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‘_ _-' s P;’;aﬁuom&ﬁﬁ rﬁ%‘!&!g&ular Waveguide

e TE,_, modes in a rectangular waveguide are characterised by E, = 0. In other worda the 7
pmponent of the magnetic field. H,. must exist in order to have energy transmission m the guide.

Th wave equation (Helmhottz equation) for TE wave is given by
: A H, =-w’ucH,

&H, &H, &H,

= —luck
& & o '
_ &
a’H“a*H, ¢ yIH, + @'ueH, =0 [ ;'__'!]
& o*
o
s HL + E‘2""!! = {73 + mipt} h': =0
axt o
2 T
CH, 2 L a0 e
cx? Cy
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' jon can be assumed, w

Thicis a partial differential equaiion u Lose solutto be s
. : ! S

Assume a solution = XY Where "_H-

X a pure function of ‘¥ only.
Y a pure function of v only.
Substituting for /1, m Eq. 4.70, we get

Duading throughout by XY, we get (Tt

’ 2y Py }
_ld".\+ld} +ht=0 Ban.
\ d,l.'2 Y d)’z ‘-n-..lp.
2y . :
Here 4 4 \ 1s purely a function of x,
N dy?f
1 d’y

and — — is purely a function of y,
y gor 1S purely

Equating each of these items to a constant, we get

aX _

2

S
oy

and - _l-.‘ﬂ,. =- A2

where - B and - A? are constants.
Substituting these in Eq. 4.75 above, we got
-B -A*+ 2 =
h* =A?+ B2 "
ing fox Xand Y by separation of variable method.
X =C, cos Bx + C, sin Bx

X =Cycos Ay + Cysin Ay
Therefore the complete solution 18, H, = XY
e,

Solv

H: = {Cl cON Bx 4 C2 sin Bx) (Ca'm'sli;m '.-'_:. -
where Cy, C,, Cyand C, are cons i | (N

| My riael
Boundary Conditions D

i . L, e 3
As in case of TM waves, we have four boy ndaries for TE waves also-as gha N
. " S :
Here since we are congidering u TF, wave, e,

N

E = 0but we have com
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!

'- .

!

{ o | #t
R a

Fig.4.40
E,=0all along bottom and top walls of the waveguide.
E,=0all along left and right walls of the waveguide.
1st Boundary Condition :

E, =0aty=vx — 0toa (bottom wall)
 #nd Boundary Condition :

E, =0aty=bvx — 0toa (top wall)
3rd Boundary Condition :

3 E, =0atx=0vy — 0tob (left side wall)
- dth Boundary Condition:

E =0atx=avy —* 0 to b (nght side wall)
() Substituting 1st Boundary Condition in Eq. 4.77.
Since, 18t Boundary Condition is

E,=0aty=0wvx —* Otoa, let uswrite E, in terms of /.

From Eq. 4.31, we have

_ DY OB, jeu OH,
W ox W &y
Since E, = 0, the 1st term = 0.

E,

TP E, = ﬂ 2 [(C, cos Bx + C, sin Ry) (C, coa Ay + C sa AV
J h* Oy

Le., E,= :—f}ﬂ (C, cos Bx + C, sin Ro) (- AC, sin Ay + AC, cos Av)
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Substituting 1t Boundary condition in the above equation we get

- _;"l’ﬂ (C, cos Bx + C, sin Bx) (0 + AC)

i
Since (C, cos Bx + C, 8in Bx) # 0, A # 0.

C,=0
Substituting the value of C,in Eq. 4.77, the solution reduces to,
H, =(C, cos Bx + C, sin Bx) (C, cos Ay)
3rd Boundary condition :

E =0atx=0vy — 0Otob.
From Eq. 4.32 We have,

E = -YOE, +-—-jmpE-‘Hl .
h* &y  Kh? &
Since E, =0 and substituting the value of H, from Eq. 4.78, we get

E, = ’:;‘ 2. {(C, o8 Bx + C, sin Bx) C, cos Ay]

¥
: = Jmi«l
Le., E, = = [(- BC, sin Bx + BC, cos Bx) Cs cos Ay|
Substituting the 5rd boundtu'y condition,

X =0,vy — 00 b in the above equation.

- Jou
0= "F (0+BCQ)C3COBAY.
Sinee.oosAy:O.B:O.C;uO.
G =0

Substituting the value of C;in Eq. 4.78, the solution now reduces to,

H, = C,C4 cos Bx cos Ay
2nd Boundary Condition :

E,=0aty=bvyxy —s Otoa.
From Eq. 4.31, we have

E - _-_]:eE,_jmu a’f,
h2 a.x h‘.t Dy

I
h‘! dy [CC-;COBBICOEM]

= Jop
h

C1C3 A coa Bx sin Aa'
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wmlm

quhmmtml 2nd Boundary condition, in the above squation. "
1] we get
0= ﬂ-— C,Cy A con Rt sin A
coa Rew (), C\..Cy»0
MnAb =0or Ab = nx

'MN n=(, l 2.
o A=

b ..(4 A

(i) 4th Boundary condition :

E,=0ntx=avy—s0tob.

E_,n-f-}fftuj_'?ﬂi’&
L L

E, = """" £ = [C,Cy cos Fxcvn Ay)

(v E,=0and H, = C,C, cos Bx cos Ay)

Le., E,=:'$—" 1Cs B ein Bx cos Ay,
Subetituting the boundary condition

0= :5—" C,C3;Bein Bxcos Ay >vy — Oto b.

cosAy »0,C,,C3»0
einBa =0
Ba =mxwherem=0,1,2 .. =

B=" —(4.81)
a

The complete solution is (as per Eq. 4.79),
H. = CIC'A Co8 ﬂ!m.&y
Substituting for A and B from Eqns. 4.80 and 4.81, we get.

=)

b
Let C,C, =C (another constant)
H, Cm.(m']xm-[%‘-)y-tw"' (18D
a

Thus it can be seen that for a TM wave K, has sine-sine components (as per Eq. 4.32) and
for a TE wave M, has cosine-cosine components (as per Eq. 4.82).
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Field Components

=y €, Joy 2,
x  A?

E, = 5

"-'.-L‘

Here 1st term = 0 since E,=0I'orTM wave

Le.,

e B ({5

v OB, , jou OH,
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§52 Multicavity Klystron

s explaned 1n the previous section. gains of about 1010 20 dB are typacal with twocasity tubes
A hagder overall gain can be achieved by connecting several two cavity tubes 1n caseade fvding
ge sstput of each of the tubes to the input of the succerding one [nstead. multiple number of
gtws can be used as in a multicanty klystron shown 1n Fig # 14

Here, each of the intermediate cavities act as a buncher with the pasung clectron beam mduang
w rabanced RF voltage than the previous cavity With fuur cavities. power gains of areuad 50 d8
oz be eamly achieved. The cavities can all be tuned to the same frequency (synchronous tuming)
kx sarvow band operation RBandwidth can be improved by stagger tuaing of cavities apto about
% MHz2 of course with reductzon in gain (to about 45 dH) This stagger tuning s emploved s UHF
Lracrons for TV transmitter output tubes and in satellite rarth station transmitters as power

mplfers 2t 6 GH 2
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Fig.8.14 Multicavity klystron (4 cavity)

8.5.3 Two Cavity Klystron Oscillator

A klystron amplifier can be converted into an oscillator by feeding back a part of the catcher gutnes
into the buncher in proper phasc so as to satisfy Barkhausen criternion. The schematic is same
klystron amplifier (Fig. 8.7) except that a feedback loop needs to be added. The feedback must be 5
adjusted to give correct polarity and amplitude which basically depends on the cavity tuning as
the vanous dc voltages 1f0 is the phase shift in the resonators and the feedback cable, the criterim
for oscillation 18 (since AB = 1 £2rn radians where n is any integer including zero.) -

B+a+§ = 2nn radians g 39\

where a + x/2 18 the phasec angle between the zeroes of buncher and catcher voltages. If the
resonators oscillate in same phase, then 0 = 0. Maximum power output is obtained by substituting
for 8 = 0in Eq. 8.39 for obtaining a = 2xn - (n/2). 1.e., If the two resonators oscillate in time phase,
the condition that a = 2xn - (1/2) not only becomes a requirement for maximum power output but
also for obtaining sustained oscillations. However, the two resonators in general need not haveta
oscillate in time phase. < 4
Also, a small change in dc accelerating voltage causes a cha nge in frequency since then the
transit angle a varies. In that case the frequency of oscillation will shift in such a way as to yield
a new value of 8 50 as to satisfy Eq. 8.39. Since two resonators having the same resonant frequency
are coupled here, the input impedance looking into either resonator circuits will vary with frequency
as shown in Fig. 8.15. |
Oscillations can be obtained over a somewhat wide range if the resonators are over coupkd.&_j
critically coupled klystron oscillator has almost a linear variation in frequency with acceleratiag
voltage making frequency modulation possible. High frequency stability of oscillator 18 obtained bf
controlling the temperature of the resonators and also by use of regulated power supplies. t’,
Tuning of the oscillator is done by adjusting the grid volta

ge. dc accelerating voltage and the
tuning of the two resonators. |
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