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CHAPTER 3 — ANALYSIS TECHNIQUES



2 OVERVIEW

o’

* Nodal analysis

 Mesh analysis

* Linearity

e Superposition

» Thevenin/Norton Equivalent Circuits
 Maximum Power Transfer

* Bipolar Junction Transistor (BJT)



NODAL ANALYSIS

Nodal Analysis provides a general procedure for
‘analyzing circuits using node voltages as the
circuit variables.

Steps to determine the node voltages:

1. Select a node as the reference node.

2. Assign voltages V,,V,,...,V,.; to the remaining n-1
nodes. These voltages are referenced with
respect to the reference node.

3. Apply KCL to each of the n-1 non-reference
nodes. Use Ohm’s law to express the branch
currents in terms of node voltages.

4. Solve the resulting simultaneous equations to
obtain the unknown node voltages. 4
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w4 NODAL ANALYSIS
Example 1 - circuit with independent current source only
Apply KCI at
node 1 and 2 | 6 Q V2
O—W—6
A (A 20 75.2; y) 4A
fa
N ®
:3
Answer: V; = -2V, V, = -14V o () 9
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NODAL ANALYSIS

N/

4

Example 2 - Circuit with dependent current sources

40 40
AN A
i *'l b = )
20 5 8 O 20 » 2 8Q 2
l A M 3 ) AN A
— —
sad| |y
3A D §4Q <§> 2i, 3A D §4Q

Answer: V,= 4.8V, V, = 2.4V, V, = -2.4V
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NODAL ANALYSIS

4

N/

Example 3 - Write the nodal voltage equations for the circuit

2 A
&
1Q
AN
s SQ o 8Q  ,  8Q
AW——AMN, W

3A (D

§]()Sl

@ 1A §4Q 2Q§

G 4 A




—" NODAL ANALYSIS ol

Example 4 —circuit with independent voltage source ~—

—

—

10 Q
How to handle the 2V e VAAYA ey
voltage source? \
2V
”] \ 1,'2
S

>

ZACD %29 49% Q 7A

« A super-node is formed by enclosing a (dependent or
independent) voltage source connected between two non-
reference nodes and any elements connected in parallel with it.

- Note: We analyze a circuit with super-nodes using the same .
three steps mentioned above except that the super-nodes are
treated differently. " ./ 9 /
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w5 . NODAL ANALYSIS

Example 4 —circuit with independent voltage source

2 : /)2
C D

Super-node equation: 2= V,/2 + V,/4 + 7

Relation between node voltages: V, -V, = 2

9 \/ | Uu_\
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\/, " NODAL ANALYSIS

I Example 5 —circuit with independent voltage source

Supernode

--------------------

CDW §4Q ----- i Q% ----- QACD Solution:

— V1—4_|_V1+V2 v _ 0
% 2 4 8 -

which may be simplified to

6Vy + Vo =32.

Additionally, the supernode KVL equation is
Vo, — Vi = 18.
Simultaneous solution of the two equations yields f

Vi=2V,  Vh,=20V.

. / - \ /
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\/, " NODAL ANALYSIS

Example 6 - circuit with current and voltage sources o
30
O :

~

- - S

b
o
®

)

- enen . a o=

V,/2 +(V,-V3)/6 +(V,-V,)/3 = 10 / Q
V,- V,= 20 V,-V3)/6 +(V,-V,)/3 = Vy/4 + V./1

V3 - V4 = 3{(\/1 _V4)/3} 10 N’

9 \J 9 )



) =" MESH ANALYSIS e

—

Mesh analysis provides another general
procedure for analyzing circuits using mesh
currents as the circuit variables.

Nodal analysis applies KCL to find unknown
voltages in a given circuit, while mesh analysis
applies KVL to find unknown currents.

Recall that a mesh is a loop which does not
contain any other loops within it.

o \ / '
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MESH ANALYSIS

'

Steps to determine the mesh currents:

1. Assign mesh currents iy, i5, ..., in to the
n meshes.

2. Apply KCL to each of the n meshes. Use
Ohm’s law to express the voltages in terms
of the mesh currents.

3. Solve the resulting n simultaneous equations
to get the mesh currents.
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/- © MESHANALYSIS

o/
Example 1 - Circuit with independent voltage source
Ry la_ e, R
VWA VWA
i
OO END
~Vo+ LR+ — )Rz =0 (mesh 1)
(L —11)Rs+ LR, =0 (mesh 2)
=

(R1 + R3)[} — LRz =V (mesh 1)

Two equations in 2 unknowns:

Solve using Cramer’s rule, matrix

inversion, or MATLAB _ Ry} + (Ry + R3) [, =0 (mesh 2)'
R -

b N

> -’
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ws MESH ANALYSIS

Example 2 - circuit with dependent current source

1.\'=4V1

P
N

Q
1O 1O
A AAA
+
10\/(? L ) 320l o §3Q

But Vi =2(I) — D).

VWA

(14+2)1 =21, — Iz = 10, Mesh 1 I~ _14A L= —10A
Hence
_2]1+(2+1+3)]2—13:O Mesh 2 —511—|—6[2:10,
s Cerr
—101; + 141, = 0. e =8 = 1)
Iy =1, =4V]. Mesh 3 = 8(—14 + 10)

& \/ = :32 A. /

. / - \



w4 " MESH ANALYSIS

-

Example 3 - circuit with dependent voltage source

I I

4 €
@ (7) | o

129% (i) <‘_?4z‘,,
o

Answer: j, = 1.5A Y,

. / - \
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/= T MESHANALYSIS

o’ \\/

Example 4: Write the mesh-current equations for the circuit

5Q




N/
w4 = MESH ANALYSIS

Example 5: Circuit with current source
S
6Q 10 Q
6 Q 10 Q
,’ 22'2§ “‘ W\/\/ /\N\/\/
20v @ ﬁ) : ': /) 240 . ~ |
'. : 20V i) ; @ q | §4£2
\\\ 6 A\ G) /“ : :
i 0 fy S
e Exclude these (b)
(2) clements

A super-mesh results when two meshes have a (dependent or
independent) current source in common as shown in (a). We create a

super-mesh by excluding the current source and any elements connectg/d
in series with it as shown in (b).

—20+61,+(10+4)1,=0
l,—1, =6

u\_/ N



MESH ANALYSIS

'

Properties of a super-mesh:

1. The current source inside the super-mesh is
not completely ignored; it provides the

constraint equation necessary to solve for the
mesh currents.

2. A super-mesh has no current of its own.

3. A super-mesh requires the application of both
KVL and KCL.
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" MESH ANALYSIS

xample 6: super-mesh o/
10 Q2 100
W AR
20 J 20 20 A 20

“O AN ) YolaIo)

]

[ |

1

[ |
D 3451

E

!

Supermesh

(a) Original circuit (b) Meshes 3 and 4 constitute a supermesh

(104+2+4)1y =21, —4ls, =6, Mesh] Solution gives:
2L +Q24+2+2)h —2I4, =0, Mesh?2
-4 — 2L + 413+ (2+4)I4 =0.  Super-mesh 3/4

Is — 13 =3 Super-mesh éyxiliqry Equation
: \ ) I —

\ ). s '\




\/ NODAL VERSUS MESH ANALYSIS

o’ \\/

Jo select the method that results in the smaller number of
equations. For example:

1. Choose nodal analysis for circuit with fewer nodes than
meshes.

*Choose mesh analysis for circuit with fewer meshes than
nodes.

*Networks that contain many series connected elements,
voltage sources, or supermeshes are more suitable for
mesh analysis.

*Networks with parallel-connected elements, current
sources, or supernodes are more suitable for nodal
analysis. )

2. If node voltages are required, it may be expedient to apply
nodal analysis. If branch or mesh currents are required, it
may be better to use mesh analysis. N’

9 \J | u\ /



2 LINEARITY

—* Acircuit is linear If output is proportional to input
* A function f(x) is linear if f(ax) = af(x)
* All circuit elements will be assumed to be linear or can
be modeled by linear equivalent circuits
e resistors v = IR
* linearly dependent sources
 capacitors

* inductors
=

« We will examine theorems and principles that apply to
linear circuits to simplify analysis

S \ / ot
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SUPERPOSITION

4

[f a circuit contains more than one independent source, the
~  voltage (or current) response of any element in the circuit
1s equal to the algebraic sum of the individual responses
associated with the individual independent sources, as 1t
each had been acting alone.

Solution Procedure: Source Superposition

Step 1: Set all independent sources equal to zero (by
replacing voltage sources with short circuits and current
sources with open circuits), except for source |.

Step 2:  Apply node-voltage, mesh-current, or any other
convenient analysis technique to solve for the response v
due to source 1.

Step 3: Repeat the process for sources 2 through n,
calculating in each case the response due to that one source
acting alone.

Step 4:  Use Eq. (3.30) to determine the total response v.

Alternatively, the procedure can be used to find currents 7
to i, and then to add them up algebraically to find the total
current i using Eq. (3.31).
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" SUPERPOSITION

) xample 8: find I using superposition —/

S’

C)!U()'A gfn:sgz vo=4sv(*

Contribution from [, alone [ \ Contribution from V|, alone
I Ry=100Q L, Ry=10
VWA

Q

VWA

CDIO_6A %RI_SQ §R1:5Q V0:45V =

R

— o i

LR A [= 1, @, 2/} 3= 3t O) )
g — \




-/ = SUPERPOSITION

Example 9:Use superposition WG .
to-find v,. — AMA— :

1()v<i> ‘2AG 40

0.1z,

2A is discarded by

S 10V is discarded
open-circuit

by open-circuit

20 Q v, 20Q v,

1

Dependent source
keep unchanged

40

T 0.1v,

Answer: v, = 12.5V o’ \/
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w4 THEVENIN’S THEOREM

-
A linear two-terminal circuit
can be replaced by an
equivalent circuit that is
composed of a voltage
source and a series resistor

Voltage across output with
no load (open circuit)

UTh — Upc
Resistance at terminals with all

independent circuit sources set to
Zero

RTh — Rin

o
) -

. + L:
Actual Vo 110@®

circuit

O -
b

(a) Measuring v, on|actual circuit

RTh 1
vWWA O
=
UTh UTh + -9 0
O- =

b
(b) Measuring vy, of equivalent circuit

" \J N /
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/- “NORTON'S THEOREM
A lihear two-terminal circuit
can be replaced by an Thévenin and Norton Equivalency
equivalent circuit composed Ry
of a current source and Thévenin e od
parallel resistor equivalent -
circuit
Current through output with o)
short circuit |
iN = t
R
] L Oa
Resistance at terminals with all Norton equivalent
circuit ) J
circuit set to zero sources in = vy /Ry f.\'() %R N
RN = Rth ,
RN = Rrh. -

— \J | N /



~_MOW DO WE FIND THEVENIN/NORTON

EQUIVALENT CIRCUITS ¢

S’

Method 1: open circuit/short circuit

1. Analyze circuit to find Ve

2. Analyze circuit to find Igc

UTh — VUoc
UTh

Rth = —
Lsc

Note: This method is applicable
to any circuit, whether or not it
contains dependent sources.

~ A

N/

N/

a

0D

+ —
Actual |_
circuit ; +1°1°| Volts

5 ~ —

b

(a) UTh = Vge

O _'|’ ‘:r&t

Actual o9 ol Amps

circuit

F o
r



\_/E/XAMP’(E 10. THEVENIN EQUIVALENT

6 Q 20

4 60 Ve 20
w wW—o WA —A

24V 3129 7A §RL 2uv(* pa (1Dra
= O 322D

(a) Original circuit

Q

(o B

S0
(o]

je— b

(c) Replacing Ry with short circuit

v/i—24 V! V!

60 ¢ 20  a + <L 4+7+L=0— V. =-4V,
VA —W—0 6 12 2
+ |74 4
ISC s 7( e —5 = —2A
24V s120 CD7A Voe = ¥rn
Vo —12
RTh = = = 6 Q
5 ]SC _2
_— b Rh=6Q a ¢
: : L VWA o
(b) Replacing R; with open circuit tlL
V.—24 V. Vo= 12 VCD SR
—+7=0
6 + 12 + R

=
Vih = —12V “ 4 b )
_ (‘d) Thévenin equivalent (iircuit



\/HOW DO WE FIND THEVENIN /NORTON

N/

EQUIVALENT CIRCUITS? —

S’

Method 2: equivalent resistance

1. Analyze circuit to find either

2. Deactivate all independent
sources by replacing voltage
sources with short circuits and
current sources with open circuits.

3. Simplify circuit to find
equivalent resistance.

Note: This method does not
apply to circuits that contain

Circuit

(@) VTh = Voc

Equivalent-Resistance Method

Circuit with
all independent ~— Req = Rp
sources deactivated

L
dependent sources. Q) \/J 9 /



\/u EXAMPLE 11: FINDING R,

), N/
®) (Circuit with no dependent sources)
16 V
Replace with SC ‘/—)
50 Q
50 Q
*— VWV O d
| L 4A 300 25 Q)
/o () o b W@ Od
_/
Replace with OC 30 O
35 Q
VWA 0 b
O a
RTh = 20 Q
—
o b




4
Jow DO WE FIND THEVENIN /NORTON

EQUIVALENT CIRCUITS? "/

S

Method 3: External Source Method

(@]
N

Circuit with only ;
independent CJ_F) Vex

sources deactivated

S
-

It a circuit contains both dependent and independent
sources, RTp can be determined by (a) deactivating independent
sources (only), (b) adding an external source vex, and then (¢) solving
the circuit to determine iex. The solution 1S R, = vex/ lex.

u\/ | -



6 Q) 6 Q
Y% %
T-

X
! $20° $40
Solution:
Vap=V
Mesh analysis results in 68 V /D @ ab= V'Th
+

—68 + 611 +2(I1 — )+ 41, =0 4,

\/., ““EXAMPLE 12: FINDING V,

+ 09

and

o
. o1d A - AT, — b
A + 2 — 1) + 61+ 4L =0. (a) Solving for Vy,
Recognizing that I, = I, solution of these two simultaneous
equations leads to
I = 8 A,
and
L =2A.
L . ~/
The Thévenin voltage is V. Hence,
VTh = Vab N

=41

-
=8 V. ( ) o\ )
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- EXAMPLE 12: FINDING R,

Solution: Using the external source method,

61 +2(I] — 1) + 41, =0,
—41, + 2(15 — I,’) + 612' + 4(15 — 13') =0,

After replacing 7, with /5 and solving the three simultaneous

equations, we obtain

h e
I =~ Ve,
2 g e
and
g=-y
; 36
For the equivalent circuit shown in Fig. 3-23(c),
VEX
RTh = I
In terms of our solution, lox = —I;. Hence,
Rty = — te,x
3
36
17

"/
6O 60 p
AAA a —=1n
I,
20 249
I 2 L (iya
)4l
b

(b) Solving for /.

0Q

R hz Vex

7 O A
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W “MAXIMUM POWER TRANSFER

Nt
" i
In many situations, we want to Active s i
i it . . L NI
maximize power transfer to the crreutt o et
b
qud Input circuit Load circuit
(a) Source and load circuits
‘R
pL =1LV B L
L —(LVL — ~ . R. L
(Rs + RL)? W —
_I_
pL vy - SRy
Maximum power -
4""'---—- -
pr(max) : when R| = R, b
: (b) Replacing source and load circuits with
: their Thévenin equivalents
' 2 2
I v RL (¥
! LR, pLmax) = —2—— =S¢
0 R (RL+ RL)®  4RL

— \/ . / - \ J .



MAXIMUM POWER TRANSFER

Example 13 Determine the value

I~
N~

of R, that will draw the maximum +V\,ﬁ/\—
power from the rest of the circuit | 1 Q
shown below. Calculate the 9V (1) R,
maximum power. 30,
Vi 40
W MA—e Fig. a
2Q

10 +
- Vin
gVv b =l
3v,

(a) (b)

=> To determine Ry
Fig. b

=> To determine V.

Answer: R, = 4.22Q, P, = 2.901W




EXAMP

-/

LE 14: MAXIMUM POWER TRANS

In the bridge circuit shown in Fig. 3-27(a), choose R; so that
the power delivered to it is a maximum. How much power will

that be?

Hence,

Vi=6V.
(52) v
2+4
=4V,
2
(2+4)V1
2V.
Vrh = Vae
= Vg — .Irfb
—4-2
=2V.

N 4
FER

50

mv(i)

4Q

(b) Open-circuit voltage

N ) -



EXAWH 4: MAXIMUM POWER TRANSFER

Short-Circuit Current: In the circuit configuration shown N/
in Fig. 3-27(c), terminals (a, b) are connected by a short

circuit. Application of the mesh-analysis by-inspection method

(Section 3-3.2) leads to the matrix equation

11 —2 47T 16
260 ||KL|=]0].
40 6 || K 0 15-.,(’:) )

I|=96A1 le=h-5h

46 64 32
1'1 = E A, - E B E (c) Short-circuit current

ﬁ 32
L=z A 46 d N

= 0.7, A
and >—‘
Voe Pmax = v YRR\,
R = 7= AR, ‘ 2V
sC
2 = ) (d) Thévenin equivalent circuit P
~ 07 4 % 2.88 _
-2

.88 Q. =0.35W. | Q)
\

\ ). '



W,

N

Collector

n ¢ .
pnp Conducting

i - connector

p
BO——1 n B
Base

P \

Em:Her

v
~=Conducting BN [E‘
connector

Schematic symbol

Configuration

N/

BJT: 3 TERMINAL DEVICE

4
1
/VBC j \
+ B
Bc):
+

\ \l/
VB Iy

Schematic symbol

Ig =1Ip + Ic.

The lead containing the arrow identifies the emitter terminal and
whether the transistor is a pnp or npn. The arrow always points
towards an n-type material. _, J



\/u /BJT EQUIVALENT CIRCUIT

g”;u
jwe}
O w

o
R\,
=
:
VWAW—
+ 0O

C
Ol

Ig

Rp B C
WA—O—— 0 o)
V C *

+ L Rc %
VBB ——— VBE —— <> Bl N VeE
Ve =m—
o o
E

(b) Equivalent circuit

4

Looks like a current amplifier
with gain 3 -/
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e SUMMARY

Node-voltage method
Y of all current leaving a node = 0
|current entering a node 1s (—)]|

Mesh-current method
Y of all voltages around a loop = 0
|passive sign convention applied to
mesh currents in clockwise direction]

Thévenin equivalent circuit UTh = Voe
RTh = Voc/Isc

Norton equivalent circuit IN = g
RN = Rtn
Maximum power transfer R = R,
¥
2
P (max) = —
4R



~HOMEWORK ASSIGNMENT — CHAP. 3

S

Solve problems 5,10, 15,....,85.



