Problem 2.1 A transmission line of lengthconnects a load to a sinusoidal voltage
source with an oscillation frequendy Assuming the velocity of wave propagation
on the line isc, for which of the following situations is it reasonable to ignore the
presence of the transmission line in the solution of the circuit:

(@ | =20cm,f =20 kHz,

(b) I =50 km, f =60 Hz,

(c) I =20 cm,f =600 MHz,

(d) =1 mm,f =100 GHz.

Solution: A transmission line is negligible whdriA < 0.01.
_If  (20x1072m) x (20x 10° Hz)

(a) )I\— m T2 1P s = 1.33x 10> (negligible).
(b) /'\f - 'u‘; _ (50 10332) 12;?:/: 1H2) _ ) 01 (borderiine)

(© }I\— = qup = (20 10232)125?:/?( 16 Hz) = 0.40 (nonnegligible)
) /'\f - 'u‘; _ (1x107 3m>2 :0531:]?: 10°H2) _ 5 33 (nonnegligible)




Problem 2.2 A two-wire copper transmission line is embedded in a dielectric
material with & = 2.6 ando = 2 x 108 S/m. Its wires are separated by 3 cm and
their radii are 1 mm each.

(a) Calculate the line parametdrs L', G/, andC’ at 2 GHz.

(b) Compare your results with those based on CD Module 2.1. Include a printout
of the screen display.

Solution:
(a) Given:

f =2 x 10° Hz,
d=2x10"3m,
D=3x10"?m,
0. = 5.8x 10" S/m (copper),
& =26,
0=2x10"°S/m,
H = Hc = Ho.

From Table 2-1:
Rs= \/m
=[x 2x10° x 4 x 1077 /5.8 x 10]}/2
=1.17x1072Q,
2R, 2x1.17x10°?
md 2= 103

L= %In [(D/d) +,/(D/d)2 — 1]

R = =3.71Q/m,

=1.36x 10 H/m,
G o
In[(D/d) ++/(D/d)2 1]
=1.85x10°S/m
Cc = G;S
o
~ 1.85x106x8.85x102x 2.6
o 2x10-6

=213 x 102 F/m.
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_ ZL_ZO _ rL_i_jXL_ZO
Z +Z, rL+jXL+ZO

|r|=|rL+jXL_ZO|_|(rL_ZO)+jXL|—\/(rL_Zo)z"'XE <

‘rL+jXL+ZO‘_‘(rL+ZO)+jXL‘_ (r,+Z,)*+ X2

When r, = 0. |F| =1



Problem 1.26 Find the phasors of the following time functions:
(@ u(t)=9cogwt—m/3) (V)
(b) v(t) =12sinwt+ 11/4) (V)
() i(x,t) =5e">sin(wt + 11/6) (A)
(d) i(t) = —2cogwt +3m/4) (A)
(e) i(t) =4sin(wt+ 11/3) +3cogwt — 11/6) (A)
Solution:
() V=9eim3y
(b) v(t) = 12sin(wt + 11/4) = 12coq /2 — (wt + 11/4)) = 12coqwt — 11/4) V,
V=126 1MV,
(©

i(t) = 5e >sin(wt + 11/6) A = 5" *cog /2 — (wt + 11/6)] A
= 5e Xcos(wt — 11/3) A,

| =5e e I3 A,
(d)
i(t) = —2cogwt + 3m/4),
| = —2eI3M4 — 2g~IMl31/4 — pg=IT/4 A
C

i(t) =4sin(wt + 1/3) + 3cogwt — 11/6)
=4cogm/2— (wt+ 11/3)] +3cogwt — 11/6)
= 4cog—wt + 11/6) + 3cogwt — 17/6)
= 4cogwt — 11/6) + 3cogwt — 11/6) = 7 cog wt — 11/6),
I=7e oA
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