Principles of Electrical Engineering I — TOOLS

Fundamental Laws: Kirchoff’s current and voltage laws
Using the above fundamental laws, we have the following techniques or tools that we can
utilize to do circuit analysis:

e Voltage and current divider rules,

e Series and parallel combination of resistances,
e A-Y transformations,

e Node voltage method,

e Mesh current method,

e Source transformations,

e Thevenin and Norton equivalents,

e Superposition theorem.

Some of the above tools are direct analysis methods, and some others are tools to simplify
network analysis. The name of the game in circuit or network simplification is construct-
ing network equivalents which when appropriately done can simplify the analysis, while
providing more insight into the network behavior.

Not only, we need to be very familiar with all the above tools, but also we need to know
when to use what tool. Analogous to a mechanic using correctly a particular tool for a
particular task, we need to learn to pick correctly an appropriate tool that suits a particular
circuit. This comes only by experience. To get such an experience, one needs to do a lot of
home-work problems.

Once you learn driving an automobile, you can drive on any road. Once you understand
and learn fundamental methods of circuit analysis, you can solve any circuit. Two most
commonly used fundamental methods of circuit analysis are Node voltage method and
Mesh current method. You need to understand the intricacies of these two methods very
well.



Principles of Electrical Engineering I
Source Transformations

Voltage Source in series

with a resistance

Defining equation betwen v,, and i:

Vap = Vg — iLRs

Load

Grtaphical representation of the

defining equation:

Short circuit

vg 4 1, = 0, Open circuit
Vab T
l Vap =0
Yg
Rs
0 i R
Figure 1

Current Source in parallel
with a resistance

----------------------- ﬁ-‘ b

Zg—’éL + |
ig R, ve| O |Load
....................... 2

Defining equation betwen v, and i:

Vab = Zng - IiLRp

Grtaphical representation of the
defining equation:

tgRpk i, = 0, Open circuit
Vab T
Short circuit
l Vap = 0
lg
0

Figure 2

When can the two circuits be equivalent
with respect to the terminals a and b?

They are equivalent if v,; versus
ir characteristics of both are identical.
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Source Transformations — Example

Example. Determine the current i, shown in Figure (a) given below.
Think of how equivalents
are determined

A series of transformations are given below.

20 0 3Q 40 0 30
AN AN —AM AA —AW
Lo — Lo
24A §2Q 154 60 1Q§ 12V 60 1Q§
+
: Fig. (a) Fig. (d)
20 20 80 30 W
AN AN AA AN
+ io o
48V 154 69 mg 1A 12Q§ 60 mg
J/ Fig. (b) Fig. (e) Com&e
into
0 3Q
AN A one
lo i, resistance
124 4Q§ 154 69 mg 14 3Q§ 60
Zl Fig. (c) Fig. (f)
Combine the current sources into one source, and then use

source transformation to get Figure )d)
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Example: Our interest in this problem is to determine the currents ¢, and 7, in the circuit shown in Figure

1. For this purpose we simplify the circuit as much as we can, solve the simple circuit and then come back

to solve the given circuit.

Source transformation
a i, 30
1 a i, 8 b 36Q

240

Figure 1 g h 120 g
Figure 2
360V ———> Source Transformation
a i, SO b a iy 80 b
q

= \VW——ma—VW
: 240 360V
S AAY i
g h 129 g i v

AN

249 240 480
by 1y
\ g g
g h 48Q . h
Figure 3 Figure 4
a iy, 80 b i, = HA
—= AN * * a iy 8 b
— A/ »
1692 7.5A -
B 40V 2169 75A
o 3 thi, =254
g h .
Figure 5 g h
Figure 6

7.5A

In the above analysis, we successively simplified the given circuit into simpler circuits. Finally, we solved a
simple circuit as in Figure 6. To determine other currents in the circuit of Figure 1, we need to trace back

from the simple circuit of Figure 6 to the circuit of Figure 5, and so on.

Let us consider the circuit of Figure 4 as re-drawn below on the left side. We can evaluate the current from
node h to node b via 242 in two ways. Knowing the voltage across 242 as 40 V, we note the current from
node h to node b as % A by simple Ohm’s law. Or we can evaluate it by current division rule by knowing
the current 2.5 A splits into two parts, one part going through 242 and the other part going through 48¢).
This enables us to determine all currents in the circuit of Figure 1 as shown below on the right side.

iz = DA
a i, 38 b
—= AN » » ]
40V 2240 40V 2480 7.5A
+Ai, = %A + %A
o . 3 12Q 13
h k

g h &

Figure 1 re-drawn
Figure 4 re-drawn & W
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Principles of Electrical Engineering I

A Caution About Circuit Equivalents

Caution: The circuit « in Figure is a fixed circuit and the circuit § is a load on the
circuit a.. Suppose we intend to determine an equivalent of the fixed circuit o with respect
to the terminals a and b. This can be done only when the circuit a does not have any
controlling variables that control some dependent source which is in the circuit 3. The
reason is simple. If you attempt to do so, you will immediately realize that the access to the
controlling variable is lost and you will not know how to characterize the dependent source
which is in the circuit (.

This caution applies to Thevenin and Norton equivalents as well as Source Trans-
formations.

_I_u lon

»
Y.

« v 15} Load

Figure
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Principles of Electrical Engineering I

Thevenin Theorem

Consider the interconnection of two circuits o and
0 as shown in Figure 1. The circuit « is a given
circuit while the circuit ( is a load on the circuit
a. We would like to analyze the interconnected
circuit to determine v and 7 at the terminals a

and b where the two individual circuits are inter- @ Y B Load
connected. We would like to do so for different
types of loads (i.e. as the circuit 5 changes). This
implies that we need to repeat the circuit analy- Figure 1
sis to determine v and 7 every time the circuit

changes.

»
Y-

_I_u lon

N Y

To reduce the computational burden of repetitive circuit analysis, Thevenin came up with a
remarkable and highly useful result which gives a simple equivalent circuit for the circuit «.
Before stating Thevenin’s results, let us impose a mild condition on the circuit «.

Assumption: Let o be a linear circuit which could be passive or active. If it is active,
let poth the controlling and controlled branches be contained within itl Let there be no
restrictions on the circuit (.

Open circuit voltage v,.: i=0
The voltage across the terminals a and b when the load § is an open b
circuit and thus draws no current can obviously be called as the open o _Voc

circuit voltage, and it is often denoted by w,..
Short circuit current i.,:

1=1 h
The current from b to a when the load (3 is a short circuit and thus has e ot
no voltage across it can obviously be called as the short circuit current, a Ua: 0
and it is often denoted by iy, or iy as in the text book. _
T.hevenin"s Thfeorem: The circuit «, however complex it g quivalent
might be, is equivalent to a voltage source (denoted by vrn)  of Circuit o
Load

in series with a resistance (denoted by Rp,) between the termi-
nals a and b as depicted in Figure 2. The voltage source vpy, :
equals the open circuit voltage v,.. The resistance Ry, equals Ry,
the ratio of open circuit voltage v,. to the short circuit current
is5. 1t is also the resistance of the circuit o seen at the terminals
a and b when all the independent voltage as well as current
sources in the circuit « are set to zero.

© Urh

Figure 2

Proof of Thevenin’s Theorem:
If we accept the fact that the circuit «, however complex it might be, can be represented by
the simple circuit of Figure 2, we can then easily prove v, = v,. and Ry, = ”"}‘.

Obviously, if the circuit 3 is an open circuit, the voltage v across the terminals a and b
is v, and vy, respectively in Figures 1 and 2. Then for the equivalence of the circuits in
Figures 1 and 2, we must have vr, = v,.. Let us next assume that the circuit 3 is a short
circuit. Then the current 7 is ig, in Figure 1, and it is é"’c in Figure 2. This implies that for

the equivalence of the circuits in Figures 1 and 2, we must have Ry = ;’(’;
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Thévenin-Norton Equivalency

VWA a
Thévenin

equivalent
circuit

Norton equivalent

circuit T %
IN=VTh /RTn

RN = R1p

Equivalence between Thévenin and Norton equivalent circuits.

Fawwaz T. Ulaby and Michel M. Maharbiz, Circuits (€)2009 National Technology and Science Press
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332:221 Principles of Electrical Engineering 1

The formulae related to A—Y equivalents are given below:

A R. B
R, = Ry R R = HBiRotRoRs+RsRy A A B
! Ro+Ry+Re a Ry

R R
R, = RqRc R, = ZIiBatRoRs+RsRy R R ! 2

2 Ra+Ry+Re b Ry b a R

3

C C

_ Rq Ry _ RiRo+RoR3+R3Ry
Ry = Ra+Ry+Re. R = R3

6.25Q0 C
3

— WA
10 Q
P A+ v —
44.44v (5) n -
. ) . ) 9020, vp 2 382
Problem: Our interest in this problem is to - B
determine the Thevenin Equivalent circuit at )

G G G
Figure 1

the terminals A and B of the circuit shown in
Figure 1. You can solve for open circuit volt-
age v, and short circuit current i, by differ-
ent methods, including Node voltage method 6.2502 C
and mesh current method. The answers are 1
Voe = 6.66 V and iz, = 2.4 A (see next page for 10 30
the details of Node voltage method). In what
follows, we will determine Thevenin resistance A 5
Rrp, at the terminals A and B by constructing

. . . 90 3Q
an independent source-less circuit as shown in
Figure 2. For clarity, the circuit of Figure 2

is re-drawn as in Figure 3. In order to deter- G G. G
mine the resistance between the terminals A Figure 2
and B, we need a A to Y transformation. We
can transform the A between the terminals A, 90)
C, and G (comprising of resistances 92, 1€, W\'G 550 50
and 6.25Q2), to a Y as shown in Figure 4. Here CO.
Ry, Ry, and R3 are respectively given by 10 G
NV
9 9(6.25) 6.25 30
R1 - —Q, R2 - Q, R3 =—N0 I
16.25 16.25 16.25 A B
Finally, from Figure 4, we can determine the Figure 3
resistance between the terminals A and B by
series-parallel combinations as R, Ry, @ 39
Ry, = 2.77500.
R
M
C 3Q
A B

Figure 4



Determination of Open Circuit Voltage |[Solution:
v, by Node voltage method: Consider the v, = 16.66V, v, = 8.33V, v, = 15V

circuit of Figure 5 where node voltages v, vg, @ @
vy, and v, are marked while taking node G as 6.250
the reference node. We note that vy, = 44.44 —VW—e¢
V. We can easily write the following three node 10 20
equations: + N
Vg N Vg — Ve 0 4444V <—> ‘ A B
9 1 a 90 30
Ve — 4444 Ve — Vg Ve—vp 0 G G G
625 1 3 " Figure 5

By solving the above equations, we get
Vpe = Vg —p = 6.66 V. In fact, we have v, = 15
V, v, =833V, and v, = 16.66 V.

Solution:

v, = 14.4V, v, = v, = 10.8V

Determination of Short Circuit Current @ @
1sn, by Node voltage method: Consider the 6.250
circuit of Figure 6 where node voltages v, v,, — W\—¢ *

vy, and v, are marked while taking node G as
the reference node. We note that vy, = 44.44 V .
Ush

_'_
and v, = vy. We can easily write the following 44 441/ C—) ‘
' - A B
B 90 30

10 30

three node equations:

Vq Vg — Ve

— + + 7;sh =0
9 1 * .
Uy | Up— Ve G G G
3 + 5 "l = 0 Figure 6
v —44.44 v, —v, V. — Uy
= 0.
6.25 + 1 3

By solving the above equations, we get v, = v, = 10.8 V and v. = 14.4 V. This yields
ish =24 A, and thus RTh = Yoo — 6:66 _ 2.7750.

ish 24 —

Home-work (not collected): Determine Open Circuit Voltage v,. and Short Circuit Cur-
rent iz, by Mesh Current Method.
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Thevenin Equivalent Circuit — Example
Fo oH

1.254,

2Q

We would like to determine the Thevenin equiva-
lent circuit at the terminals F and H.

Determination of v,. by Mesh current
method: We select two mesh currents ¢;, and
19 as shown. The dependent voltage source 1.25¢,
is controlled by i; which is one of the assumed
mesh currents. We note also that the indepen-
dent current source 2A is related to the assumed
mesh currents by the equation,

iy iy = —2.

Besides the above equation, we need one KVL
equation to solve for the two unknowns i; and i,.
The KVL can be written for the loop ABCDEGA
(Super mesh of ABCGA and GCDEG),

By solving the above equations, we get , 17

The voltage rise from F to H v,. = 1.251; — 2i; = 2.6842V.

Determination of R, by using a test source:

The independent voltage sources are set to zero, 1V
i.e a short is placed in their locations. The in- F 2 o
dependent current source is set to zero, i.e. it is 7 ;
opened. The resulting circuit is shown on the right 1.256, y e
where a test voltage of 1 V between the terminals B ) S 24) D
F and H is applied. It is easy to compute 7; as
0.25A and current in 2() resistance from D to C
as 0.34375A. Hence i, = 0.59375A. As such 0
-
A0 G E
Rrp = 059375 1.68421).

F H
The Thevenin equivalent circuit is shown on the 2.6842V 1.68420)
right. CD . AN

NS



Determination of ¢, by Mesh current
method: In this example, one can easily deter-
mine iz, by inspection. For example, by writing
the KVL for the loop ABFHDEGA, we can first
determine i5. Then by writing KCL at node G,
we can determine 7;. Once 4 is known, we can
determine iy, by writing the KVL for the loop
BCDHFB.

To use the Mesh current method systematically,
we start by selecting three mesh currents iy, io,
and 4, as shown. The dependent voltage source
1.254; is controlled by #; which is one of the as-
sumed mesh currents. We note also that the in-
dependent current source 2A is related to the as-
sumed mesh currents by the equation,

i iy = —2.

Besides the above equation, we need two KVL
equations to solve for the three unknowns iy, io,
and i,,. The KVL can be written for the loop
ABFHDEGA (Super mesh of ABCGA, GCDEG,
and FHDCBF),

3—12+144=0.

Also, the KVL can be written for the mesh BCD-
HFB,
1.256, — (i1 + ign)2 = 0.

By solving the above equations, we get i1 = —4.25, i, = 2.25, and iy, = 1.59375 A.

We can now easily verify that

Ryn = %€ — 1.68420).

Ush



Principles of Electrical Engineering I
Example — Thevenin Equivalent Circuit

Fall 1999 quiz: Determine the Thevenin equiv-
alent circuit of the circuit shown in Figure 1 with
terminal b positive with respect to a.

Node Voltage Method to determine wvgc:
In Figure 2, pertinent node voltage variables are
marked by selecting node a as the reference node.
We can easily determine i, as

S_UOC

3

Iy =
Also, we can write the node equation at node b as

/UOC - ?)Z:B U()c - 8

2 3

0.

By solving the above two equations, we get

Uy, = Voo = 0 V.

Node Voltage Method to determine ig,: In
Figure 3, pertinent node voltage variables are
marked by selecting node a as the reference node
while shorting the nodes a and b. We can easily
determine 7, as

Also, we can write the node equation at node b as

0—3ix+0—8
2 3

+IiSh == 0

By solving the above two equations, we get

, 20
ZSh - ? A
Then, the Thevenin resistance Ry is given by

Ry = 22 — 0.750).

lsn

3Q b
im
+
8V ()
a

Figure 1

3Q

8V @
|

b
4
Voc
a

Figure 2

O

@ " Z.Sh

b
a

1

_l’_
8V

Figure 3

Ry, = 0.750p
—MA—e

v =5V ()

a
Thevenin Equivalent Circuit



Fall 1999 quiz: We determine next the Thevenin
equivalent circuit of the circuit shown in Figure 1
while using Mesh Current method.

Mesh Current Method to determine voc: In
Figure 4, mesh current i, is marked (Note that
there is only one mesh). We can easily write the
mesh equation as

8 — 3ty — 24, — 31, = 0.

This yields 7, = 1 A. We note that

Mesh Current Method to determine ig,:
In Figure 5, Mesh Current variables are marked
while shorting the nodes a and b (Note that there
are now two meshes, and hence there are two mesh
current variables, i, and ig,). We can easily write
the two mesh equations as

8 — 3, — Q(ix - 'i511) =31, =
iy — 2(i5h - Z:c) =

By solving the above two equations, we get

. 8 . 20
ZngA and ZShIEA.

Then, the Thevenin resistance Ry is given by

lsn

Test Voltage and Test Current Method to
determine R.y: Figure 6 shows the set up. We
can easily write the two KCL equations as

v +3i, = 0
v — 2(ig +iy) — iy =

By solving the above two equations, we get

. (o . 4Ut
i, = —— and i; = —

3 3
Then, the Thevenin resistance Ry is given by

v _ 3 _ 750,

Forn = i 4

[ i

3Q b
ANV *
Iy
20
_l_
8V T + lsn
B 3i,
i i a
Figure 5
Ry, = 0.7501
—MA—
Z@h:5v'i>
a

Thevenin Equivalent Circuit

Figure 6




Thevenin Equivalent Circuit — Example

We would like to determine the Thevenin equivalent circuit at the terminals a and b. To do
so, we plan to compute all of the following three: (1) open circuit voltage, (2) short circuit
current, and (3) Thevenin resistance Ry, directly.

1*&’\2/\52\/ * l=)
Determination of open circuit voltage v,.:
Using mesh current analysis, determine the open 30
circuit voltage v,. between the terminals a and b.
Choose appropriate mesh currents in any direction 26V __> @
you like. None of the methods other than mesh
current analysis are acceptable. 1092 @ 0.51,
There are two meshes and we chose ¢, and 0.5,
as mesh currents as shown. & . . .

One obvious KVL equation can be written as
3
26 = 215 + 315, + 10 (5%) .
This gives us i, = 1.3 A. We can then compute

Voo = 26 — 24, = 23.4V

3) 2oy Q)

Determination of short circuit current i,,:

Using nodal analysis, determine the short circuit 30

current iz, from the terminal a to b. Using G as

the reference, choose appropriate node voltages 26V ‘_‘) @ Y ish
you like. None of the methods other than nodal

analysis are acceptable. 1092 0.51,

Using G as the reference, we can mark easily node
voltages as shown. It is easy to compute . .

]
I~

26
=2 — 134,
e =

Also, we can write the KCL equation at the node marked by v, as

U1 U1 .
—+ —=—-05, =0 = = 15V.
3 710 .
By writing the KCL equation at the top node of 3(2 resistance, we get

ish :ix+v—31 = iy = 18A.



Direct determination of R from the in-
dependent source-less network: The in-
dependent source-less network can be con-
structed as shown on the right side. Determine
itest Dy any method. Show all your work.

We can mark by inspection, the branch cur-
rents as shown. Also,

1
Then, by writing one of the KVL equations, we get

3
]. == 3(293 + itest) ‘l— 10 <§Zz ‘l— Z.test> = Z.test == 07692A

Determine the Thevenin resistance Rrj, as

1 1
Rpyp = — = — —1.30Q.
g 0.7692

V.

The value for Rp, as calculated from i is
Voe  23.4
Rpp = — = — =1.30.
g 18

Yes, both ways of computing R, agree with each other.

R =130 1
—AMA—s
Mark appropriate values for the Thevenin equiv- Uy = 23.4V C_‘)
alent circuit shown on the right.

a



Thevenin Equivalent Circuit — Example

We would like to determine the Thevenin equivalent circuit at the terminals a and b. To do
so, we need to compute open circuit voltage and short circuit current.

Determination of v, by Node voltage
method: Using G as the reference, we mark the
node voltages as shown. Here v, and v; are un-
known. We note that v, = v,.. We need to express
the controlling current ¢; in terms of the node volt-
ages. We see easily that iy = v, —2. Also, we note
that v; = v, —2i; = v,—2(v,—2) = 4—v,. We can
now easily write the node equation at the nodes
K, L, and M (all of them as one node) as

v —16 v vy —2

2 +2jL 1

=0.
We can substitute for v; as 4 —v,, and rewrite the
above equation as

'Ub—16 4—'Ub Ub—2:0
2 2 1 '

By solving which we get v, = v,. = 8V.

Determination of v,, by Mesh current
method: We select two mesh currents ¢; and 79
as shown. The dependent voltage source 2 is
controlled by ¢; which is one of the assumed mesh
currents. To solve for the two currents i; and io,
we need to write two KVL equations. The KVL
for the loop LKGPL can be written as

—i1—2—2(i1+i2)+2i1:0 = 11+ 20y = —2.

Similarly, the KVL for the loop MNPLM can be

written as
—2iy — 16 — 2(i; +43) + 20, =0 = 4iy = —16.

From the second equation, we get i, = —4A. Sub-
stituting this in the first equation, we get i; = 6A.
Knowing iy, = —4A, we get

Ve = 16 + 219 = 8.



Determination of short circuit current i,,:
The short circuit current iy, can be easily calcu-
lated by inspection. (You can try other methods
to compute ig4,.) To do so, at first, we calculate the
current in each branch. By writing the loop equa-
tion GKLMbaNPG, we see the current from G to
K as 2 A. Similarly, by writing the loop equation
LMbaNPL, we see the current from L to P as 2 A.
Finally, by writing the loop equation MbaNM, we
see the current from N to M as 8 A. We observe
i =8+2—-2=8A.

The Thevenin resistance Ry, is given by

R = - -
g 8

Determination of R, by using a test source:
The independent voltage sources are set to zero,
i.e a short is placed in their locations. The re-
sulting circuit is shown on the right where a test
voltage of 1 V between the terminals F and H is
applied. It is easy to compute 7; as 1A. Knowing
11, we see easily that the current from P to L as
% A. Also, we see the current from M to N as %
A. Then, writing the KCL equation at the nodes
K, L, and M (all of them as one node), we see

test = 1 A. This implies that

1
RTh: i - 1Q

The Thevenin equivalent circuit is shown on the
right.

142.

D=




Principles of Electrical Engineering I

Example 1: The purpose of this example is to show that [uo is zero whenever there are no
independent sources in the given circuit| and to illustrate that Ry could be negative whenever|
l[active elements are present)

Determine the open circuit voltage voc at the termi- 1092 b
nals a and b for the circuit of Figure 1a.

Determination of voc: To determine vy, take g
as the reference node and mark the node voltages as
shown in Figure 1b. Obviously,

Voc

i{E — 1—0’ al’ld Ul - Uoc - 16@13 — _O.6voc.
Th .
us, R Figure la
Zl —_ — = _O.GUOC
1
Now the node equation at b or a implies that
1092 ‘ b

iy +11 =0 = % — 0.6voc = —0.5v5¢ = 0.

The last equation certainly implies that v, = 0.

Determination of Rr,: To determine Ry, we use
test voltage and test current method. We apply the
voltage v; to the circuit, and compute i; drawn by the
circuit. Thus, consider Figure 1lc. As before we note
that

. v .
Iy = 1—6, and vy = v, — 163, = —0.6v;.
Thus,
, v
11 = Tl = —0.6’Ut

Now the node equation at b or a implies that

By =iy i = i = % — 0.60, = —0.50,.
10
Thus the Thevenin resistance Ry, equals %: = —20).

Figure 1c

Example 2. Determine the Thevenin equivalent circuit of two resistances R, and Ry connected
in parallel. Obviously, as there are no independent sources, the open circuit voltage is zero,

_ R
al’ld RTH_ﬁ‘

Example 3. Determine the Thevenin equivalent circuit of an ideal battery of 12 V. Obviously,
the open circuit voltage is 12 V, and Ry = 0.
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Principles of Electrical Engineering I

Maximum Power Transfer

Consider the interconnection of two circuits a and
[ as shown in Figure 1. The circuit « is an active .
circuit with sources (both independent and depen- « v 153 Load
dent) while the circuit § is a passive load on the . . ]
circuit a. Let the equivalent resistance of circuit a
be R;. Determine R, such that power transferred
by the circuit « to the load Ry is maximum.

_I_u lon

Y-

Figure 1
. . . . Equivalent

By }repla01ng the circuit « by its T‘hev‘emn of Circuit a |

equivalent, we can redraw the circuit of protrreeeies -

Figure 1 as that in Figure 2.

l

Current 7 is given by g | Load

_ UTh
Rrn, + Ry,

?

Power consumed by Ry, Figure 2

U2 RL
P=i’R, = —Th" %
" T (Rpw + Rp)?
We need to determine Rj, such that P is maximum. We need to set
dP
— =0.
dRy,
Differentiation formula,
VdU —dV U
V2 '
Applying the above rule with V = (Rgy, + Rz)? and U = Ry, we get

d[v-lU} — VN QU-V 2V U =

oP v, [(RTh + Rp)® = 2(Rey + RL)RL}

OR}, (Rrn + Rp)*
= (RTh —+ RL)2 — 2(RTh + RL)RL =0 = (RTh -+ RL) —2R;, = 0.

This yields
Ry, = Rpp.

In words, the load resistance Ry, equals the Thevenin resistance (Rry,) in order to maximize
the power P consumed by the load.

Second derivative of P with respect to R; confirms that P is maximum when R; = Rry.
Verify yourself.

. Rrn o vE,
Maximum Power = —————wv

(2Rpp)2 ™" " ARy,



HW from Nilsson and Riedel 8th and 9th editions

Set up the equations for the following problems. Solve them numerically by utilizing your
calculator or Matlab.

Nilsson and Riedel 8th edition:

4.61, 4.62

4.72 You can first develop a Thevenin equivalent to the circuit left of 50k€2, once you do
that replace the circuit left of 50k€2 by its Thevenin equivalent and then develop a Thevenin
equivalent at the terminals a and b.

4.77 There are no independent sources. So, Thevenin voltage is zero. Find the Thevenin

resistance by test voltage test current method.

Nilsson and Riedel 9th edition:

4.60, 4.62

4.73 You can first develop a Thevenin equivalent to the circuit left of 50k€2, once you do
that replace the circuit left of 50k€2 by its Thevenin equivalent and then develop a Thevenin
equivalent at the terminals a and b.

4.78There are no independent sources. So, Thevenin voltage is zero. Find the Thevenin

resistance by test voltage test current method.
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|This problem will be collected and gradedl

(Problem 1a) Determination of vy, = v,. by node voltage method: Consider the
circuit shown below. Our aim in this problem is to determine the open circuit voltage v,
at the terminals A and B by utilizing the node voltage method. Consider the grounded
terminal as the reference node.

Q

10 0.5
e .
N -
20V 10 1.2v, 0.625Q Voe
il

>0
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(Problem 1b) Determination of iy, by node voltage method: Consider the circuit
shown below. Our aim in this problem is to determine the short circuit current i, through
the terminals A and B by utilizing the node voltage method. Consider the grounded terminal

as the reference node.

10 0.5 B
MW\ y AN y ’
+ U:C -
_l_
20V (_) 10 1.20, 0.625Q Vi




(Problem 1c) Determination of vy, = v, by mesh current method: Consider the
circuit shown below. Our aim in this problem is to determine the open circuit voltage v,. at
the terminals A and B by utilizing the mesh current method.

0.502

19 B
e . .
N -
20V 10 1.2v, 0.6252 Voe
il

>0



(Problem 1d) Determination of iy, by mesh current method: Consider the circuit
shown below. Our aim in this problem is to determine the short circuit current i, through
the terminals A and B by utilizing the mesh current method.

10 0.5Q B
——WA————MA——— .
_'_ U:C -
_l’_
20V _) 10 1.20, 0.6259 Vi




(Problem 1e) Determination of Ry, by test voltage and test current method: We
first construct an independent source-less circuit. Apply a test voltage v; at the terminals
A and B, and determine the test current i; supplied by it to the circuit. Then we recognize
that the Thevenin resistance Ry, is the ratio 7. Utilize any method to determine the ratio
it. The independent source-less circuit along with the test source is as shown below.

190 0.582 Tt B
——WA——+—— AW —— ' -~
_'_ U:C -
+
1) 1.2v, 0.625%2 Vg
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Theme Example — DAC— Thevenin equivalent circuit at the output terminals
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e a
Digital 9R I
to analog
converter
2R ou
(DAC) $ Hout
circuit. B
Gr :
Figure 1

Determination of the Thevenin equivalent circuit at the output terminals ‘g’ and ‘a’:

Thevenin voltage vy, is the open circuit voltage at the output terminals ‘g’ and ‘a’. That
is, it is the output voltage v,,; when no load is connected at the terminals ‘g’ and ‘a’ as in
Figure 1. Such a voltage has been determined as (you need not show this),

— 1 1 1 1
Urp = 3U1 + U2 + U3 + 5V

Thevenin resistance Rpy, is the same as the resistance Ry, seen from the output terminals
‘g’ and ‘a’ as shown in Figure 1R where all the source voltages vy, vo, v3, and v, are set to
zero. Determine Thevenin resistance Ryy,.

e d R

c R b R a a
—AM——AN——AN— .
2R£ 2R£ 2R£ 2R£
2R§ [ ) [ [ — Rzn
GL gd g3 g2 gl g
Figure 1R

Draw below the Thevenin equivalent circuit at the output terminals ‘g’ and ‘a’.
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Determination of v,,; when a load Ry is connected at the output terminals ‘g’ and ‘a’:
Connect a load of Ry, at the output terminals ‘g’ and ‘a’ as shown below.

e d R c R b R a a
* AYA"A% NN * A%, *
2R 2R 2R 2R
_l_
2R RL Vout
: + + + + : _
V4 Vg () U1
L ol &3 ) ol g

Modify the Thevenin equivalent circuit drawn earlier to include the load, then determine the
resulting output voltage v,,;. Note that v, is a function of R;. This implies that the load
affects the output voltage v,,;. We will see later on how to avoid this.





