NODAL AND LOOP ANALYSIS TECHNIQUES

LEARNING GOALS
NODAL ANALYSIS
LOOP ANALYSIS

Develop systematic techniques to determine all the voltages
and currents in a circuit

CIRCUITS WITH OPERATIONAL AMPLIFIERS

Op-amps are very important devices, widely available,
that permit the design of very useful circuit..

and they can be modeled by circuits with dependent sources
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NODE ANALYSIS

e One of the systematic ways to
determine every voltage and
current 1n a circuit

The variables used to describe the circuit will be “Node Voltages”
-- The voltages of each node with respect to a pre-selected
reference node

KIgL=

GEAUX »




IT IS INSTRUCTIVE TO START THE PRESENTATION WITH
A RECAP OF A PROBLEM SOLVED BEFORE USING SERIES/
PARALLEL RESISTOR COMBINATIONS

COMPUTE ALL THE VOLTAGES AND CURRENTS IN THIS CIRCUIT
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We wish to find all the currents and voltages labeled in the ladder network shown

12V

12V

FIRST REDUCE TO A SINGLE LOOP CIRCUIT

12

4k |12k

12k

6k || 6k

4

SECOND: “BACKTRACK” USING KVL, KCL OHM’S

WA

9k I

J

+

<
V

OHM'S: I, =-%
6k

OHM'S: V, =3k * I,

..OTHER OPTIONS. ..

12
I, = I
T a41273
Vv, =4k*1,

OHM'S: ¥, =3k * I,

3kQ

3
V,=——(12
W 3+9( )

GEAUX »




THE NODE ANALYSIS PERSPECTIVE- Lg——Lg._[/

"V THERE ARE FIVE NODES.
4 +—P%? E; {f }é Li:%'V’ IF ONE NODE IS SELECTED AS

CD REFERENCE THEN THERE ARE
%EilaKVL
1 ‘ —
REFERENCE

; + FOUR VOLTAGES WITH RESPECT
’ TO THEREFERENCE NODE
41 KVL 3 3 k
V. +V +V, =0 _;77:+V3+Vb=0 ONCE THE VOLTAGES ARE
’ KNOWN THE CURRENTS CAN
V.=V -V V,=V,-V, BE COMPUTED USING OHM’S

WHAT IS THE PATTERN???

LAW

THEOREM: IF ALL NODE VOLTAGES WITH
RESPECT TO A COMMON REFERENCE NODE
ARE KNOWN THEN ONE CAN DETERMINE
ANY OTHER ELECTRICAL VARIABLE FOR
THE CIRCUIT

DRILL QUESTION

V = A GENERAL VIEW &




THE REFERENCE DIRECTION FOR CURRENTS IS IRRELEVANT

USING THE LEFT-RIGHT REFERENCE DIRECTION = = =
THE VOLTAGE DROP ACROSS THE RESISTOR MUST £

HAVE THE POLARITY SHOWN IF THE CURRENT REFERENCE DIRECTION IS

OHM'S LAW i:% REVERSED ...

THE PASSIVE SIGN CONVENTION WILL ASSIGN
THE REVERSE REFERENCE POLARITY TO THE
VOLTAGE ACROSS THE RESISTOR

. ﬁSSIVE SIGN CONVENTION RULES!
= . VN~V
=0 OHM'S LAW i =%
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DEFINING THE REFERENCE NODE IS VITAL

Vi=4Vey, _V,=22V

o] 'k |@

THESTATEMENT V, =4V ISMEANINGLES

UNTIL THE REFERENCE POINT IS DEFINED

BY CONVENTION THE GROUND SYMBOL
SPECIFIES THE REFERENCE POINT.

ALL NODE VOLTAGES ARE MEASURED WITH
RESPECT TO THAT REFERENCE POINT

V12: ?
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THE STRATEGY FOR NODE ANALYSIS

s
@

@V : —-I+1,+1 =0
Va_l/s Va Va_‘Vb
+—2+
9% 6k 3k
@V,: —1L+1,+1 =0

=0

REFERENCE )

1. IDENTIFY ALL NODES AND SELECT

Vi V., V V A REFERENCE NODE
| = .

I
—W—~0 ;

. IDENTIFY KNOWN NODE VOLTAGES

V. S 6kQ thg-ikil V EE;}@} 3. AT EACH NODE WITH UNKNOWN

VOLTAGE WRITE A KCL EQUATION
(e.g.,SUM OF CURRENT LEAVING =0)

. REPLACE CURRENTS IN TERMS OF
NODE VOLTAGES

AND GET ALGEBRAIC EQUATIONS IN
THE NODE VOLTAGES ...

_THESE EQUATIONS...

SHORTCUT: SKIP WRITING

@V.: —-I+1 =0

6

“AND PRACTICE WRITING

~THESE DIRECTLY

vV —

9k 3k

| ]
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WHEN WRITING A NODE EQUATION...
AT EACH NODE ONE CAN CHOSE ARBITRARY
DIRECTIONS FOR THE CURRENTS

> CURRENTS LEAVING=0

L+1,-1,=0= : 0
AND SELECT ANY FORM OF KCL. R R, R,
WHEN THE CURRENTS ARE REPLACED IN TERMS
OF THE NODE VOLTAGES THE NODE EQUATIONS —
THAT RESULT ARE THE SAME OR EQUIVALENT >, CURRENTS INTO NODE=0
Co V,-V, V,~V, V.-V,
Y CURRENTS LEAVING =0 —L-L+L=0=-"t -t —dqe —b=0
R, R, R,
V.-V, V,~V, V,-V,
-L+ 1, +1;,=0= - = b+ bR L bR =0 | WHEN WRITING THE NODE EQUATIONS
1 2 3 WRITE THE EQUATION DIRECTLY IN TERMS
_ OF THE NODE VOLTAGES.
>, CURRENTS INTO NODE =0 BY DEFAULT USE KCL IN THE FORM
V V. V.—V. V.-V SUM-OF-CURRENTS-LEAVING = 0
11_12_13203 a b __"b d __"b c:O
R, R, R, THE REFERENCE DIRECTION FOR THE

CURRENTS DOES NOT AFFECT THE NO
[] [P |EQUATION GEAUX




CIRCUITS WITH ONLY INDEPENDENT SOURCES

HINT: THE FORMAL MANIPULATION OF
EQUATIONS MAY BE SIMPLER IF ONE
USES CONDUCTANCES INSTEAD OF
RESISTANCES.

@ NODE 1 —; ] o =
g +ip+i=0 WITH CONDUCTANCES i, + G, +G,(v, —v,) =0

USING RESISTANCES —i, +- L+ —Y2-¢

R, R, REORDERING TERMS (G, + (,)u, — Ghoy = i

@ NODE 2

HGZ_(UI — Uz) +ip + Gs(ﬂz — U) = (0 REORDERING TERMS —G,v, + (G, + G3)v, = —ig

THE MODEL FOR THE CIRCUIT IS A SYSTEM (G| + G,)v; — Gy, = i

A
OF ALGEBRAIC EQUATIONS .
_Gzlr'] <+ (GZ + 63)!’2 = —lpg

THE MANIPULATION OF SYSTEMS OF ALGEBRAIC
EQUATIONS CAN BE EFFICIENTLY DONE
USING MATRIX ANALYSIS

<1 [ [GrAT >




LEARNING BY DOING

WRITE THE KCL EQUATIONS

@ NODE 1 WE VISUALIZE THE CURRENTS
LEAVING AND WRITE THE KCL EQUATION

+ — =
"“TRTTR TR
REPEAT THE PROCESS AT NODE 2 | or yISUALIZE CURRENTS GOING INTO NODE
_i2_|_"2_"1_|_vz_"1=0 ; +v1*—v2+b’1*vg_=0
4 R, 2 R, R,

<] [> [GrAT >




ANOTHER EXAMPLE OF WRITING KCL|

ko
< > MARK THE NODES
3 (TO INSURE THAT
v A)lSmA NONE IS MISSING)
A
- VA
<>
8k<§ 2 8k 2k
C SELECT AS
REFERENCE
WRITE KCL AT EACH NODE IN TERMS OF VA VA
NODE VOLTAGES @A —Z+—=+15mA =0
2k 8k
@B Ve Ve \sma=o
8k 2k

MZI ﬂzl GEAUX>




A MODEL IS SOLVED BY MANIPULATION OF
EQUATIONS AND USING MATRIX ANALYSIS

(;] 7 W VE@
O 3 O
1 ® [ B

THE NODE EQUATIONS Ri =12k, R, = R; =06k

_i-A + Gl(.!.-’] - 0) + Gz(th - Ug) =0
HGZ'(QI. — Uz) + iB + G;('b’z - 0) =0

THE MODEL (G1 + Gz)”l — Gyuy = iy
-Gy + (Gz + Gg)vz = —ig

REPLACE VALUES AND SWITCH NOTATION
TO UPPER CASE

= i,=12mA,i; =4mA

NUMERICAL MODEL ' | | EARNING EXAMPLE

i W g
4k 6k 110
BV
—_—t g 103
. P + K 4 X 10 )
A V, = Vz(*) + 4
USE GAUSSTIAN ELIMINATION 3
—1 2 v,
V+4)|+-—-=—-4x107
6k (3 2 ) 3k 4x 10
2
%=—ﬁVﬂ=§%+4
=—6V
ALTERNATIVE MANIPULATION RIGHT HAND
i VW SIDE IS
——“———1 X 102  */12k| voLTs.
4k 6k COEFFS ARE
Vl V 3 NUMBERS
e — - b
ek + K 4 X 10 / 6k
3V, -2V, =12

-V, +2V, =-24 +*/3 (and add equations)

ADD EQs 2V, =-12

11 17 S
Vl[l?.k i 61»:] Vz[ék} =1=1e
IR RS RIS B
V’[ﬁk] N Vz[ﬁk " 6k:| B

[V] 4V2 = —60[V]

>




SOLUTION USING MATRIX ALGEBRA_

-

AdjA =

1 1 _(1Y\/1
3k 6k lA'“(i)(E
1 1 _ 1
6k 4k |  18¢

)

AND DO THE MATRIX ALGEBRA ...

1% 1073

b

-1

1x 1073
—4 x 1073

h v»_
4k _6k_1xw
h v 3
= 4x10
PLACE IN MATRIX FORM
(1 -]
4% o6k |[ W
-1 1LY
6k 3k |
USE MATRIX ANALYSIS TO SHOW SOLUTION
1 1]
Vil | 4 6k
V, -1 1
| 6k 3k |

PERFORM THE MATRIX MANIPULATIONS

1 _ Adj(4)

| A|  COFACTOR

FOR THE ADJOINT REPLACE
EACH ELEMENT BY ITS

£
v,

| |

- (&)

~1\(-1

1 x 107
—4 x 1073

1 1
3k 6k
— 1912
] nal U [
6k 4k
14
3k?  6k?
— 1912
18k 1 : 1
K
| -6
-15
SAMPLE - (1x107°  —4x107
V1=18k2(x X
3k 6k

J

GEAUX »




| AN EXAMPLE OF NODE ANALYSIS |
K3 iy
vWWA >
v i, R v, Rs i
* »—/ N VWA —9
3 D,
a
iy iy
-
@vl vy : vy, — VU U3 Uy i i
— — i — =0 1.1 .1 _1 _
R, 4 R, R R, * R, & R; R, R: _.
9 T S e e [ e 1 O I
lle Rz R_3 2& -ERS 4 _Rz R2+R4+E5- _MRTS Zz - (Z
"o, 1 = T MRS I Sl
@ v, v v.2+_‘"_2_”3. ”2=0_ R, Rs R3_+E|_
_— 1 + o, 1 s 1 1 ) _— 1 0 COULD WRITE EQUATIONS BY INSPECTION
Rj \R, R; Rs}) R; ]
— — = > CONDUCTANCES CONNECTED TO NODE
@ 3R e | [¢> CONDUCTANCES BETWEEN 18& 2
3 % —
1 | |F > CONDUCTANCES BETWEEN 1& 3
Ui T V2T s T =
R, g R, | |=> CONDUCTANCES BETWEEN 2 &3l
€] [ > —>




|WRITING EQUATIONS “BY INSPECTION”

R, FOR CIRCUITS WITH ONLY INDEPENDENT
M SOURCES THE MATRIX IS ALWAYS SYMMETRIC
iy , :
vl._O . L e A4 ':'HE DIAGONAL ELEMENTS ARE POSITIVE
' R |
_ 4 THE OFF-DIAGONAL ELEMENTS ARE NEGATIVE
Rzé R3§ Cl) %RS'
IB.
T ¢ Conductances connected to node 1
= )/v
|Conductances between 1 and 2
1 1 |
ST G VY
1 "'1 7 11 —— ——"| Conductances between 1 and 3
—v{(0) + v —'-+—) — v3 —i =g —i
) Z(R;; Ry ? R, & 8 Conductances between 2 and 3
1\ |1 i 1 1 )
—vil = ||l— vyl =— |+ v + + =0
”I(Rl) ; R.;) 3(R1 R, Rs
— | 1 =
VALID ONLY FOR cIrcuITs | [|L 4+ L[ o R _
WITHOUT DEPENDENT Ri_ R~ 1 vy —i4
SOURCES 0 — 4+ — - — vy | = | is—is
Ry Ry Ry 2 4
. 11 1 1||-" b
R - +—+
] [P>]| L : Ry LR Ry Rs :GEAUX>




LEARNING EXTENSION

Write the node equations
Vi v,

e 1 {mz ! >

—

4 mA lgsm lgem | 2mA

1 N
@VZ —4AmA + Vl +VI_V2 USING KCL
: 6k 12k
@V, : ma+ 2 27V
6k 12k

BY “INSPECTION”

(L+LJV1 —LV2 =4mA
6k 12k 12k

_ ! +(1 + : jVQ:—ZmA
12k \ 6k 12k

Kigi=

GEAUX »




LEARNING EXTENSION

6mA

Find all the brancgl currents

—
:

‘ 1
= NODE EQS. BY INSPECTION
KCLV,: I,+2mA+6mA=0
a=1v L OV, =—(2+ 6)mA
Ll 7 ——(2+
@V, : —6mA+:—12€+;/—Ii=O:IZ=2mA %! (0 =~ Jm
1 1
I,=4mA I _
IN MOST CASES THERE - oW, + 6k+3ijz—6mA
ARE SEVERAL DIFFERENT v v v
WAYS OF SOLVING A = =2 =22
PROBLEM Ik 2k 6k 3k
I, = (6mA)=2mA
3k +6k
I, = ok (6mA)=4mA
3k + 6k

CURRENTS COULD BE COMPUTED DIRECTLY
USING CURRENT DIVIDER!! €] [ D>




| LEARNING EXAMPLE

CIRCUITS WITH DEPENDENT SOURCES NUMERICAL EXAMPLE

CIRCUITS WITH DEPENDENT SOURCES CANNOT 3 R — 6kO i, =2mA
BE MODELED BY INSPECTION. THE SYMMETRY o '
IS LOST. R, = 12 k() R; = 3 k()
A PROCEDURE FOR MODELING L oty (2 1 5yl
*WRITE THE NODE EQUATIONS USING DEPENDENT 0k 6k) ' \3k 6k):
SOURCES AS REGULAR SOURCES.
«FOR EACH DEPENDENT SOURCE WE ADD 1 1 1 A
ONE EQUATION EXPRESSING THE CONTROLLING _6_k 12k 3k Yy AL
VARIABLE IN TERMS OF THE NODE VOLTAGES
| I
v, v, Y+ V=0 %/ 4k
| 1 1
WA 4k 2k
< |
_>R2 1 | S 3 */6k
R : Hh + o Vo=2 X107
R . H hk 2K
. 1 3 i
B'lg . ‘A
o | Vo+2V, =0
—V, +3V, =12[V]
Bi + e TV REPLACE AND REARRANGE ADDING THE EQUATIONS SV, =12[V]
R
! 2 11 B 1 Vo= 24,
v, v, -V, —t— ||y, = 5
3 2
1 1 )
MODEL FOR ——V | —t+— v, =i
CONTROLLING VARIABLE R, , Ry
V)

s
R <] [> [GrAT >




| LEARNING EXAMPLE: CIRCUIT WITH VOLTAGE-CONTROLLED CURRENT |

l% REPLACE AND REARRANGE

l *x (G + Gs)vy — Gyvy =iy
_Gl U1 + (GI + o + Gz)f."z - ((I + 62)1?3 = _f:_q
. _szz + (Gz + G4)b‘_3- — iﬂ

CONTINUE WITH GAUSSIAN ELIMINATION...

WRITE NODE EQUATIONS. TREAT DEPENDENT
SOURCE AS REGULAR SOURCE

G3_vl + Gl(vl == vg) - fA — U‘

. OR USE MATRIX ALGEBRA
la + Gl(vz ﬂl) + oy, + Gg(ﬂz - U3 |

. Gl + G3 '_.G] 0 vl iA
GZ(UE - vz) + G4U3 - IH = 0 _Gl Gl +a + G2) _(G‘. + Gz) vy, | = _i'A
—G, (G, +Gy) ] Lvs ip

EXPRESS CONTROLLING VARIABLE IN TERMS OF
NODE VOLTAGES

v, = Uy — Ujs

FOUR EQUATIONS IN OUR UNKNOWNS. SOLVE

USING FAVORITE TECHNIQUE
<1 [> @




USING MATLAB TO SOLVE THE NODE EQUATIONS

(Gl + G3) _'Gl
_Gl (Gl + a + Gz)
0 ~G,

DEFINE THE COMPONENTS OF THE CIRCUIT

DEFINE THE MATRIX G

Entries in a row are
separated by commas
(or plain spaces).
Rows are separated by
semi colon

R =1kQ, R, = R, = 2kQ,

_(Gl ('|]' G;l,) zzla = —i: Ry = 4kQ’lA =2mA,ig =4mA,
(G, +Gy) || vs ol =214

» R1=1000;R2=2000;R3=2000;
R4=4000; %resistances in Ohm

» 1A=0.002;iB=0.004; %sources in Amps
» alpha=2; %gain of dependent source

» G=[(1/R1+1/R2), -1/R1, 0; %first row of the matrix
-1/R1, (1/R1+alpha+1/R2), -(alpha+1/R2); %second row
0, -1/R2, (1/R2+1/R4)], %third row. End in comma to have the echo

G =
0.0015 -0.0010 0

-0.0010 2.0015 -2.0005
0 -0.0005 0.0008

DEFINE RIGHT HAND SIDE VECTOR | » I=[iA;s-iA;iB]; %end in ";" to skip echo

SOLVE LINEAR EQUATION

» V=G\I % end with carriage return and get the echo
V=
11.9940
15.9910
15.9940




LEARNING EXTENSION: FIND NODE VOLTAGES

REARRANGE AND MULTIPLY BY 10k

Vl Vl
- VWA
<« 10 k- > 2V, -V, =40[V] */2 and add egs.
10 kO ’ 10 kQ V,+2V, =0
I 4 mA
0 SV, =80V =V, =16V

NODE EQUATIONS

v
Voo L _4mA+
@ 10k

€3l 41 £2I, LT

10k 10k
CONTROLLING VARIABLE (IN TERMS ON NODE
VOLTAGES)

V,

I,=—L

10k

REPLACE

AN

W

I/I_I/2 =0

@V, :

mA +
10k 10k
ViV Vi Vo _

10k 10k 10k
<1 [ [GrAT >




FIND THE VOLTAGE V,

Z2mA 3 k)

LEARNING EXTENSION

+0

(o 3|

NOTICE REPLACEMENT OF DEPENDENT SOURCE

NODE EQUATIONS

—oma+ Y Yo w6k
3k 6k

V.
__ X (0] 0O _(*
6k+12k+12k 0*/12k

W, =12[V]=V, =4[V]
Wy =2V, =0V, =4V]

IN TERMS OF NODE VOLTAGE

Kigi=

GEAUX »




CIRCUITS WITH INDEPENDENT VOLTAGE SOURCES

9 k() 3 nodes plus the reference. In
WA principle one needs 3 equations...

..but two nodes are connected to
the reference through voltage
sources. Hence those node
voltages are known!!!

.Oonly one KCL 1is necessary
V, +_P§'"L3 + V§'"Lq
6k 12k 12k

Hint: Each voltage source

connected to the referencg Vi=12[V] THESE ARE THE REMAINING

node saves one node equation V,=—6[V] TWO NODE EQUATIONS
SOLVING THE EQUATIONS
2V, +(V,=V3)+(V, =) =0

One more example .... v, =6lV]=V,=15V]

<1 [ [GrAT >




Problem 3.67 (6th Ed) Find Vv_0

IS3

IDENTIFY AND LABEL ALL NODES

WRITE THE NODE EQUATIONS

NOW WE LOOK WHAT IS BEING
ASKED TO DECIDE THE SOLUTION
STRATEGY.

h=h-h

ONLY V,,V,ARE NEEDED FOR V,

Rl = 1k; R2 = 2k, R3 = 1k, R4 = 2k
Isl =2mA, Is2 = 4mA, Is3 = 4mA,
Vs =12 V
KNOWN NODE VOLTAGE
@Vs: V3=V =12[V]
V.-V, V,
Vo: — I, +—1—2+-—1L=0
@V, S1 R, R,
—2[mA]+V1 L h
1k 2k
v,-v, V.-V, V,-V.
Vy: —Tg+—2—14+-2 34°2 "4
@V, S3 R, R, R,
_4[mA]_|_V2_V1_|_V2_12_|_V2_V4 -0
1k 1k 2k
@V, : IS1—152+M=0
R,
2[mA]—4[mA]+%:O

| |

GEAUX »




TO SOLVE BY HAND ELIMINATE DENOMINATORS

—2[mA]+V1kV 2Vk 0 ——> W =2V, =4V] o
gy N 12 VoV o B o s, -V, =32V @
k| Wk 2%
v,-V, */2k

2AmA]—4[mA]+ 42k =0 —>» -V, +V,=4V] o
add 243 =2V, +4V, =36[V]

ALTERNATIVE: USE LINEAR ALGEBRA 3V1 — 2V2 = 4[})']*/2and add
ﬁw v [ 4 _ 4V, =40V 1=V, =10[V]
,_M.L_iﬁl‘ 4V, =56[V =V, = 14[V]

0O -1 1|V 4
‘ = — FInaLLY!! Vo =V =V, =4[V ]

So. What happens when sources are connected between two non

reference nodes?
<] > @




THE SUPERNODE TECHNIQUE
We will use this example to introduce the concept of a SUPERNODE

SUPERNODE 6V
l'/'I VE
’ + — =
S
6mACD i — * 12kQ CD 4mA
Efficient solution: enclose the
. source, and all elements 1in

= parallel, inside a surface.

Conventional node analysis
. 111
requires all currents at a node Apply KCL to the surface!!l!

V. V.
@V _1 —6mA+ji+I -0 —6mA+—+—+4mA=0
= 6k 8 6k 12k
v, The source current is 1interior
ev_2 —IS+4mA+—12k=O to the surface and is not requirec
2 eqs, 3 unknowns...Panic!! We STILL need one more equation
The current through the source 1is not .
related to the voltage of the source L;-—Vg——fip<]
Math solution: add one equation only 2 eqs in two unknowns!!!

L{——V;::fipﬁl E%EE€>

KIgL=




ALGEBRAIC DETAILS

The Equations

(1) d + V2 —6mA+4mA=0 */12k
(2) Vi-V,=6[V]

6k 12k
Solution

1. Eliminate denominators in Eq(1). Multiply by ...

2V, +V, =24[V]
ViV, =6[V]

2. Add equations to eliminate V,
3V, =30[V]=V,=10[V]

3.Use Eq(2) to compute V,
V,=V—0lV]=4[V]

KIgL=

GEAUX »




The supernode

technique FIND THE NODE VOLTAGES
AND THE POWER SUPPLIED

BY THE VOLTAGE SOURCE

e Used when a branch
between two nonreference
. :
odes contains a voltage Vy, —»
source.

® First encircle the voltage lVSR ii'l <A>[S1

source and the two

connecting nodes to form : —
the supernode. R, =R, =10k, Ry =4k
* Write the equation that Ve =20V],1,4 =10{mA],I,, =6[mA]
defines the voltage UVl =200V
relationship between the V.-V =20 =V +V, =20V
two nonreference nodes as V V */10k =V +V, =100[V]
It of th p L+—2—10mA=0 —
a result ofr the presence o 10k 10k adding: V2 = 60[V]
the voltage source.

V =100-V, = 40[V']

TO COMPUTE THE POWER SUPPLIED BY VOLTAGE SOURCE
WE MUST KNOW THE CURRENT THROUGH IT

* Write the KCL equation for
the supernode.

e |f the voltage source is % V-V,
dependent, then the I, = - +6mA +W =8mA
controlling equation for the P =20V ]x8[mA]=160mW
dEPEHdEHtSGUFCEiSEﬂSD BASED ON PASSIVE SIGN CONVENTION THE

I
needed. POWER IS RECEIVED BY THE SOURCE!!
Kigi= GEAUX




LEARNING EXAMPLE

WRITE THE NODE EQUATIONS

vy
T G 4 ]T
‘—
4
"AC O l Ga

@v, ("”1 - 93)61 + (1’.1 - vz-)Gz —iy=0
@ SUPERNODE
CONSTRAINT: v, —v, =v,
KCL (leaving supernode):
(v2 — 11)Gy + 13,63 + (v3 — )G + 3G, =0

THREE EQUATIONS IN THREE UNKNOWNS

KIgL=

GEAUX »




LEARNING EXAMPLE I_S\URERNODEI

IND 1 Vi=V +12

o 3

V,=—6V.,V, =12V KNOWN NODE VOLTAGES
SUPERNODE CONSTRAINT =V -V, =12

+ 12 — (-6 2—-12 V;—(-6 V,—12 WV,
V; +1 () +1 +3()+3 L

2k 2k 1k 1k T
KCL @ SUPERNODE
6
3
——V ':> I, = ——mA
? Zk 7

<] > [GrAT >




LEARNING EXTENSION | Use nodal analysis to find I,

\SU PERNODE

V=6V  SOURCES CONNECTED TO THE
REFERENCE
A % ¢

CONSTRAINT EQUATION V,—V, =12V

KCL @ SUPERNODE
V-6 Vv, V. V.-(4
+-24 24
2k 1k 2k 2k

v, ISNOT NEEDED FOR 7, 3V +2V, =2V
—V,+V, =12V */3 and add

5V, =380
OHM'SLAW 1, =;/—I3€=3.8mA

<] [> [GrAT >
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WRITE THE NODE EQUATIONS | Supernodes can be more complex |

Su er'ngde_
: v, e werav.3 2= BV Vg
e R4 RS R7
R, l : EiRs KCL @SUPERNODE
% ) 2% > (Careful not to omit any current)
1 A = ov-v V- VsV, V=V, V=T
I/S S 21+51+5+4+4 3_|_2 3:()
. R R, R, Ry R Ry R,
CONSTRAINTS DUE TO VOLTAGE SOURCES
_ Vi=Vs
Identify all nodes, select a
reference and label nodes V,=V,=Vg,
Nodes connected to reference through
a voltage source VQ-PQ ::V;3
Voltage sources in between nodes 5 EQUATIONS IN FIVE UNKNOWNS.

and possible supernodes

EQUATION BOOKKEEPING:
KCL@ V_3, KCL@ supernode,
2 constraints equations
and one known node

<] > [GrAT >




CIRCUITS WITH DEPENDENT SOURCES
PRESENT NO SIGNIFICANT ADDITIONAL
COMPLEXITY. THE DEPENDENT SOURCES
ARE TREATED AS REGULAR SOURCES

WE MUST ADD ONE EQUATION FOR EACH
CONTROLLING VARIABLE
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LEARNING EXAMPLE

FIND I,

2kl}

VOLTAGE SOURCE CONNECTED TO REFERENCE
V=3V

_ REPLACE
keL@v,: 2N Y op g
% 6k

CONTROLLING VARIABLE IN I __LZ
TERMS OF NODE VOLTAGES x_-6k

oW,V oY _gw6k
3k 6k

V-2V =0V, =6V

L=""Y ima
3k

o

KIRIL=

GEAUX »




| SUPER NODE WITH DEPENDENT SOURCE |

6 ki)

VOLTAGE SOURCE CONNECTED TO REFERENCE
V. =6V

SUPERNODE CONSTRAINT V, -V, =2V
CONTROLLING VARIABLE IN TERMS OF NODES
KCL AT SUPERNODE V =V,=>V =3V,
oV VY BB
6k 12k 6k 12k
20, -6)+V +2V, +V,-6=0
3V +3V, =18 =4V, =18

I, = h =§mA
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CONSTRAINT DUE To SOurce V,—V, =2kl

CONTROLLING VARIABLE IN TERMS OF NODES
=V, =2kl =V, =2V, =5
"2k
V V
KCL AT SUPERNODE _ 4. 4. % . 5 .Y _

V +V,=4V]*/2 and add

=2V +V,=0
3V, =8V]
OzzzﬁmA
2k 3
KIRIL=

GEAUX »




An example with dependent sources

—eo

6k

. ‘a’ has units of [volt/Amp]
IDENTIFY AND LABEL NODES
REPLACE IX IN V2
*

2 nodes are connected to the V’-lk— aVy % __‘ILCY
reference through voltage sources y = =T
V=V 2k 2
1= 7S

V, =1000al y REPLACE V2 IN KCL

KCL @ vx 3Ve -V)+3Ve +2(Ve —aV, /2)=0
VX_VS+VX+VX_V2 ( X S) X ( X X )

:0 —_ =
ok ok Ik /(8 a)Vy =3V

EXPRESS CONTROLLING VARIABLE IN what happens when a=8?
TERMS OF NODE VOLTAGES

p, Ve
2k -




