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(a) Divide the two networks as shown in the figure below:
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(a) Network A

Vrga=1-1=1V

(Vrga is simply the voltage across 1€ resistor)
Rrga=1+1=2Q
Vrup = —1V
Rryp = 292

Join the Thevenin equivalent of the two networks,
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(b) Let the terminals of Rs be v, and vy,
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(b) Network B
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For Rrp, switch off the independent sources,
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(a) Turn off independent source

(b) Redrawn image

Ry = (Ri[|Rs) + (Ra||Ra)
The simplified thevenin circuit is as follows:
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For the voltage across Rs5 to be zero, V,. or Vg must be zero.

Therefore,
Ry Ry
Ry +Rs Ry+ Ry
Ry Ry
R R,

Q 2. Since there is no independent source in the circuit,
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To find Ry, use loop analysis,

Loop 1:
6(iy —i3) +5(ip —iy) =1
Loop 2:
5(iy —i3) + 5(ix — i) = —104,
Loop 3:
6i3 + 5(i5 —i2) + 6(i3 —i1) =0
Also,

by =iy — i3

Solving these equations,
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Utest = 11 = ﬁA
Viest 162
Rpp = —22t — 22() = 8530
Ztest 19

Q 3. The dual is constructed in Figure (a) and redrawn in Figure (b),
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(b) Dual Circuit

Q 4. To find Ry (equivalent of Rrp), use a test source (notice the dependent source) and remove the
independent sources (short circuit for a voltage source),
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The equation for node a,

Vab
50000

The loop equation for the left loop,

+80I =1

— 80001 = 0.001V,,

From (1) and (2),

Vap = 100V

So,
‘/;l,b

Ry = 1 = 10092

To find Iy, consider the circuit below,
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Hence,

80001 = 2
I =0.25mA
Finally,
In = —20mA
Q5. (a)
Proas = I - Ry,

To find the maximum power,

Apply chain rule,
2 2
(RXR ) _QRZR
L L
Vo v
(R+RL ~ (R+R,)*
2Ry
_R+RL
R =Ry

-Rp =0

(b) Background: To find R, start with creating the thevenin/nortan equivalent of the given cir-
cuit. As shown in the previous part, maximum power transfer will occur when R; equals
Rinevenin(Rra). Then, use Vipepenin(Vry) to find the maximum power transferred.

To find the Vg (open circuit voltage), label the nodes, and write the nodal equations,
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Node 1 (VTH>:

Node 2 (V5):

Node 3 (V3):

Vin =Vs _ Ven =V _
4 4

Vo =V, Vo —20 Vo —100
2 TH V2 L2 —0

4 4 4

Vi =100 4 4V,

Solve (3),(4),(5) simultaneously,

To find Ry, first use loop analysis to find short circuit current,

Vrg = 660V
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Loop 1 (L):

Loop 2 (Iy):

Loop 3 (I3):

Where,

So (8) reduces into,

ALy — I3) + A(I, — I;) = 80

AL+ AL — ) + 4(13 — I) = 4V,

Vm == 4([2 - Il)



Solve (6), (7),(9) simultaneously,
I = Lportcireuit = 55A

Using Vg and Lporicircuit, ind Rry to determine Ry,
Vg ~ 660

Rry=R/ = —"—F—=—=120
i ! I shortcircuit 55
Finally,
660
PLoad — — - 12 =9075W
12 +12

The approach to this part will be same as part(b).
To find Vg, label the nodes and form nodal equations,
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Node 1(V3):
Vo .
50000 + 807, = 0
Where,
. Vy=V3
p =
1310
So,
Vs 80V, n 80V, _ 0
50000 1310 1310
Node 2(V3):
Vo=4- 107° . Vs
Node 3(Vy):
Vi Vu—Vs
100 + B0 0.0005

Solve (11),(12),(13) simultaneously,
Virg = Vo = =160V
To find Ry, short circuit the terminals,

V=0

13100hm
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BONE:

I_shortcircuit
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(13)



Q 6.

Now,

[shortcircuit = _80217

Where, using the current divider method,

100
= ———— - 0.0005 = 3.546 - 107°
= 1310 + 100
So,
Ishortcircuit - _28mA

With Iortcirenic and Vg known, find Rpg,

—160
o =1 = =g qgs =77

PL()(),(], = 0.1122W

(a) (i) Label all loops in clockwise direction.
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(ii) Produce the complete set of loop equations by using mesh analysis,
Loop 1:

101y +5(1 — L) + 6(1, — Is) = 0
Loop 2:
220, +18(1y — 1) + 5(I2 — [) = —12
Super loop 3+4:
2I3+6(I3 — 1)+ 18(Iy — I) + 21, =0
Super loop relation:

I,—I;=9



Q7.

Loop 5:
TIs+ 7154+ 915 — I7) + 9(I5s — Ig) =5
Loop 6:
20 + 1115 = =27
Loop 7:
=20, + 111; = =27

(b) (i) By simplifying your loop equations, express the circuit in a matrix equation of the form
Al = V. Remember to exclude those loops for which you already know the currents for.

I, = -3V,
Ve =115

I, = —63A
Iy = —-3A

Since currents in loops 1 and 5 are known, substitute their values in the loop equations to
formulate the following matrix.

Note: Since we only have 5 unknowns now, we only use the respective 5 equations to
formulate the matrix

45 0 —18 0 07 [L —327
~18 8 20 0 0] | —378
0 -1 1 0 of|L|l=1| 9
2 0 0 11 0] |I —27
2 0 0 0 11| | —27

(ii) No, the above matrix is in reduced form, hence it can not be symmetric. Even if you
formulate the matrix with all loop equations, the matrix will not be symmetric due to
presence of controlled sources.

(c) Solve the matrix equation in part (b) to find all loop currents using Gauss Jordan Elimination
or Cramer’s Rule.

I, = —15.7A
I; = —30A
I, = —21A
Is = 0.4A

I, = —5.3A

(d) Now that all the loop currents are known, explain if you need to change the resistor ‘Z’ to a
different power rating. Current flowing through Ry is 2.3A.

Pr, = I*’R = (2.3)*(9) = 47.6W

As the power dissipated is less than the 50W threshold of the resistor so no change is required.

(a) Label the unknown voltages and form the nodal equations,
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Node 1 (V4):

Vi—Ve V1 —12
1 2, _

0
6 4

4+

Node 2 (Super node):

Vo—Vi V=12 Vi Vi
e+ 2+ 242V, =3

6 8 5 3
Where,
Ve =Va
I = Vi—V,
6
The equations reduce to the following three equations,
1
o ey (14)
12 6
-1V 21V, V3
— =4, 1
5 + 3 + 3 5 (15)
~ Vi +3V—2V3=0 (16)
Solving(14),(15),(16) simultaneously,
Vi =-=-25V
Vo =-0.21V
V3 =0.93V
(b) Simplifying the resistor combinations in the network yields(all nodes are labelled, known and
unknown),
V1
T
1000 § Vx 1000 g GV("’) <l>
- 2l_x
- 1000 V3 1000 V4 1000 v 3
A AWV AA—H Y-S
V_2
B 2V x
12vf + + 1000 1oun§
- [ &I_I




Notice that,

= 0.004
2000 +2000 0.00

V, = 12V
Node 1 (Super node):
Vi—12 Vi—V; Vi Vi—Vs Vi—V;
21,
1000 * 1000 el 1000 * 1000 1000
Where,
W
“ 1000
So the equation reduces to,
2Vi —2V3 4+ 5V, — V5 =12
Vi—Vy=-6
Node 3 (V3):
2V, + Vs = —24
Node 5 (V5):
2Vs —3Vy =0
Solve (17),(18),(19),(20) simultaneously,
Vi =-38V
V3 = —100V
Vy=-32V
Vs = —48V
Q 8. Find Vyg using an open circuit,
4ma
S
v 2 V2 V3 x |va %
] ‘”@ WA WA
zv_xﬁ*> 2K 2”‘% i g V. x V_oc
Using nodal analysis,
Node 1 (V}):
Vi =2Vx
Node 2 (Super node):
Vo=V Vo Vs —Vy
= 0.002
2000 + 2000 + 2000 0.00
And,
V=V =12
Node 4 (V}):
Vi—V; Vi

=0



Note that,

Voe=Ve =V,
Solve (29),(30),(31),(32) simultaneously,
104
i
Vy = gv
Vi = ?V 2
)
Vi= Vo §V

Use loop analysis to determine Ipoptcireuit(Ise),
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Loop 1 (L):
2000(1; — I5) + 2000(1, — L) = 2V,
Loop 2 (Super loop):
2000(Ty — I1) + 2000(I3 — I5) + 2000(I5 — Iy) = 12

And,

Is — I, = 0.002
Loop 4 (1,):

2000(1; — Iy) + 20001, = 0
Loop 5 (I5)
I5 = 0.004A

Solve (34),(35),(36),(37),(38) simultaneously,

I, = 0.001A4

I, =0.00324

I3 = 0.0052A

I, = 0.0026 A

Ve =-52V

I,. = 0.0026 A

Ry is the obtained,

Voc
Rry = 7= 6.67kS2
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(28)

(29)

(30)



R_TH=6.67k
M

r =2
5213 t*) R_L—.k§ V.0

Vo =Vper ———— = 3.998V
’ Rp + Rry



