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Mesh-Current Analysis

» Currents around a “mesh” are unknown
= Requires planar (non-overlapping) circuits
- Use KVL equations around a mesh

- Steps:
1. Define mesh currents clockwise around “minimum”
loops

2. Write network KVL equations for each mesh current
= Define current sources in terms of mesh currents
> Shared current sources require a supermesh

= Dependent source equations should be re-written in terms
of mesh currents

3. Put the equations into standard form and solve for the
node voltages
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Write KVL Equations
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M
16 Q§ (+) %=

» KVL clockwise around mesh i,

° Vg — (i1—i3)Ry; — (i1 —i2)R3 =0
» KVL clockwise around mesh i,

> —(iz = i1)R3 —vp —iR, = 0
» KVL clockwise mesh i

> —isRy + v — (i3 —i1)R, = 0




Supermeshes

- A combination of meshes useful for mesh-
current analysis with shared current sources
= Adjust KVL to get an equation around the

supermesh
- Same idea as the supernode in node-voltage
analysis 30




Example Controlled Supermesh

MV ® MV
Serzezs
®

a=02568
- 2 unknown mesh currents - need 2 equations
1. Replace controlling variable v, with mesh currents
° v, = 21
2. Create supermesh because of shared current
source
3. KVL around supermesh
> 20 — 4iy — 60y — 2i, = 0




Example Controlled Supermesh

MV ® MV
Serzezs
®

a=025$
- 2 unknown mesh currents 2 need 2 equations
4. Write (mesh) expression for the current source

o av, = a(2i,) =i, — i
o (2a —1)i, = —i
o iy = 0.5i,
5. Plug back into KVL equation
o 20 — 4i; — 6iy, — 2i, = 0
20— 4i,/2 — 6i, — 2i, =0
> 10i, = 20
» j,=2Aandi; =1A




R
Superposition Principle

- Given a circuit with multiple independent
sources, the total response is the sum of the
responses to each individual source
= Requires linear dependent sources

- Analyze each independent source individually

» Must zero out independent sources, but keep
dependent sources
- A voltage source becomes a short circuit
- A current source becomes an open circuit

a a a — a

@ = @ =
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Superposition Example

- 2 independent sources
= Response is sum of each source response
° Vr = Vr1 + Uy



Superposition Example
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- 2 independent sources
= Response is sum of each source response
° Vr = Vr1 + Uy



=l

Thevenin Equivalent Circuit

Circuit of —0
resistances
and

sources O

- Equivalent circuit consisting of a voltage source in
series with a resistance
= View the circuit from two terminals
- We care about three things
= Open circuit voltage
= Short circuit current
= Equivalent resistance



Open Circuit Voltage

i (_, :
Vi <J_r> Voo

- Open circuit means terminal unconnected
= No current flows through R,
» Using KVL
oV, — iR, — vy, = 0
i, =0
° Ve = Ve



Short Circuit Current

VW—o ﬁv

O

Copyright © 2011, Pearson Education, Inc.

- Short circuit uses a wire to connect the terminals
= Current flows through series resistor

- Current is a function of Thevenin source voltage

and resistance
. 7
“lge = R_t




Thevenin Equivalent Resistance

- Equivalent resistance is computed using Ohm’s
Law
= Use the open source voltage and short circuit
voltage

Voc
u! Rt = — =-
lsc lsc

Vt

- Find two of v, i, or R; to define the Thevenin
equivalent circuit
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Compute R, Directly

- Possible only when there are no dependent
sources present in network

 Steps:

1. Zero out independent sources
= Short voltage sources
= Open current sources

2. Compute R; by series/parallel equivalent steps



Example

R2=4OQ

AMN—o

5A<A> R =100

- Find Thevenin equivalent

1. Find short circuit current

2. Find open circuit voltage

3. Solve for equivalent resistance




Example: Short Circuit Current

R2=4OQ

w O |iSC
A
5A<> R, =10Q

1. Find short circuit current i,

- Notice this is a parallel current divider
= Opposite resistor over sum of resistances

L. R4
Clse = s R{+R,

" loe =9 (1014:)40) =14

)
J




Example: Open Circuit Voltage

R2=4OQ

AMN—o

+

5A<A> R =10Q v,

—0

2. Find open circuit voltage v,

- Notice there is no current through R,
" Voc = LsRy
> v,, =5:10 =50V



Example: Thevenin Resistance

R2=4OQ

| a

R1=10Q

| -
3. Solve for equivalent resistance R;
> Ohm’s Law
o Rt :?062510: SOQ

lsc

- Direct calculation of equivalent resistance
- Z€ero sources = open current source
= Notice series connection

R, =R;+R, =500




Example: Thevenin Equivalent

O

- Replace original circuit with equivalent
5 VYye = 50V
H Rt s 50 Q
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Norton Equivalent Circuit

@ O
Circuit of —CO
resistances
—> I §R
and " C) .
sources —
© O

- Equivalent circuit consisting of a current source
in parallel with a resistance

- The same idea as Thevenin .
= Open <:1.rcu1.t voltage  Voc = InR: " <> 0| Sk
> Short circuit current i, =1,
° Equivalent resistance g _Y%c = T S ——

lSC

=)




Example: Norton Equivalent

20 Q 15 Q

Ux v

4 \ + I
v R3=§

§
15V 5Q

» Need to find v, and i,

= Cannot get the equivalent Norton resistance
directly because of the dependent source



Example: Norton Open Circuit

Rl =§ R2=§
20 Q 15 Q
4 \ S
Us + R3=§ v
15V \ — 5Q .
@ i 5

- Express dependent source in terms of voltages
= Notice the voltage divider

Rs \ _ > ) — Yoc
" Vx = Voc (R2+R3) — Voc (15+5) T4
- Find v, with KCL @ top of circuit (node-voltage)

Vy—0 Voc—0
S +25—==0
4 Ry R,+R;

Voc— Vs




Example: Norton Open Circuit

+
20 Q 15 Q
4 \
v R, =§

§
15V 5Q

R

Ci O

- Find v, with KCL @ top of circuit (node-voltage)
L Ux—0 n Voc—Vs n Voc—0 -0
4 R4 R,+Rs3
_ Voc/4 + Voc—15 + Yoc _ 0
4 20 20

- After rearranging

. 60
oc 13




Example: Norton Short Circuit

%
O
J

?

| ® o

- Find i, with KCL @ top of circuit (node-voltage)
= No current through R, + R;

* 1,,=0
- Dependent source is zeros = open circuit
s _ Vs 15 E A
'sc =R, T 20 3
1



Example: Norton Equivalent Resistance

O
A
1,,:0.75A<> R,=6.15Q
O
- Find Norton equivalent resistance R;

= Ohm’s Law

Voc __ 60 (4 _ 240 _
DRt_E_13(3)_ 3o — 0154
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Chapter 3: Inductance & Capacitance

- Inductors, capacitors are energy-storage devices.

- They are passive elements because they don’t
generate energy
- Only energy put in can be later extracted.

- Capacitance: circuit property to deal with
energy in electric fields

- Inductance: circuit property to deal with
energy in magnetic fields



