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“a pocbhior nsaixgcoed ro b studled in
MTaa couaisicons of Sme aynchronizanion o che boclkwards
wave oscillator',

Qinpce the brekward-wove oscillnkor is a travelling—
wave device, n thoroughy study of the traovelling-—wave
tube as an amplifying device was necesstIy. A survey of
the liternture concerning the different methods of appro—
ach followed in the study of the travelling-wave tube
are rsiven in chapter I of this thesis for the two nain
snges of o small-signnl being ~mplified or large-signol
where the bube is driven into the stiwrntion regien,

Owp contribution to this prrt of the thesis 1s ninor
~nd is restricted to the consideration of the effect of
the spnce~chinrge iu the trentment given by Pense (8) %o
obbrin different current, voltnge nnd field components
in the tube.
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iy mext lomicnd step wns Yo study the conditlons nf

-y

aacs Llatian nd the hehoviour of the teokword-wave osci-

ooy Cres mrice candivoang,  UULR 18 tepTaseli-
odnooT oogter DT, 0 Thls uspact sune Trisla wors

cgnaaituedl 1a trhe Literouvure oo ive the output power G
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Deelnwiooar ol e sseiliator were LineosrTmizeo and sonet i

£

drogtic assunptions e Nnecessar 0 obtain final axnre—
drast wnptions ®yere nec S to obtain final sxmre

ssions of tnese quantities,

Similarly the analytical work and the experimental

findin:s of Sakuraba (9) considering the frequency pushing

of the oscillator, i.e, the variation of Tthe natural

frequency of oscillation with the beam current, were

studied ; Trom which large differences between the exper—

Inental results nnd the theoretical expectation were Iound,

In $he study of tThe behaviour of the backwnrd-wnve

oscillator, we obtrined expressions for the dependence

a1l the output power of the oscillateor on The value of
penm crrrent,  These expressions wdortunately could
L

@ rhureled, since There were ng published reliable
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civinge “he dopeondence of thie oscillapor froguency 2n
Cheo ks with Hhat

the sharting current, This axpressiontsuggested Ty

gricuraba As the most suitable £it ror vthe experimental

regults except for a multiplier of two which we could

not account for,

The final step in this study was the consideration of
the synchronization problem of the backward-wave oscill—

ator, and this is represented in chapter 111,

The only available publication dealing analytically
with this problem is that given by Ash (11). In this
publication; agsuning linenr behaviour of the oscillating
systemn and the bean current is Jjust equal to the startir
one, Ash obtnined an expression for the valus of the
necessary input signal to synchronizse the oscillator
as a function of the frequency deviation, All publico~
tionyuptc 1967 that we passed through and touching

the problem referred Lo the nrticle given by Ash,

Sornsidering the non linear nature of the agcillating
aystem, we nttacked the problem nnd obiained closaed
forms ror the following

i, ‘The eritical volue of the inputb sipnal necessnry

Tor synchronization,
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CroLocked 2sciliator with vhio beon Jurreat.

T is U0 be noticed that the results svtoined in oo o0
ve are in line with the general behaviour of a synchronizes’
oscillator concerning the decrease of the amplitude of
free oscillation before complete locking is obtained with

the input signaly
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porrmetars of the cireuit, o oTnds tooenioant lewoveT,
Foange did not eonsider vt olYects OF Ui ponce=snoDnons
s1d in the deseription of v.i3z netnod i wit Lol lowis,
the effect of the spoce-charges is tnken inte account,
~nd the differences between the Tesults obtnined ard

those of Pease are pointed ouft.

The above three methods namely the normal mecde uethod
given by Pierce the coupled mode method and that given
by Pease are rather approximates and they consider
parameters ¢f the equivalent treonsmission line Teo be

determined experimentally.

A more rigorous method is the field analysis nethod
in which Maxwell equations nre applied to the diiiferent
regiona of the helix nnd the beam separntely and then
solved to satisfy the boundory conditions between these
regions.,

Trhis method, althoush it is nmove Jdifiicult, vet 1t

|

ern be used to determine the verrueterz of The eguivrolont
sransmission line sought i The iransuission Iine - ppD=
nech method, Besides, it crn bs reduced rnd sinplified

no sinple eguivelent cireuit, ‘Mhisg equivelant circult
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in the foillowing we shnll zi

deacription of the

main ideas in each of the above mentioned npproaches

in the smnll=-signal method together with the description

of the lorge-signal nethod of

Our coemments, if any, will *re

analysis.

nentioned in place,

In 2ll the meivheds of -malvais the Tollowing nssumptlons

have heen considered s
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The continWity equetion is ziven by
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rence, 3H + JBei = ~JB L.V
vombining Hgs.(1.1) and (1.2), we get
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whilch con pe written ns
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