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Prerequisite:

Section 8.2 of B. N. Basu, Electromagnetic Theory and
Applications in Beam-Wave Electronics (World Scientific;
1996; Singapore, New Jersey, London, Hong Kong)



Johnson's start-oscillation condition

(H. R. Johnson, "Backward-wave oscillators, " Proc. IRE, June 1955, pp. 684-694)

Backward-wave mode: The slow-wave structure phase velocity Vo IS
positive and group velocity Vy IS negative.

S See Section 8.2 of B. N. Basu, Electromagnetic Theory and Applications
Let us recall the fOHOWIng' in Beam-Wave Electronics (World Scientific; 1996; Singapore, New Jersey,
London, Hong Kong)

Fo — j,Bo — cold circuit propagation constant

/Bo — /Be (]__|_ bC) (b = velocity synchronization parameter)

FO — jﬂo — J/Be (1_|_ bC) (in the absence of circuit loss)
Fo — ,BeCd 4 J/Be (]__|_ bC) (d = structure loss parameter)

-TT,K &, (I8 -1)+p5;
(F+F0)(F—FO) B Io J-,BeF

(TWT dispersion relation)

(0% +4QC)(jS+ jd —b) =1 (TWT cubic dispersion relation)



~TT,K &, (I8 -1)+p4;

— . (TWT dispersion relation)
(F+F0)(F—FO) Io J,BeF

For power flow in the opposite direction (backward-wave mode) K
has to be interpreted with a change of sign

+TT,K N, (IB-T)+p
(F"'Fo)(r_ro) i Io J-:BeF

Consequent change in the sign of
«— theright hand side of the TWT

cubic dispersion relation: (52 +4QC)(j5+ jd —b) =1

(52 +4QC)(j5+ jd _b) — 1| (cubic dispersion relation corresponding
to the backward-wave mode)




(52 +4QC)(jo+ jd—=b)=-1 (cubic dispersion relation corresponding
to the backward-wave mode)

(to be recalled)

Output voltage for backward-wave mode:

Contribution from the growing-wave component:

1
V. =V. (1+40C /87
out In( Q 1 )((1_52/51)(1_53/51))

X exp(ﬁecxll ) EXp— jﬂe (1_ Cyl)l

(recalled)




Contribution from the growing-wave component:

1
V. =V. (1+40C /87
out In( Q 1 )((1_52/51)(1_53/51))

X exp(ﬁecxll ) EXp— jﬂe (1_ Cyl)l

(rewritten)

Contributions from all the three wave components:

) 1
Vou =V (+4QC 1 67) (5357 3)
X exp(ﬁecxll) eXp— jﬂe (1_ Cyl)l
) 1
+V..(1+4QC/ o, )((1_53 /52)(1_51/52))
x exXp(B.Cx,l)exp— B, (1-Cy,)l
1

+V,, (1+4QC /4, )((1_51/53)(1—52 /53))

X eXp(,BeCX3| ) EXp— jﬁe (1_ Cy3)|




1
V. =V. (1+40C /57
out m( Q 1 )((1_52/51)(1_53/51))

1 X exp(ﬁecxll) eXp— jﬂe (1_ Cyl)l
+V, (1+4QC/ 0, )((1_53/52)(1_51/52))

1 X exp(ﬂecle ) eXp— jﬂe (1_ Cyz)l
+V. (1+4QC/ o, )((1_ 5 16)0-5, /53))

- ﬁ | =272 N e exp(ﬁeCXSI) EXp— jﬂe (l_ Cy3)|

\
iz Vou :[ 5 +4QC Je
\ (51 o 52)(51 - 53)

{ 5, +4QC je
(52 o é‘3)(52 B 51)

" [ 532 +4QC jeZﬂCNﬁg
(53 _ 51)(53 - 52)




gi2eN Vour _ [ 5, +4QC )ezncml Vour _ 0
\ (51 _52)(51 _53)

[ 522 +4QC ] 2 CNS (oscillation condition)
+ g
(52 _53)(52 _51)

2
n ( 53 + 4QC jeZﬂCN§3 (rewritten)
(53 - 51)(53 o 52)

[ 5 +4QC ]e
(51_52)(51_53)

2
+( 0, +4QC jezzcmz (to be recalled)

(6, = 65)(6, - 9))

_|_( 532 +4QC jezncms: 0
(53 - 51)(53 - 52)




The following parameters are relevant while finding the parameter CN .

QC = (D)EN)

Q:QC: 2‘77‘\/0
N CN gr°0°KI

(independent of beam current)

@ has to be interpreted as the
frequency where the phase velocity of
the forward-wave mode of the SWS
becomes equal to that of the backward-
wave mode. K has to be taken as the
interaction impedance at this
frequency.

_Kl,
4V,
_1&2 1 a)plv0

C= =—(——
? 4" pC 4(0)/V0C

C3

)2

0 - 0
)
Jo =V
‘Jo‘ = |—02 I, = beam radius
y




One can simultaneously solve the following two equations for CN :

()
(52 +4(D)CNY)(jo— jd—b)=—1 «— (6% +40C)(jS— jd —b) =1
N
(ii) N 0
| ac - ()en)
o, +4QC o 27CNG, N
[(51_52)(51_53)]

n ( 522 +4QC jezzcmz
(52 B é‘3)(52 B é‘1)

_|_[ 532 +4QC jezncms: 0

(53 - 51)(53 - 52)

The solution for CN thus obtained may be interpreted as the start-oscillation current
|, while making use the relations:

C = (Kl /(4V,)" and Bl =27N.
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