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Instructions Solve the problems using the methods indicated in the problem statements and write a
summary of your results in this paper. Only the solutions obtained with these methods will be graded.

DC Circuits

Given that the values of the parameters are Ry = 1Q, Ry = 2Q, R3 = 3Q, R3 = 38, Ry = 4, iy = 14,
igg = QA, Ug3 = 3V, ig4 =4A

@

a) Apply nodal analysis to solve the circuit taking 4 as reference node. Write the nodal equations and
solve them to find the node voltages (5 points)

b) Calculate the power delivered by ig4 (2 points)

c¢) Calculate the Thevenin equivalent between nodes 1 and 2 including all the elements of the circuit in
the equivalent. Draw the equivalent indicating the values of the parameters (3 points)

Solution

a) Nodal equations:
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up = —15.33V ug = —18V ug = —15V iy = —0.67A
b) Power delivered by ig4
Ugs = —u3z +ups = 15+ 16 = 31V

Pt = Ugs - igs = 31 -4 = 124W

¢) Thevenin equivalent:

wp = 1 — ug = —15.33 — (—18) = 2.67V
Ry, = Ry||Ry = 0.679

AC circuits

Given that the values of the parameters are Ry = 2, Ro =3, L = 0.2H, C' = 50mF

ug1(t) = V2 - 80 - cos 10tV uga(t) = V2 - 50 - cos(10t + 90)V
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a) Solve the circuit using mesh analysis and calculate the branch currents of the circuit. Write the
equations in matrix form and the phasors mesh currents below. (4 points)

b) Do a power balance of the circuit. Write a summary of your results (3 points)

c) If the DC source ug3 is connected between the terminals of R1. Calculate ug(t) and ig;(t) with the
polarities specified in the circuit. ug3(t) = 18V. (3 points)



Solution

a) Circuit in the frequency domain w = 10rad/s

Zm =20  Zpp =30 Zp=2jQ Zc=-2jQ Uy=80V U, =504

Mesh equations:

Zr+Zo+ 71 —Zr, (L) _ (—Ua
—Zr Zr+ Zr1 + Zr2 I, —Uy
I, = —16 + 305 = 34/118.07A I, = 16 — 105 = 18.87/—148A
b) Power of loads
Pri = Zpy - I3 = T12W
Pry = Zgy - I = 1068W
Qr=Xr-I} + X1 - |I, - L|* = 2312 + 3200 = 5512var

Qc = X¢ - I? = —2312var
Stoads = Pr1 + Pro+j - (Qr + Qc) = 1780 + 32005V A

Sources:
Sg1 = Uy - (—L,;)" = 1280 4 2400V A

Sg2 = Uy - (~Lp)" = 500 + 8005V A
Ssources = Sgl + SgQ = 1780 4 32005V A

c) As ug3 is a DC source we should use superposition principle to analyse the response of the circuit to
the sources of different frequencies.

First we turn off the source ug43 that becomes a short circuit. Then:

Upy =0 g =0
Then we turn off sources u41 and ug2 and calculate the response of the circuit to ug3

uhy = ugy = 18V i = —ug1/R1 = —9A

Response of the three sources acting simmulateously:

uRl(t) = u'Rl + u/]/ﬂ =18V iRl(t) = ilRl + ’L';/ﬂ =-94



