Advanced Microwave Guided-Structures and Analysis
Professor Bratin Ghosh
Department of Electronics & Electrical Communication Engineering
Indian Institute of Technology Kharagpur
Lecture 58
Analysis of Guided Structures Tutorials (cont.)

Hello everyone, today we will solve numerical problems based on partially filled

waveguide.
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Show that the resonant frequencies of a partially filled
rectangular cavity are solutions to the transcendental equation

Bt = M i 0]
€ €

wheren =0,1,2,...;p=0,1,2 ... ;n=p =0excepted.

The first one is show that the resonant frequencies of a partially filled rectangular cavity
are solutions to the transcendental equation given by

Ka tan (k,d) = S22 tan (k,, (2 d ) )with, K2 + ( - j (pc”j —kZand
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So, we will start solving the problem, so in the question we have partially filled
rectangular cavity. We can draw this as, so this will be x axis, this is y and it is a
rectangular cavity. So, in this we have said, and since this is partially filled so this is the
origin 0 and then this will be a, this is b. Let us denote this point as d so this one is filled
with epsilon 2, Mu 2 and this is epsilon 1 Mu 1.

So, this is partially filled rectangular cavity so we will have additional conductors
covering the z equals to 0 and z equals to c. So, at both the ends we are having at z equals
to 0 and, as z equals to ¢ we are having conductors placed. So, for this we can write the

potential functions as.



(Refer Slide Time: 03:14)

™

| kﬂ = C, cot kKxeimmRY Sin PA2
b [ =
=
2 ¢ C:_"""“ {l(‘-l‘ (ﬁ"&)] Stn MY G PAZ
b [
E L 2%
9 e Budy
=l 2 [¢ coskan Smmsd s paz
jwe Py = =
I — ) IS &
T % [C\t.mum'x oL MK (“:> Lhn t._,c_ll !

To start with, we will start from writingy,™ will beclcos(lex)sin(%Jsin(%j_
c

Similarly, y," willc, cos(kxz(a—x))sin(ngy)sin( p:z} So, these are the psi functions

and now, what we will do, we will find out all the fields and then from the continuity
equation we will try to find out the transcendental one.
1

- —=, S0, we can
Jowe, Ox0y

So, we can write E1 as Eyr  will be

2
write _1 0 clcos(kxlx)sin(mjsin(%j :
Jowe, Oxoy b c

Which gives us - L ﬁ{cl cos(kxlx)cos(%xn{jsin(%ﬂ.

Jwe, OX c
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So, now we will differentiate with respect to x, so it will

1 nz) . nzy) . pﬁZ] .
be————|ck,.| — |sin(k, ,x)cos| —= [sin| —— | |. So, this is Ey1.
ngiw(bj (ka¥) (b) (c } "

. o? . - . .
Now, Ey2 so Ey2 will be —— '//2, so again in the similar manner we will write,
Jowe, oxoy

1 o
Jowe, Oxoy

{cz cos(kxz(a—x))sin(szin(%ﬂ. Now, first we will differentiate this
b C

. . . 1 0 nzy\(nz )\ . ( prz
with respect to y, so we will write — —1|c,cos(k,,(a—x))cos| —= || — |sin| —
P y Ja)gzax{z (ke (a-x) (b)(bj ( c ﬂ
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So now, we will differentiate the above with respect

have

jos, c

write Ey2 is equal to
Joos,

2
this as equation number 2. Now, Ez1, so, Ez1 will be 1 oy

joe, 0x0z

. 1 [czkxz(%ﬁjsin(kxz(a—x))cos(?js in

to Xx.

(w
c

So, we will

.1 {cz—sin(kxz(a—x))(—kxz)cos(%)(%jsin(wﬂ. Therefore, we can

ﬂ We can give
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So, therefore, we can write Ez1 as— _1 [clkxl( pﬂ-jSIn(kxlX)SIn(nﬂ-y) cos( P?TZH, S0
Jog, c b c
82‘//2

this will give us equation number 3. Now, we will find out Ez2, so Ez2 will be
joe, oxoz

1 pr ) . . (nzy p;zzj .
c.k.,| — |sin(k, ., (a—x))sin| —= |cos| —— | |. So we will
ja)g2|:2x2(c) (XZ( )) ( b j ( C } we wi

give this equation as equation number 4. Therefore, so now we have Eyl, Ey2, Ez1 and
Ez2.
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Now, from continuity of field quantities, we can write so from continuity of field

quantities, we can write i[(:1kxlsin(kxld)]=_—l[czkxzsin(kxz(a—d))]that is, we are
& &

equating, Eyl and Ey2. So, we will get this. So, this equation we get from the continuity

of field quantities.

Now, we will find out Hy1, Hy2, Hz1 and Hz2. So, we know Hy1l, we can write it down

Ilke%. So, we will have just one differentiation with respect to z, so we can write it

like, pzcl cos(kxlx)sin(%)cos(%). Let us denote this as equation number 6. So we

have now Hy1 with us. Now, we will calculate Hy2.
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So, Hy2 will be 5(;/;2’ so this will give usc, cos(kxz(a—x))sin[nzyjcos( pﬁzj(mj_

c c

So, therefore we can write this like, SO we have

(pﬂc jcos(kxz(a—x))sin(nzyjcos[pﬁzj( p”j So, this is Hy2 we will give this as
c c c

equation 7 so this is equation number 7.

Now, Hzl. So again Hzl is minus of%, so that is equals to

clcos(kxlx)cos(%j(nb jsm( p: j
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Therefore, we can write Hz1 as minus of(%jcos(kﬂx)cos[%) sin(%) . So, this is

equation 8. Now, we will find out Hz2, so Hz2 is minus of%that will give

us(— nzczjcos(kxz(a—x))cos( nzyjsin( pfzj. So we can give this as equation number
9.
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So, again from the continuity of field equations, we can write so again from the continuity

of field quantities, we can write ¢, cos(k,d)=c, cos(k,, (a—d)). That is at x equals to d,



we are checking the continuity of the field equations. So, this is at x equals to d fine, so
this is, this one again we are getting from the continuity of field quantities.

Now, we will divide this equation with the equation number, this 5 so we will divide 5

with this equation and we will have lclkxlsin(kﬂdj is equal to, there we had
& G

—giczkxz sin[ijs(kxz (a-d)).

2 CZ

So thus, we can see, so c1 c1 will cancel out, this c1, this c1, this c2, c2. So, we will have
kx1 upon epsilon 1 so sin kx1 d upon cos kx1 d will give us tan kx1 d is equal to so this is
minus so we will have, kx2 upon epsilon 2, tan of again kx2, a minus d. So, thus

satisfying the given condition, so that is all for today thank you so much.



