CHAPTER

8.7

WAVEGUIDES

Statement for Q.1-3:

A 2 cm by 3 cm rectangular waveguide is filled
with a dielectric material with ¢, = 6. The waveguide is
operating at 20 GHz with TM,, mode.

The cutoff frequency is
(A) 3.68 GHz

(C) 9.02 GHz

(B) 22.09 GHz
(D) 16.04 GHz

a The phase constant is
(A) 816 rad/m
(C) 1009 rad/m

(B) 412 rad/m
(D) 168 rad/m

The phase velocity is
(A) 1.24 x 10° m/s
(C) 305 x10° m/s

(B) 154 x 10° m/s
(D) 7.48 x 10° m/s

ﬂ In an an-filled rectangular wave guide, the cutoff
frequency of a TE,, mode is 5 GHz where as that of TE,
mode is 12 GHz. The dimensions of the guide is

(A) 3 cm by 1.25 cm (B) 1.25 cm by 3 cm

(C) 6 cm by 2.5 cm (D) 2.5 cm by 6 cm

a Consider a 150 m long air-filled hollow rectangular
waveguide with cutoff frequency 6.5 GHz. If a short
pulse of 7.2 GHz is introduced into the input end of the
guide, the time taken by the pulse to return the input

end is
(A) 920 ns (B) 460 ns
(C) 230 ns (D) 430 ns

Statement for Q.6-7:

In an air-filled rectangular waveguide the cutoff
frequencies for TM,, and TE,, modes are both equal to
12 GHz.

ﬂ The dominant mode is
(A) TM,,
(C) TE,,

B) TM ,
(D) TE,,

At dominant mode the cutoff frequency is

(A) 11.4 GHz (B) 4 GHz

(C) 5 GHz (D) 8 GHz

E! For an air-filled rectangular waveguide given that

E. =10sin [2”] sin (3?] cos (10”¢ —Bz) V/m
a

If the waveguide has cross-sectional dimension
a=6cm and b=3cm, then the intrinsic impedance of
this mode is

(A) 3732 Q (B) 378.9 Q

(C) 3751 Q (D) 380.0 &

Statement for Q.9-10:

In an air-filled waveguide, a TE mode operating at
6 GHz has

E, =15sin (2”) cos [ng sin (ot —12z) V/m
a
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ﬂ The cutoff frequency is
(A) 4.189 GHz

(C) 8.438 GHz

(B) 5.973 GHz
(D) 7.946 GHz

The intrinsic impedance is
(A) 35.72 O (B) 3978 Q

(C) 1989 O (D) 7144 O

Statement for Q.11-12.

Consider an air-filled rectangular wave guide with
a=2.286 cm and b=1016 cm. The y-component of the
TE mode is

E,=12sin (2”) cos [?’Zyj sin (107 x 10'°¢ —Bz) V/m
a

The propagation constant y is
(A) j4094.2 (B) j400.7
(C) j2733.3 (D) j2764

The intrinsic impedance is
(A) 743 O (B) 168 O
(C) 986 O (D) 144 ©

Statement for Q.13-14:

Consider a air-filled waveguide operating in the
TE,, mode at a frequency 20% higher than the cutoff

frequency.

The phase velocity is
(A) 1.66 x 10° m/s
(C) 2.46 x 10° m/s

(B) 5.42 x 10° m/s
(D) 9.43x 10° m/s

The group velocity is

(A) 1.66 x 10°* m/s (B) 4.42 x 10° m/s

(C) 2.46 x 10° m/s (D) 9.43x 10° m/s

A rectangular waveguide is filled with a
polyethylene (e, =2.25) and operates at 24 GHz. The
cutoff frequency of a certain mode is 16 GHz. The
intrinsic impedance of this mode is

(A) 2248 Q (B) 337.2 O

(C) 4214 O (D) 632.2 O

The cross section of a waveguide is shown in fig.
P8.7.16. It has dielectric discontinuity as shown in fig.
P8.7.16. If the guide operate at 8 GHz in the dominant

mode, the standing wave ratio is

2.5 cm
Moo Hop 2:258,
x 5 em 4
Fig. P8.7.16
(A) -3.911 (B) 2.468
(C) 1.564 (D) 4.389

Statement for Q.17-19:

Consider the rectangular cavity as shown in fig.
P8.7.17-19.

a 0
Fig. P8.7.17-19

If a <b<c, the dominant mode is
(A) TE,,, (B) TM ,,

(C) TE,, (D) TM,,
If a >b>c, then the dominant mode is
(A) TE,,, B) TM,,

(©) TE,,, D) TM,,
If a =c¢>b, then the dominant mode is
(A) TE,,, B) TM,,,

(C) TE,, D) TM,,

m The air filled cavity resonator has dimension a =3
cm, b=2 cm, ¢ =4 cm. The resonant frequency for the
TM,,, mode is

(A) 5 GHz (B) 6.4 GHz

(C) 16.2 GHz (D) 9 GHz



frequency, the TM, mode propagates through the guide
without suffering any reflective loss at the dielectric so LUT I 0 N s

interface. This frequency is

2 2
T L@ f=Y (mj +(”J
&,, =4 Incident wave g9=2.1 1lcm 2 @ b
B 3x 10° 1Y (1Y
Fig. P8.7.34 2/6x10
(A) 8.6 GHz (B) 12.8 GHz
2 2
(C) 4.3 GHz (D) 7.5 GHz 2. (C) B, = B\/l —(’;J :“)\/1—[’]}]
U

Statement for Q.35-36:

_2nx20x10°V6 || (368) _ o 4
A 6 cm x 4 cm rectangular wave guide is filled with B, = 3% 108 20 | rad/m
dielectric of refractive index 1.25.
® 2nx20x10° s
BF] The range of frequencies over which single mode 8. Wy, :E: 1009 =124 x10" m/s
p

operation will occur is
(A) 2.24 GHz <[ < 3.33 GHz

(B) 2 GHz <f <3 GHz
(C) 4.48 GHz < f <7.70 GHz
(D) 4 GHz < f <6 GHz

4. (A) For TE,, mode f, =2,
2a

v 3x 108

a=—=——"——-=3cm
2f. 2x5x10°

For TE, mode fC:L,

@ The range of frequencies, over which guide support ; 2b
both TE,, and TE,, modes and no other, is _v o 310 =125 cm
2f, 2x12x10°
(A) 3.35 GHz < f < GHz
8

(B) 2.5 GHz <f < 3.6 GHz 5. (D) o= c _- 3x10 2:6975><108 ms
(C) 3 GHz < f < 3.6 GHz Jl_(ﬁJ \/1_[%)

72
(D) 2.5 GHz < f < 4.02 GHz !

=2—l:72 x 150 5 =430 ns

Two identical rectangular waveguide are joined end v 6975x10

to end where a =2b. One guide is air filled and other is

filled with a lossless dielectric of ¢, . it is found that up 6. (C) 12x10° =5 ><2108 0 +(3j2 . =375 em

to a certain frequency single mode operation can be

simultaneously ensured in both guide. For this 3% 10° \/(1]2 ( 1

2
12x10° = 375102j = a=132 cm
. X

frequency range, the maximum allowable value of ¢, is
(A) 4 (B) 2
(O] (D) 6

a

Since a < b, the dominant mode is TE,, .

v 3x10°

v _ 310 4l
25 2x375x10° z

7. (B =
m A parallel-plate guide operates in the TEM mode (B) feor

only over the frequency range 0 <jf <3 GHz. The
dielectric between the plates is teflon (g, =2.1). The 8. (C) E, #0, this must be TM,; mode (m =2, n=3)

maximum allowable plate separation b is 3 s 2 2
- 3x10° /2 3] 1581 GH
(A) 3.4 cm (B) 6.8 cm f=5 102 \ls) tlg) = z
(C) 4.3 cm (D) 8.6 cm 12
=2 197 1599 GHz
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2 2
=377 1- fe =377 1—(15'81j =37510Q
f 1592
9. B)ym=2,n=18,=12, f=6 GHz

2 9 2
p =2 1_L - 12:w 1_i
? v f 3x 10

= f =5973 GHz

10. (B) 1y = = _ =3978 O

11. By m =2, n=3,

¢ (mj (n) 3x 10° 2 Y ( 3 )
f=—il—| +| =1 = - +
2 a b 2x10 2.286 1016

=46.2 GHz
10n x 10"

=50 GHz
2
A 2Tt>< 50 x 10°
-~ 3x10°
=4007m™", y =ij =7 4007

12. (O =l - 31T _9g60

6 (2

13. (A) v=c [=12f

8
v, =2 = 54910 ms

” \/1 _(g \/1 _(1.;;;2)

14. (A) v, :v\/l—[ﬂj :c\/l—[ch =1.66 x 10° m/s
/ 12/,

15. B)n = 20 37T _ 95133 0
15
Mg =\/ n \/25133 _-33720

16. (C) Since a > b, the dominant mode is TE,, .

8
In free space f, _c _3x10

= = 3 GHz
2a 2x005

377

- =406.7 Q

In dielectric medium

8
fo—c - 310 _,ap,
2a,Je,  2x005,2.25
~ Mo = 3T 951330, m, = 20133 _ 959930
Ve, V225 2
(3]
8
[ _Ma-m, _ 259.23-4067 _ .,
N, +m,  259.23 + 4067
1+IFI _1+0.22 _ 1564
1-ITI 1-0.22

17. (A) f, =;}\/(’ZT ' [ZT : (ff

where for

if a<b<

TM mode to z

¢, then l>l >1
a b ¢

The lowest TM mode is TM,,, with

The lowest TE mode is TE,,, with

frZ >fr1 ’

18. B) If

Hence the dominant mode is TE,,,

a>b>c then l<l<1
a b c

The lowest TM mode is TM,,, with

The lowest TE mode is TE,,, with

fra >Fa

Hence the dominant mode is TM,,, .
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19. (C)Ifa—c>b, then L=<t

a ¢ b
The lowest TM mode is TM,,, with

o 1) (1Y
eila) + ()

The lowest TE mode is TE,,, with
2 2
v 1 1
=_ — +| =
=) ()
f,, <f,, Hence the dominant mode is TE,,.
v I'm 2 n 2 D 2
20 D) f=—.|—| +| = | +| &
SOR0EG
s 2 2
_ 3100 1 LY g gy
2x001\(3 2
21. (A) m=n=1, p=0,a=b=c, f, =2 Ghz,

o) ()]

8
2x100 -3 10°N2 106 em
2 a
8
22. (A) f=—m¢ _2x3x10 44,100 & ¢ -9
2b\e,  2x001e,

23. (A) For a propagating mode [ >f, ,
£o- me ’ . me N m<2ﬂ)\/87,
2b.fe, 2bﬁ c

9
2><30 10° x 0.01v2. . m<316
3x10°
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The maximum allowed m is 3. The propagating mode
will be ™™, ,TE,, TM,, TE,, TM,, TE, and TEM
Thus total 7 modes.

24. (B) f,, = =2f, =15 GHz

e

=20 GHz

—— —3 1081/ E =2x10° m/s

c mY n2 2
25. (A) f.==.|| — i A=
()ﬂZ(aJ+Ebj’c :
+

c 3>< 10
f_f

Mode ‘ TE,, ‘ TE, ‘ TE, ‘ TE,,
(cm) ‘ 14.4 ‘ 6.8 ‘ 6.15 ‘ 721
A>2%, . Hence TE, mode can be used.
26. (C) Let a=kb, 1<k<2
2 2 s
2 a b a
8
Dominant mode is TE,, , f.; _15x10°
8
5 GHz > 12/, = 8x10°>12x15x10°
a
= a>6cm
8
The next higher mode is TE,,, f.q, :@ ’
8
3 GHz <0.8f,, = 3x10° <M

= b<4 cm, Thus (C) is correct option.

8
27. (C) £, =L=ﬂ=2,3 GHz
2a 2 x0065
8
o= ¢ 3 47108 m)s

REUREE

28. (B) For TE,, mode

=0.0568

Rl _ [dfu \/nx9><109><41'c><107

* 6,8 c 1.1x 107

c

Rs[l + %(ﬁj ] 0.0568(1 L2 15 J
~ alf 2.4

¢ 2
bn 1—[};“} 15x 1072 x23381/1

=0.022
-15 -15

29. (B) % - i 10 S 10

e 2nx9x10"x 2.6 x 8.85%x10 13
o, 1 c 377
—% <<, hence v ~ — = —, N= =233.8
o Jie 260 " \26

3x10°

= =3.876 GHz

fe 2x2.4x107%/2.6

oMn 107 x 233.8

=13x 10" Np/m

o d = =

(5] )



30. (D) Dominant mode is TE,, mode

8
f=C - 310 908 aHZ
2a  2x0072

9 =7
R - i, _ |mx3x10 ><477t><10 _1499x102 O
G, 5.8 x10

For TE,, mode
2
2b( f.
R|1+ (] 1429 x 10| 14 2234208
alf 72 | 3
&e = 2 - 2
bn., |1 —(’;J 377 x 0034, |1 —(2‘38)

=225x 10" Np/m

e L 2= L 1n2-308 m
2 o,
31. (B)

f. =1875 GHz
f.o =15 GHz,
f.o =375GHz , f.,, =3 GHz,
f.,y =404 GHz, [, =354 GHz,
.50 =5.625 GHz , f,., =45 GHz

If £, <f , then mode will be transmit. Hence six mode

£, =24 GHz

will be transmitted.

32. (C) For dominant mode (m =1, n =0)

2 2 3
f=< (mj +(”J - 319 375 Gz
2Wa) (o)  2x004

Since given frequency is below the cutoff frequency, 3

GHz will not be propagated and get attenuated
2 2 2
. mn nn ®
y=oa+ = —| +| 0| | =
EGRGEC
B =0, Since wave is attenuated,

2 2 2 9 2
o= mn) (o) _ b 3 2nx 3x 10 _471
a c 0.04 3x 108

33 ®) £ - [ J
®B) f z(a)+(b

c _ 3x10°
2a 2x008

Fo = =1.875 GHz

_ (MJZ N [ﬂ)z _[9)2 _ (LJZ B [21‘(3 x15 ><1.875j
e b v) ~\loos 3x10°
=439

34. (B) The ray angle is such that the wave is interface

L [21

at Brewster’s angle 6, =tan” il 359¢°.

The ray angle 6 =90°-359°=54.1°
10
fo=—C =30 _g5GH,
2b\e,,

2x1x2
_f. 15
cos O cosbH4.1°

- c E2 BZ
35. (A) ﬁ—z gr"(aJ +(b]

=12.8 GHz

c 3x10°
0= = =2 GHz
foo a2, 2x125x006
8
3x 10 —3 GHz

C
feo B2, 2x125x004
2 GHz <f <3 GHz

s 2 2
3x10 (lj + [1j - 36 GHz

36. (C =7
©) fon 2x125x102 \l 6 4

3 GHz <f < 3.6 GHz

2 2
37. (A) f. =—¢ (m] +(”j In guide 1 ¢ =1

2)e \\26) b

c
lowest cutoff frequency f,,, =——
q Y fao 2(2b)

Next lowest cutoff frequency f,,, =i

In guide 2 lowest cutoff frequency f’

c
a9 fe (2b)
Next lowest cutoff frequency f;

c
20 —2@%)

For single mode [}, <f <fl,

¢ <f< ¢ = g <4
2(2b) 24/g, (b)

3x 10°
38. A f<f = f<o=_2%
<. f 2b  2xbx+21

3x 108
2x bx+21

= 3x10°< = b<34cm
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