EE 5220 - Lecture 2 Wed Jan 10, 2024

Topics for Today:

Startup

Web page: http://www.ee.mtu.edu/faculty/bamork/ee5220/
« Book, references, syllabus, more are on web page.

« Software - ATP/EMTP, Matlab

« EE5220-L@mtu.edu (participation = min half letter grade)
« Lectures - new videostreams, some archived videos also
« Daily lecture notes scanned and .pdf file archived

« Exercises posted as pdf on Canvas.

« Grading: grad students must achieve BC (75%) or higher.
* Preregs: - Circuit Analysis RLC Responses, EE5200

« Do all exercises in Ch.1 (solutions are posted) note typo.
Chapters 1 and 2, probs 1.2, 1.3, 2.2, 2.3, 2.7 due next Wed.

Get your textbook! Dig out your old Circuits book!
Review of Laplace, RLC circuits

Basic use of ATP (prereq/tutorials from EE5200), see
http://www.ee.mtu.edu/faculty/bamork/ee5200/



http://www.ee.mtu.edu/faculty/bamork/ee5200/
mailto:EE5200-L@mtu.edu
http://www.ee.mtu.edu/faculty/bamork/ee5200/
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EEE350 RLC CIRCUITS TRANSIENT SOLUTION GUIDE
B.A. Mork

The following general solutions may be used to calculate the transient
response of an RLC circuit. The values of a and w, must first be found and
used to determine whether response is overdamped, underdamped, or critically
damped.

RLC NATURAL RESPONSE - Parallel or series: vc(t), ic(t), vL(t), iL(t)

f(t) = Aleslt + Azeszt Overdamped
f(t) = e_at(Blcos wgt + B,sin w4t) Underdamped
£(t) = Dlte_at + Dze-at Critically Damped

RLC STEP RESPONSE - Parallel or series: vc(t), ic(t), vL(t), iL(t)

£(t) = f(») + Aleslt + Azeszt Overdamped
£(t) = f(») + e-at(Blcos wat + Bysin wyt) Underdamped
£(t) = f(») + Dlte—at + Dze-at Critically Damped

Coefficients for a particular case are determined by evaluating initial
conditions. The expressions for each general solution and its derivative
evaluated at t=0" are given below.

OVERDAMPED: £(07) = A, +A, [+ f(») if step response]
+
a £(0*) _
ac = slA1 + szAz
UNDERDAMPED ; £(0%) = B, [+ f(w) if step response]
+
d £(0) - _
. at _ aB1 + de,
CRITICALLY DAMPED: f(0+) = D, [+ f(w) if step response]
a £0%)
at =D, ~aDd,

The numeric initial values of the function and its derivative at t=0" are
obtained from your knowledge of the particular circuit: parameter values,
initial conditions, type of switching occurring, and differential
relationships of current and voltage in the inductor and capacitor at t=0".
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APPENDIX A

LAPLACE TRANSFORM TABLE

Laplace transform, F(s)

Time function, f(5), t > 0

1 (%), unit impulse at £ = 1,
1
- U(¢), unit step function
s
1
;E t
@ ~
n! n
o f
1 ) - e—at
s+a
1 e—at _ e—bt
(s + a)s + b) b—a
1
P tn—l —~at
G + ar -0t ¢
s+ « 1
— —at __ - b —bt
s + a)( + b) b @9~ @b
1 e—at e—bt e—ct
+
(s + a)(s + b)(s + o) b —ac—a (—ba-2>b + (@—ob -0
w » .
m sin w?
S
m Ccos wt
w
wte=?t
(s + w)?
1 t‘n—-le—-t/T
1 + Ts)" T"(n — D!
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Laplace transform, F (s) Time function, f(#), t > 0
_L__ 1 — e—-t/T
s(1 + Ts)
___._1____ 1 - ! + Te—t/T
s(1 + Ts)? T
@ —at 3
G +aP + w? e % sin wt
G+ a —at cos wt
(s + a2 + »? €
2 —Lo,t
Wy e—n J—
. v _ 2 .
S(Sz + 2€wns + CO,%) 1 + \/1 ___——C2 sin (w,, 1 { t a)
where cos &« = —{
o}, 1 —
z — 2L g lteptg 124
2 + 2lw,s + k) t - + oV Zze sin (w,V1 — 2t — 0)
V1 — (2
where 6 = 2 tan™! 7
s _.__—_1 _ ~t/T 0
(1 + Ts)(s® + of) 1 + T2a2) ° + W o cos (w,t — 6)
where 6 = tan! ©, T
0y 1 )
1 et + e~ % sin (ot — 0)
s + B)(s + a)® + »?] b —a? + 0 ol —a?+ P2
w
where 6 = tan!
b—a
2abs ] -
[s2 + (@ + b?1[s® + (@ — b sin at s bt
1 4+ as + bs? b —aT, + T? .
20 + T)( + T9) t+@-T—T) +——F——F— €
2
_b —aT2 + Tze"'t/Tz
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Laplace Keview !
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