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UNIT IV  WAVEGUIDES
General Wave behaviour along uniform guiding structures — Transverse Electromagnetic
Waves, Transverse Magnetic Waves, Transverse Electric Waves — TM and TE Waves
between parallel plates. Field Equations in rectangular waveguides, TM and TE waves in
rectangular waveguides, Bessel Functions, TM and TE waves in Circular waveguides.

Perfectly conducting planes:
The electromagnetic waves that are guided along or over conducting or dielectric
surfaces are called guided waves.
Consider an electromagnetic wave propagating between a pair of parallel

perfectly conducting planes of infinite extent in the y and z directions.

Maxwell’s equations will be solved to determine the electromagnetic field
configuration in the rectangular region.

Maxwell’s equations for a non-conducting rectangular region are given as

VX H=jweE
VXE =jwuH
o @ T
[6 o 0
VXH=|— — —
dx Jdy o0z
Hy Hy Hy
g (PHz _ Hy) | o (O OHz\ oo (OHy 0k
_ax(ay az) ay(az 6x)+ Z(ax 6y)

= jwe [Exay, + Eyay + E ay]

Equating X, y, and z components on both sides
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dHz  OH,

3y 5y = JWEEy ----mmmmmmmeeennoee oo 1.1
0H, O0Hy _ . o
9z ax ]wEEy 12
0Hy, OHy _ o0 ;o
ox ay JweE, 13

[a_x ay az]

9 9 0
VXE=|— — L
ox dy azJ
Ex Ey Eg

—_(0Ez aEy) - (aEx aEZ) — (aEy aEx)
= — _ = X _ Z)+ — X
Ax ( dy 0z + Ay 0z ox az ox ady

= —jowu [Hyay + Hyay + H,a;]
Equating X, y, and z components on both sides

dE;  OEy

oy oz = JWHHy roremeemeemneneneennees 2.1
O0E, 0Eyz — i

5 o = JjwuHy 2.2
aEy O0E, S A
oy jwuH, 2.3

It is assumed that the propagation is in the z direction and the variation of field components
are expressed in the form e "4

Wherey =a + j

If a= 0, wave propagation without attenuation

If aisreali.e. f =0 thereisnowave motion but onlu an exponential decrease in amplitude.

- yo0 ,-vyz
Hy=Hye™

oH _
- = —y H) e¥% = —yHy
OHy _

oz - YHy

Similarly
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OH, _ OEy _ 0Ex _

9z VH 9z vEy, 9z VEy
Similarly

0°

v (—yE) =2
72 = V5, =V (—YE)=Y°E

9%H _
azZ_VH

The wave equation is given by

aa% = —jwuHy (Ampere’s law)

dHy _ , ,

e (0 + jwe) Ex (faraday’s law)
9%E, _ . OHy _ . .

55z = Jon—==jou(o + jwe) Ex
azEx _.2 2 .
>z -V E, where y*=jou(o + jwe)
Similarly

0%H

azzy = yZHy

For a non-conducting medium, consider only real terms

V2E = - w?ucE
9%E | 0%E | 9%E _ 2
9 "oy Tagz =7 W HEE sremremeoemenenennenes 31
V2H = - w?usH
2 2 2
0°H L 07H |O°H _ PALITT ; [ ——— 3.2

ax2  ay? 822
There is no variation in the y direction (i.e.) derivative of y is zero.

Substituting the values of z derivatives and y derivatives in the equation 1, 2 and 3

]/Hy = ja)SEX """""""""""""" 41

OHyz . 4.9
-YH, — e = JWEE ) =m==mnmmmmmmmmm oo
0H,
- = JWEE , ====mnmmemmmmm e 4.3
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YEy = —jopuHy --------=-=-m-mmmmemeeeee 5.1
0Ez .
~YVEx — 5 = —JjwpHy------mmmmmmmemneeee oo 5.2
By _ oo
—, = “JjwuHy 5.3
92E
i PR A A 6.1
2
ZTI: Y2Hy, = - @PUEH ---mmmmmmmmmmmmeme e 6.2
To find H, and E,,
From 4.2 and 5.1
0Hz .
-)/Hx - E = ]wsEy ------------------------- 4.2
YEy = —jowpuHy ------=-mmmmmmmmemeeeee 5.1

T

w?pe+y?

Where h? = w?ue + y?
= el A -
11=>Hy =LF, 8

Sub8in4.2
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-y 0Hz .
'Y(@Ey — 5, = Jwek,
2
14 . 0H,
——E,) — jweE, = —=
£ w?pe + y*? _ 0H,
Y jou 0x
jop, oH
Ey =150
Where h? = w?ue + y?
To find Hy and E,
From 5.2 and 4.1
Ey + 2£ = jptHy---swemeeemseroeroeroeeeee 5.2
YHy = jweEy ---------=-=-mmmmmmmmmee- 4.1
B A 3
Ey = ijHY 9
Sub9in5.2
2
Y 0E, .
]E YT ey T —jwuHy
ﬁH — jouH, = — 9Ez
Gwe Y Jwuly = ox
w?pet+y?, _ _ 0Ez
HY[ jwe ]_ ox
_ —jws 0E;
Hy = hZ  ax
11 =>Hy =222 By oo 10
Sub10in5.2
Eo4 0E; jwsE
YVEx Ox =Jjwu " X
0E7 _ 5 w?ue +y?
dx X "4
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Yy 0Ez
Ey=-12%
X h? ax

The components of electric and magnetic field strengths Ey, E,,, Hx, Hyare expressed
in terms of E andH,,.

It is observed that there must be a Z component of either E or H, otherwise all the
components would be zero.

In general case both E, and H, may be present at the same time, It is convenient to
divide the solutions into two cases.

In the first case, there is a component of E in the direction of propagation (E; ) but no
component of H in this direction. Such waves are called TM waves.

In the second case, there is a component of H in the direction of propagation (E; ) but
no component of E in this direction. Such waves are called TE waves.

TE waves between parallel planes.
TE waves are waves in which the electric field strength E is entirely transverse. It has a
magnetic field strength H; in the direction of propagation and no component of electric
field E; in the same direction E; =0

= — _ Y 9 — Zjwz 9Ez
=0, Ex= hZ ox  Hy h2  ax
Therefore Exy =0,H, =0
Then the wave equation for the component
9%Ey 2 —_ .2
o TV E, =- w“ueE,
%By _ o 2
w2 - W uek, — y°E,
9’Ey  _ 2 2
= - (wugE, +y9)E,
Zh - p2g Where h? = w?ue + 2
G2 y ere = wus+vy
9%Ey 2 —
= 1 h“E, =0

(D* + h*)E,=0

m?+ h? =0m? = —h%, m=+jh
Therefore

E, = e®*[casin (hx) + cocos(hx)]

E,, = [cssin (hx) + cocos(hx)] where ¢y and ¢, are arbitrary constants.
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If E,, is expressed in time and direction
E,° = [casin (hx) + cacos(hx)]
E, = E,%e7¥% = [cysin (hX) + cocos(hx)] e 7¥?
The boundary conditions for the parallel planes are
E,=0atx=0,
E,=0atx=a
Applying the first boundary condition
E,=0atx=0
0 =[cysin (ha)]e™Y*

e " %0
cicannot be zero

Therefore sin (ha) =0

ha=mn h="C
a
E, =[cisin (5 x)]e™”
0Ey . mm mmn —yz
- —[—a €1C0S (—a x)]e

W. k.t from Maxwell equation of parallel planes

YEy = —jwpHx

0E, ,
Tx - Oz
.Y
Hy = - = Ey
Hy = — iju[clsin (%x)]e-ﬂ
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~1 0E,

Hy = ——
27 jop 0x

_ “lymm Inm -vz
H, ]_wu[ " €1€0S ( - x)]e
The field strength for TE waves between parallel planes are
E, =[cisin (? x)]e %
Hy = — ]_wlu[clsin (S x)]e™”
-1 mm mn
= —|— —_ —vz
Hy, jwﬂ[ - €1C0S ( - x)le
Each value of m specifies a particular field of configuration or mode of the wave designated
as TE,,, wave or TE,,, mode.
If m= OEy = O,HX = O,HZ =0
Therefore the lowest value of mis 1

The lowest order mode is TE

This is called dominant mode in TE waves.

Transverse magnetic waves

2020 - 2021 Jeppiaar Institute of Technology



ECB8651: TRANSMISSION LINES AND RF SYSTEM Department of ECE

Transverse magnetic waves are waves in which the magnetic field strength H is entirely
transverse. If has an electric field strength E, in the direction of propagation and no
comkponent of magnetic field H, in the same direction.

i.e. H, =0 thenH, =0 and E,, = 0

To find E, E,, H,,

The wave equation for the component H,,

9%Hy 217 = _ .2

o 1Y Hy, =-w ueH,

9%Hy  _ 2 2

o 7Y H,- w“ueH,

PHy  —_h2H, Where h? = w?ue + y?
9x2 y

9%Hy 2 —

5 ThiH, =0

(D*+ h*)H,=0

m? 4+ h? =0,m? = —h?, m=+jh

Therefore

H, = e®*[cssin (hx) + cscos(hx)]

H,, = [cssin (hx) + cscos(hx)] where czand ¢4 are arbitrary constants.

If H,, is expressed in time and direction

H,° = [cssin (hx) + cacos(hx)]

H, = H,%e™" = [c3sin (hx) + cscos(hx)] e ¥*

The boundary conditions cannot be applied directly to H,, because the magnetic field is not

zero at the surface of a conductor.

E,can be obtained in terms of H,,

2020 - 2021 Jeppiaar Institute of Technology



ECB8651: TRANSMISSION LINES AND RF SYSTEM Department of ECE

oH,
W = ]a)eEZ
_ 194
Z jwe 0x
h _ .,
E, = Twe [c3 cos (hx) — c4 sin(hx)] e7Y

The boundary conditions for the parallel planes are
E,=0atx=0,

E,=0atx=a

Applying the first boundary condition

E,=0atx=0

h
0 =—[c3cos0— c4sin0le "
jwe

h
0 =—|[c3]e7"*
jwe

h _ . . . .
o and e~Y#cannot be zero because it eliminates the entire wave equation

Therefore c3 =0

h
E, = ]E [— c4 sin(hx)] eV

Applying the second boundary condition

E,=0atx=a

0 =—/[c4sin(h vz
Toe [c4 sin(ha)] e

—and e7% £ 0
Jwe
C4 cannot be zero because c3 is already equal to zero.
Therefore sin (ha) =0

ha =mm h =—
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E mn[ 4 sin nx)] 2
= — ¢4 sin e
7 jwea
mmx
H, = [ c4 cos( )] e77*
YHy = jweEy
-
EX B jwe HY

— L mx. -yz
Ex jws[c4 cos(—a )] e

The field strengths for TM waves between parallel planes are

E m1 4si m
= — ¢4 sin
7 jwea [ (

X
)] e

mnx
H, = [ c4 cos(

)] e
s MTXN o=V
Eyx jws[c4 cos( - )] e
If m=0 Eyx and Hyexistsonly E, =0

In this case of TM waves there is a possibility of m =0

TMyg is the dominant mode.

Department of ECE
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Transverse electromagnetic waves:

It is a special type of transverse magnetic wave in which electric field E along the
direction of propagation is also zero.

TEM waves are waves in which both electric and magnetic fields are transverse
entirely but has no component of E, and H.. it is also referred as principle waves.

The field strengths for TM waves between parallel planes are

mrm . mm
E,= [— c4 sin(

x] vz
jwea a e

mmnx
H, = [ c4 cos(

—yz

e
-r IMTXNT V2

Ex ]_ws[c4cos( " )] e

For TEM waves E, = 0 and the minimum value of m =0
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H, = cde V2

Ex=-Yc4e 72
jwe

E,=0

These fields are not only entirely transverse but they are constant in amplitude between

parallel planes

Rectangular Wave guide.

A hollow conducting metallic tube of uniform cross section is used for propagating
electromagnetic waves, waves that are guided along the surface of the tube is called a wave
guide.

Waveguides usually in the form of rectangular or circular cylinders

Propagation of waveguide can be considered as a phenomenon in which the waves are
reflected from wall to wall and hence pass down the waveguide in a zigzag fashion.

To determine the electromagnetic field configuration within the guide, Maxwell’s
equation are solved subject to the appropriate boundary conditions at the walls of the guide.
Maxwell’s equations for a non-conducting rectangular region are given as

VX H = jweE
VXE = jowuH
L o
[6 a 0
VxH=|— — —
dx Jdy o0z
Hy Hy Hy
_ g (V2 _ Oy | g (e OHz) oo (FHy  OHy
_ax(ay Bz)+ay(6z 6x)+az(6x 6y)
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= jwe [Exa, + Eyay + E,az]

Equating X, y, and z components on both sides

OHz _ My e B oo

3y P JjweEy 11

OHy OHz _ . .

E_ E_ ]weEy 1.2

0Hy, OHy _ . .

E_ g— ](USEZ 1.3
(@ &
[0 o0 0|

VXE=|— — —

ox 9y azJ
Ex Ey Egz

(%2 _ 0By g (%Ex _ %z 4 o (Y _ O

_ax(ay az) ay(az 3x)+az(6x 6y)

= —jwu [Hyay + Hydy + H,a7]

Equating X, y, and z components on both sides

Ly L N S 21

9y 5, JWHHx

OBy 0Ez _ . ..o

o " ox - JwrHy 2.2

0By 0By _ . ..oy

E_ g— ]a),uHZ 2.3

It is assumed that the propagation is in the z direction and the variation of field components
are expressed in the form e~"#

Wherey =a + jp

If a= 0, wave propagation without attenuation

If aisreali.e. =0 thereisnowave motion but onlu an exponential decrease in amplitude.
Hy = Hy e "

0H _
- = —y H) e¥% = —yHy
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3z —YHy

Similarly

OH, _ dE, _ OEy _

5, = “VYHx,5-= —VEy, = —VE;

0Hz .

o T YHy = jweEy ---------=-=-mrmmmmmmmeeee- 3
Hy+ T2 = — JWeE,mwrmmromremremremeecees

OHy  OHy _ . .

E E = ](J)EEZ 5

dE :

oy T VEy = —jopHy -rormmrmeoemeenenece s

0Ez .

VEx + o~ = jouHy--------mmmmmeeenmooooooes 7

O0Ey  OEy ey

oy = JeHHz

Tofind E, and Hy

dHy

E-I_ )/Hy = j(l)é'EX """"""""""""""" 3
0Ez T
VEy + 5. = jopHy 7
_ 1 0Hz
Bx =0: G+ VHy) -rmmemmemmemmemmennennees 9
Sub9in7
Y Hy
——(=—+ yHy) +
jwe "~ oy vHy)
y 0H;  y?
jwe 0y  jwe
2020 - 2021
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y c')HZ+ J0E,
jwe 0y ox

y 0H; O0E; —(w?ue +y?)
- + = HY .
jwe 0y d0x

Hy = e (L 20z, 052)

hZ \jwe 9y 0x
Yy 0Hz jwedEyz
O e A
Y hZz @y  hZ ox
Sub Ain 9
_ 1 _0Hz Yy 0Hz jwedEyz
Ex=-—( ~ o)
jwe > 0y h?2 @y  h? ox
1 OHyz )/2 0Hyz Yy 0Egz
Ey=—>22__Y 2%z Y0

—jopdHz vy 0Egz
R L AL —— B
X7 h2 9y h2 ax

To find Ey and Hy

aHz_ .
e L 4
%7 yE, = —jwuH 6
oy 1+ YEy = TJWHHy mmmmmmmmmmemmmmemmmmeeeee
— - O Z Y
Ey—ng(Hx ™ 10
Sub10in6

2020 - 2021 Jeppiaar Institute of Technology



ECB8651: TRANSMISSION LINES AND RF SYSTEM Department of ECE

((wzueﬂ/z))H _0Ez vy OHg
jwe - dy jwe 0x

_ Jjwe <6EZ y 0HZ)
T h2 \dy jwe ox

jwe 0Ez Yy 0Hgz
Hy =122z _ Y
h2 dy  h2 ax

Substitute C in 10

-1 jwe 0EZ Yy 0Hgz 0Hz
Ey=— (y(Br2z-L22) 1 22
y j(us(y 2 3y  h? ox + 6x)

E = _YOz v 0H; 1 0Hg
y h2 9y = h2(jwe) ox jwe 9x
dE 2 1 ,0H
A A e .
h% dy h*(jwe) jwe' 0x
E. = Yy 0Ez [ )/z—hz] 0Hz
y h2 ay h2(jwe)' ox
Yy 0Ez 0)2[18 0Hz
E, = — L2z 2z
y h2 ay t [hz(jws)] ax
E Yy 0Ez  jopdHgz
y h? ay h? ox

Rectangular cavity resonator:

The rectangular waveguides are constructed from closed sections of the waveguide, as
the waveguide is the type of the transmission line. Usually the rectangular waveguide are
short circuited at both the ends to avoid the radiation losses from open end of the waveguide.
Due to short circuited ends of the waveguide, a cavity or closed box is formed. Within this
cavity, both the energies, electric and magnetic are stored. The power dissipation is observed
at the metallic conducting walls of the waveguides as well as in the dielectric inside the
cavity. Through a small aperture or a small probe or a loop such resonators are coupled.

The geometry of the rectangular cavity resonator is as shown in figure
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Consider a rectangular waveguide cavity shorted at both the ends as shown in the
figure.

The guide wavelength is given by,

PR 1

U e

The most dominating mode in the rectangular waveguide is TE;o mode. Basically for

the dominant mode, the resonant frequency of the field configuration is lowest.

For mode, 4, = 2a. Hence guide wavelength is given by,

Ag = Ao 2

-

From equation 2 it is clear that, dimension a is fixed for the resonator. So also the guide

wavelength A, is fixed.

But in general the frequency is given by,

_c _
F=r=fo 3

As A, is fixed and cis velocity of light which is also constant, for the given mode the
frequency has fixed value denoted by f,. thus the rectangular resonant cavity supports only
one frequency for a given mode. This frequency is called resonant frequency and thus the
cavity formed is called resonant cavity. This cavity resonator behaves similar to parallel LC
resonant circuit commonly called tank circuits.

The parallel resonant circuit or equivalent tank circuit is as shown in the figure. The
resonant frequency for such equivalent parallel circuit is given by
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1
"~ 2mVIC

Expression for resonant frequency for rectangular cavity resonator:

fo

For the rectangular waveguide we have a relation given by,

e we= () + (5)

otue= () + (5) -yt —

But for a condition of wave propagation, we can write,

Yy =JB
Hence equation 4 can be written as,
wue=() + (5) - 0By
S S L R — N

But the condition for the cavity resonator is given as the cavity must be an integer multiple of
a half guide wavelength long at the resonant frequency.

Hence we can write,

p = 2[;l—”\?vherep= 1,2,3 i,

Hence p is known as number of half wavelength variations of either electric or magnetic
fields along z direction.

Thus depending on the value of p, the general wave mode through the cavity resonators are
denoted by TEmn, for the transverse electric (TE) wave and TMp,, for the transverse
magnetic (TM) wave.

To have a resonator resonating at a fixed frequency,w,= f; , substituting value of £ from
equation 6 in equation 5, we can write,

wine = () + () + ()

o= [+ () + ()]
wo= (E[E) + () + () |ras
But w, = 21f,

o=z [+ (B) + (B) e 7
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We can modify this expression by taking (r)? out of the radical term asm, we can write,

fo= 2\/1E\/ [(%)2 v () (5)2] Hz ---- 8

If the resonator cavity is filled with an air, then we can write,

L:—l :l =3* 10" = i i
= T therec 3* 10"8 m/s = velocity of light

Thus for free space within the cavity, the frequency of resonance is given by,

=5 ()4 )+ € e ;

Equations 8 and 9 indicate the resonant frequency of a rectangular cavity resonator with
dimensions a, b, and d for both TEm, and TMpm,p, modes in it.
Circular cavity resonator:

The rectangular cavity resonator is constructed from the rectangular waveguide
shorted at both the ends. Similarly circular cavity resonator can be constructed from
circular wave guide cutting into a section and shorting both the ends of it. The circular
cavity resonators are mainly used in microwave frequency meters. The mechanical tuning
of the resonant frequency is done with the help of movable top wall. The cavity is
coupled to the waveguide through a small aperture. The dominant mode of circular mode
is TE11. The circular cavity resonator modes are specified as TEmn, for the transverse
electric wave and TMy,n, modes for the transverse magnetic wave.

Consider a circular cavity resonator constructed from the circular waveguide with
uniform circular cross section with radius a. the geometry of the circular cavity resonator
is shown in figure.

Note that both the ends of the section of circular cavity resonator of length d are
shorted with the help of circular shorting plates.

Expression for resonant frequency (fo) circular cavity resonator:
For a circular waveguide, we have already derived the expression given by

o e (35 :

Where B,,, is the Eigen value and a is the radius of the circular cylinder. But for the
wave propagation, the condition can be written as,
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Y = Hjf e 2
Substituting value of y in equation 1, we get,

g o= ()
wiue= (=) +

w2=L (P"—m)z + [32] ------------------ 3

T ue a

But the condition for the circular cavity resonator remains same as the condition in
rectangular cavity resonator which is given by,

Bzz—nWherepZI,Zﬁ ------------------------------------- 4

Depending upon the value of p, the general modes through the circular cavity
resonator are denoted by TEmnpandTMmnp.

With this value of S substituted in the expression forw, for the cavity resonator
supports only one frequency w, or f,

on =z | () + ()]
wo= \/i[(%Tm)z + (%)2] TR o 5

For TMmnpwave :

fomsmige [ (52) () [P :

For a free space as a dielectric within the circular cavity, we can write,
1 1 . .
—= = ¢, where ¢ = 3* 1078 m/s = velocity of ligh
NN ¢, where ¢ = 3* 10”8 m/s = velocity of light

Hence for a free space, the expression for the resonant frequency of circular cavity
resonator can be modified as,

R 7

Expression for the resonant frequency given by the equations 6, 7 is for TMmn, mode.
For the TEmnp mode, the expression for f;, are given as follows.
For TEmnpwave:

[ | — ;

For free space within the circular cavity, the expression for the resonant frequency for
TEmnp IS given by,

O ;
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PART A

1. What is dominant mode? What is dominant TE and TM mode in rectangular
waveguide? A/M 2018, N/D 2017,N/D 2016, M/J 2016, A/M 2015
The dominant mode of wave is defined as the mode in which the wave has lowest
cutoff frequency.
For parallel plate waveguides -TElor TM1
For Rectangular waveguides- TEO1, TM11
For Circular waveguides- TE11, TMO01

2. What are the application of cavity resonator? Mention the application of
resonant cavities. A/M 2018, A/M 2017, M/J 2016, N/D 2015, N/D 2014, M/J
2013, N/D 2013
(i)Cavity resonators are tunable circuits used in microwave oscillators, amplifiers,
wave meters and filters.
(ii) They are widely used in light house tube, which is used for VHF range of
frequencies.
(i) It is used in duplexers in the RADAR system.

3. Write the expression for the cutoff wavelength of the wave which is propagated
in between two parallel planes. N/D 2017

Guide wave length
2

2
-

4. A wave is propagated in the dominant mode in a parallel plane waveguide. The
frequency is 6GHz and the plane separation is 4cm .Calculate the cut off wavelength in
the waveguide. A/M 2017

ho=2r =222 = 0.08m

Ag=

Where 1:C is the cut off frequency

5. Give the equations for the propagation constant and wavelength for TEM waves

between parallel planes. A/M 2017

mm2
( — w2
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6. A rectangular wave guide with a 5cmx2cm cross is used to propagate TM;; mode
at 10GHz.Determine the cut off wave length. A/M 2017, N/D 2015, N/D 2014
a=5cm,b=2cm
TMi1mode m=1,n=1

Ac = —Z = 3.714cm

7. Calculate the cut off frequency of a rectangular waveguide whose inner
dimensions are a=2.5 cm and b=1.5cm operating at TE;o mode. A/M 2017
A=2.5cm=2.5% 10~2m
B=1.5cm=1.5%x 10™%m

8
TE;o mode : f.=— >0 _ 6 x10°Hz

20 2x2.5%10-2
f.=6GHz
8. Enumerate the parameters describing the performance of a cavity resonator.
A/M 2017
Parameters describing the performance of a cavity resonator are,
e Field in the direction of propagation
e Field expression
e Wave impedance
e Resonant frequency
e Cut off wave length
e Phase velocity and group velocity
9. What is the need for attenuator? N/D 2016
An attenuator is a device that reduces the amplitude or power of a signal without
distorting its waveform .In transmission equipment, it is required to suppress or reduces
the level of current and voltage at certain points.
10. How to design an air filled cubical cavity to have its dominant resonant
frequency at 3GHz? N/D 2016

Fome/2 | @7 + (27 + &)

3x108

=292 [y 4 G2+
a=0.0707m

11. How a cavity resonator is formed? M/J 2016
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When one end of the waveguide is terminated in a shorting plate, there will be
complete reflection of waves. When one more shorting plate is kept at a distance of
multiple of As/2 from first shorting plate resonant cavities are formed

12. Justify, why TMy; and TM;omodes in rectangular waveguide do not exit. N/D
2016

It has no axial component of either E or H. so it cannot propagate within a single
conductor waveguide.
13. An air filled rectangular waveguide of inner dimensions 2.286x1.016 in
centimeters operates in the dominant TE;o, modes. Calculate the cut off
frequency and phase velocity of a wave in the guide at a frequency of 7GHz. N/D

2016
5 (;) + (;)

8
:3X21° V1913.58 = 65.6 x 108

v 3x108

==
Jl_f% \/1_(6.56x1092)

=8.62x 10%m/s

Phase velocity Vpn=

7%109

14. Define the term phase velocity and group velocity. A/M 2015
(i)Free Space Velocity-It is the velocity of propagation of an EM wave in free space. Vo =C
=3x 10”8 m/sec.
(if)Phase Velocity Vp -The phase Velocity is defined as the rate at which wave changes its
phase as the wave propagates inside the region between parallel planes.
(iii)Group Velocity Vg - It is defined as the actual velocity with which the wave propagates
inside the region between two parallel planes.
15. What are the characteristics of TEM wave? A/M 2015, M/J 2013
1) The fields are entirely transverse.
2) Along the direction normal to the direction of propagation, the amplitude of the field
components are constant.
3) Velocity of TEM wave is independent of frequency.
4) The cutoff frequency of the wave is Zero
16. A rectangular wave guide has the following dimensions 1=2.54cm,b=1.27cm and
thickness=0.127cm.Calculate the cut off frequency for TE;;mode. A/M 2015
L=a=2.54cm
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B=1.27cm
M=1,n=1

1 mm2 nm?
fe=gmm G T &)
1.5x 108 x 88.03
f. = 13.20GHz
17.Why TEM mode is not supported by waveguide? N/D 2014
It has no axial component of either E or H. so it cannot propagate within a single conductor

waveguide.

18.State the significance of dominant mode of propagation. N/D 2014

Based on the values of m and n, there can be infinite mode existing in the waveguide. So
the input energy to guide the waveguide is shared by all there mode. But this leads to losses
as the energy is diverted during propagation. So to avoid loss of energy because of
divergence the dominant mode is propagated through the waveguide
19.What is degenerate mode in rectangular waveguide? M/J 2013
Some of the higher order modes, having the same cut off frequency, are called degenerate
modes. In rectangular waveguide, TE,, and TMpy,, modes (both
m= 0 and n # 0) are always degenerate
20.Write Bessel’s function of first kind of order zero M/J 2013

1
Jo(P)=eZ o (— 1) 2T
20.A wave is propagated in a parallel plane waveguide with the frequency is 6GHz and
the plane separation is 3cm.Determine the group and phase velocities for the dominant
mode. N/D 2013

a=3cm
f=6GHz
m=1
m
Cutoff frequency fc= 2a.\[UolreoEr
- 1 = 4.996GHz

_2><3><10‘2\/(41T><10‘7x1)(8.854><10‘12x1)
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3x108
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Phase velocity V=

=5.4179x 108m/sec
20.Define TEM waves. N/D 2013

J ~LE) -y

When the components of the electric and magnetic fields in the wave, both are transverse to

the direction of propagation of wave is called TEM wave or Principal waves.

21.A rectangular wave guide with a=7cm and b=3.5 cm is used to propagate TMj, at 3.5
GHz. Determine the guided wavelength. N/D 2013

a=7cm
f=3.5 GHz
=Ac=2a=2x 7 X 1072 = 0.14m
8
) =c/f=0_ = 0.0857m
3.5x10

A
Guide wavelength Ae=———=0.108m
gth Ag {71_(%)2

22.Compare TE and TM mode N/D 2012

TE Mode

TM Mode

TE wave has magnetic field component in the

direction of propagation.

TM wave has electric field component in the

direction of propagation.

The waves are called M waves or H waves

The waves are called E waves
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