Lect. 15: Voltage, Current Waves in Transmission Lines
(Cheng 9-2,3) =—

Coaxial cables

Why use coaxial cables?

— Deliver high—frequency electric signals without loss and distortion
— Signals are well guided within coax cables

— E, H fields within transmission lines?

— Relationship between E, H fields and V, | ?

E&M 2 (16/1)

-:f':':j:: W.-Y. Choi



Lect. 15: Voltage, Current Waves in Transmission Lines

Transmission Lines: support voltage and current waves

(a) Parallel-plate (b) Two-wire transmission line. (¢) Coaxial transmission line.
transmission line.

FIGURE 9-1
Common types of transmission lines.

Focus on parallel-plate transmission lines for easy analysis
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Determine E and H when they are confined within two parallel plates

by surface charges and currents

/ / E= yEge /2 (0 <y<d)

VVZ IE H d H = -x0eif2 (0 < y<d)
++ + + + -
W >>d

A
A 4

><A
=

Charge and current densities

ps(y=0) = EEoe_m ‘ J. (y=0)= - Eog-ipz
/i
ps(y:d):_gEoe—Jﬂ ‘ 3. (y=d)= — 7 E0g i
n

Voltages and currents?
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< W >>d

E= yEge /2 (0 <y<d)

H =-x"0¢l/2 (0<y<d)
J)
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V(y=d,2)-V(y=0,2)= - [ E,(y)dy

y=0

=—E0e_j'8 £

E .
1Py

I(y=d,z) =JW =—
(y ) "

Voltage and Current Waves!
V(2) :—Ey(z)d I(y=d,z)=H (W
Wave equations for V(z) and I(z) ?
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V(z)=—Ey(z)d and I(z):HX(z)W

X y z
_ _ _ _ Ok dE
FromVx E =-jouH, Vx E:@ 9 8:X(__y) : y _ jouH
oXx oy oz oz " g A%
0 E 0
y
dv _ dE, i . 1(2)
& 0 Jopr, jou W d

LetL = f;v—d inductance per unit length

" v =—jolLl
dz
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V(z):—Ey(z)d and I(z):HX(z)W
X y z
= . = = |0 o0 0| —,0H dH
FromVx H = E VxH= = X c—X =
. Joe * ox oy oz ( az) dz Jok,
H 0 O
dl _dHXW = JocE W :—ja)gv(Z)W
dz dz

eW
Let C= o capacitance per unit length

dl

— joCV

dz
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Lect. 15: Voltage, Current Waves in Transmission Lines

dv _ dl : pd W
- - _ — = a)CV (L——,C— —)
With additional differentiation,
2
d’v :_ja)Ld_I — —w’LCV :Wave Eq. for V(2)
dz? dz
2
d’l :_ja)Cd_V — —w?’LCl :Wave Eq. for 1(2)
dz? dz
Remember L
2E — 0°H
— 2
VzEzﬂé‘aE ViH = pe—
o2 ot
V?E = -0’ ucE V’H = -0’ ueH
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iz\zl =-o’LCV %:—a) LClI (L= /V‘\;j C= _)
Solutions:
V(z)=V, e " +Vv, e 1(z) = 1,"e 7% 41, e"17
— BV (2) = —@*LCV (2) ~B%1(2) = —@?LCI(2)
IB = W~ LC =w HE IB = W\ LC = w UE
y = 9 _ 1 1
p p ue  ~LC
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How about impedance?
V(z)=V,"e”"  1(z2) =1,

diz) .
= — [)jl +e 182
dz 17

dl(z : . . gy
Remember d(z ) =—JwCV (z) =—jwCV,"e 17

..Vo+_,3:a)LC\/f'u%v_d
,” oC oC \C 5WA ~Tw

L
L, = \/g (TL Characteristic Impedance)

&) W.-Y. Choi

E&M 2 (16/1)



Lect. 15: Voltage, Current Waves in Transmission Lines

How about impedance?

V(z) =V, e’ 1(z) =1,e”
di(z) _ .0 s
- =)pl e

dl(z)

Remember a4 =—jwCV (2) =—jwCV, e

Yo _ B __oJLC _\E =7,
oC  \C

Io wC

0
09

Why negative impedance?
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/ / FromVx E =-jouH,

_ g FromVx H = jwsE
IE,H
FH+++++ 4

W >>d

<<
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V(z)=V,"e " +v, e

B =wJLC

E&M 2 (16/1)

dv _ ud
— = LI L:—
dz Jo ( W)

d__jecv (c= 2

2
d : =-w’LClI
dz

1(2) = |0+e_mZ + |O—e+Jﬁz
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