Lect. 16: Circuit Models for Transmission Lines

Consider a small segment of transmission line as a circuit
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More general case

1(z) Raz LAz (z+Az) V(z)—1(z)RAz— LAz dl(z) =V (z+Az)
o AN 55
V(z) CAz =~ GAzf; V(z+Az)
‘ V(z)=V(z+Az dl
) ] (2) Aiz ) _I(2)R+L d(tZ)
dVv dl
R : resistance per unit length - d(z) =1(z)R+L 2)
) 4 dt
in the conductor
G: conductance per unit length _dV(z2) _ . _ :
in the dielectric dz =1@R+ joll(z) =R+ joL)I()
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I(z) RAZz LAz |(z+AOz) I(z)—CAZ 'dZt(”AZ) ~GAz-V(z+Az)=1(z+Az)
O—P—%&—(m —>
V(z) CAz =~ GAzf; V(z+Az)
. 5 I(Z)_[(Z+AZ):C.dV(Z+AZ)+G-V(Z+AZ)
Az dt
R : resistance per unit length
in the conductor di(z) _ CAV )\ Gy ()
dz dt
G: conductance per unit length
in the dielectric _dld(z) = joCV (z)+ GV (z) = (G + joC)V (2)
4

& W.-Y. Choi

E&M 2 (16/1)



Lect. 16: Circuit Models for Transmission Lines

I(z) RAz LAz 1(z+Az
@) ONA A z+42) —dV(Z):(R+ja)L)I(Z) —dl(z)=(G+ij)V(Z)
i dz dz
V(z) CAz =~ GAzi; V(z+Az)
° ° d*v . .
7= (R+ joL)(G+ joC)W =y*V
R : resistance per unit length ,
) dl . ) 2
in the conductor F=(RJr]a)L)(GHa)C)I:7 I
Z

G: conductance per unit length

in the dielectric . . . .
Generalized transmission line wave equations!
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: . d’v . .
Solution for voltage wave equation: R (R+ joL)(G+ joC)W =y*V
Z

V(z)=V,"e " +V, e”~

dV vy _

=Ty

dZV 2 :\/(R—I— Q)L)(G+ COC) = 'ﬂ+a = (ﬂ— Ot)
=7V 7 J SO = S

dz = jk

R=G=0 4

y=~joL- joC = joLC = jB
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Impedance Z=V/I
For V(z)=V,"e
From ar =—(R+ jwL)I
dz

—yV =—(R+ jolL)I

L,V _Rtjol) _ (R+ jol) _ |R+joL
R | y JR+ joL) G+ joC) \ G+ joC

Complex impedance!

For V(z)=V,¢e"?

Phase velocity?
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/ / 1(2) RQAQZ L,]Aﬁzr\ I(i+Ac)z)

W z 1 T d V(z) CAz — GAzf; V(z+Az)
+++++++ 4 5 .
3(: < o W >>d
w
2 2
4 Iz/ =(R+ joL)(G+ joC)V =yV % =(R+ joL)(G+ joC)I = y*I
Z Z

G: conductance per unit length in the dielectric

: . cC ¢
Time constant for a capacitor: — T
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‘ V(z) CAzZT GAZP  V(z+AZ)
y]‘ z IE T d P
+ 4+ ++ 4 o o
< o w>>d
X w
2 2
U R jor) G joW =y Lo jor)G+ jocy =51

R : resistance per unit length in the conductor

2
It can be shown for parallel plate TL R=;,/7Z£ﬂc
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