ENEE381 Problem Set #6 Solutions
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(1 a=1010 c=310°

m-m-C mC

Ve =
a or 2-a

Between parallel planes the cutoff frequencies are the same for TE and TM modes witt
the same m.

For TMand TE

m=1 Vgi=— 9
2.a Ve = 15-10 15GHz
2
m=2 Ve=T ve=30100  30GHz
3-c
m=3 ==
Ve 2.2 Vo= 45.1()9 45GHz
2 _
@ a:=5010 3 gr=2.25 co = 3~108 V= 10~109

=27V Z:

(a) For TEM wave p=k k=2 k=314.159
C

phase velocity and group velocity =c

3767

Z: \/; 7Z =251.133  characteristic impedance
T

guide wavelength is the same as free space wavelength

=S A= 0.02
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8
vp = 2.18210

Z, = 230.168
2.
hgi= Ag= 0.022
p
For a rectangular waveguide 2
m Tc\
- (2]
a:=50-10 a )
b:=2010 ° ¢=310°
m:=1 n:=0
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: (r—nf + (3\2 Vo= 610"



¢ |(m)? (n)?
Ve=—|l— | +|— 10
" 24\a) b) ve=1.61610

(d) m:=1 n:=1
2 2
Veim = (E\ + (3\ ve=8.07810°
2 a) b)

2 2
. (E\ + (3\ ve=232010"

If the waveguide is filled with a material with dielectric constant 4, all cutoff
frequencies are reduced by a factor of 2, since the velocity of light is reduced by a

factor of 2
(4) — —
_c. ’ m\ 0
2 ve=3-10
vi=1.1v¢
®=2m1v O¢ =2V

B = 28.793

ZTE = 904.229

vp = 7.021 108

8
vg= 12510



Agi= 20— Ag= 0218
B
_3 _3
(®5) m:=1 n:=1 a:=20-10 b:=1010
2 2
Ve = = m, (2 ve= 167710
2 a) b)
vi=12v¢
B = 232.987
ZTM = 208.229
= 5.42710°
Vp— . -
8
vg= 1.65810

Ag=0.027



(6)

m:=1 n:=0 ¢=310° a:=5010 ° b=2010 °
2 2

vc::£~ E\ + E\ Ve = 3~109

2 a) b)
vi=1.1v¢
® =21V Og =21V

376.7
Z1E] =

ZTE] = 904.229 First section of waveguide

3 108

Second section of waveguide co=— =
3

_e|(mV, (nY .
vem e ) T ) ve= 173210

0g =21V

ZTE) = 255.511 Second section of waveguide

_ ZtE2 — Z1R1
ZTE2 + ZTEL
lp| = 0.559 maghnitude of reflection coefficient
arglp) _ o, _ N
deg - phase of reflection coefficient
1 —
S:= |p| s=0283 VSWR
1+ [p]

1-— (|p | )2 = 0.687 Fraction of power into second guide region



a) b) Ve = 75109
V= 10~109
®:=271V O¢ =27V
376.7
ZTE = >
ZTE = 569.517
(’30\ TE
1—-| —
o)

The spatial variation of the field is of the form

Ey= E(ysin(rc-z\

a

The time averaged S is

2
al -sinz(ﬂ(\

S = —
max 2ZTE a )

Integrate over waveguide cross-section

) 2
4ZTE

Power =

Power :=1

4.-Power-ZTE
Bpi= [——
a'b

Ep = 3.375 103 peak electric field

a:=20-10

b:=10-10



