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AGENDA

Background: KCL and KVL.
Nodal Analysis:

Independent Sources and relating problems,
Dependent Sources and relating problems.

Loop (Mesh Analysis):

Independent Sources and relating problems,

Dependent Sources and relating problems.

Practice Problems and solutions.
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KCL AND KVL REVIEW

Rule: Algebraic sum of Rule: The sum of

electrical current that voltages around a
merge In a common closed loop circuit 1s
node of a circuit 1s zero.  equal to zero.

ELn = ot Z Vi =0
k=1
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KCL AND KVL. EXAMPLE |

Find I and Vbd in

the following
circult?

Solution:

Using KCL we know that
only 1 current I flows in
the loop.

Then we apply Ohm’s law
to find the current 1.

Lastly, we use KVL in the
single loop to evaluate the
voltage Vbd.

We therefore see how KCL
and KVL can used as
simple analysis tools.
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NODAL ANALYSIS

Nodal Analysis of electronic circuits is based on
assigning Nodal voltages at various nodes of the
circuit with respect to a reference and then
finding these nodal voltages to analyze the
circuit.

Simple representation of Nodal Voltages shown
below:

As shown 1n Figure, a node is a point
In a circuit where two or more wires

meet. At these nodes one can assign”’
a nodal voltage with respect to the

reference ground shown. \j L

@’\
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NODAL ANALYSIS: INDEPENDENT SOURCES ONLY

First we find the number of KCL equations (These are used to find
the nodal voltages). N -1 =n, here N = number of equations, n =
number of nodes.

Then we write the KCL equations for the nodes and solve them to
find the respected nodal voltages.

Once we have these nodal voltages, we can use them to further
analyze the circuit.

SuperNode: Two Nodes with a independent Voltage source
between them 1s a Super node and one forms a KVL equation for it.

Examplel (Circuit With Ind. Current Sources):

Find the Nodal Voltages

V,© \\)'&) 1n the circuit?
é\) busn
\ wa V) fwlh é LSL
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NODAL ANALYSIS: INDEPENDENT SOURCES ONLY

Usime, KCL
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In this example we write the
KCL equations at the nodes as
Shown, then solve them to find
The respected nodal voltages.

LC L E"VV\.

‘? 3V~ Wa = 1

So V2 2Y - 30
= =6 VJ

—
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NODAL ANALYSIS: INDEPENDENT SOURCES ONLY

Example2 (Ind. Voltage Sources Only):

VD {un
Lusy ( For this Problem, we first make the main
KCL equation at the only node 1.
eV @ SN WY Current 1s taken to be coming out of the node
| Lo /l as positive. We solve this equation to find
) The nodal voltage V1.
V-6 + V,° +y,-3 =0 Oncethisisdetermined, lois simply found
_\67 “é'\z '_lé—\[" by using Ohm’s law at the sole resistor of
3KOhm.
V-6 YN, YV, -3 -o
L'I V, = q V\ - l \)
L
So Nexo
1o = MV - 3 6\/"\ = _2m R

W 2\ L
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NODAL ANALYSIS: DEPENDENT SOURCES

Find Vo using Nodal Analysis?

O
v @ -
» Uy For this Circuit, We need to

Overlook the node with dependent
| :
\J ‘ V|, Source and form equations round

3n 1t. We use KCL at Nodes 1 and 2
and derive the equations based on

e

- Current flow.

T
AY Nedy. L +6\\Limg QM\\;Q/ &Q\ Convention
WL Yeqm
—dw ¥ Vx ¢+ Na v V> J o Qe
3w WY L W
AY  vede
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NODAL ANALYSIS: DEPENDENT SOURCES

CO nte 0““\~g F’”V‘U\‘\ n X Node @ After setting up the Nodal Eqn.

For dependent Circuits, on has
To make the Controlling eqn.
PV Uy v Nx —— () This equation is made using the

6 W S W Dependent source. Using the
Controlling equation we solve
2 = Vi v 2V, N, = % NFor the nodal voltages.
Aot ()oi G (’avvx Q)
Vs, A Vo - 2wy ¢ L =0
2\ \ o\ I WL
\) Y > + 3 = 0

V, = AV Px&\)o:\))="f\/
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NODAL ANALYSIS: DEPENDENT SOURCES

Find Io in the circuit using Nodal Analysis?
21T Using KCL at nodes 2 and

Forming a controlling equation

! ‘ At node 1 we can simplify the
D Problem into glmple equatlpns.
A v Current entering the node 1s

T Summed at the node to form
Cov mu \Lc L \’ﬂ/v‘ X V\oc)uz, @A; The equations.
U,y ¥ o%w AV - Ll W O ’—@

e w QW
CDV))N\O\&‘L& EGVV\
\J, + 2T, =V, ——

\

\,kwi \J-—o
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NODAL ANALYSIS: DEPENDENT SOURCES

Y @ w O Simplify the circuit to
Obtain nodal voltage.
VY 2w Ay \))/l — (F\w\ - O
2V U
Ny xy @ ¥V, — | =0
3V, . ¥ V=8 v
3
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MESH ANALYSIS

Mesh Analysis involves solving electronic circuits
via finding mesh or loop currents of the circuit.
This 1s done by forming KVL equations for
respected loops and solving the equations to find
individual mesh currents.

AN
_AN—
We simply assume clockwise current flow in
(/ All the loops and find them to analyze the circuit.
|on A ! Also any independent current source in a loop
| I

N 74 Becomes the loop current as current in series 1s
1“4\W5 Same.
| 1)y {4 (:) <1\ A
Ik
|
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MESH ANALYSIS: INDEPENDENT SOURCES

Find Voin the circuit?

6\’ Using KVL at loops 1 and 2, we form
:‘;‘* — & KVL equations using the current and
g Components in the loops in terms of
1 5« m JL> The loop currents.
e su n \}o Important thing to look at it the
Subtraction of the opposing loop
_ Current in the shared section of the
- - Loop
T ¥ X3 =
s (Y B)ew rco G
Lsae / Megh @
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MESH ANALYSIS: INDEPENDENT SOURCES

S\NQ\;/Q&S

')\lf; ¥ quy,

r‘

The mesh equations are solved

Simultaneously and the required loop

Current 1s found. Then we use this loop
2 -3 Current to find Vo in across the resistor.

q,(%uxl—a\ \ "0‘3

<

30 \I{S Y -

35 _
Ly = L\-"“\
\ 0

Now OnWZ Le %)«MX N

\)o:
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MESH ANALYSIS: DEPENDENT SOURCES

Find Vo in the circuit using Mesh Analysis?

— — 4+ Simplify the circuit using the
\ Independent sources by assigning
% A )] s /D 1 Aen Them to the mesh currents for
The specific loop.
I bl | ) L N
—AN “i) LKJL

X
brh D 5, W 24

—_ -
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MESH ANALYSIS: DEPENDENT SOURCES
Oby.  Fed T wex Mol Anls

o | |
o \\) Lex C }&3 J Form KVL in Main loop 3.

VAV

qwﬁxg){%m[T—éme—g\L L) e )

Simplify Using Vx and 12.




PRACTICE PROBLEMS

Find Vg in the circuit in Fig. P3.28 using nodal analysis.

6V
- 6 kil
S C e
+
imm $12kﬂ %41«1 V,
i l -

Figure P3.28
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PRACTICE PROBLEMS

Use nodal analysis to find V, in the circuit in Fig. P3.29.

12V

O

6 k()

6V

%4&(! 6 mA %Gkﬂ ¥o

Figure P3.29
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PRACTICE PROBLEMS

Find V, in the circuit in Fig. P3.36 using nodal analysis.

12V
vw‘ 5 @ ' d ‘

1k} +

%<j> 22k Stk V,
- > o

Figure P3.36
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PRACTICE PROBLEMS

Use nodal analysis to find V|, V5, V,. and V| in the
circuit in Iig. P3.44,

12V
Vi V. = Va + |y,
+ W W T
G () 8
1042
| v, |
3A 4 () 10 4A
2V,

Figure P3.44
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PRACTICE PROBLEMS

Use mesh analysis to find V, in the circuit in
Fig. P3.47.

6 k) 4 k()
%Bkn
12v (7 | (j
+
4kn§ V,
. _

Figure P3.47
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PRACTICE PROBLEMS

Use mesh analysis to find V, in the circuit in
Fig. P3.84.




PRACTICE PROBLEMS

Write mesh equations for the circuit in Fig. P3.88 using

the assigned currents.

41}

Figure P3.88
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SOLUTIONS TO PRACTICE PROBLEMS




SOLUTIONS TO PRACTICE PROBLEMS

Kel ak &u}ou node ;I 4 T, + T, = 0

M g N o S . D
[ 2K |2 K 4Kk

[v,+ Ve + Ve 55

\/3——\/‘ :é
FV,'f’\/z:_ 6_J

\/|:_.-é.L,3 \V4

Vy_ - 7‘7' V

Vg = =043 vy
\/o = \/3 - I 043 \/

Vo = —0-43 V

~_. 'y
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SOLUTIONS TO PRACTICE PROBLEMS
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SOLUTIONS TO PRACTICE PROBLEMS

e
V|—'\/s = |

2.
¢
Vi s V9.2 vV
Vo 8 T2 V

\/o — V3 - 7'2— V

Vg = L2 M
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SOLUTIONS TO PRACTICE PROBLEMS

12V

T2 o @




SOLUTIONS TO PRACTICE PROBLEMS

Vo =2V, = V 4+ 2V,

Vz__ "V' =-}2.
[——\/, + V?—:'LJ

SV Y = B
’—V'—F \/L':_’l

V' = =SV \/Z_::; 9 v
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SOLUTIONS TO PRACTICE PROBLEMS

~— 12V -

§Y, = V), = 2V) — 2V, + X375V — 3:75 V)
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SOLUTIONS TO PRACTICE PROBLEMS

[5Y - 1175V, + 375 Vs + 3V =0

KeL ak supernode, 24+ 7, + T + I, =4

M‘f’ \/2'_VLI+_13_/

—

i 10 I
£V + 2V — AV, + 26V,= 20

[5vi + 2%, + 20v5 =2V, = 20 |

e

V, —V; = |2

Vaz Na- V,

vﬁ, = Z <V3 - Vl') . e
t} W5 -+ 2 _TK_E:._.;_‘:’&W__.:_,.WQJ




SOLUTIONS TO PRACTICE PROBLEMS

SV, = 1178 Vo 4 3785 Vy + 3V, = O

gV, + 2V ~ 2 oVg - LWy =
vy + OV = Vo +  OVy = |2

V, = 494¢¢ V
\/2: (-4 & \/

20

Academic /

Resource Center
|||||||||||||||||||||||||||




SOLUTIONS TO PRACTICE PROBLEMS
- l.ak;% Il ? Ia‘l. are
two ioo’) cwvm'rds(mp‘)

..‘.

12V9‘:) @ 0 C-_i_' 24V

k03 v,
ng o

KVL (v the &NS"Z ioo})_‘
12 = 4(1,-1,)+8(1-15) T61,
S g2 = 181,—- 12T,
KNL ™t the second loop @ ‘

24 = 4T ,+8(1,-1))+ 4 (1,-1))
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SOLUTIONS TO PRACTICE PROBLEMS

6 = 4I, -31, ~ @
Fvom ezucdiaw (1) awd @
’/ T = aAmA

VO: 4—)"\ (12_11)
=\, =4 X (4 *%) Vol ts
= Vo=

2 667F Volts
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SOLUTIONS TO PRACTICE PROBLEMS

X

Kvi Jdower a2 Loops
127, . 8kI +4kIy=0 Q
12’(1' 4- 8'¢-<1,’I2_)—f4k (II—JL'GW’)':OI 24-16..:"[-[:_'7-"-1;. — 9_4.




SOLUTIONS TO PRACTICE PROBLEMS
KL cule, Auf;: 12kX., 6V, +d2kI4=0
V= 4kly =4k(1-1,_6m)
¥ = 4l - 4k I,.24
kL, 6[4k1 ~ 4kI, -24]+ 12k Iz:0

36k I, - 2+k1)_-r|zk = 144

I3
KLy T4 Tye I §
13: I"‘ [II-IJ-- 6m]

I;= I,4+6m

36k, -24kI, +12k(Tat 6m)= 1*4

I—|= 4'MA‘

3¢t T - 121,232 L ey
= S

:1'3: Grn 6

24,1 - 12kT, = 24 T, - 12w

3¢kl - 12k T, = F2

\/o= [ 44V

Vo= l2k(Iy) =l2k(12m)
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SOLUTIONS TO PRACTICE PROBLEMS

20V

KcL: I = I‘*Is
IT: I,-1,
ket ' I+ly= I,
I- Iz'lq
Kev: T'+1, - I+I1,
I":-I3 +1,t IA’IV
7 I,- I,

ker: L= 0-5Ve + 1,
-I;+I,_'O’5V;(, =0
V)‘ ® - I"(S) 3'561’1'13)
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SOLUTIONS TO PRACTICE PROBLEMS

\Jx_-:. “SI i 5I3
|+I % B 6( 5I

EI|+ &8I, =& 51,

I3: 2A

£2.V. 0

kvt 4I,+ 20 +2(-I)-0
41, - 2(:1—7\,) -20

=21, 4 le1y= - 20]
RVLY 43z 414 SI'+ 41, 490
Mz~ 23)+ (32 T3)+ 41‘1=- 8

41 + oI, - ATt 42,:-8

D-‘I',TSI,_; 41,10

e I‘f 3'511_ "?‘513: 0

2_1 61": - 20
4‘1‘ + 513_ + 41\,'-: lo
I, 28
-21, 4 GI.’.—_-?-O
I| = 2 beh
Ii-‘-' 2. 13A

IHz "?--GZA
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