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(b) Total attenuation in nepers, from (3-119)

Lo 5229 6020 Np

(c) Attenuation factor in decibels per meter

g - Ls 5229 41307 aB/m

d 400

(d) Attenuation factor in nepers per meter

L 0.6020 -3 v
@ - = - = 1.505 x 10~ Nj 3
d 400 v

3-21 A certain transmission line has the following parameters at 50 MHz: L = 1.2 |1HIm, '
Q/m, ("= 10 pF/m, G = 4 uS/m. Determine (a) Z, (b) Y, (¢) Y, @, and B, (d) atte:
in dB/m, (e)v, and () Z,

Solution
(a) The series impedance per unit length is

Z - RejwL - 0.15 {2 x 50 x 10%x (1.2 x 10%)]
0.15.j376.99 Q/m
- 377.29,1.5310 Q/m

"

(b)  The shunt admittance per unit length is
Y- G joC - 4x10% . j[(2x x 50 x 10%x(10 x 10"12)]

"

4x10%.53.1416 x 10° S/m

3.1416 x 10315695 S/m

"

(c) The complex propagation constant y is

v - VZV - |377.29,1.5310)3.1416 x 10°

y/1.1853,3.1005 - 1.0887;

2236 x 10 +51.088
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From the real an

and

(d)  The attenuation ey In dB/m is
oy - 686 (2236%107) -

(e) The velocity of propagation is
o  2nx50x10° 5 ggex10% mis

R

p - auii08s

(f)  The characteristic impedance is
% \J? - [[3n2oas
)4 3.1416 x 10°£1.5695

. 346.55,-0.01926 Q - 346.49 - j6.67 Q

3-22 A certain lossy audio-frequency line has the following ;
R=0.2 Q/ft, C =2 pF/ft, G (negligible). Determine
(d) attenuation in dB/ft, (¢) v, and (f) Z,
Solution
(a) The series impedance per unit length is
Z-R+joL = 0.20+j[(2x x
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(b) The shunt admittance per unit length is

Y- GejoC - 0.{2n x2x10)x@2 x 10"3)]
0.2.5133 x 10% S/t
2.5133 x 10%/1.5708 S/t

(¢) The complex propagation constant y is

Y - VZT - \(0.200,6.283 x 107X2.5133 x 10°*/1.5708)

- /5.0266 x 10°/1.5771 - 70.899 x 10°,0.78855

- 4.998 x 10°°.5.029 x 10

i

From the real and imaginary parts, we see that

« - 4998 x10° Np/ft

and

5.020 x 10 rad/ft

=
"

(d) The attenuation & in dB/ft is

ag - 8.686 % (4.998 x 10°%) - 4.3413 x 10

(e) The velocity of propagation is
D, 3
o  28x2x10 5455 < IGN

v = =

B 5029x10°

(f) The characteristic impedance is

0.200,6.28 x 102
2.5133 x 10°/1.5708

. 28210,07823 Q - 200
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A certain coaxial cable has the following parameters at a frequency of | MHz
series resistance = 0.3 Q/m

series reactance = 2 Q/m
shunt conductance = 0.5 pS/m
shunt susceptance = 0.6 mS/m

3-23

Determine (a) v, «, and f (b) attenuation in dB/m, (¢) v, (d) Z,

Solution
Z-03.j2 Q/m-2022/14219 Q/m

Y - (0.5x10%).j(0.6 x 107) S/m - 0.6 x 10°,1.5700 S/m

(a) The propagation constant is

¥ - VZY - /(2.022,/1.4219X0.6 x 10°/1.5700)
2
- {1.213 x 10°,2.9919 - 0.03483
- 2.605 x 107 . j0.03474

The attenuation factor is
The phase factor is

(b) The attenuation in dB/m is

azg - 8.686 x 2.606 x

(c) The velocity of propagation is

v e
B
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(d) The characteristic impedance is

2.022
5-Z. 202214219 ° S

0.6 % 107,15700
- 58.06,-00741 Q - 57.90-j430 Q

3-24  For the coaxial cable of Prob. 3-23, repeat the analysis at 100 MHz if the series res
increases to | Q/m, but the shunt conductance remains essentially the same.

Solution

The inductance per meter is

L-X__2 0318 pHm

€
N
A
x
<

The capacitance per meter is

53
c.B . 06x107 4549 pF/m
©  2qx10°

The series impedance per meter is
Z - R-joL - 1.j(2= x 10%)(0.3183 x 10%) Q/m

1.j200 - 200,1.566 Qfm

The shunt susceptance per meter is
Y - G+jB = (0.5x10).j(2n x 108)9:

(a) The propagation constant is

v - VZ¥
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The attenuation factor is
« - 8.301x10° Np/m

The phase factor is
B - 3464 radm

(b) The attenuation in dB/m is Sk
g - 8.686 x (8301 x 107) = 0.0721 dB/m

(c) The velocity of propagation is

oo @ 2mx10° g0, 108 mis
5 3464 &

(d) The characteristic impedance is

z,. Z. | 20040366
© Y\ 0.06,15708

- 57.74,00024 Q - 57

325 Forthe circuit of Fig. P3-25, determine (a)

power P, (d) load current I, (e) load vo
dB.

Solution
(a) The input current is

I
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(b) The input voltage is

Vy - ZyI, - (290 - j60X0.8431,0,1013)

- (296.14,-0.204)0.08431,0.1013)
- 2497,.01027) V

(c) The input power is

P, - IR, - (0.0843)? x 290 - 2.061 W

(d) The net attenuation for a line length of 150 m is ad = 0.01 x 150 = 1.5 Np, and the m
shift is Bd = 0.004 x 150 = 0.6 rad. The load current is

I, = Ievd - [ e=de¥bd

- (0.08431,0.1013Xe "*X(1£:0.6)
0.01881,:0.4987 A

(e) The load voltage is

N
‘

. Vyerd . Ve tdedbd

(24.97,:0.1027)e *X1£-0.6)
5.571,:07027 V

Alternately, the load voltage could have been determined from the ct
follows:

V, - Z,T, - (296.14,:0.204)0.01881,-0.4987) - 5.57

(f) The load power P, is =
P, - IJR, = (0.01881) x 290 -

(g) The loss in decibels can be determined as

P
Lg - 10005 -




image14.jpeg
Alternately, /.4 can be expressed as
Ly, - 8.686 % o«d - 8686 %15 « 13.03 dB

N - ine (a) 7., (b) input voltage 7, (c) input
For the cireuit of Fig P3-26, determine (a) input current / / :
pg;ﬂeph (d) load current 7, (¢) load voltage V,, (f) load power and (g) line loss h

nepers.
Solution

(a) The input current is

- E 80,0

. e
' Z,0Z, (600 +5100)+ (600 +/100)

3-26

L8048 | 06576,:01652 A
1216.6,0.1652

The characteristic impedance is

Z, - Ry+jX, - 60045100 - 608.28

(b) The input voltage is
V, - ZI, - (608.28,0.1652)0.06576

(c) The input power is

P, = IIR, - (0.06576) x 60

(d) The net attenuation for a line length of 6 mi
Bd=0.5 % 6=3rad.
Tne attenuation in nepers is

The load current is

1_2 ¥ 1"[,-u N ,‘l,u,.;’(

- (0.06576-0
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(¢) The load voltage is

V, - Verd. Vieedebd

(40,0Xe 2"%)1,3) - 2.524,:3 V

Alternately, the load voltage could have been determined from the
follows:

Vy = Z,I, - (608.28,01652)(4.150 x 10°,-3.1652)

(f) The load power Pyis
P, = IRy = (4.150 » 10%)2 x 600 - (

(g) The loss in nepers can be determined as

R ESE
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3 A avont
J1 A traveling wave of current in milliamperes is given by
1=8cos(2x * 10° - 0.025x)

with £ in seconds and x in meters. Determine (a) direction of 2
(¢) angular frequency, (d) phase constant, (¢) cyclic frequency. ()
and (h) velocity of propagation. :

Solution

(a) Since the argument of the sinusoidal function has the difference

displacement terms, the wave is traveling in the positive x-direction.
(b) The peak value is

I, - 8 mA

(¢) Companing the general form of the

argument wf - Bx with [(2%®
that 4

i

© -2 xx10° radls

(d) Continuing with the comparison of (c), it is seen that
B - 0025 radm

(e) The cyclic frequency is

2n b
(f) The period is gt
;!
r-=3
f
(g) The wavelength is
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(¢) At a value of x = 100 m, the net angle is 1.5 -(0.025 < 100) =-1 rad. Thus,

1100) - 82:1 A

Repeat the analysis of Prob. 3-6 if the voltage of Prob. 3-2 has a fixed phase shift such that

it is descnibed by 5
v = 15cos(10% + 0.35-n/3) sl

3-8

Solution
(a) The fixed phasor is -
x

JX
V- V,e 3 .152.s8 V

(b) The distance-varying phasor is

x) - Feste - (156 S ye™>
= (1s;;na)(lzm) = (ISLM
B

(¢) At a value of x = 4 m, the net angle is 0.35 x 4 - n/3 =0.3528 rad. Th
74) - 15,0358 V

10 Redefine the fixed phasor of Prob. 3-5 so that the phasor mag
units. and determine the average power dissipated ina 50-Q

Solution p
The rms value corresponding to a peak sinusoidal curr

5657 A Using the same notation, i.e. I, but redefining the
1

-

I - 5657,0

The average power dissipated in a 50-Q resistance is

P - (5.657¢ x50

3-10  Redefine the fixed phasor of Prob. 3-6
units, and determine the average

Solution

The rms value corresponding to a

the same notation, i.e. ¥~ but redefi
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- 10.607,.0 V

The average power dissipated in a 75-Q resistance is

(106077 5 w

P-
75

3-11 Redefine the fixed phasor of Prob. 3-7 so that the phasor magnitude is X
units. Would the power dissipated in a 50-Q resistance be the same as

Solution
The rms value corresponding to a peak sinusoidal current of 8 A is 8/ V2 - 5 m

Using the same notation, i.e. 7 ", but redefining the magnitude as rms amper

I -5657/L5 A

The average power dissipated in a 50-Q resistance is
P - (56577 x50 - 1.6 kW

which is the same as Prob. 3-9.

3-12  Redefine the fixed phasor of Prob. 3-8 so that the phasor m
units. Would the power dissipated in a 75-Q resistance be the s

Solution

The rms value corresponding to a peak sinusoidal voltage of S Vis s

Using the same notation, i.e. 7", but redefining the magnitude as |

v -10607,3 V

The average power dissipated in a 75-Q resistance is

. Qoso7¢
7

which is the same as Prob. 3-10.

3-13  Under steady-state ac conditions, the
sl =204 Determmemcvom

Solution
The voltage forward wave is :
vl
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i 300-Q lossless line is I =
3-14  Under steady-state ac conditions, the forward voltage wave in 30!

15£3. Determine the current forward wave.
Solution

The current forward wave is

3-15  Under steady-state ac conditions, the reverse voltage wave on & certain I
V°=200.0 V. Determine the reverse current wave.
Solution

The reverse current wave is

200,90

- =420 - 4203 - 43142

i
T
B aisp

3-16  Under steady-state ac conditions, the reverse current wave o
7" =0.522. Determine the reverse voltage wave.
Solution

The reverse voltage wave is

V™= -RJ™ - (-75X0.5,2) - -37.5,2 = 37.5,

3-17 A table of specifications for one version of
attenuation per 100 ft at 50 MHZ is 1.2 dB.
factor in decibels per foot and (b) attenuati
ft, determine (c) total attenuation in decibx
ratio using both decibels and nepers for

(a) The attenuation factor in dB/ftis

(b) The attenuation factor in nepers per
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(c) The total attenuation in decibels is e
Lg - agd = 0012300 - 3.6 dB

(d) The total attenuation in nepers is

L - «d - (13815 x 10)(300) - 0.4145 nepers

(e) In terms of nepers, the ¥,/V, ratio can be expressed as

e el . e-o.ﬂls - 0.6607
Vl

In terms of decibels, this ratio may be expressed as

v, ls 25 i
-2-.10% - 102 - 1008
v, ’

3-18 A certain transmission line has an attenuation of 0.05 dB/m. (a
factor in nepers/m. For a length of 400 m, determine (b) ta
total attenuation in nepers, and (d) V/V, ratio using both d
wave. :

Solution ¥

(a) The attenuation factor in nepers/m is -

« - —m _ 005 e

8.686  8.686

(b) The total attenuation in decibels is

Lg - ugd - 005400

(c) The total attenuation in nepers is
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In terms of decibels, this ratio may be expressed as

3-19 A single-frequency wave is propagating in one direction on 2 transmission
200 m. With an input rms voltage of 50 V, the output rms voltage is measur
Determine (a) total attenuation in decibels, (b) total attenuation in n€p
factor in decibels/meter, and (d) attenuation factor in nepers/meter.

Solution

(a) Total attenuation in decibels, from (3-112)

2

(b) Total attenuation in nepers, from (3-119)
_Lg 795

8686 8686

(c) Attenuation factor in decibels per meter

400 m. The input power to the line
total attenuation in decibels, (b) total
decibels/meters, and (d) atte

Solution :
(a) Total attenuation in decibels,




