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EEE 208 ELECTRIC CIRCUIT ANALYSIS I
EEE 202 ELECTRIC CIRCUITS II

SPRING’22 - FINAL EXAM
SOLWTIONL
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Closed hooks and closed notes. Use of mobile phones is considered cheating. Show vour work clearly
in the spaces provided. Othermvise, no credit will be given.

(20 pts) Q.1 Find the Fourier series expression for the periodic function shown in the following

figure.
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(20 pts) Q.2 For the circuit shown in the following figure:
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a) Determine the network function H(w) =V, /V,. .
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b) Sketch the asymptotic magnitude Bode plot for th network function H(w).
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where v(t) is the voltage shown in the following figure.

(20 pts) Q.3 Given that L]v(t)] = .

determine the values ol a and b.
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(20 pts) Q.4 The input to the circuit shown in the following ligure is the voltage of voltage source

10V whent <0

vi(t) = 10 + 5u(t) V:{ 15V whent >0
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Determine the response v, (t).
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(20 pts) Q.5 A three-phase source with a line voltage of 45 kV rms is connected to two balanced
loads. The Y-connected load has Z = 10 + j20 €2 and the A load has a branch
impedance of 60 €. The connecting lines have an impedance 2 €. Determine the power
delivered to the loads and the power lost in the wires.
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V(w) = V,e/ =V, 28, I(w) =1,ef =1, 286, et = cos@ + jsind
Vi(w) =7, 1 (w) Ve(w) = Zele(w) Vi(w) = Zglg(w)

ZL = /‘(UL Z(“ = 1/]‘(1}(.: r/:l'{ = R

Note that w is the angular frequency, which is 2rf.
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Ihe rms value ofa periodic wavetorm () is defined as: W, = \/F jf“” w2 (t)dt
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For a sinusoidal waveform v(t) =V, cos(wt + 0): Vg = Ve

Equivalent impedance when the impedances are in series Loy =Xy = 71 & 7' o v e 7,\
Equivalent impedance when the impedances are in parallel i{ = T Z]e ek = + s ;,_
The average power P =V, [, .cos(6y — 6,). The reactive power () = ,,m[, ,,,,sm(HV - 8)).
The complex power S = %L = mlm 2(0y —0)) =P +j0.

I'he apparent power is |S| = Mi’i The power factor pf = cos(6y — 0)).

For the maximum power ndnsicr 2y, = Ly where 7, is the load impedance and Z; is the complex

conjugate of the Thévenin equivalent impedance 7, of the cireuit.

di iy i
For coupled inductors in the time domain v, = [, r‘ + M— and v, = L, —IM MT"-
i 4

Foran ideal transformer. V, = \/l and I} = ~E,-lz

Total complex power in a Imlaucc(l three-phase circuits: §¢ = 3§, =3 i

In balanced three-phase circuits, V,, = \/?V,, and I, = 1, for Y connection; V,, = V, and

I, = \/:7’11' for A connection.

Network function: H(w) = %:—:; where X(w) is the phasor corresponding to the input to the circuit
and Y(w) is the phasor corresponding to the steady-state response ol the network.

Gain: |l-l(m)|—- o) phase shift: ZH(w) = 2¥(w) — 2X(w).

Logarithmic gum: 2() log,o|H(w)] in decibel (dB).

Laplace transform: F(s) = f f(t)e™*" dt, where s is a complex variable given by s = ¢ + jw.
lFor an inductor. its time-domain equation v(¢) = /, —I'(L ).
For a capacitor. its time-domain cquation i(t) = € — l’(f

The transfer function of a circuit is defined as [h<. ml[u ol the Laplace transform of the response of

the circuit to the Laplace transtorm of the input to the circuit when the initial conditions are zero.
Vols)

In an ideal op-amp: l,=i_=0 Vv, = v_

I'he fundamental frequency w,, of the periodic function £(¢) is w, = 2w /T. where T is the period.

The transfer function is given by H(s) =

I'he trigonometric Fourier series: f(t) = a, + Y, a, cosnwyt + ¥, b, sin nw,t
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Ay = ;:fm " f(£)dt = average value of f(t)

T+to
a, = -I—f f(t)cosnwytdt, n >0
[

o
I
|

2 T+t
= j f(t)sinnwytdt, n>0
l§

[(:Jf

Fourier transform: F(jw) = f LTt dt. where w is the Irequency.

Inverse Fourier transforms: f(t) = —f ]w}e’“” dw

Nano (n) — 10 Micro (u) — 10 Milli (m) — 107 Kilo (k) — 10} Mega (M) — 10°
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f(r)forr >0 F(s) = L[f(t)u(r)]
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PROPERTY f(t), 1>0 F(s) = L[f(0)u(r)]
Linearity a fi(t) + aa fo(1) arFi(s) + aFa(s)
Time scaling f(at), where a > 0 : F i)
a
Time integration / r f(r)dr ‘1“F (s)
0 5
Time differentiation é‘g:—) sF(s) —f(07)
&1 (1) - ( ~y L d4F07)
a #r) - (#0)+L52)
a'f (1) A et 0T)
S s"F(s) EI s e
Time shift flt—a)u(t —a) e~ F(s)
Frequency shift e~9f (1) F(s+a)
Time convolution F1@) () = j:f, (t)f2(r — 1)dr Fi(s)Fa(s)
Frequency integration fl) f N F(A)di
I s
Frequency differentiation i (2) -~ f_l;‘g_s)_
Initial value f(oh) Il_i‘mr sF(s)
Final value f(o0) Slij_no sF(s)




