15t Order Transients — 2

general solution



First Order RC Case
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* Thevenin/Norton equivalents

 Solution v(t) = (Vg — Vo) €~ HRC 4 vy,



Example: switch changesa — batt =0
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Example: switch changesb — aatt =0
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First Order RL Case
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* Loop KVL equation: ai(t) IZ? i(t) =

e Solution:
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i(6) = (ip—iw) € T+ i



Example: switch opensatt = 0
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Example: switch closes att = 0




General Result — 1st Order

* Inductor current or capacitor voltage, x(¢) for t > 0

T 4 x,,

x(t) = (xg —xx) €
— Final and initial values, x., andxy:

* From a DC analysis based on “open” or “short”
models for Cand L

* Initial value exploits the continuity of capacitor
voltages and inductor currents at¢ =0



x(t) = (X9 — Xoo) €787 + x4

— Time constant ¢ (= L/R or RC)
— Why this form?
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What if the Circuit is more Complex?
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* Use the Thevenin equivalent circuit seen by Lor C

— Time constant 7 = L/Ryy, or Ry, C



Worked example

10 Q

— find i(t)

i(t) = (ig — i) e~ /T + i,

* Need: 1, iy, and i,
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Step 2 — final value i,;ast — oo
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Step 3 —initial value i,
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Combining

i(t) = (g — i) €™ 27> + i,

=0.22 e~ %75t + 1.36 amps

—
.°’

—_k
O)

—
~

—_l
w

current In amps

0 1 2 3
time in seconds



Practice problem: find the inductor current
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i(0F)=04
i(x0) =20 A
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Practice problem: find the capacitor voltage
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