Advanced Microwave Guided — Structures and Analysis
Professor. Bratin Ghosh
Department of Electronics and Electrical Communication Engineering
Indian Institute of Technology, Kharagpur
Lecture 64
Cylindrical Wave Functions Tutorials

Hello everyone. So, in today's session we will solve some numerical problems based on

cylindrical wave functions.
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Show that

y=(logpe /e
is a solution to the scalar Helmholtz equation.
Also determine the TM and TE fields generated by this ¥/.

So, the first question is that we need to show 1,//=Iog(p)e’ijZ Is a solution to the scalar

Helmholtz equation. Also we need to determine the TM and TE fields generated by thisy .
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So, to start with we havey = Iog(,o)e""‘zZ , S0 this is the psi function that has been provided in

the question. So, at first what we need, we need to show that thisy is a solution to the scalar

2

Helmholtz equation. So, we will find out 88 sz +k%y , so we will perform the derivation with
z

respect to z.

So, it will beg(aa—v/j, first is%—vzl, so we will differentiate this function with respect to z
z\ 0z

first. So, on differentiating, we getlog(p)e ™ (—jk). Again, we need to perform

differentiation with respect to z, so it will be, log(p)e ™ (- jk)(-jk) plusk?y, so this is O,

and hencey satisfies the scalar Helmholtz equation. Now what? Now the question says like

we need to determine the TM and TE fields generated by thisy .
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So, to start with will start for the TM case first. We can obtain the fields TM to z by letting A
asu,y . Now in cylindrical coordinates, we know H will be curl of A.

We will find out curl of A in cylindrical coordinates, so we will have curl of A equals to

a, pa, a,
1o o 0
plop o4 @

0 0 vy
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Since H is curl of A, so now we can write the fields as Hp =

1ow

, —a—l//,HZ=O . So,
p Of

op

¢

let us denote these equations as equation number 1, this is 2 and this is 3.

Now for the E fields we will write E as%V

(V-A)—ZR Now, we can writeV-A as in

y
—_ . 10 10 0 . .
cylindrical coordlnates——(pA )+——(A¢)+—(AZ). So, for this case we are left with,
pop 7 pog oz
this will be 0 and so we are left with%(x//) .
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+a, oy aaw

Therefore, we can writea

Now, we will substitute this and then find out the E fields.

g =10V

” Y opoz

2

getE, - 11 oy
y p ogoz

2
EZ =§|:;%+k :|l//
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So, we will

, S0 we will denote this as 4, this as 5 and this as equation 6.



2
Now in the question we havey = Iog(p)e*jkz. So, we will have E = é aapg that we derived
y 0poz

previously. Now we will substitute thisy in this place, so this will be%ie‘jkz (—jk) . So this
yp

is equation 7. Now we will have E, we have E, as 0. This is equation number 8.
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Now for Ez, we can write Ez as%{;%+ kz}//.
y| 0z

Now, again differentiating with respect to z, we will have 0, so basically this term gets as 0.

Ez is also 0, so give this equation number as equation number 9.
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Now,H  ,H, and, Hz. So, H, we derived itasH = la—l/l so differentiatingy with respect
p 0

tog will give us 0, so this is equation number 10. NowH,, soH , we derived as—Z—W. So, it
0

comes as minusie’jkz, so this is equation number 11 and Hz was 0, so these are the fields
Yo

for TM case.

Now similarly for TE case we can obtain the field TE to z by considering F asu,y . So, we

. : 1 =\ = : - .
can write E as minus curl of F and H asTV(V-F)— yF . So, in the similar pattern we will
z

find out the fields for the TE case.
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So, we will start from finding outVxF . We can writeVxF as—|— — —. This will
plop 0O¢ oz
0 0 w
1_ 0 _ 0 ~
glveus—a —(y)+a,—(v)+4a,(0).
558 (v)+a,(0)
Therefore, since E was minus of curl of F, so we can write the fields
askE, :—ial// E, —al/j ,E,=0. So, let us denote this number as 13, this has equation
pop’ op’

number 14, and this is equation number 15.
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Next for H we will flnd§V(V-F)—yF. So, we will findH , =— , H phi we will get
z
2 2
H, :%3 Ty and Hz we will haveH, :% aT+k2 w . So, let us denote these equations
Z p O¢oz y| 0z

as equation number 16, this as 17 and this as equation 18.
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Now in the given questiony waslog(p)e®, so we will have E as 0. Then E,we

have E, _v So, we will getle*jkz and then we had Ez as 0. So, let us denote this as an

op p
equation 19, 20 and 21.

2 -
Now the H fields. So, we haveH , as%(j Y soit will havei{—lke‘jkz}.We will give it as
7 dpoz Z

Yo,

equation number 22. Then we will find outH,, soH, is 1 upon z cap 1 upon rho del square

psi upon del phi del z.



(Refer Slide Time: 31:27)

iDB480: ekesNaQA8LD
[0/T0=880ch - PoMUNRRETRE00 N v 3]

T pa [ T C)

Hp > — &

> K*
k= %_[Bz" k J\f

Ay L khy
-2 ['a-fl{- Q.

a ~ite (=) | 4 LBy
= %[RU‘G'(" w14
e O — @

e Flos e e off

2

So, H, is also 0, so this is equation 23. Now Hz, so Hz isi{%ﬂ(?}”, we will substitute
y| 0z

v, so we will get that this is also coming as 0, so this is equation number 24. So, these are

the TE and TM fields that are generated by this psi function. So, this is all for now, thank you

so much.



