficiency. This ..eans that the RF electric
field strength is too great. To lower the RF electric fields, one
would need to reduce Qe. However, this cannot be effected sinc~ the
pulling figure would be raised to an intolerable value. 1In the CEM
and ICEM strructures, the frequency stablilizing cavity makes possible
steady gtate operation at the optimum impedance level. L ;

A more detailed explanation of the CEM coaxial magnetron can
be found in an article by J. Feinstein and R. J Collier, "A Magnetron
controlled by a Symmetrically Couple? TE | Mode Cavity," LeVide,
No. TO, July-August 1957.

01

The ICEM coaxial magnetron is an extension of the CEM princi-

ples applied to an inverted magnetron structure. Figure 2 illustrates

o}
o3

the baefc configuratri

of a tunable TICHA4
n su Coe & CUNAC LT LG

The mode selecting cavity consista of a hollow cylinder

closed at one end by a disk which i{s a combination tuning plunger and o
couplirg plate. The disk is supported by a coaxial rod which converts
the hollow cavity to a coaxial cavity. This TEyy1 mode coaxlal cavity
ig coupled to alternate vane resonators through long narrow axial
8lots in the cylinder wall. The cathode is an annular ring which
ennicloges the vane resonator system. Th, TEOII mode cavity is coupled
to a circular TEqyy mode waveguide around the periphery of the disk
tuning plunger. The cathode {s insulated from the body by means of

fnternal ceramic insulators. The tuning rod is guided by two sapphire

bearings.
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The inverted structure has several advantages over the CEM
coaxial magnetron structure, The number of resonators is ahout four times
grester, yielding higher power capabillities; the cathode a1es is about six
times greater, y:elding lower current density requirements; and the output
couples to TEO1 mode circulsr waveguide which has almost ten times the
power handling capabilities of dominant mode rectangular waveguide.

Figure 3 comﬁares the interaction area of the ICEM coaxial magnetron to
that of & counventionsl rising-sun magnetron structure.

The present status of the single-stage Ka-band ICEM cosxial
magnetron will be staced briefly. In March 1962, & tube generated a peak
power of 293 kw with an average power of U9 watts and a pulse length of
0.56 psec. This {s approximately three times higher than has been
reported for any Ka-band tube at this pulse length. In additjion, several
tubes exhibited efficiencies approaching 30% which permitted the genera-
tion of up to 180 kw peak and 97 watts average power at 0.5 psec pulse
length, A tunable Ka-band model generated a minimum peak power output
of 150 kw at 0.5 psec pulse length over a 2.3 Ge band.

Several tubes were wmade for evasluation by the Air Force
Cambridge Westher Research Group. These tubes were evaluated in the
AN/TPQ-11 Cloud Anslysis Radar over the past fifteen months. The first

tube failed after G517 hours of operation. The secoud tube operated for

&

1418 hours at which time the complete system was removed from service.
The third tube is still operating with over SO00 hours to date. This
radar system 18 designed to radiate 100 kw peak power and 50 watts

average power output st & pulse length of 0.5 usec.
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2.0 INTRODUCTION TO THE EXTENDED INTERACTION ICEM COAXIAL MAGNETRON

The main cavity resonator presently used in the single-stage

+ abi R O

ICEM coaxial magnetron 18 one bhalf-wavelength long and operates in the
TEO11 mode. A cavity resonator could also be buflt which would operate

in the TEO12 mode and would, therefore, be a8 full wavelength long. One
could conceive of ugsing two resonator arreys, ow.e coupled to the upper

half and one coupled to the lower half of this 1E mode cavity resonsator.

012
It cturna out that there is insufficient room for the magnetic pole pieces
{f such a scheme were used and it 1is, therefore, necessary to use a longer

cabity. A TE I mode cavity would permit sufficient room for two sets of

vane resonatoglarrays. This two=section ICEM coaxial magnetron would be
capabie of generating nearly twice the power output of the present ICEM
structure,

The two major difficulties which might be anticipated in the
development of such & device are its physical complexity and the'possi-
bility of operation in an undesired mode of the TEOln family. This is
not ¢ problem in the present single-stage design. In order to simplify
the mechanical assembly operations, one plan could be to construct
modular units which could be heliarc welded together. An approach to
inhibiting the higher and lower order TE modes would be to use a

10} 1
number of mode absorbers located at particular points slong the axial

leagth of the cavity.
Figure L4 shows a cross-section drawing of one possible desiga
for a two-stage ICEM coaxial magnetron, The coaxial cavity in this case

is designed to resonate in the TE mode. Two sets of vane resonators

F
are coupled to this coaxial cavitgléhrough long narrow coupling slots as
in the case of the single-stage tube. The output coupling circuit 1is
also similar to that of the single-stage tube. The two cathodes could
be opersted tcgether using a single input stem or could be operated
independently which would require a second input stem. Note the modular
congtruction illustrated by the three groups of paired lip flanges which

are heliarced to form vacuum seals.
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We might cousider why axigl extension of the lanteraction srea
appears to be more desirable than circumferential extension. It i8 con-
ceivable that an ICEM cosx{al magnetron could be designed to operate in
the TEG?I or TEOml mode and would have > »r “m" times as many resonators
8s in the case of the TEOII mode ICEM structure. This, of course, would
result in considerably larger interaction aress, but would presént some
inherent problems which would be difficult to solve. First, it {s diffi-

cult to devise ways of inhibiting an undegired TE mode without

O,m+]1,1

affecting a desfred TE 1 mode., Second, a8 mundane but serfous diffi-

D, m

Wy Uity

culty arises with vegard to the thermal coeffictient of expansion. As

the anode shell heats during operation, it expands radielly rzducing the
cathode-anode spacing. If for example a TFahl mode were uaed, the cavity
diameter would be so large that the cathode-anode spacing might be

reduced from cold to hot by 25% to 35% resulting i. a change of performance
with aversge power. Last, precise large diameter parts become very expen-
sive, particularly the cathode and vane resonator systems.

Another way of increaging the interaction asrea of 8 crossed-
field oscillator iz to increase the axial height of the anode vane
regonators. There are two disadvantages to this approach, particularly
at millimeter wavelengths. Aes the height of the vane resonator approaches
a hali waveiength, the RF fields along the structure become non-uniform
35 a result of the sine wave variation of fields in the cavity. Thias
effec' will lower the electronic efficifency snd thereby the overall
efficiency of the tube. Furthcr, as the height of the interaction gap
increases, the fringing magnetic field and leakage fields incresse and

the weight of the magnets Iincreases rapidly.
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. 3.0 ELECTRICAL DESIGN CONSIDERATIONS

3.1 Introduction
Two ma jor dasign areas are {mmedfately apparent when a two-stage
davice is consldered., One ig the physical complexity of the device and

the sacond is the suppreseion of the unwanted TE modes.

in the mechanical assombly, the Ldeal 2§nn module unit approach
was consldered. ilowever, when a seriecs magnetic gap arrsugement was
selected in prefarsnce to the psrallel gsp arrsngement, the number of
heliarc welds was reduced. PFurthermore, enginaering chsnges could be
incorporated in an expediticus manney by virtue of the end cover hellarc
wealds,
By selacting the shortest length cavity capable of supporting
two sata of vane resonators, within physical limitations, the number of
" modes 1in the system is minimized, An advantage which occurs simultaneously
is that with fewer modes, the fraquency geperation between the modes 18
_} gonarally graater.

3.2 Design Problems Bncountered in the Two-stage Device
In ovder to minimize the difficulties from undesired TEOI
g modes, the electrical length of the cavity should be selected to oper-te
; at the desired frequency in the TE

oln mode having ithe smalleat "n®,
Figure 5 shows & parallel and series magnatic pole plece gap schame. The
3 améllest possible ™™ that could be uged in a pavallel magnetic gap
’; arrangement would be T. The veason for this length is that che center
pole piece extension must have twice the croass-section of the end pole
piece extensions since it muat carry twice the flux of eicher of the
E and pole plece extensions, However, when the series magnetic gap arrange-
; ment is employed, there 18 no need for the large cross-section between
3 the gaps since no magnetic flux {8 being supplied acv this point. With
‘ Just a field shaping intergap pole piece, the length required i{s signi-
ficantiy reduced, Where the parsllel gap arrangement results in a8 TE

p. oYy
g mode cavity, the series gep arrangement tasults in a TEOlh mode cavity.

i0
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Thoe mode separation of the TEOln modes in & TEOIh mode cavity

le conafderably graster than in s TEOIT mode cevity. Figuro & ghows the
and TB

proximity of the T8 modea in ¢ cavity eselected for TE

013 015 oth
mode oparation. The equation (Ref. 1) for plotting & theoretical mode
chart le

(£0)2 = A + Ba2(D/L)°
vhara = frequency in megacycles

diameter of cavity {n iunchee

length of cavity t{n {nches

= I N - R
B

» moda numbar
B = 0,348 x 10°
A e 2.07T % 108 for Tnol
& saupls calculation might be helpful at this point:
(1) in a full wavelangth TE cavity where (D/L) = 1.165, the

family

froquancies of the deaigig and adjacent TEoln modes, when
substituting {n the sbove squation, dre for

noml f = 20.7 Ge

n e 2 f » 35.C Ge

n w3 f » bh.1 Ge

(2) in a two waveleagth Ty, cavity wheta (B/L) » 0.598, the

frequencies of the desired sud adjacent modas are for

nw3 f »w 31,2 Ge
nowh f = 35.0Ge
a=$ f = 39.8 Gc
(3) in 8 three and one half wavelength TEO!T cevity where

(p/L) = 0.335, the fraquencies of rthe undaesired and ad)acent

aodes are for

1. Bell Telephone Lsboratories Staff, RADAR SYSTEMS AND COMPONENTS,
D. Van Nostrand Company, p. 912 (1549)

12
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n=6 f=32.8GC
no= 7 f = 35.0 Ge
n =8 f = 27.5 Ge

The above exsmples do not take into account the field perturbations
caugsed by the vane resonators or the output coupling sperture,

In the hybrid tube which 1s @ single resonator array structure
coupled to 8 multi-half-wavelength cévity, the competing TEOln modes are
gsufficiently displaced so es not to cause any difficulty. However in
the two-stage device, these competing modes become much cioser as dis-
cussed earlier. A proposed method of eliminating these modes consists
of placing metallic disks at half-wavelength intervals along the length
of the cavity. This would divide the longer cavity intc several half-
wavelength cavities and would insure operation in the desired mode.
These disks, called stabilizing disks, would however introduce addi-
tional loss in the system and thg resultant value of Qu would decrease.

The TE modes of the non-TE type have longitudinal wall

Lamn Cln

currents while the TECln modes have only eircumferential wall currents
)

(of course, all TE on modes have longitudinal well currents). Hence, if
a narrow circumferential slot were cut in the cavity well between the

two vane resonant structureg, it would intercept non-TE mode currents
!

but not TEOln mode currents. In addition, 1f behind this circumferentisl

slot sultsble absorbing material were placed, all the non-TEOln mode

Qu's would be raduced.

3.3 The Hybrid Tube Test Vehicle

In the conventional single-stage ICEM coaxial magnetron, a
single set of vane resonators is coupled to a circular cavity one
electrical half-wavelength long. TIn the proposed two-stage ICEM coaxial
magnetron, two gsets of resonators are coupled to & circular cavity which
is four electrical half-wavelengths long. It would have been preferable

to use & cavity half as long, but magnetic circuit considerations made

this impractical. From considerations of symmetry, it cau be assumed
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il

that in a two-stage devic: ¢ach vane resonator system is coupled to a
. ; cavity which {s two electrical half-wavelengths long. Therefore, the
| energy stored in the cavity 1s approximately twice that of the conven-
tional single-stage ICEM coaxial magnetron.

Upon selection of the TEO1h mode cavity for the two-stage TCEM
structure, a logical first step was to evaluate a single-stage ICEM tube

operating in the TEOIq mode. This would permit a study of the effect of

the higher energy storage ratio (vane to cavity) without the complexity
of a double resonator structure.

One of the basic problems associated with both the hybrid tube
and the initial two-stage tube is the axial mode control problem., In a
conventional ICEM coaxial magnetron, the cylindcvical cavity used to
control the operating frequency (35 Gc) of the tube is only one half-

wavelength long (TE mode). The closest TE mode frequency corres-

Ol11 Oln

ponds to the TE mode which is 19.6 Gc above the TE

ol2 o11 mode frequency.

This is shown in the mode chart of Figure 6 by the intersection of the

vertical line marked TE011 cavity with the mode lines for the TE011 and

TEO12 modes. The TE012 mode does not cause difficulty in the conventionsl

ICEM coaxial magnetron because its operating frequency is 19.6 Gc away
from the resonant frequency of the anode vane resonators.

How close a competing TEOln mode can be to a desired TEOlu mode

has not yet been determined. However, it can be seen from Figure 6 that
85 addicional half-wavelength sections are added to the cavity the inter-

fering TE a mcodes become closer in frequency to the desired TE mode .

Oln
cavity represents a cavity two electrical

0l
The vertical line marked TE

ol12
half-wevelengths loug at 35 Gec. It can be seen that the competing TEOln
medes, nasely the TE and the TE modes sre only 6.9 Gc¢ and 9.2 Gc

011 013
away respectively. If we carry this analysis one step further and look

at the vertical line marked TEOlh cavity, which corresponds to a cavity

designed to operate in the TEO mode at 35 Gc, we can see that the

1l
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competing TEOln mod?s, namely the TEOL3 and TEOLS modes, are 3.8 Gc and
kb Gc away respectively. The hybrid tube test vehicle could then answer
another important question., Can an ICEM coaxial magnetron with a cavity

longer than one half-wavelength operate at the desired TE mode fre-

Oln
quency when a competing TEOln mode frequency is only 6.9 Ge away? This,
in fact, has been proven possible as described in Section 5.1, Opciating

Tests and Evaluations - Hybrid Tubes.

16
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L.0  NON-OPERATING TESTS AND EVALUATLONS

4.1  The Hybrid Test Vehicles

A single-stage tunable 11&01z

012 mude and to identify ~ther modes
of the system. The modes of a cylindrical cavity can be identified by

buitlt to measure thc Qu's ot the TE

the following characteristics:

(1)  theilr tuning rate relative to the theoretical tuning rate
and the tuning rates of other modes

(2) ctheir ability to excite the anode vane resonators

(3) their measured frequency in ccmparison to the frequenclies
of known modes

(k)  through methods of excitatlion

(5) through determination of Qu reduction as a function of

absorber location.

The cold test vehicle was lightly coupled to a rectangular wavegulde by
means of a single coupling hole located on one end plate of the cavity

as shown in Figure 7. Light coupling was employed to avoid field pertur=«
bations of the cavity modes. TEO12 mode Qu's in the order of 2000 to
2500 were measured, None of the other measurable mndes had g Qu greater
than 500. Figure 8 is a theoretical mode chart for a cavity designed

to operate in the TEOLE mode at 35 Ge. The effect of the vane resonators

and coupling slots is not included in the wode chart calculations.

Another tunable TEO12 mode cold test vehicle was bullt which
would symmetrically couple to a circular waveguide output similar to
that used in the ICEM coaxial magnetron. That is to say, it used a

disk, smaller in diameter than the cavity dismeter, which was supported

from the opposite end of the cavity by a thin red. In this way, tunability

is Lncorporated as well as heavy external loading of all modes possessing

longitudinal wall currents (all non-TE,, ~modes,. The TE,,, mode of this

cavity could be optimized to yield Qu‘s of 3000 to LOOO wich TEOl mode
excitation. No other modes were observed in the frequency range of

interest using this method of output coupling.

L7

mode cold tester was designed and
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A hybrid tube cold test vehicle was then conatructod to dater-
mina the relative values of Qu for the various TKOln modes, It wasg
eimilar to the ICEM coaxial magnetron except for the cavity which was
two half-wavalengths long instead of one half-wavelength. The Qu of
the dasired or TEOI2 mode for this tube was U350 which {8 about twice
that of a conventional ICEM coaxlal wmagnetron. Thie Ls Lo be expeacted
since the cavity is two half-wavelengths long and, therafore, stores

approximately (wice the amount of energy. The 1IE mode of the hybrid

013
tube could not be found because the klystron used was limited to a hO Ge
upper frequency and the theorestical frequency of the TE013 mode 18

b4.2 Gc. However, the Txou mode was found and the Qu measured was only

1000, which is low for an ICEM coaxlal magnetron.

The low Qu of the TR mode was attributed to

011

(a) the ralationship of the vane resonator frequency to the
cavity frequenzy, and

(b) the poaition of the vane rescnators with respect to the

cavity wall current maximum.

1f the vane resonator frequency is the same as or necar the cavity fre-
quency, the open circuft at the tips of the vancs is transformed to a
short at the back of the resonstor. This short, being the lowest
impadanee point on tho cavity wall, should have assoclated with Lt the
maximum current demsity point. IHowover, Lf the cavity frequency 1is

different from the vane resonator frequency (Ll.e., TE or TE moda

oparstion {n a cavity designed to operate In the TEOlZl;ode), 2&2 vane
ragonators no longer look like & short circuit at the cavity wall aund
the curreat maximum occurring at the back of the resomators no longer
corresponds to the maximum current point on the inner wall of the

cavity. Cousaquently, both the vane resounetor positiou and length are

veéry poor for both the TEOn and TEOIB modes. A sketch of the cross-
seatlion of a TEOln mode cavity along with the axial current distribution
for the TEOLL’ T8012 and T8013 modes is shown im Pigure 9.
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In the hybrid tube, the competiag TBOln mcdes are sufficiently
displaced 80 88 not to cause any difficulty, However in the two-atage
device, these competiung modes become much cloger ss digcussed earlier.

A proposed method of climinating these modes consisted of placing

matallic disks st half-wavelength intervals along the length of the cavity.
This divided the longer cavity into seversl half-wavelength csvities and
insured operation in the desired mode. These disks, called stabtlizing
disks, would however introduce additional loss in the system and the
resultant value of Qu would decrease.

A hybrid tube anode utilizing a stabilizing disk in the
cavity was constructed and cold tested to study the effects of this disk
since it may ba desirabla to nge this technicue in a two-stage tube
bacause of the smaller frequency sepsration of the adjacent Wnoln modes.
A photograph of a tuning plunger with the output coupling dist and the
stab{lizing diak is shown in Figure 10. The values of Qu obtained at
34,5 Ge when using a stabilizing disk were 269 as compared tc hiso
without the stabilizing disk. To insure proper operstion ol a two-stage
tuba, it may be nacessary to trade Qu for better mode stability,

4.2 The Two-stage Tast Vehiclas

A tunabla TBO!h cold testar having two arravs of vane resonator
structures and coupled to a rectangular wavegulde was designed and bufllt.
‘this cold tester is shown in cross-section in Figure 1l1. The device
exhibiced Q ‘s in the order of 5600 to 7000 for the TE

tunable feature, as in the TE

oLk wode. The

o012 cold tester, made possible the identi-

fication of many of the modes which exist in a cavity of this design.
A chart {s presented in Figure 12 which shows the theoretical and
experimentally determined frequencies of some of the modes of this
cavity,

The PEzmn nodes of the non-TEOl“ type have longitudinal wall

currents while the TEOIu modes have only circumferential wall currents

(of course, all TE modes have longitudinal wall currents). Hence, if

Lun




FIGURE 10 PHOTOGRAPH OF A TUNING PLUNGER SHOWING
THE OUTPUT COUPLING DISK AND THE
STABILIZING DISK
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a narrow circumferential alot were cut {n the cavity wall between the
two vsne resonant structures, it would intsrcept non-TEOln moda currents

but not TE mode currents, In addition, {f behind this circumferential

slot Suitagi: absorbing material were placed, all the non-TEOln mode Qu's
would be reduced. This wse done and although the Qu's of the desired
mode were not measurably affected, the non-TEOin modas had Qu's too small
to measure.

The suppression of the TE

and TEO1 modes i3 conaiderably

Oln+l n~1
more difficult to achieve because any of the absorption techmiques that
olh desired mode. Metal disks,

Judicfously placed along the axis of the cavity, would present the neces-

eould be employed also affect the TE

sary boundary conditions to ingure desired mode operation only. This
approach hag been investigated and yielded the desired result.
A cold test vehicle having two sets of vane resonator structures

coupled to a cavity designed to resonate in the TEO11+ mode at 35 Gec has

been used to evaluate the mode suppression techniques. Since the single-

stage TE mode tube (to be discussed later) operated satisfactorily

olz2

with no tendencies toward operation in the TE or TE modes, it is

011 013
apparent thet a stabilizing disk is not required if the frequency of

the interfering TE 0 mode is sufficiently removed from the operating

frequency of the dgiired TEOln mode. However in a TEOlll mode cavity,
the TE013 and TE_O15 modes, considered interfering modes, are much closer
to the desired TEOIh mode frequency than is the case for the shorter
cavity length used in the TE012 mode tube. Figure 13 ghows a cross~-
gection of the T’Eom mode cavity used. Also shown are the wall currents
for the TBO13 and TEOlh modes,

The measured values of the frequency of the TE013, TEOIh’ and

TEO]S modes along with measured values of Qu are as follows;
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Frequency

Moda Measured Calculated 8!
T8013 32.2 Ge 30.9 Gc less than 100C
LLONTR (desired) 4.7 Ge 4.7 Ge 5750
TEOB 38.2 Ge 39.1 Ge 4500
The above values were measured by keeping the cavity length fixed with
the 'I!BouL mode at 34.7 Gc and then verying the frequency of the klystron
to obtain the other TE modee. The diacrepancy between the calculated

Oln
values and measured values above relates to the fact that the calculatad

valuas represent only the frequency of the simple right cylindrical
cavity excluding the effects of the coupled resonator systems or the

effects of the coupling mechsanism. Modes other than the TE modes

Oln
were not detecte gince they are suppressed by the sbsdrber showr in

Figure 13. All the modes of the cavity except the TE mode family

Oln
have longitudinal components of current along the wall of the cavity.

These currents flowing across the gup at the center of the cavity wall
shown in Figure 13 will develop an E field across the absorber coupling
slot which is in turn coupled to the absorber shown on the outer wall of

the anode. This method of absorbing interfering non-TE modes has

Oln
o proven quite successful.

The effect of the absorber on non~TE01n modes is quite drastic,
most of thoem becoming unmeasurable. The effact of this absorber on the

TE a family of modes has been megsured with the following results.

01
Percent
decreage in Qu
Mode With absorber Yyichout Abeorber with absorber
> q
TEay 1, , 7?0 6650 1ha
(. Tﬁois 1860 2435 234,
Tt can be seen from the values nbove that the TEO15 mode 1is
affected more than the TE mode ., Simce the cavity is sn even number

olh
of helf-wavelsugths lonz, a null will alwavs occur at the center for

28
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modes containing an even number of half-wavelengths, wheress a maximum
will occur for all modes compcsed of an odd number of half-wavelengths.
Therefore, the region of maximum current for modes which are an odd
number of half-wavelengths long is slways at the point where this
absorber i{s located. Conversely, for modes which are an even numher of
half-wavelengths long, a8 minimum or null always exists at the absorber
location.

An experiment wss conducted to determine whether the two sets
of vane resonators assoclated with the two-stage tube anode would be
equally excited. A dielectric sleeve was made which fitted snugly on
the outside diameter of the vene resonators. Thig dielectric sleeve
shifts the resonant frequency of the composite cavity-resonator system
an smount proportional to the magnitude of the energy stored {n the vane
resonators. The composite system can be considered to be three inde-
pendent systems connected together. These three systems are the
cylindrical four half-wavelength long cavity, the set of vane resonators
near the tuner end of the cavity and the set of vane resonstors near
the output end of the cavity. The two sets of vane resonators are
identical in design and are coupled to the cavity in the same manner.

A3 a vesult, the eneigy contained in each set of resonators should be
the game. If the dielectric sleeve is {irst placed around one set of
resonators and the change {n resonant frequency is measured, placiag

the gsame dielectric sleeve now ground the other set of vane resonstors
should tvesult in the same frequency change provided the amount of energy
stored in each set of vsne resonators is equal. Early measurements
indicated that the energy stored in each set of resonators was not qujite
the same. However, by controlling the length of slots which couple the
vane resonator system to the cavity, the energy in each set or vane
resonators could be made identical. This method of controlling the
excitation of the vane resonators can be used to preferentially load

or unload a set of vane resonators.
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The first anode made for an operable tube was of the une-piece
type. Since elignment of two separate anodes could present a problenm
during assembly, it was decided to make the two resonator sections on a
commoun cavity. The anode sub-assembly may be fabricated before insertion
into the tube body and then is bolted to the tube body. This provides
anode interchangesbility with a minimum of effort. Figure Ih is a photo-
graph of this anode. Note the slot which provides coupling for the
circumferential absorber described esrlier.

The first one-plece snode was initigslly evaluated using o
single disk tuning plunger which allowed us tn observe the proximity
of the adjacent TROln modes - namely, the TE013 and TE015 modes. With
the cold tester adjusted to the TEolk cavity mode st a frequency of

34.3 Gc, the TE mode could be detected at 37.705 Gc. The TE mode

could not be degiZted since it fell outside the tuning range ofoige
kiystron power source. In the TEOlh mode cavity, the anode exhibited
Qu‘s of 1500 minimum over a 2 Gc band and Qu's greater than 3000 over &
0.6 Ge band. When the TEOlh

could be detected at 32.490 Gc. This places the optimum frequency of

mode wag tuned to 36,105 Gc, the TEO13 mode

operatien of the TE mode at about 34.5 Gc. The frequency proximity

olh
among the TEOI3; TEOlh and TEO[S modes agrecs f{avorably with that cal-
culated thus placing the nearest TEOln mode more than 3.5 Gc away.

Having established the relative Qu's of the circuit across the

band {n the TE davity mode, a double disk tuning plunger was employed

olh
in subsequent testa. The two disks were located two half-wavelengths

apart on the tuning rod thus forming two TE cavities coupled

1.
together., However when the tuning rod {s mgvid for the purpose of

tuning, it should be noted that the two disks on the rod remain the

same distence apsrt irrespective of the tuner rod position aand, thercfore,
yiald only one frequency of operation. This is not true of the center
disk with regspect to the tuner end of cavity and thus the cavity asso-

ciated with the tuner end resonator structure does change length and

therehy frequency.  Early expeviments ut{lizing such a scheme on a TEAl}

30




FIGURE 1k PHOTOGRAPH OF ONE-PIECE
TWO-STAGE ANODE
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hybrid cold teater rovealed that the Qu's measured appsared to represent
the Qu of the fixed tuned cavity rather tharn a compostite Qu of the fixed
tuned and tunable cavitiea, apparently the rvesult of insufficient
coupling between tha cavicisa. The wost logical way to increase the
coupling bstween the two cavitles is to reduce the diameter of this
coupling diek. Intercavity coupling was incremeed in progressive steps
until the race of change + the tuning curve indicated that the desired
coupling was obtained. Th. tuning plunger was used in the first two-

stage tubse, the resulte of which are discussed in Section 5.2

4.3 TIhe Drsg Loop

When the first double disk plunger was daesigned and made for
the first two-stage tube, cold test measurementes revealed Ehnt a8 rapid
change {n the tuning rate of the tunable cavity occurred near what was
felt to ba the frequancy of the fixed tuned cavity. That is to say,
that the tuning rate of the tunable cavity reduces drastically when 1t
approaches the apparent f{ixed tuned cavity frequeacy. In an endeavor
to explain this effect, differsent dismater disks were ueed with different

4 -

apacings balween ihe iwo diske on the tuning plunger rod. From these
teste. {t bacams anparent that the effect noted is what is often called
the "drag loop" in coupled circuit oscillators (Ref. 2).

The drag loop is formed when sufficiently close coupling is
employed between two resonant circuits 8o that two diffeient frequencies
of oparation can ox{st for a given LC ratio. With one resonant cavity
fixed tuned and tha other resonant cavity approaching the fixed tuned
frequency from the lower frequency region, the frequency of operation
would "skip" from beiow the fixed tuned cavitv frequency to above the

fixed tuned cavity frequency. Upon returning along the upper branch

2. Cruft Laboratory Staff, Hevvard University, ELECTRONIC CIRCUITS
AND TUBES, McGraw-Hill Book Comparny, pp. 47h-L77,
L96~l29 (1947)




bl sttt 1

C ot W

S-F+D laboratoriss, inc.

tuning curve, the downward "skip” occurs at a different cavity length,
hence the loop is fuvrwed The Jdrag loop ts ~.mewhat simitar to the
hysteresis loop observed 1n magnetism. The size ot the loop 15 dependent
upon the amount of coupling between the cavities and for k < l,’QQ the
loop ceases to exist. Figure 17 shows the drag loop for three conditions
of coupling between the cavities of the two-stage tube. They are

k< 1/Q,. k - 1/Q,, end k > 1/Q,.

- AN SN Y
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5.0 OPERATING TESTS AND EVAI.UAT1ONS

5.1 dybrid Tubes

The firs. hybrid tubte (F32D) which was built without a stabilizing

disk for reasons previously discussed, started in the desired TE mode of

012

the cavity at 34%.96% Gc. This hybrid tube was made tunable to allow another

degree of freedom in evaluating the device. Operation in the desired TE

mode couid be maintained from 32.20 Gc to 35.95% Gc, 2 .75 Gc range. These

results indicate clearly that a stabilizing disk is not required in a tube

with a TcOl2 mcde cavity length.

This first hybrid tube (F32D). however, was limited to a peak

power output of approximately 80 kw when operated at 0.5 psec pulse length.

A line type modulator similar to that used tuo operate the more conventional

ICEM coaxial magnetron at 125 kw peak power output at 0.9 psec pulse

length was used. The prwer output was limited by increased jitter. Beyond

this 80 kw level, the tube would not operate satigsfactorily in the desired

mede. Greater stavting jitter was anticipated, howe ~ - . because of the
increased energy storage ratio mentioned previously. Jigures 16 and 17

show these reliative amounts of jitter between the TE and TE mode

011 oL2
operation of the first hybrid tube as seen on the detected RF pulse. The
{requency of operation was identica! for the two test conditions.

To ascertain whether the increased jitter was associated with
the increased energyv stovage ratio, the first hvbrid tube (F32D) was
sperated inte a mismatch of approximately 1.5:1 VSWR. The phase of the
mismat.' was a4 d te cield least jicter on the detected RF envelope.
the ho st cporat . ng por iresponsi- d to the anti-sink phase of the mis-
match 1 iy ing that better performarce could be achieved when the tube
was delivering less powe: to the load.

Te tu her substantiate the argument that the rcreased jitter
te dus t the invreased ere gy stosage ratic, the hiveoid tube was tuned

“ e, gt

Pooopeiated onotne TR mode g G This meais thal the
Sad

cav. 15 pow ene half-wavetenpth instead of two half-woveienuythg Lang .




FIGURE 16 DETECTED RF OYTPUT PULSE OF FIRST HYBEID TUBE (F32D)

CPERATING IN TEOII MODE AT 120 kw LEVEL

w FIGURE 17  DETECTED RF OUTFUT PULSE FOR FIRST HYBRID TUBE (F32D)

OPERATING IN TEOIQ MODE AT 80 kw LEVEL
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Under these conditions, the hybrid tube generated over 100 kw peak power
output with approximately & nsec RMS jitter. The results of this experi-
ment ind cated that the increased jitter is associated with the increased
energy storage ratio.

The second hybrid tube (¥IS5C) was buiit to evaluate ICEM coaxial
magnetron operation in both the TE and TE modes. Since the first

012 013

hybrid tube demonstrated that the starting jitter in the TEOlQ

mode of operation was excessive, a slot length adjustment was made. A

cavity

similar jitter problem was encountered in the standard ICEM coaxia]
magnetron but was solved by improving the coupling between the ancgde
vane resonators and the cavity. The slot length adjustment employed on
the second hybrid tube was an application of similar techniques.

The second hybrid tube operated very well in the TEO12 cavity
mode {desired mode) at 3.4 Gc. The output power <as 155 kw at an effi-
ciency of 21.4% and the starting jitter was low. Figure 18 is a photo-
graph of the detected RF puise in the TEy)o mode of operation. This
tube operated at nearly twice the power output level of the first hybrid
tube in the TEnys mode and yetr demonstrated & reduction in starting jitter
by a factor of five. At low puwer outpu. levele (~ 25 kw) the second
hybrid tube, operating in the TEyyp cavity mode, could be tuned [rom
30.64 Gc to 3L .07 G (a2 baned of L.28 Gej with no moede competition from
adjacentlTEOln modes (TEOl1 and TEOIB)' However, if the tube was tuned
to frequencies lower than 30.° Gc in the TEn - vavity mode. ssctllations
would cease at 30.ch f¢ (TECI“ mods) and shift to W A G - the TFO|1

cavity mode.

The - econd hybrid tube was then adjusted for TE cavi.y mode

017

operation at 3U.% Gc. The starting jitter in the TE mode ot Hperation

017
was greater than that exbibited in the TEOIT mode by a tactor n  two but
was still a reasonhbly iow value and did not begin to iimit operation
uatil the 112 kw power output level was reached Figure 7 shows fhe
detected RF pulse with the titter clearly visibie Figure > shows

expanded sweep photopraphs for the purpose of itter » asuremneints ihe




FIGURE 18 DETECTED RF OUTPUT PULSE OF SECOND HYBRID TUBE (I6D)

OPERATING IN TEOlE' MODE AT 155 kw LEVEL

PIGURE 19 DETECTED RF OUTPUT PULSE OF SECOND HYBRID TUBE {1(D)

OPERATING IN TE,, . MODE AT 112 kv LEVEL
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peek-to-p2ak jitter of Figure 20 18 3JO nscc. This tube could be tuned
o from 32.2 @c to 3h.& Ge in the TE013
or TEOI% node competition. This again indlcated that the starting

Jitter {# a function of the eneigy storage ratio.

cavity mode {a 2.6 Gc bead) without

2

s 5.2 Two-siage Tubes

The first two-stage ICEM coaxial magnetron {J25D} wes vreceived
for evaluation in November 1962. Some difficulties were encountered in
. the asgsembly and brazing of the anode sub-asgsembly. Pigure 21 is «
=, 8 " photograph showing the complexity of this sub-assembly. zight separate
' brazes are made in one operation while maintsl ning the close tulerances
dictated by the frequency of operation. Figure 22 is a photograph of
the complete two-stage tube.

Initial tests consisted of seasoning each section of the two-
atage tube separately. When operated alone the section nearest the
output did not operate in a completely conventional manner. The outpat
pover was low and the frequency of the output was not adjustable.
=4 Evidently the coupling between the sections was not sufficient to have
the coupled cavity become a frequency determining element in the compo-
glte sy cem. The tunable section cperated in & manner similar to that
of a =.wgle-stage ICEM coaxial magnetron except at the frequency ccinci-
dent with the frequency of the fixed tuned section of the tube. At low
“ciye levels where the cavity frequencies are coincident, no output power
wag detertable. Howevesr, as the input drive was increased, outpul power
was realized being accompanied by relatvively high starting jitter. The
staviing jitter reduced as the input drive was increased further and
near. disappeared when the tumable section was shifted in frequency

2ayv from the fized tuned section.
Upon pulcing both sections simultaneously using a separate

modulator for cach scection and operating bolli sections at Lhe same fre-

quency, addi:iive output power wes measured. The total cutput power was

i 1077 kw at G 5S psec and ©.0002% duty cycle. The tunable section centributed

Ly
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PHOTOGRAPH OF FIRST 1WO~STAGE TUBE (J25D)
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about 70% of the total power. Then the tunable section was operated at

a 60 kw level while the fixed tuned section had neither pulse power nor
heater power applied. Next the (iwxel tuned section was pulsed but the
cathode remained unheated. Th~ tetal ouiput power yielded by the two-
stage tube with both sectlons operating was L4% greater than the power
derived from the tunable section alone. Figure 23 shows the detected RF
output pulse and Figure 24 shows the detected RF output pulse with both
sections operating additively. This cold cathode operation is verv
encouraging and lends credence to the theory that s cold cathode oscil-
lator amplifier type combination is feasible.

An interesting application of the cold cathode phenomenon to
a multistage ICEM coaxial magnetron is one of having the cold cathode
section generate more power than the hot cathode section. éince the hot
cathode section has excellent starting characteristics and the cold
cathode section poorer starting characteristics but high power capabillities,
the tube can be operated to enhance the attributes of each. The hot
cathode section would be pulsed just & nanosecond or two before the cold
cathede scction thus alluwing the RF fieids at the vane tips in the cold
cathode section to build up and thereby "lock" the cold cathode section
RF build up to the desired mode.

Further evaluation revealed the fact that both sections could
be operated together but at somewhat different frequencies. This could
be accomplished at a S0 kw power level above which some arcing cxisted.
Since the output secticn is fixed tuned but the tuner section of the tube
is tunable, sepaitate f:requency operation could be obtained over a ZOU Mc
band. That is to say, that two outpnl frequencies were obtained simuli-
taneously with a frequency separation as great as o Mc. Although this
is not a dlrect aim of this contract. the possibility of evelving a fre-
quency diversity tradar svstem using his tyvpe of cperation its perhaps
possibie.

The secaond two -=tape tube AL -FE. whirob wa- e byt Y

evaluation 1n January <4, itnltialiv shoawed greater than oo mal am unts




FIGURE 23 DETECTED RF OUTPUT PULSE OF FIRST TWO-STAGE TUBE (J25D)
WITH ONLY TUNABLE SECTION BEING PULSED
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PIGURE 24  DETECTED RF OUTPUT PULSE OF FIRST TWO-STAGE TUBE (J25D)
WITH BOTH SECTIONS OPERATING
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of starfing jitter when seasoning was atltempted.  This tube incorporated

entaeceiing changes desitgned o facilitate mechanioat assembiv, mamely
a modification of the anode support asscmbly which eliminated the cvroum-
fesential slet and the carcumtferent:al absorhe: . Thi- absorhing me hanram

ts designed te inhabit nen-TE | cavity modes sinve the tirst twe-stage
¥

In

tube (J25D) exhibited no apparent non-TFﬁl mode contamination. the
iin

exclusion of this absorber seemed possible.  To help ofiset the jack ol

L0n~TEOln wode suppression, the axtal anuvde coupling siotls were shortencd
t» provide tighter coupling between cavity and vane resopdtors (o ephance
desired mode opcration. From a mechanical stancpoint, this simplitied
the ancde machining operation.

As testing of tube Al:E progressed. the starting jitter became
excessive and slot mode opevaticn appeared. <Cathede eccentricity is a
known cause cf slot mode operation. It was planned to open this tube
and measure the concentricity of the cathode with respect te the anode,
but during the concluding operational tests the tuning plunger seized.
These problems, compounded, prompted the decision to discontinue evalua-
tion of tube Al3E since they were basic to general magnetroun operaticn
and not peculiar to the two-stage device.

To expedite the program with repard te hot test evaluation.
the first two-stage tube {(J25D) was rebuilt incorporating a modified
tuning plunger. The modificd tuning plunger is also a two disk plunger
but, unlike the original plunger which formed two full-wavelengt!
cavities, the wodified plunger foims a single half-wavelength cavity
and a three half-wavelength cavity. The single half-wavelength cavity
provides the desired starting charscteristics in the tunable section
of the tube while the three half-wavelength cavity sect . on provides a
source of high output power without the consequence of poor starting
characteristics.

The rebuilt two-stage tube (J24D-2) demonstrated operation

which was very encouraging. The output power measured with both scctons

operating simultancously (at the same frequencv) was 1. kw and no




g

measurable stariine jittey was encountered. When the tanat s S0t ton

('IE.O cavity} was operated alone - at the frequency of the fixed ltuncd

a LOR RS

11

gection - excessive jilter was encountered, However, apon appiication oo
pulse voltage to the output section ot the tube, the starting jitter
disappeared and additive power output was realized. Approximately 9%
of the total power output was dertved from the ovutput scooten ! th
tube. This test was periormed at a liw output level (- v kw total)
because operation of the tuner section alone at high levels s not posst-
ble. Figure 25 is a photograph of the KF spectrum with both sections

operat ing.

The third two-stage tube (B27E) completed late January 140,
exhibited extremely high gas pressure. Repeated bakeouts only partially
alleviated the problem. $§ince time was at a premium, electricail evalua-
tion was begun even though the desired vacuum was not attained. Electrical
tests showed that the two secticns of the tube operated at considerably
different voltages and arcing occurred at low power levels. The arcing
was undoubtedly the result of the poo: vacuum attained. Further evalua-
tion of tubec B2TE was abandoned so that maximum eftort could be devoted
to the lagt two-stage tube (CBE) receivad tor electrical evaluation in

February 15€3.

Tube CBE was similar to the rebuilt tube (FE5D-R} except fur
the fact that increased coupling to the load was :mployed. The output
power obtained with botb tube sections operating simultaneously (at Lhe
sawme frequcncy) vas L58 kw and vary low étarLLng jitter was encountered.
It appeared that more than 50% of the output power was derived {rom the
tunable section of the tube but this is an estimate since the tunable
section cannot be operated alone without large amournts ot jitter being

present,

k6




FIGURE 2% SPECTRIM DISPLAY OF TUBE Jo%D-R WITH
BOTH SECTTONS CPERATING

ll T




e

L.u I65T BQUIFMENT

.l Q Measuring Equlipment

The TE”l cirouiar waveguide sise used 1o the Xa-band JCEM
9]

coaxlal magnetron was selected trom the Electronie Industries Associatton

Staudard RS-200 published January 1s5¢. The sfce s=clectesd teor Ka-band

{ rati L he TE,.
or ope on in th lbol

tolerances of the wavegulde are a8 described in ELA Standard RS -2ui.

mode Ls WCH» which is «.5 .« tach ID.  The

A photograph of the Q weasuring sct is shown in Figure 2 and
the schematic of the Ka-band test set is shown in Figure 27. The method
used to measure Q ard Q, ts ka~wo as the Reed (Ret. 3) method. ALl
componenty used in the @ measuring sct are commercially available and
are ldentified in the schematic disgram. The ouly item that required
modif{ication was the Mlcrowaye Associates Transition from TELG recran-
gulsr to TEOL clrcular gulde. This t(ransition {s a four slot end feed
transition with a tapered circular wavegulde on the output end, The
iuside dirameter ul Jhis circuiar guide 1s L.03% iach. Since the gulde
sclected [rom EIA Standard RS-200 is only 0.9594 inch ID, (L was neces-
sary toc cut the tapered circular guide section until the ID was
0.594 inch and then attach a $lange which would mate with the tube
output. This f{lange fnsures lineup of the two sections of saveguide.
Howaver, a good contact between the two sections iLs not vequired since
no current will flow across this joint in the TEU1 circular-electric

mode.

0.2 Hot Test Equipment

The Ka-band test sel used to measure the operating performance
of the tubes is shown schenaticall~ in Figure 20. Ar electromagnet is
used to supply the variable magnetic field required for performance

teste,

3. E. D. Reed, "A Sweep Frequency Method of § Measuremeni iur
Singlc-ended Resonators,'" Proc. of the Nstiona. Electrontics
Confarence, Vol. 7, pp. 162-172, 1951

1ty
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FIGURE 2¢ PHOTOCRAPH OF Ka-BAND Q MEASURING TEST SET ’
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A directional coupicr was designed to couple power from the
TEUL circular guide to the dominant mode rectangular guide and is siwmilar
to the one shown in Figure T4 of WADC Technical Report $8-661. The
diractivity and accuracy of coupling was ot important since it was
desired only to view the RF envelope of the pulse using standard
ractangular wavegulde components commercially available. A hO db

directic al coupler was built for the Ka-band test set,

To measure the power generated by the ICEM coaxial wmagnetron,
a water load was designed by S-F-D laboratories and built by Chemalloy
Electronics Corporation. It consigts of & long tapered glass tube
flaring out to the inside diametsr of the wavegulide im a dle.unce of
15 wavelengths. The tapered glass water load is imserted into a section
of circular wavegulde and the average power generated by the magnetron
is measured with a calorimeter. The water load was checked to ascertain
that all the power was being absorbed in the losd by holding a crystal
deractor at the end of the glass water load while the tube was generating

approximately 100 kw peak power. There wss no Londication of power

leakage at this point., By comparing this load on the Q test set to the
yellow pine wood load described In WADC Technical Report 58-661, the

VSWR is legs than 1.05 at the desired operating frequency. The accuracy
of the calorimeter was checked by substitutlng & water heater for the
water load, heating the water with ac power and comparing the power

rexzd on the calorimeter with the ac input power as read on a precision

wattmeter.

The two n ulators designed and built by S-F-D labovratories
under Alr Force Contract AP 33(616)-7130 were used to operate the two-
stage device. The two-stage Ka-band test vehicle could incorporate
ope hot and one cold cathode but initially two hot cathodes were used.
The cathodes were pulsed separately by the two modulators. The various

combinations of pulsed operation investigated ave

(1) synchronized pulse two-stage operation
(2) overlapped pulse two-stage operation.
52
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These modulators are of the line type, capable of supplying
a 1.2 megawatt, 3.0 psec pulse to & 500 ohm lcad at a 0.0N1 duty cycle.
The pulse length can be varied in steps by changing the strappizg of

the pulse forming network. The pulse leneths available are 0.25, 0.5,

1.0, 2.0, and 3.0 psec. A duty cycle of ¢.001 can be used at all pulse
lengths except 0.25 psec since at this pulse length the Pb factor of

the thyratron will be exceeded. The trigger generator Ls capable of
supplying the recessary repetition rate to operate at 0.001 duty cycle
namely 133 pps to 2000 pps. The modulator may also be triggered by

an external positive or negative 4O volt pulsa.

It was necessary to completely rebuild the trigger source
2f one of the units. This was done so that dual cathode followers
could be incorporated to yield the low output impedance necessary for
impedance matching to the continuously variable delay lines. The
continuously variable delay lines permit exact synchronization or
advance or delay oi «ither of the Llunput pulses. Filgure 29 is & block

diagram of the pulsing scheme used.
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8.0  RECOMMENDATIONS

The foasibility of the two-stage 1CGEM coaxial magnetron has
een demonstrated. Several models were constructed and tested. The
paximum power output generated was in the order of 150 kw. This
‘represents & significant power at 35 Gc but is nowhere near the full
capability of this device. A single-stage ICEM coaxial magnetron has
been operated at a peak power output o. over 250 kw., Therefore, this
two-stage device should be capable of generating powers in the vicinicy
of 500 kw at 35 Gc. The basic competing mode problems have been studied
and the interference from these modes reduced. Howaver, in order to
reallze the full capabilities of the two-stage device, a further study
Pprogram is recommended. The program might Lnclude one or several of
the following studies.

(1) A study of the output section of the two-stage tube. This
tube can be considered to consist of two sections, an oscil-
lator section and an amplifisr section. The oscillator
gsection Ls well understood since Lt is basically a single-
stage ICEM coaxial mag.etron. The output or amp'ifier
saction, however, Ls a relatively new conce¢, and requires

his program wighi consisi of making two

further study. 7T
separate tubes, one a standard ICEM coaxlal magneiron and

the other an output section consisting of one or more ampli-
fier sections, each capable of adding approximately 3 db more
power. Thie would decrease the complexity of the tubes since
the oscillator and amplifier sections could be made in

secparate vacuum envelopes,

(2) A program to further investigate the two-stage LCEM coaxial

magnetron in its present design configuratior of cscillator

and amplifier sections in one vacuum envelope. The performance
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goal of this study might be the generation of k00 kw to

500 kw peak power output at Ka-band,

(3) A program to investigate the two-stage device as & means

of genereating high pesk power output at frequencles of

70 Ge and above,




