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Telegraph equations



Impedance and delay

L Δx

C Δx

𝑉 𝑥, 𝑡 = 𝑉+ 𝑡 − Τ𝑥 𝑣 + 𝑉− 𝑡 + Τ𝑥 𝑣
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−
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Impedance and delay
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Reflection coefficient
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Reflection coefficient
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Vgen(t)

At end of line:

At beginning of line:



T-lines in the time domain

Lattice/Echo diagrams
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Two outcomes

If ΓL ΓS is positive, impulse 
response decays exponentially

If ΓL ΓS is negative, impulse 
response alternates sign → ringing

Similar to RLC ringing, but why?
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T-lines in the frequency domain

Vgen(t)
ZL

ZS Z0,τ

Vgen(t) = Re [V0ejωt]

Why would we want to do this analysis?

Time-domain analysis:
• Intuitive and clear: pulses bouncing back and forth. 

Very difficult with reactive (L, C) load or generator 
impedances

Frequency-domain analysis:
• Less intuitive.
• Easy with reactive (L, C) load or generator impedances

(1) standing waves
(2) Smith Chart



Generalized distributed model



Extra
Back-up on digital lines



Low Z0



High Z0



RL<<RS
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