Chapter 1

Some useful techniques

1.1 Background

Thevenin’s theorem: Consider a network consisting of dc independent sources

(current /voltage sources), dependent sources (linear), and resistors. We are interested in the
“port” behaviour of this circuit, i.e., in a simplified description of the circuit as seen from the
port AB (see Fig. 1.1 (a)). Thevenin’s theorem gives us this simplified description (see

Fig. 1.1 (b)) in terms of a single voltage source Vi, and a single resistor Ry,
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Figure 1.1: (a) An electrical network, (b) Thevenin equivalent circuit as seen from AB.

To determine V7, for a network, we simply find the open-circuit voltage V. across AB, i.e.,
the voltage V4 — Vp when nothing is connected on the right side in Fig. 1.1 (a); then, we have
Vrn = Voe.

To find Ry, we can use two methods:

(a) Deactivating the independent sources in the given network is equivalent to deactivating
Vrp, in its Thevenin equivalent circuit (see Fig. 1.2 (a)), leaving only R7y,. Therefore, Ry,
is simply the resistance seen from AB in the original network (Fig. 1.1 (a)) with all
independent sources deactivated. Note that deactivating a voltage source amounts to
making V=0V i.e., replacing it with a short circuit. Similarly, deactivating a current
source, i.e., making I, =0V, is equivalent to replacing it with an open circuit. Note also
that, in the above procedure, the dependent sources are to be left untouched, i.e., they
should not be deactivated.

Once the independent sources in the network are deactivated, the resistance seen from
the port of interest can often be found by inspection. In some cases, we may need to
connect a test voltage source Vj, find the current Iy through it (see Fig. 1.2 (b)), and
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Figure 1.2: (a) Deactivating independent sources and its effect on the Thevenin equivalent
circuit, (b) Computation of Ryy,.
then use Ry, = Vpy/ly. Alternatively, we could connect a test current source Iy, find the
voltage Vj across it, and use Ry, = Vi/lo.

(b) If the port AB is shorted, then the short-circuit current I is Vip,/ Ry (see Figs. 1.3 (a)
and (b)). This gives us an alternate method to find Rg,: Obtain the open-circuit voltage
Voe (which is equal to Vy, as seen earlier) and the short-circuit current I.. Then,
Ry = VTh/Isc-
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Figure 1.3: Short-circuit current I, (a) for the original network, (b) for the Thevenin equiv-
alent.

Source transformation: Consider the circuit shown in Fig. 1.4 (a). The Thevenin voltage
for this circuit is, Vi, =V, =I5 R,. To find Ry, we deactivate the current source (i.e., replace
it with an open circuit) and view the circuit from AB to get Ry, = R,. In other words, the
circuit in Fig. 1.4 (a) is equivalent to that in Fig. 1.4 (b), which is already in the Thevenin
form, if Ry=R, and V, =1, R,,.
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Figure 1.4: Illustration of source transformation.

The “source transformation” described above can be used to convert a Thevenin equivalent
circuit into a “Norton equivalent circuit,” which is of the form shown in Fig. 1.4 (a).
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Superposition: The system of equations that applies to a circuit with resistors, dc
independent sources, and dependent sources is a linear system, and therefore we can use the
principle of superposition to analyse the circuit by performing the following steps.

(a) Denote the independent sources in the circuit by Sy, Sa, -+, Sn.
(b) For each source S;, compute the variables of interest (currents or voltages), say 1, ¥,

“+, Yn, with all other independent sources deactivated. Denote the values of the

variables by, ygl), yél), T Z/ﬁf)-

N
(c) The net values of y1, yo, - - -, yn are then given by 3 = Z y§i).
i=1

Maximum power transfer: Consider the power absorbed by Rj in the circuit shown in
Fig. 1.5 (a) where V3, Ry, represent the Thevenin equivalent of a general network containing
dc voltage or current sources, dependent sources, and resistors. The power absorbed by Ry is

2
&:&m;(-lﬂ—)Rb (1.1)
Ry, + Ry,

By differentiating P, with respect to Ry and equating the derivative to zero, it can be shown
that P is maximum when Ry = Ry, (see Fig. 1.5 (b)).
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Figure 1.5: Illustration of maximum power transfer.

1.2 Examples

1. For the circuit shown in Fig. 1.6 (a), find the currents i; and iy using source
transformation.

Converting the circuit with Iy and Rs into an equivalent form (voltage source in series

with a resistance), we get the circuit shown in Fig. 1.6 (b). The computation of i; now

5V -6V

becomes trivial, viz., i1 = o - —0.143 A. Coming back to the original circuit
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Figure 1.6: (a) Circuit for Example 1, (b) Equivalent circuit after source transformation.

(Fig. 1.6 (a)), we get i3 =14y + I, =2.857 A. Note that the source I is delivering power
while V; is absorbing power. The reader is encouraged to verify power balance (i.e., the
total power absorbed is equal to the total power delivered).

SEQUEL file: ee101 network_1.sqproj

2. For the circuit shown in Fig. 1.6 (a), find the current iy by superposition.
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Figure 1.7: Circuit of Fig. 1.6 (a): (a) with V; active and I deactivated, (b) with Iy active
and V; deactivated.

Since there are two independent sources (Vy and I;) in the circuit, we consider two cases:

Vs :
(a) Vi active, I deactivated: In this case, igl) =———=0.T14 A (see Fig. 1.7(a)).
Ri+ R,

(b) I, active, Vy deactivated: In this case, by current division, we get,
(2) Ry .
15’ = Iy x ———— = 2.143 A (see Fig. 1.7 (b)).
2 Rl + RQ ( g ( ))

Adding the individual contributions, we get, iy = igl) + ig) = 2.857 A.

3. For the circuit shown in Fig. 1.8, R =48, Ry =250, R3=1Q, Ry=4Q, V=5V,
Veo=2V, I,=5A. Find the current 7g3 using superposition. How will iz3 change if the
source values are changed to V;; =30V, V=20V, [, =15 A.

We have the following three cases to consider, corresponding to the three independent
sources, Vi1, Vi, 1.

Vs
(a) Only V;; active (Fig. 1.9 (a)): %%1:3) = _m

(b) Only Vi active (Fig. 1.9 (b)): z% =0A.

=—0.67 A.
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Figure 1.8: Circuit for Example 3.
Ry

¢) Only I active (Fig. 1.9 (¢)): i3 — I, x ——————— = 2.67A (by current division
( ) Yy ( g ( )) R3 — Rl + R2 T R3 ( Yy
between two resistors in parallel).
R R4 R R4 R R4
4 o 1 c 1 c
Vi
+ s2
I,
§R1 <_>Vsl §R1 §R1<?>
Rs Rs Rs
5 M\ D 5 M\ D 3 M\ D
iR3 @ iR3 (b) iR3 (0

Figure 1.9: Circuit of Fig. 1.8: (a) only Vs active, (b) only Vso active, (c) only I active.

The net value of i3 is therefore ip3 = zgz?z + 2(2) z% =2A.

When the source values are changed to V1 =30V, Vi =20V, I, =15 A, we can find the
new igs by using linearity of the circuit. Since Vi, Vio, I have been scaled (with respect
to their earlier values) by factors of 6, 10, 3, respectively, we have

ing =640 +104%) +3i%) =4 A
SEQUEL file: ee101 network 2.sqproj

4. In the R-2R ladder network shown in Fig. 1.10 (a), find V, using superposition.
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Figure 1.10: (a) Circuit for Example 4, (b) Circuit redrawn with sources shown explicitly.
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We take up each of the voltage sources separately and then add their contributions:

(a) Vi3 only (Fig. 1.11 (a)): Using Thevenin’s theorem, the circuit can be simplified to
that shown in Fig. 1.11 (b), and we get Vi = Vis/2.
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Figure 1.11: Circuit of Fig. 1.10 (a) with only Vs3 active.

(b)

Figure 1.13: Circuit of Fig. 1.10 (a) with only Vs active.

(b) Vi only: Using Thevenin’s theorem, this case can be simplified to the circuit shown
in Fig. 1.12 (a) and can be further simplified to that shown in Fig. 1.12 (b), giving

Vi = v, /4.
(¢) Vi only: Using Thevenin’s theorem, this case can be progressively simplified to the
circuits shown in Figs. 1.13 (a), (b), (c), giving A Vi /8.

(d) Vi only: Using the above procedure, the reader can show that v = Vio/16.
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The net value of V, is therefore

1
%:E (20V30+21V31+22V32+23V53) .

SEQUEL file: ee101 network 3.sqgproj

5. For the circuit shown in Fig. 1.14 Ry =4Q, Ry =2Q, R3=4Q, [, =3 A, V,; =4V. Find
the current ir, by superposition.

Figure 1.14: Circuit for Example 5.

There are two independent sources in the circuit, and we will consider each of them

separately. Note that the dependent source must be retained in each circuit and not
deactivated.

(a) I only (Fig. 1.15(a)): This case is simplified considerably with source
transformation (see Fig. 1.15 (b)). Writing KVL for the simplified circuit, we obtain,

2 2 2
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3 3 3
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Figure 1.15: (a) Circuit of Fig. 1.14 with only I active, (b) Circuit of (a) after source
transformation, (c) Circuit of Fig. 1.14 with only Vs active.

2
—12V 4 (Ry + Rs)i — 5 (R1) =0, (1.2)

which gives i = 2.25 A, and i) = —3 A.
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(b) Vi only (Fig. 1.15(c)): Writing KVL for this circuit, we get

.2
/L—_

Vi + (R1 + Rs) 3(33 i)=0, (1.3)

which gives, 1 = —0.75 A, and 2% =1A.

The net value of ipy is therefore —2 A.

SEQUEL file: ee101 network 4.sqproj

6. Simplify the circuit shown in Fig. 1.16 (a) using Thevenin’s theorem and find the current
L.
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Figure 1.16: (a) Circuit for Example 6, (b) Computation of V., (¢) Simplified circuit diagram.

To obtain the Thevenin equivalent circuit as seen from AB (see Fig. 1.16 (a)), we
deactivate (short) the voltage source and obtain Ry, = (R || R3) + Ro=2.2k. Vi, =V,
3

R
is obtained from Fig. 1.16 (b) as V,.= S V,=2V. The simplified circuit is shown
1 3

VTh
—— =0.74mA.
Ry, + Ry, o

SEQUEL file: ee101 network _5.sqproj

in Fig. 1.16 (¢), giving i =

7. For the circuit shown in Fig. 1.17 (a), find the Thevenin’s equivalent circuit as seen from

AB.
Ry Ry ! Ry Ry
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Figure 1.17: (a) Circuit for Example 7, (b) Computation of Vi, = V.

The open-circuit voltage V. is found from Fig. 1.17 (b), by writing KVL:
Vi=Rii+6i(Ry+ R3), (1.4)
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giving 1 =0.25 A and V=V, =61 R3=12V.
Ry, can be obtained in two ways:

(a) We find the short-circuit current I, as shown in Fig. 1.18 (a). KVL gives

leading to I,,=6i=3.75 A, and Ry, =V,./I;.=3.29.

Rl RQ Rl RQ [0
——AAN —AAA A -—AAA —AAA A
L2000 6i 2Q L2000 6i 2Q

I,
N\Vs R, R3 <+>
Ouv < - 03 D sa3 (O
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Figure 1.18: Computation of Rpy for the circuit of Fig. 1.17: (a)by computing the
short-circuit current, (b) by using a test source.

(b) We deactivate the independent source (see Fig. 1.18 (b)) and use a test source V4 to
obtain R7,. KVL gives

Eliminating 7 from Eq. 1.6 gives Rq,=Vy/lp=3.212.

How do we check our results with circuit simulation? Consider the circuit in Fig. 1.19 in
which the Thevenin equivalent of a network has been represented by Vi, and Ry, KVL
gives

Vo=V —I; Ry, (1.7)

If V; is plotted against I, the y-intercept gives Vry, and the z-intercept gives
Isc = Vi/ Ry These values can be checked against our computed results for the

network.
WV
Ry, .t
O O

Figure 1.19: A general Thevenin equivalent circuit with a test source.

SEQUEL file: ee101 network 6.sqproj
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8. Find the Thevenin equivalent of the network shown in Fig. 1.20 (a), as seen from AB.

- U1 +C Rs - U1 +C Ry
MV A MY MV A
Ry 1 Q 10 Ry 1 Q 10Q
Rl CT ]0 Rl CT ]0 T ]sc
40 2A U1/2 40 2A ’01/2
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Figure 1.20: (a) Circuit for Example 8, (b) Computation of ..

(a) Computation of V,.: Taking node B as the reference node (i.e., Vz as 0V), KCL at

node C' gives,
Ve 1 Ry

Ri+Ry, ° 2R +Rs
which gives Vo =20 V. V,, is then given by Vo= Vi = Vi + % Ry=22V.

Ve =0, (1.8)

(b) Computation of I,.: Again, taking V=0V, KCL at node C' gives,

Ve Ve
Ri+Ry ' Ry (1.9)
giving Vo =1.67V. The current I, is then given by KCL at node A:
Ve un
I.=-Y 4+ 11834, 1.10
RT3 (1.10)

Ry, is therefore equal to V,./Is. = 12€.
SEQUEL file: ee101 network_7.sqproj

9. For the circuit shown in Fig. 1.21 (a), R =20Q, Ry =40Q, R, =4Q, V,=50V.

Find 7 using Thevenin’s theorem.

(a) Computation of V,.: Writing KVL for the circuit in Fig. 1.21 (b), we get
Ry iy

giving i1 =—1A, and V,, =Ry, + V,=10V.

(b) Computation of I;.: The short-circuit current can be found from Fig. 1.21 (¢). In

e 1 5 , |78 5
this case, we have v, = -V, i1 :UZ E:_g , g = _R_QZ_Z A, and

.. b
]S:h—lgng.
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Figure 1.21: (a) Circuit for Example 9, (b) Computation of V,., (¢) Computation of I,
(d) Computation of iy,.

From the above values, we get Ry, =V,./Is. =16 2. The original circuit in Fig. 1.21 (a)

Vin 54

is thus equivalent to that shown in Fig. 1.21 (d), giving i, = ———
R+ Ry

SEQUEL file: ee101 network_7a.sqproj

1.3 Exercise Set:

1. In the circuit shown in Fig. 1.22 (a), find the current i by superposition. Verify your
result with simulation.

SEQUEL file: ee101 network 8.sqproj
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Figure 1.22: (a) Circuit for Exercises 1 and 2, (b) Circuit for Exercise 3.

2. In the circuit shown in Fig. 1.22 (a), find the current i; by source transformation.
3. In the circuit shown in Fig. 1.22 (b), find the currents i; and iy by superposition. Verify
your results with simulation.

SEQUEL file: ee101 network 9.sqproj

4. For the circuit shown in Fig. 1.23 (a),

(a) Find the value of R, for maximum power transfer.
(b) Calculate Py*®*, the maximum power absorbed by Rj.

(c) Obtain a plot Py, versus Ry by simulation, and verify the answers you obtained for

(a) and (b).
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(d) How will the above plot change if the voltage source is changed from 18V to 12V 7

SEQUEL file: ee101 network_10.sqgproj
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Figure 1.23: (a) Circuit for Exercises 4. (b) Circuit for Exercise 5.

5. Using superposition, obtain a general expression for the current i (see Fig. 1.23 (b)) in
terms of the source currents Iy, I, L2, Is3. For each of the following combinations,
compute ¢ using your expression, and verify with simulation results.

(a) I =1,0=3mA, others are zero.

(b) Iy3=1I3 =3mA, others are zero.

SEQUEL file: ee101 network_11.sqgproj



