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Basic TL Time Domain, Not Steady State
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Basic TL: Time Domain, Not Steady State

/Q A - d=0

Special cases:

< WhatifZ, = 0%hort [ = - |

. Whatisz=oo?0Pw\ rf—\

- What if Z, = Z,?
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Problem 1: Bounce Diagrams

— 0
Input: V, = 5u(t) [V] R &=—
Z, = 509, R, = 500, Z, = 1009 : % 2
v = ¢, TL length = 3 [m]. Vo 1, -
Q0 -~

Create a voltage bounce diagram for the first 45 nanoseconds
Create a current bounce diagram for the first 45 nanoseconds.
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. Problem 1: Bounce Diagrams
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Problem 2: Bounce Diagrams

Input: V; = 5u(t) [V]
Z, = 500, R, = 500, Zy = 1000

v = ¢, TL length = 3 [m].
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p\2 B d=0
<
A 1, 5
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Plot V(0.25m, t) for the first 45 nanoseconds.
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Probhg:bz Bounce Dlagrams /0
Input: V, = 5u(t) [V]

- Vg
Z, = 500, R, = 500, Z, = 1000
v = ¢, TL length = 3 [m].

What is the.steady-state voltage over the load? /
What is the steady state current through the load? g
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Multiline TL Circuits
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Problem 3: Bounce Diagrams w/ Multiline

Input: ¥, = 5u(t) [V] Ry .

Z;, = 500, R; = 500 : 2 z z,

Zy = 1000, Z; = 2000 Ve — !
w

v=c
First TL length = 3 [m]. Second TL length = 4.5 [m].

Create a voltage bounce diagram for the first 45 nanoseconds.
Create a current bounce diagram for the first 45 nanoseconds.
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" Problem 3: Bounce Diagrams w/ Multlllne

Input: V, = 56(¢) [V] Ry 7.5 &5 k3

Z, = 509 R, = 500 \Dns Zz I5ns T
Zy = 1009,21 = 2000 ' — > = j -
vV=cC — O

First TL Ieg’g;ch = 3 [m]. Second TL Iength 4.5 [m].




Multiline TL Circuits

Series resistor (h&éer to deal with ®):

R,
v?, <£) 2'o
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Parallel resistor (easier to deal with ©):
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Multiline TL: Parallel Resistor (HW Hint)
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Multiline TL Parallel Resistor
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Multiline TL: Parallel Resistor
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Multiline TL: Parallel Resistor
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Bounce Diagrams: General Formulation

This is an LTI system!

Input: §(t)

Output (at position d): V(t)
Time to travel down the line: t,.

- d = d
V(d,t) =1, 2 (TuTy)"6 (¢t +— = ntg) + T, z (TuTy)"6(t == = (n + Do)
n=0 n=0

For any general input: convolve! M



Basic TLWM
S e = A cas( 5t A
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On TL: Forward-going voltage wave + backward-going voltage wave

V)= yT My v o

On TL: Forward-going current wave + backward-going current wave
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Basic TL: Phasor Domain, Steady State

R, d=0
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Impedance as a function of position?
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Midterm 1 equations, in one place

F = it 7 E@E'dSZQenclosed VXE=0
2 — -
R 4_)7-[607‘ R . 955 D-dS = Qenclosed E’ — [V
F =q.E+q,(v1 XB) fffpdv:Qenclosed fﬁE)dZ)ZO
F—_1T2 . ¢ B-dS=0 b
47T€OT2 I:@f.ds—‘):_aQenClosed Vab:V(b)—V(a)Z—jaEdl
o dt
n ( 1—D2)—p5
- - € =¢€p(1+ — - —
Ax (B, —E,) = ‘ o(EXe) 3 $D-dS=[[[v-Dav
- - :EOXe V'D:p - - — -
ﬁ' P _P =R — - - - E'dl: VXE 'dS
(1 2) Pb,s D=yt El=leE V'i=—g—p 9?) ff( )
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] =oF ooy P | ov-di=ve-v@
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p enc CE dl = ¢ - 32F Yom
17 = aD W F -
o ! cd S=ExH Acos(wt — Bx)2 «— Ae 1F*2
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Midterm 3 equations, in one place
‘ ‘ Condition ‘ B ‘ « ‘ il ‘ T ‘ A= )—; ‘ 5=~ ‘ e Ny — 14 21,
Lo — T = =
ot Q| oy |0 E 0 mtm g

Imperfect
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Waves: dielectric we Wyt P NGT o\l u V=—= Af

Good ” , — = - B
onductor | = > 1 ATTHT | ~VaTur | T j?‘\éhmww—.lf/w
Tad | ' V2E = (jou)(o + jwe)E
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Perfect

, | 0=00 00 00 0 - 0 0
conductor
r Z; — 272y,
L= Quarter-wave:
ZL ;OZO r Ly —Z; Half-wave: Voo = jleZe
mn ou
TLs: Ty = R, + Z, Ik Zk + Z; Vin = —Vout _jVout
g I =—I Iin =
[ — Ry — Zg Zin = Zout Zg
9 R, +Z Zin =
g 0 " Zout



Units

Charge Q: C Electric permittivity e: F/m
Current I: A Magnetic permeability p: H/m
Electric field strength E: N/C or V/m Conductivity o: Si/m

Electric flux density D: C/m?

Polarization field P: C/m?
Electric potential V: V

Charge density p: C/m3
Surface charge density p,: C/m?

Capacitance C: F Current density J: A/m?
Magnetic flux density §:I or Wb/m? | trinsic impedance 7: Ohm
Magnetic field strength H: A/m Wave number B: rad/m
Magnetic flux ¥: Wb )
Electromotive force &: V Characteristic impedance Z: Ohm q

Inductance L: H
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Office Hours

Any questions?




