Chapter 4

Basic Nodal and Mesh
Analysis

4.1 Nodal Analysis

4.2 The Supernode

4.3 Mesh Analysis

4.4 The Supermesh

4.5 Nodal vs. Mesh Analysis: A Comparison

4.6 Computer—aided Circuit Analysis
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4.1 Nodal Analysis

- Method

e We select one node in the circuit to be a reference node.

* Node voltage = The voltage of each of the nonreference nodes with respect to the
reference node.

« Use Node voltages as unknown variables to set up Independent KCL equations
(node equations). Find node voltages.

« We can find all branch voltages and currents if we know node voltages

_U, v

50 3.1 = > + z
T Vi V1=
-»31—-—=- =0
3.1A<D 20 10 G -l4a R 2 5
Vy VU —V
. . —(-14) =2+ 22—

Z2
1 5
>14—-—2— =0
1 50 2 Y ,\5/\(/1\’ Uy 1 5
1Q
240
V1 = 5 V, Uy, = 2V
s1a(X) (¥)-144 31A “14A
Vg =V1 — Uy =3V
Reference node Ref.

Nodal analysis is based on KCL
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4.1 Nodal Analysis

Example 4.1 Determine the current through 15Q resistor

s ,{f\,‘i 2 Node 1: 2 = 7'113 + 272, 5, — 2v, = 60
[ . _ Vy—1q . _
ZACTD %IOQ 50 CT)‘lA N0d62.4—5+—15 - v1+4v2—60
| —> v, =20V,v,=20V C—> |i=0
Ref.

Example 4.2 Determine the nodal voltages as referenced to the bottom node
' B A

30 70

—r—Wv Node 1: -8 — 3 = v1;v2 + vl;vS

- —0.5833v;, — 0.3333v, = —11

Node 2: —(—3) =2 4 2% 72773
(a) 1 3 7

- —0.3333v, + 1.4762v, — 0.1429v; = 3

U3—Vq + V3=V

Node 3: —(—25) = v—53+ Z -
— —0.25v; — 0.1429v, + 0.5929v; = 25

> v, =5412V, v, =7736V, v;=4632V

Reference node
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4.1 Nodal Analysis

Example 4.3 Dee the power supplied by the dependent source

. Node 1: 15 =22+ % & 3y, — 21, = 30 L
)
10 hlgza
10 Node 2: 3i; =22 +2 » 320 =242 — 150, +8v, = 0
15A<D :
= v, =—-40V pai, = (3i1)(v2)
v, =75V = (3 x(=20))(-75)

i1 =—204 = 4500 W

Ref.

Example 4.4 Determine the power supplied by the dependent source

v
1 Node 1: 15 = —v1;v2 +% — 3v; — 2v; = 30
1Q l]l §20 UVx—V1 , VUx

o Node x: vy ==—+= = 5 +3v; =0
15A ‘D v —AN—4

+ []\ .

: 50
3v, |:> v = 7‘/ p3vx = (3vx)(vx)
® Uy = ——=V
Ref. 7
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4.2 The Supernode

To solve the circuit (a) on the left side, a branch
current between v, and v; should be assigned.
- Four equations and four unknowns

- Supernode

A closed region which encloses each
voltage source

KCL is available to the supernode

All current flowing into the region sum to
(@) zero

Reference node

Example 4.5 Determine the node voltage v,

%l ) + V1—V3

Nodel: —8—-3 = . 2
— —0.5833v; — 0.3333v, = —11

V=1 + U3—

Supernode 2-3: 3+ 25 = . 4”1 + "_53 + vTZ
— —0.5833v; + 1.3333v, + 0.45v5; = 28

Vs — vy = 22 [> v, =1.071V
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4.2 The Supernode

Example 4 6 Determine the node- to reference voltages

9] V1 = —12
" Node 2 : 14 = 2271 4 V2%
v, 20 o :
- ! D 14 A - —2v; + 2.5v, — 0.5v; = 14
05Q - +2.5v2 — 0.5173 = —10
e 0.5, _
/ A\I2V [T SN
% U Ret] ) N, y}‘ Supernode 3-4 : 0.5v, = =2 vz "‘ St 1]42 ;1
N /// g - 0.1y — v, + 0.5173 + 1.4174 =0
N7 250 1Q 71— .7 - —v; +0.5v3 + 1.4v, = 1.2
py N 0.2v
l)y v V4 M 17
K // // 0.2vy:v3_v4 Uy = Vy —Vq
vy Vy — Vg // //
\ P4
N O.ZUy =V3 —Vy = 0-2(774 - vl)

-»02v; +v3—-12v, =0 - v3—12v, =24

Livy=v4—v1
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4.3 Mesh Analysis

- Loop and mesh
Loop : Any closed path in the circuit
Mesh : A loop that does not contain any other loops within it
- Mesh Current = The current that flows only around the perimeter of the
mesh. (Independent loop current)
- Use Mesh Current as unknown variables to set up Independent KVL equations
(mesh equations)
- We can find all branch voltages and currents if we know mesh currents.

- We restrict attention only to planar circuits (No branch passes over or under

any other branch)
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4.3 Mesh Analysis

Loop and Mes

MRRIRE

No path, no loop No path, no loop Loop, No mesh

Loop, No mesh Loop and Mesh Loop and Mesh
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4.3 Mesh Analysis

C—> i1=64, i,=44, (i;—i,)=2A4

Loop 1. =42+ 6i; +3(i; +i) =0 — 9i; +3i, =42

—> i1=64, i,=—-44, (i+i,) =24

—> i1 =—-64, i,=—44, (i,—i))=2A
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4.3 Mesh Analysis

Example 4.7 Determine the power supplied by the 2 V source

4 () 5 L) . . . . :
’W\I ANAN LOOp11—5+4l1+2(l1—l2)—2=0—>6ll—2l2=7

L00p2 2+2(l2_l1)+5l2+1—0 - _2l1+7l2——3

A CiD C‘) q <> Y 43 2 Doy = (2)(iy — i3)

—> ip = g5l =15 4

- (2) (%) — 2474 W

Example 4.8 Determine the three mesh currents

—)Sll—l2—2l3=1

—)—l1+6l2_3l3 =0

—> i1=34,i,=24,i3=34A
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4.3 Mesh Analysis

Example 4.9 Determine the current /;

Loop 2: 2i;+3+4(i;—i) =0
—)6l1—4‘l2=—3

. 1 .
—> i1=—-4, i, =

4

A

©olw

Example 4.10 Determine the current /,

Loop 1. =5 —2v, + 4(i, —i;) +4i, =0

Loop 2: 2i;+3+4(i;—i)=0
_)6l1_412=_3

—> i;=-A4
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4.4 Supermesh

«  Circuits with current sources
- The current sources reduce the # of simultaneous mesh equations

Example 4.11 Using conventional method

. 4
q Lloop 1: =7+ 1(i; — i)+ v, =0 = ij— i, +v, =7
1Q§ - §zn
N 3()

Loop 2: 2i, +3(i, —i3) +1(i, —i;) =0

] i _)_ll+6l2_313=0
7V<D q
LOOp 3: i3 — Uy + 3(l3 — lz) =0 - —3l2 +4l3 — U, = 0

Ux

15
ip—i3=7 E$i3=2AQ=9AQ=7?&%=05V

Using supermesh

_>l1_4‘lz+4‘l3 =7

—)—l1+6l2—3l3=0

15
glﬂ il_i3=7 |:> l3=2A,l1=9A,l2=ZA

) | 3 equations and 3 unknowns

3|20|2-| 2013H238t7| 0|2 M >



4.4 Supermesh

S0
30 . 1. 1. 1. 2.
. W\( ! 13_15=§l3_§l2 - §l2+§l3=15
15 A 1‘) ﬂ Ty -
1 . I::>
9 ' Q 10 - —iy + 6i, —3i3 =0 - 6i, —3i; =15
2Q)

:> l2=11A, l3=17A




4.5 Nodal vs. Mesh anal sis; A Comparison

- In choosing nodal or mesh anaIyS|s
* Non-planar circuit > Nodal analysis
N nodes - N-1 KCL equations (Each supernode reduce the # of equations by 1)
« M meshes > M KVL equations (Each supermesh reduce this number by 1)
« Controlling quantity in dependent sources : nodal voltage > nodal analysis

mesh current > mesh analysis
e Location of source : current source in mesh line > mesh analysis
voltage source connected to ref. > nodal analysis

» Asking current - mesh analysis, asking voltage - nodal analysis

Find /' . 100—171 — ﬂ V11—V, — i
p ¢ A Node 1: - LT (= —iy)
N\ - 0.875v; — 0.5v, = 12,5
i O/ _ _
80, > " Node 2: =2 =2+ 1721—(:73 —-8
VWV '\%\' VVA 3 5 ~0.5v, + 0.933v, — 0.1v; = 8
100 V 40 30 SO Node 3+ —g = % 4 %av
5 10

- —0.11)2 + 0.3173 = —8

_T_ ) V1 — Dy

= v1—2589Vv2—2031V > iy =

=2.794
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4.5 Nodal vs. Mesh analysis: A Comparison

Loop 1: —100+ 8i; +4(i; —iy) =0

8A
()
~ ~ 12i; — 4i, = 100
80 !
AAM—
10 Q)

MWV '\%\’ ' — —4i; +9i, —3i3 =0
+ .
wov(®) 7 ‘“’*q §m q §5“ Loop 3: 3(is — iy) + 10(iz — (—8)) + 5iz = 0

& -

— i, =i, =2794
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4.6 Computer-aided Circuit Analysis

- To analyze a complex CII’CUIt a computer software package is useful
- SPICE (Simulation Program with Integrated Circuit Emphasis)
- Pspice : SPICE with intuitive graphical interface by MicroSim Corp.

i] i’)
" AAN—e— AN — Loop 1: —42 + 6i; +3(i; — i) =0 — 9i; — 3i, =42
6 () 4 Q

Loop 2: 3(iy —iy) +4i, —10=0 - —3i; + 7i, = 10

@ eE Quv
- —> i1=64, i,=44, (i;j—i,)=2A4

l’([l — i)
d lysi [ d ohm'’s |
o Hand analysis using KCL, KVL, and ohm's law

9 00 o ) e e 5t O M T TR T T
] cadence 5 cadence x

jue de i o rH QA8 @ Bowtd| LN ;-nu_- -8 .8 AR ®y - HuREtq] M

= ¢ BB {SCHEMATIC Exampl « :'_J° AARAA09 0 Q)
iy un
bk yr
R1 R2 A1 R1 R2 =
Kk +4 " s +4
8 4 ’: ¥ ‘ m m : +
{33 193
1w R3 va | = Vi =X 000A v2 N [
DC=42 (7 I e DC=42 [+ < = pi
AC = = S 3 \+/ AC= @y AG = o > 3 +/ AC= %%
TRAN = TRAN= 7% | TRAN= TRAN= = |9
DC =10 % P DC =10 | 4
0 0

Orcad schematic capture software Circuit after simulation run

16
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4.6 Computer-aided Circuit Analysi

- Circuit simulation example with dependent source
+ V5 = |

AWV ||

330 i

|
l_
10V

SACD 180§ 2OQ§ <T> 02V,

(a)

15 00 Copre G DT

e dSw ol s eo A/ AR U [y EELEREDEQ ] g —
éscusunm-ﬁwu‘- ) (> & v ,ng @11 0™
R rioues 22 |F]  PAGEL® @Q'
T T T - ; - = P
Ir
ES.
|44
R1 "‘F ¥
Ay o B <o
33 o ‘ T
x T
R3 | R =y
A\ N R2 20 q&
BL. 3% : 33
DC=5 GAIN=0.2 %{)
(3
ke
|
I+




4.6 Computer-aided Circuit Analysis

- Node-based Pspice schematic creation (Text-based input format)

r T Ihl
5 cample - PSpice ADD Demo - [erample factive)] W R W L, = BB (e ;
‘ File Edit View Simulation Trace Plot Tools Window Help % Cideﬂce _8 % "‘:]Elt Edit View Simulation Trace Plot Tools Window Hep I cadence -5 X
: = s e e il P Hd& iw 0K 5 ¢ o 0 &
TR IS O i i Sin 2L 3o e
: e A S A@ G-@ Yiw= X n@ b e e e e
iQQad BB Ve = X ~m b e e e e . e
nnal = il | lsx== 07/27/10 14:51:28 ss==sxss PSpice Lite (June 2009) =sx=xsx IDF 10912 ===x
. 00 @ Example SPICE input deck for simple voltage divider circuit. E , = Exsmple SPICE imput deck for simple voltage divider circuit
Bl L -OP BN B |eee o st ans soorion TEMPERATURE =  27.000 DEG C
a R2 2 6 1n . E
[R2 2 E
> M110DCS & |
Ion g NODE  VOLTAGE NODE  VOLTAGE NODE  VOLTAGE NODE  VOLTAGE I
% |5 | End of input deck 2 b =
@ > e ¢ 1) s.0000 ¢ 2)  2.5000
@J - VOLTAGE SOURCE CURRENTS
—— NAME CURRENT
‘ m L
- Vi -2_S00E-03
Wﬁﬂl TOTAL POVER DISSIPATION 1.25E-02 VATTS
X | ﬂ :-l' 07727710 14:51:28 sssssasss PSpice Lite (June 2009) sssssss IDS 10813 wess
, & o Jums
Trace Cursori Cursor2 Diff -:| = = :
X Value (3] example fac. E]aavdom‘lj
b k|
Trace Cursort Cursor2 Dt My
‘ m | 3 - X Value
4 L4 \ w ﬂl D i R ——— 3 L r \ r E - = " - S
ety (W | Deviss ] ety —————— = 5\ Anss K Walch R Devees ] i - . :
For Help, press F1 -_ C:\Users\ Owner\Desktop\HKDSE _Files\CHA\MISC\example.out1 100% s BN |

Input Deck Output Deck

Homework : 4%t Exercises 42| Hi{s= 2X| (579 2X|77HK])
F=AIZF FILK| HE.

ol
= =

A 1 =
NG A I_'_E

- Dueday: 4% +=¢ ELI

-IOP
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O] A2 L= BE 122 McGrawhill STALZ 2 E X3 J21S A}

EotR 5.

All figures at this slide file are provided from The McGraw-hill company.
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