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Network Analysis

- Process of determining current, voltage, and
power of every circuit (network) element

- Series and parallel equivalents help simplify
circuits for network analysis

= Repeated application of equivalents is usually
required



Equivalent Circuits

-+ A complicated circuit can be viewed more simply
from its terminals as a
1. single circuit element (best case)
2. simple combination of elements (worst case)
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The internals are not important from the perspective of the terminals
outside the black box
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Series Resistance
R4

Req =R1 + Ry + R3

- A series circuit has resistances arranged in a chain
with only one current path through all elements

= Series resistance can be replaced by equivalent
resistance

° RZ= Reqz ZRi
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Parallel Resistance

_i, A fli
_I_
. lor 2R [ 2R Ry, =
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- A parallel circuit has resistors arranged with their positive

terminals all connected together and their negative terminals
connected together

= Parallel resistance can be replaced by equivalent resistance

1
- Req — 1/ZiR_i

- Important special case for two resistors

R1R
- Req — 102
R1+ R,




Voltage Divider

- For a voltage applied to a series combination, a
fraction appears across each resistance

_|_
7 Vo< R, = v Ry +R,




Voltage-Division Principle

- The fraction of voltage across a given resistance
in a series connection is the ratio of the given
resistance to the total series resistance

The larger resistor - more
voltage drop across it




Current Divider

- For a current applied to a parallel combination,
a fraction of the current flows through each
resistor
LN LN
+ +

R,R,
%4 <A> l Ry l R, & <A> V Req = Ry + R,

lq Ly
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Current-Division Principle

- The fraction of current flowing in a given
resistance is the ratio of the other resistance to
the sum of the two resistances
= Only applies for parallel pairs

_ (N . 1 R1Rg in — i
ip = — = 9
Ry, Ry \ R+ R, Ry

L R ( Ry ) .
— _ 2 ; _ i
(Rl n Rg) Ry + Ry
_I_
A
V Ry R,
i1 iy Smaller the resistor = more

— current through parallel path




Example

- Find all voltages and currents

+ v —
— i
R3 - 60 .Q. vs Ux Rx= R2”R3
R>R
Ry=Ry||R3 = R;I- ;3
60)(30
(60G0) _

60 + 30



Example

- Using voltage divider

Yx = Vs R+ R,
=100 - =
B 20+ 60/
=100 1 =25V
_ Z)=
—v"—25—125A

ST R, 20



Example

- Using current divider

lg

s =1254 R, =600
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Transducer Example

- Transducer — a device to convert from one form of
energy to another
= E.g. produce a voltage (current) proportional to a
physical quantity (distance, pressure, temperature,
etc.)

- Voltage-divider transducer

Rudder
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Node-Voltage Analysis

- A general technique that can be applied to any
circuit to do analysis
> Doesn’t require series/parallel equivalents

» Define node voltages and use KCL to write
equations in terms of these node voltages

- Node — a point where two or more circuit
elements meet (are joined together)



Assigning Reference Node

R4
AVAVAY,
R, R,
A AAA—
Vs CD % R4 ? Rs

1. Select a reference node
= Typically select the bottom of a voltage source
- Label this reference as ground (0 Volts)
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Assigning Node Voltages

R, v, R, Notice:
V1 &—\A\/\ NN V3 v, =V,

2. Label each additional node with a voltage
= This indicates a positive polarity
= Negative polarity is ground (reference node)

= Voltage across an element is the difference in node

voltages
Vp3 = Vy3 = VU, — V3 = current ip; from 2 — 3

Vp3 = U3y = U3 — UV, = current ip; from 3 — 2



KCL at Nodes

Ry
VN
R, v, R, Notice:
V1 &—\A\/\ NN V3 v, =V,

v, O R, ? R:

3. Write KCL equations at the nodes
= Define all currents leaving nodes
-+ Sum of currents leaving node = 0

= 'When current sources are present, respect their direction
» Current in = current out (current in only from a source)



KCL Egs. i

R
1710—/\/v2v NN U3
+ @ node 2 %
. iz + i3 + i4 — O —=
. 1% %1 + Vy—V3 + vZ—O —_ O
R; R3 Ry
Ry I1
» @ node 3 — N
172 i3
_
%) R3
. . . _ .—/\/\/\/__‘
‘l1+l3+l5—0 Vs

V3—Vq V3—Vy v3—0
. + +=2—=0 l R
R4 R3 Rs
5



Arrange KCL Equations

4. Arrange KCL equations in “standard” form to solve the

system of equations

= Use Ohm’s Law

1 . .
= Sv=1i or gv =1

= E.g. for two equations
° g11V1 T 91202 = 1q
° g21V1 T 22V = Iy

o In matrix form

g11 Y9121[V1] _ [i1

921 922] lvzl B [i2]

e
G 4 I
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Solve for Unknown Voltages

- KCL equations - Standard form
Vy—V Vy—V3 v—0 _i 1 .
RZ + R3 + R4- _O ( Rz)vl-l_( +R3+ 4.) 2+( Rg)vg _O
V3—V; , V3=V , U3—0 1 1
- “o (D (e G-
3 + RS + Re R v, + RS v, + + — RS + Re 0

- Notice 2 equations with 3 unknowns
0 Remember vy =V

1 1
cte )t ()= (5)v
1 1 1 1
(_R_3)v2+(R_1+R_3+R_5)U3_(R_1)US

/\
_|_
+




Network Analysis
w
R Vs, R Notice:
V1 &——A N\ NN U3 v, =V,
Vs CD Ry ? Rs

Using values I, =9V, all R = 10 Q and Matlab
>> V = pinv(G) * I = [4.5; 4.5]

V1 = 9V,U2,v3 — 45V

Given node voltages it is possible to solve for all currents
and power
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Supernodes

« A combination of circuit nodes useful for node-
voltage analysis with non-grounded voltage
sources

= Adjust KCL so all current into a supernode is
equal to the current flow out of supernode

« Acts like a node
» Think of water pipes



Supernode Example

V5 i1s not an unknown because it is
connected to a voltage source

o p3=—=15V
* v4,V, are unknown .
> Connected though voltage source f\/ Ve
= v, —v; =10V “~
Wz

+ KCL @ node 1
> All currents leave node
o iy +iy+ig=0
= The voltage source introduces a new
variable i
- This is not desirable

Copyright © 2011, Pearson Education, Inc.



Supernode Example

- Define a supernode to enclose the
voltage source

- KCL @ supernode s ¥
/

= All currents leave node oo

o v1 , v1=(=15) | vz | vp—(=15) _ b

R2+ Ry +R4+ R3 =0 R2§

- One equation with 2 unknowns

g KVL inC1uding SupernOde for Copyright © 2011, Pearson Education, Inc.
additional constraints

= vy +10—-v, =0
- Now two equations with 2 unknowns



Circuits with Controlled Sources

- Same technique as described but must account
for dependent variable

= Express dependent term as a function of node
voltages and substitute back into node-voltage
equations.



Node-Voltage with Controlled Source

1. Create supernode over node 1, 2
> KVL with supernode

a) vy —05v, — v, =0

—_

- KCL @ supernode

§R4 b ﬁ_l_ v1—v3_|_172—173=i
) R; Ry R3 s

3 equations

—

4 unknown
voltages

Copyright © 2011, Pearson Education, Inc.

2. KCL @ node 3

V3 — Uy V3 —Vq V3
c) + + 2=0
R3 R, Ry




Node-Voltage with Controlled Source

3. Replace dependent variable with node voltages

© Vy=v3 —vV; = v —05W3—v) —v,=0

Copyright © 2011, Pearson Education, Inc.



Node-Voltage with Controlled Source

4. Place in standard form
1. vy —05(w;—1vy) —v,=0 15 v+ (—D)v,+ (-05)v3=0

— — 1 1 1
(%1 (%1 V3 (%) V3 . : .
’ R2 Rl R3 lS <RZ 131) ! <R3> 2 ( Rl R3> 3 s

-——
L - -~ -

Copyright © 2011, Pearson Education, Inc.
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Node-Voltage Steps

1. Select a reference node and assign variables for the unknown
node voltages. If the reference node is chosen at one end of an
independent voltage source, one node voltage is known at the
start, and fewer need to be computed

2. Write network equations. First use KCL to write current
equations for nodes and supernodes. Write as many as you can
without using all of the nodes. Then if you do not have enough
equations because of voltage sources connected between nodes,
use KVL to write additional equations

3. Ifthe circuit contains dependent sources, find expressions for the
controlling variables in terms of the node voltages. Substitute
into the network equations, and obtain equations having only the
node voltages as unknowns.

4. Put the equations into standard form and solve for the node
voltages.



