Super-Nodes

ECE 211 Circuits |
Lecture #6

Please visit Bison Academy for corresponding
lecture notes, homework sets, and solutions



Background: Voltage Nodes

The previous lecture looked at finding the voltage in a circuit using Voltage Nodes

« Write N equations for N unknowns
- The sum of the currents from a given node must be zero 2

Voltage source to ground isn't a problem
« Defines the voltage at a given node

Vi=> W.JW“y—Vf%“
Resistors aren't a problem -— | —
a C
« Sum the currents to zero from that node llb
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This results in 3 equations for 3 unknowns.




Problem with Voltage Nodes

What do you do with voltage sources between nodes?

« The current in and out are unknown
- All you know is the voltage across the source

Equation #1
Vi—-V3=5
Equation #2 (node V2)

(228) (5] +(252)

Equation #3

« Problem

« Ja is unknown

- node V1 doesn't work
« Ib is unknown

- node V3 doesn't work
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Solution: Super-Nodes
Super-Nodes:

- A closed path the encloses 2+ nodes

 The current coming out of any closed path
must sum to zero

- Conservation of current

V1

Equation #3 (super-node)
11-|-12+I3=O in
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Super-Node (take 2):

Super-nodes are not unique
 Any closed surface works
- As long as you know the currents in each path

Equation #3
Lh+DL+13+1,=0

(3) +(152) + (552 + (%) =0

note: With super-nodes,

- The signs for the voltages for the nodes enclosed
are positive

« The signs for other nodes are negative

V1
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Solve:
Group terms:
Vi—-V3=5

v (risg)ver(3)vs
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Place 1n matrix form
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Solve in Matlab

A=1[1,0,-1; -1/4,1/4+1/6+1/8,-1/8 ; 1/2,1/6,1/10]

1.0000 0 -1.0000
-0.2500 0.5417 -0.1250
0.5000 0.1667 0.1000
B [5;0;0] it
5 NG
0
0 4 8

V = inv (A) *B

I3
vi 0.9677 i” lm l
V2  -0.4838
V3  —-4.0323




Same as CircuitLLab

W) JB7Fmyv . | ©
ViV AEEO MY O
Viv3) 402 | ©
R4
+ Add Expression 80

EExport Results. ..
Run DC Solver

» DC Sweep

R5
» Time Domain 10 Q
» Frequency Domain




Practice Problem
Write a 4th equation to find {V1, V2, V3, and V4}
(1) Vi-V3=10

2) -2+ (Vzl‘ovl) + (V2;V3) =0 ¢

@ () (57 +(3) =0
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When is a Super-Node Equation Valid?

- Some super-node equations are valid
« Some are not
- How do you tell if your equation is valid?

Method #1: All circuit elements are included
(1) Vi—-V3=10

2) 2+ (VZI‘OW) + (VZ;W) =0

o () +(5)4(8)

Note that the 25 Ohm resistor doesn't show up in
any equation
- The super-node needs to include this resistor




Method #2: Matlab
. B Editor - C:\Documents and Settings\Administrator\My Documents\MATLABAECE21 1ML ectur... |Z”E|FX|

File Edit Text Go Cel Tools Debug Deskbop Window Help A X

: . . . NEAsMRIC (LT MesrB-ARERNRE[  ~09
If the super-node equation 1s valid, you will ~ S_% " =F7° = 8

O

be able to invert the matrix 1- al=[1,0,-1,0];

2= a2 = [-1/10, 1/10+1/3, -1/3, 0]r
AV=B 3= ad = [-1/15, 0, -1/4, 1/15+1/4+1/30];
4 — a4 = [1/10, -1/3-1/10, 1/3+1/25, 1/30];
V=A—1B 5= A = [al;a2;a3rad]
6 — B=1T[110 ; 2 7 0 ; 0]
= V = inv(A) * B
If the super-node equation is invalid, you ;
Will get an error © Pobm % || Unkitled.m x| - — —_
T=7J =

MATLAB 0 (R2011a

>> V e lnv (A) *B File Edit Debug D_esktop Window  Help
hﬂ lﬁ o" % LEI o u ﬁ g (7] |C:'|,D0cuments and SettingstAdministratoriMy Documentsii, V|E] =

Warl’lil’lg . MatriX j_ S S il’lgular tO ¢ Shorkcuts [2] How ko Add (2] what's Mew
. . . U ~
working precilsion. i

V = Vo=
NaN 37.6018
34.5249
NaN
27.6018
NaN 26.8778
NaN
Jx >> 2




What's Happening?
To solve for 4 unknown voltages, you need 4 linearly independent equations

If the 4th equation is redundant (linear combination for the first three),
« There's no new information
« There's not enough information to solve
- The A matrix is not invertable

V1 V1 V1
L
+ +
10 10V _ 15 10 10 10V _ 15
3 V3 4 V4 3 V3 4 4
o AYAAS & X Svavav: 2 ¢ AAA—ANNA
2A<+> 25 30 2A<+> 25 30 2A<+> 25 30
p— p— AL*
Valid Valid Invalid - Doesn't include the 25 Ohm resistor

Can't compute the currents from the super-node




Voltage Nodes with Dependent Sources

- Same as voltage nodes
- Plus one equation for each dependent source

Example: Find V1, V2, V3, Vx

« 4 equations for 4 unknowns

Easy ones:
Vi=V3=Vs
Vi=12
V3 =4V,

Node equation at V2

(228) () o (252)




Solve: Group terms

Vi=V3+V,=0
Vi=12
V3-4V, =0

(%I)V1+<%+i+é)‘/2+(%l)‘/3 =0

Placing in matrix form

0 -1y
1 0 0 0 |y,
0 0 e
1 1, 1,1 —1

(7) (F+4+2) (2) 0 LV




Solve in Matlab

A =

vl
v2
V3
Vx

[(0,1,-1,1

0
1.0000
0
-0.5000

[0;12;0;0]

0
12
0
0

inv (A) *B

12.0000
8.6385
11.5180
2.8795

;7 1,0,0,0

1.0000
0
0
0.9167

14

-1.

1.
-0.

0,0,1,

0000

0
0000
1666

1.0000
0
-4.0000
0

V1

12

-4 ; -1/2,1/2+1/4+1/6,-1/6,0]

V3

4 \V/x




Checking in Circuitlab - the voltages match

W) 1200% .+ |

YT BBAOY . ©
Yiv2) N2y -l o

R1
g8 Q
+ Add Expression R2 R3
20 V1 60 V2
EExport Results. . @_\w . .
Run DC Solver
R4
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Super-Nodes and Dependent Sources

- If needed, define a closed-path (i.e. a Super-node) to give the rest of the N equtions needed

Example: Find { V1, V2, V3, Ix }
Easy Equations:

_(Vvi-v;
e=(5)

Vi=12
V>, —V3 =51,

Define a Super-Node
« Current out of the Super-Node =0

(Vz—Vl
2

)+(

V2
4

)+(

Vs
6

)+(

V3=Vi
8

) =0

51Ix

V3



Group Terms
Vi=-V,=-2[,=0
Vi=12
Vo—-V3-=51,=0

(‘71+‘?1)V1+(%+5)V2+(é+%)vg =0

Place 1in matrix form

0
0
—1

-2
0
-5

1 -1
1 0
0 1
| —0.6250.750.2917 0

+
12<




Solve in Matlab

A =

A\
v2
V3
Ix

[1,-1,0,-2

1.0000
1.0000
0
-0.6250

[0;12;0;0]

0
12
0
0

inv (A) *B

12.0000
9.1764
2.1175
1.4118

;7 1,0,0,0 5 0,1,

—-1.0000

0
1.0000
0.7500

0

0
—-1.0000
0.2917

-2.0000
0
—-5.0000
0

V1

12

-1,-5,; -0.625,0.75,0.2917,0]

V3




Verity using Circuitlab

VivD)
VIV
V(v2)
(R2.nA)

+ Add Expression

EExport Results. ..

Run DC Solver

» DC Sweep

» Time Domain

» Frequency Domain
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Practice Problem

Write the voltage node equations for the following circuit




Summary

Conservation of current applies to any closed
path

« The sum of all currents from a closed region is zero

If you are having problems coming up with N
equations for N unknowns, add a super-node
 Define a closed-path
« Such that all currents from the super-node are known

Super-nodes are not unique
- Several closed paths could be used
« Each should give the same result

- It helps the grader if you show what super-node you're
using in homework sets and exams

V1

10 10V, _ 15
3 V3 4 V4
2 o—\/\/\/
-
Ib
i lc l Id
2A( T 25 30

la+lb+lc+Id=0




