Transmission Lines

Transmission Line Equivalent Circuit
pr dx pr dx

AAA—TTTI o P

pr : inductance/length

resistance/length

pG dx —— podr  pc: conductance/length

pc : capacitance/length
o o)

Coupled 1st Order Differential Equations
IV (x)

P = —(pr+jwpr)
oI .
8(;) = —(pe + jwpc)

Uncoupled 2nd Order Differential Equations
0%V (x)

o = TV(X)
862(5) — ’}/2I($)
v = V(pr+jwr)(G + jwc)

Differential Equation Solutions
V(LE) = V(_He_Wm —I—V(_)e+fy$
1 —YT e
I[(z) = o (Vine ™ +Vioe™)

V), Vi positive and negative propagating waves

Wave propagation velocity
1

\/ Eeff Weff

v =

Open Circuit Impedance

general low w limit high w limit
7 — w Zpc = PR Ty = | PL
pc + Jwpc PG [e;

Closed Equivalent Circuit
pr dx pr dx

o ANN—TTT0 00—
Zin pc dx —_—pcdxr |ZL
O O O O |

Closed Circuit Input Impedance

_y Z1, + jZy tanh (yL)

Zin(0) =
(£) Zy + jZy, tanh (L)

Max Power Transmission (not max efficiency)
Zin = i
Zr, = Zy

Signal Reflection Coefficient at Load

71 — Zo

L:ZL+ZO



Logic and Triggering

Discrimination (1 bit ADC)

Time
AVin I

.............................................................................................................

\ 2

Signal

Atsjew > Logic
i Level
Discriminated 0
Signal Atwidth
h— 1
Width may be fixed or “time over threshold”
Logic Gate Symbols
AND NAND
A — A —
A'B A'B
B — B —
OR NOR
A A S
A+B A+B
B B
NOT (Inverter) XOR

A A A A+B) *(A*
— B (A+B) *(

Gates may have any number of inputs and outputs

Logic Gate Behavior

AND (Coincidence)

A
B

A*B

Width may be coincidence duration or fixed

OR (Fan-In)

A
B
A+B

—

Simple Efficiency Measurement

Scaler
{double,d)

Par'ticle A AR
:': . | A'B
T w, [\ A'BT
—— - W,
B
——
Efficiency and its uncertainty
Ny
€= —
Ny

Scaler
(triple,t)
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