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Signals on Transmission Lines



Transmission Line

I [ ®
Source RL
C )
V(x,t) = f1 (x-vt) + fr(x+vt)
Voltage and current are
the sum of forward and Ix0) = ZLO [ (VD) - Ba(xvE) 1, o

backward pulses

! 1 V(0;
100 =75 [f1(-v) -2V ] = g1 (V) + R(+vD) ] = lth)

f2 (+vt) = p f1(-v1),
where the reflection coefficient p is given by,

Ry -Zg
P =RL+ Zy -



1

V(x,t) = f (x-vt)

Forward Pulse

The incident pulse is chosen to be
fi(x) =exp[ - 2x -4\ x2+ .01 ]

Forward travelling pulse
V(x,t)=f : (x-vt)
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V(x,t)

Backward Pulse
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0.8 Backward propagating pulse

e Vixt) = f (x+vt) = p f (-(x+vt)) ]
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Forward + Backward

Incident and reflected pulses
V(x,t) =f 1(x—vt) +p f1(—(x+vt))
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V(x,t)
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Pulse Forming Network

Close switch at t=0.

R, >>7, -
V —eo/®
0 R=Z,or
Source RL could be
another TL
L T [ )
For t <0 line slowly <0 ockward ou
chargesto V=V, ackward pulse
VO ? V(X)t) =0 -V, /2
b
| V,/2
>
A Output is pulse
V,/2,T=2L/c
Forward pulse V(x,t) v./2 of /
0

Vo/2

>



What happens when the termination
Is not a resistor?

1(0,1)
- V(o)
<> Source ! T C
C e
V() = f1 (x-vt) + f(x+vt)
| x<0
I(x,t) = Z_O [ f1 (x-vt) - fa(x+vt) ],
x=0
Atx=0
10.6=c V0D
dt
1 1 1
1(0,t):Z_(f1 _fz):Z—(Zfl (£, +f2)):Z—(2f1 ~V(0,t))
0 0 0
dv(0,t)

2f =V(0,t)+7 , T=/ZC
f,=V(0;t) ™

0



V= W4
f\"'sx

dv(0,t)

2f =V(0t)+1 T=7C

f,=V(0.)-f,

Capacitor initially acts like a short
circuit, then transitions to an open
circuit



What happens when the termination
Is an inductor?

- V(O
[ | o
<> Source I é L
L | or— ]
V() = f1 (x-vt) + f(x+vt)
1 x<0
I(x,t) = Z_O [ f1 (x-vt) - fa(x+vt) ],
x=0
Atx=0
dI(0,t
V(0,t)=L (0.6)

dt

_ e (g _, dI0,t)
V=f+f,=2f,—(f,~ f,)=2f, - Z,1(0,t)=L -

- dI(0,t)
2f, = ZO(I(O,t)+T ~

], 1=L/Z,



What about AC signals?

I [ Q__I
Source | Z L

| I o

L.

x<0

x=0
The impedance presented to
7  the source is modified to Z,
€q
| | Depends on the load, the
length and the characteristic

impedance of the line.



Standing Waves

Plots of Ex(z,t) at different times

V:Re{lznc(e‘jkz+pejkz)ejwt} 3 e
vV o, . N 2
[ = Re{ﬂ(e’kz — pe]kz )e]wt}
ZO 1 F
O -
V(z,t)
p=-1 )
Nodes are short circuits 2
Anti nodes are open circuits gl

Z [m]



Standing Waves

Plots of Ex(z,t) at different times
—_ 5 — jkz jkz \  jot
V—Re{VmC(e + pe )e }
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[ | '__I
Source _I Z ]
e

L |

x<0
Jjkz jkz | , jot
V= Re{(VmCe +Vrefe )e } o
{17 oIk +pe]kz)ejwt}: Re{v(z)ejwt} The reflection coefficient at the load
’ ZL _Zo
|4 . N n | p=
[ = Re{ ch (e—]kz _pejkz)e]wt}: Re{l(z)e]wt} ZL +Zo
0
Atz=-L
The reflection coefficient atz=-L
" — jkz Jkz 2 ikl
7 _V(—L)_Z( T pe ) _y 1+ pe™ 7 _7
eq Tr_ 1\ 0 —jkz jkz Y04 -2jkL [)=_¢ 0 _ ,—2JkL
I(-L) (e —pe™)  1-pe p(L)=—"—"=pe

eq 0



Equivalent Impedance

~2jkL
Zeq :ZO 1igZ—2jkL
7 -z, (2, +Zo)e]:: +(z, —Zo)e:ﬂ:
“ z,+Z,)e"-(z,-2,)e
Z, cos(kL)+jZO sin(kL)

2o =% JjZ, sin(kL)+Z0 cos(kL)

If line has losses effect of
reflections is diminished

k: k,—jk”, e—ijL — e—Zk Le—ijL

—2k"L \ —2jK'L

1+(pe e

0 _ ” I, ) 4
eq 1—(pe ZkL)e 2jK'L

IfL — 0, sin(kL)—0, cos(kL) — 1,

L —7

eq L

[fKL —> % sin(kL) > 1, cos(kL) — 0 Z, —Z2/Z,



Special Cases

~2jk,L

1+
7 =z = P¢

eq 0 1 —2jk, L
— pe

L=nA/2, 2k L=2nn ZequO—p .

1+p 7 Remember half-wave window
.

L:£n+1]l/2, 2kL=2n(n+1j 7 =7317P_py
2 1 2 eq 01+p 0 L

Quarter-wave transformer



Admittance vs Impedance

I= Re{(fince‘jkz + irefej"z )ej“’t}

V= Re{Zo (i,-nce_jkz o iincejkz )ef“’t }

]:Re{f ( ]kZ+p1 sz) ]wt}:Re{f(Z)eja)t}
V=Re{Z IAmc e ke — Iejkz) ’“’t} Re{V(z)ef“’t}

P,==P P,=—

ZL_ZO _ YL_YO

ZL+ZO YL+Y0

Same formulas apply to
current amplitudes.

Current reflection
coefficient = - voltage
reflection coefficient



High Q cavity model
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High Q Cavity Model

L

[ @
Shunt
. un !
Source 7 =iX <<Z ! R <<Z
7 admittance -

| | o
= (Zeq”]XS)_ZO x<0
( Z,| jXS) +Z, Cavity
* x=0
R cos(kL )+ jZ sin(kL
P Z,=7,—— (k1) + 2,sin( ):jZOtan(kL)+RL
LT A 1 Z,+jX ]RL51n(kL)+Zocos(kL)

j(Z,tan(kL)+ X )+R,~X*/Z,  j2
( )

2 Sl
j(Z,tan(kL)+ X )+R +X*/Z,  j2(

a)—a)c)/a)c+Qi;1—Q‘1

ext

-1 -1
w_wc)/wc+Qint+Q

ext

pC(JV:




