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Name: Recitation Section:

Recitation Instructor: Teaching Assistant:

Enter all your work and your answers directly in the spaces provided on the
printed pages. Make sure that your name is on all sheets. Use the backs of the
printed pages as scratch paper, but we will only grade the work that you neatly transfer
to the spaces on the printed pages. Answers must be derived or explained, not just simply
written down. The quiz is closed book, but calculators are allowed.

This quiz contains 9 pages including the cover sheet. Make sure that your quiz contains all
9 pages and that you hand in all 9 pages.

Problem | Points | Grade | Grader

1 30
2 40
3 30

Total 100
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Problem 1: (30 points) For parts (A)-(C), use the associated branch variables as defined in
Figure 1.

o+ U, -

- v+ Yy

Figure 1: Circuit for Problem 1(A), 1(B) and 1(C)

(A) Write element laws for the resistor Ry, the current source 14, and the voltage source Vp.

v = Ri1q
7= —14
v = —Vp

(B) Write a complete set of independent KVL equations expressed only in terms of the branch
voltages v1, vo, ..., and vs.

There are several possible answers, one set of independent KVL equations is:

v] +v2 +vg +v5 =0
v +vr+ve+vg=0
v3+vy+vg =0

(C) Write a complete set of independent KCL equations expressed only in terms of the branch
currents i1, 49, ..., and ig.

Any five of the following is a complete set of independent KCL equations:

11 —15 =0
g —19g =0
9 —11 —17 =0
tqg+i7—13=0
ig —1g4 =0

i5 —ig +13—1g =0
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(D) The same circuit is shown in Figure 2, labeled for node analysis. Write out the node equations
necessary to solve for the three unknown node voltages e1, es and e3. DO NOT SOLVE

these equations.

1 /T €2 €3
AA% 4 AA%
R =/ R
1 4

Figure 2: Circuit for Problem 1(D)

The node equations are:

e1—Va e —Vp
—I4=0
B R A
€2 €2 — €3
= I4=0
s + i + 1A
€3 — €2
—Ip=0
R, B
In matrix form, we have:
1 1 1% \%
TR 101 % er| |[gr+ 7 +1a
0 R_3 +1R_4 _1R_4 €9 —IA
0 T T €3 IB
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(E) The current ¢; in Figure 3 can be written in the form:
i1=aVa+bVg+cly+dip

Determine the coefficients a, b, ¢ and d in terms of the resistor variables in the circuit.

Figure 3: Circuit for Problem 1(E)

Here, superposition is used to determine each constant. The four figures below depict the
circuit when only one source is active.

I

Ry
R
Ve
iy
Ry
R

When Vj is the only source active

Va

Zl:_Rl-i-Rz
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When only V3 is active

. Vi
1= =
" R+ Ry
When only I4 is active
Ry
i1 = ——————14.
"TRi+R A

From the figures above, Ig does not contribute to ;.

1
“T "RitR
1
b= S
Ri+ Ry
Ry
c= -
Ri+ Ry
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Problem 2: (40 points) Network 1, shown in Figure 4, is described by its v-i relationship
measured at the terminals. Network 2, shown in Figure 5, is described by a schematic diagram of

its components.
(A) Find the Thévenin and Norton equivalent circuits that have the same v-i relationship as Net-

work 1.

/1.6 v
-8 mA

/ oy

Figure 4: Network for Problem 2(A)

voc = 1.6V
isc = —8mA
Rpp = — 29 _ 0.2k0
sc
i i
—/\/ /=0
02kQ T *
C’) 1.6V v 8mA<D 02kQ v
—

Thevenin Norton
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(B) Find the Thévenin and Norton equivalent circuits that have the same v-i relationship as Net-

work 2.

1kQ |
v zzm %41@ @D

Figure 5: Network for Problem 2(B)

Suppressing all the sources and looking at the resistance into the port gives Rry:

Rry = 2kQ||3kQ = gm = 1.2kQ

Using superposition, voc and ¢g¢c can be determined:

2 2-3
= —= — .2V =2V
V0C 5V+2+3
. 1 5
isc = —2mA + gmA: —gmA

| +

12k

C) 2V v —gmA (f) 1.2kQ v

Thevenin Norton
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(C) Suppose that the two networks are connected together through a resistor as shown in Figure 6.
Find the current i; and the voltage v;.

0.6 kQ 3kQ

> U vy %2k§2 %4kQ G_ID
/1.6V @ +

-8 mA

Q

(o]

Figure 6: Network for Problem 2(C)

First, redraw the circuit using the Thévenin equivalents of each network:

02kQ T oekq "1 1.2kQ

O O

O

2V - 1.6V

Using superposition and voltage dividers:

1.8 0.2
=—16+—2
U1 5 + 5

=144+0.2=1.64V
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(D) Suppose that the two networks are connected together through a resistor as shown in Figure 7.
Find the current is and the voltage vs.

3kQ

+ 1kQ 1
o 0 1.2 kQ U, EZkQ %4k§2 GJY)

-8 mA

Figure 7: Network for Problem 2(D)

First, redraw the circuit using the Norton equivalents of each network:

+
8mA<D 0kQ < 120 1.2kQ<D—2mA

vy = <gmA + 8mA) (0.2kQ||1.2k2|1.2kQ)

_ <?mA> (0.15k2) = 145V

145V _ @mA ~ 1.208mA

iy = T

1.2kQ 24

ig = 1.208mA

Vg = 1.45V
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Problem 3: (30 points) Determine all node potentials in the network shown in Figure 8 in terms
of the conductances of the resistors (G4, Gp, Go, Gp, Gg, and GF), the current sources (Ic and
Ir), and the voltage sources (Va, Vg, Vp and Vg).

% €, €3 "
% o
G Go
61 ] 64
/77
Gp G
X K
\]b Gr €s \%

Figure 8: Circuit for Problem 3

The potentials e; and es can be determined immediately from the circuit.

€1=VA
eo =Va+Vp

Noting that e3, e4, and e5 are related in the following way,

65263—VD—VE
64263—VD

€5 :€4—VE,

the circuit can be simplified as shown below.
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Now, we write a node equation for the supernode encompassing nodes 3, 4, and 5:
(e3—Va—Vg)Gc +esGr = Ic — IF
Using e5 = e3 — Vp — Vg in the equation above gives:

esGo+esGrp=Go(Va+Ve)+Gr(Vp+ Vg) + Ic — Ip
Goe(Va+Ve)+Gr(Vp+Vg)+ 1o — Ir
Gec + Gr

€3 =

Using the relationship e4 = e3 — Vp gives an expression for ey:

Ge(Va+Ve)+Gr(VD+VE)+1c —Ir

= Vi
“ Go + Gr b
s — Go(Va+ Ve —Vp)+GpVp+ Ic — If
T Go + Gp
Using the relationship e5; = e4 — Vg gives an expression for es:
Go(Va+ Ve —Vp)+GpVg + Ic — If
€5 = - VE
Go +Gp
o Go(Va+Ve—Vp —Vg)+1Ic—If
5 =

Geo + Gp



