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BACKWARD-WAVE CROSSED.
[CARCINOTRON) D-FIELD osciILLA TOR
The backward-wave crossed-field oscillator of M-

: : ; Carcinotr. ;
linear M -carcinotron and circular M -carcinotron on has two configurations:

Lin - i
backward?\:r " c.a rclnotron._ The ' M-Carcinotron oscillator is an M-t
ave oscillator. The interaction between the electrons and the slow wg:

structure takes place in a space of crossed fi i
. ; eld. A
Carcinotron oscillator is shown in Fig. 10-4-1. W0 of the M-

RF signal RF
output termination
Accelerator f WV
] Slow-wave structure
g Electron beam, Be
EY
hod I_ Solc'7 / :
Cathocetil sy, Collector Figure 10-4-1 Linear model of an M-
- Carcinotron oscillator. (From J. V.
T+ & |||+ Gewartowski and H. A. Watson [6]:
g : —+4 reprinted by permission of Van Nostrand
Veo Company'.)

The slow-wave structure is in parallel with an electrode known as the sole. A

de electric field is maintained between the grounded slow-wave structure and the

' netic field is directed into the page. The electrons emitted
=t ic field. The electrons

from the cathode are bent through a 90° angle by the magneti :
interact with a backward-wave space harmonic of the circuit, and the energy in th‘e
circuit flows opposite to the direction of the electron motion. The slow-:\v\z{::de Z:nxjt;
ture is terminated at the collector end, and the RF signal output IS rem

electron-gun end. Since the M-Carcinotron is a crossed-field device, its efficiency 1S

i ing from 30 to 60%. ; . e 3

o f'll!rg,: ,pr:r[:g;rllgd electrons moving in synchronism with the wave in a linear M
: in Fi -4-2.

Carcinotron are shown in Fig. 10-4 e ot a

(i beginning of the circul :

ElecteonsteiipolioNG ncar“tir(l; I:gare mgoving toward the sole. Far

circuit, whereas electrons at pos

re moving toward the
ther down
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Flgure 10:4:2  Beam clectrons and electric field lines in an M-Carcinotrog

the circuit, electrons at position C are closer to the c'ir'cuit, and electrons 4 ...

D are closer to the sole. However, electrons at position C have departed 5 o
distance from the unperturbed path than have electrons at position D. Thus, mee'“
trons have lost a net amount of potential energy, this energy having been transferyeg
to the RE field. The reason for the greater displacement of the electrons Moving 1
ward the circuit is that these electrons are in stronger RF fields, since they are desd
to the circuit. Electrons at position G have moved so far from the unperturbeg pos
tion that some of them are being intercepted on the circuit. The length from positiog
A through position G is a half cycle of the electron motion.

Circular M-Carcinotron. The M-Carcinotrons are generally constructed i
the circular reentrant form as shown in Fig. 10-4-3. The slow-wave structure ang
sole are circular and nearly reentrant to conserve magnet weight. The sole has the
appearance of the cathode in a magnetron.

The Litton L-3721 M-BWO, shown in Fig. 10-4-4, is a typical M-type
backward-wave oscillator (M-BWO or Carcinotron) with a minimum power of 200
W at frequency range from 1.0 to 1.4 GHz.

Collector ,
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Figure 10-4-3 Schematic diagram of a MMMM (Courtesy o
Raytheon Company, Microwave Tube Operation.). .
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sec. 10.4 Backward-Wave Crossed-Field Osclllator (Carcinotron) 481

Figure 10-4-4 Photograph of Litton L-
L 3721 BWO. (Courtesy of Litton Com-
L-3721 7% ° Wide pany, Electron Tube Division.)

In the circular configurations, the delay line is terminated at the collector end
by spraying attenuating material on the surfaces of the conductors. The output is
taken from the gun end of the delay line which is an interdigital line. Clearly, in this
case, the electron drift velocity has to be in synchronism with a backward-space har-

monic.
As in the case of O -type devices, the only modification in the secular equation

is a change of sign in the circuit equation: If this change is made in Eq. (10-3-1), we
write

¥ = jB (10-4-1)

y = jk+e€ (10-4-2)

By eliminating negligible terms, we obtain for the Carcinotron
(B2 — k* + j2ke) [j(B. — k) = €lBh = (Be = k) = j2(B. = ke]
2
& jpp,p(p, ko — azpm) H, (10-4-3)

. : : = d
i . (10-4-3) for synchronism can be obtained .by sc'mng B ' B. an
2 So_lllt;‘ololf; Eb(’] fvhcre b’ is a small number so that terms like b % and b'e may be

neglected. This yields
by e _‘_) H?
2e(jpb’ — € = PRk g2 ™ T+’ B

2 B, (10-4-4)
- - —H
il B'k [Sas Bm
= 2R kD?
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Solution

a. The dc electron velocity 18
¥, = 0.593 x 10° x (20 X 10°)'/2 = 0.8386 x 10* m/s

b. The electron-beam phase constant is

® 2r X 4 %X 10°
= = = 300 rad/m
B Yo 0.8386 X 108 /

05— V(0.5 +4 _ _j0.78

c. The delta differentials are

8|=_] )
s+ V(05*+4 .
S o (2 b T

d. The propagation constants are
7! =j(ﬁe it b) o ﬁeDal
= j(300 + 0.5) + 0.5 x 0.8 x (—j0.78) = j300.20

v, = j(300 + 0.5) + 0.5 x 0.8 X (—;1.28) = j301.00

e. The oscillation occurs at
DN = 1.25 forn =1

then N = 1.5625
2N 2m X 1.5625
and f = = =
B. 300 3.27 cm
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