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" | Review: an example from last lecture

QUESTION: Find the output current of the voltage source

Node 1
Node 2 = According to KVL/KCL/Ohm’s law
11 R 12 R /—% [ T
- e - 1 1
W YW 1 =1 -1 0 0 0 0 0 0 0 11 o]
I I I 01 0 -1 -1 0 0 0 0 O :
l ’ 4’1' ’1' ° o0 0 0 0 1 0 1 0 of 5 (1)
S < 0O 0 0 0 00 -1 1 -10 1,
R
Vs 1 R3$, 2 Re2 3|2 00 0 0 0 0 0 0 1 1|1, 8
F R0 0 0 0 -1 0 0 0 0|y |=fq]|%
0 R 0 0 0 0 -10 0 0fy 0
—_— 0 0 R 0 0 0 0 -10 01, 0
\ 00 0 R 0 0 0 0 -l 0f "[]0
Node 3 0O 0 0 0OR 0 O0 0 0 -I V’” [ 0]
v,

A lot of equations! A lot of work!
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| Basis of node voltage

Node voltages
/ Voltage at the node

v, R v,

o VWA o Current in terms V.=V,
of node voltages [= R

+ Vi, =V, -V, —

Elemental voltage
The voltage across the element
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" | Node-Voltage Method

QUESTION: if all the resistor values and V; are known. Find all voltage & current in circuit

= Step la: identify all extraordinary nodes

= Step 1b: Assign one extraordinary
node as ground

node 3 = ground = 0V

= Step 1c: assign node voltages to rest of
the extraordinary nodes
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" | Node-Voltage Method

QUESTION: if all the resistor values and V; are known. Find all voltage & current in circuit

I, Loy, = Step 2a: perform KCL at each node

— #5\2:‘ = o except the ground node
L L, I
4 d @node 1
R4$ R5$
¢ g 11 - 12 - I3=O
L @node 2
12 - 14 - 15=0

= Step la: identify all extraordinary nodes

. o :
Step 1b: Assign one extraordinary node as * Note: Assign a positive sign to
ground. node 3 = ground = 0V current entering a node

= Step 1c: assign node voltages to rest of the

extraordinary nodes
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" | Node-Voltage Method

QUESTION: if all the resistor values and V; are known. Find all voltage & current in circuit

= Step 2a: perform KCL at each node

L e Loy,
=> —2 except the ground node
L L), Js = Step 2b: apply ohm’s law for each
R4<$ R, 3 current in terms of node voltages
@node 1
_L_ 11 - 12 - I3=0
V.-V, Vi=V, V;
= Step 1la: identify all extraordinary nodes SR TR TR =0
1 2 3
= Step 1b: Assign one extraordinary node as
ground. node 3 = ground = 0V @node 2
= Step 1c: assign node voltages to rest of the I =1y — I5=0
extraordinary nodes > Vv, —V, B v, B v,
R, Ry Rs
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" | Node-Voltage Method

QUESTION: if all the resistor values and V; are known. Find all voltage & current in circuit

I v, b L y
Rl ! — ‘RﬂZA — .2
v

L L, I

U’<

L

= Step la: identify all extraordinary nodes

= Step 1b: Assign ground node

=  Step 1c: assign node voltages to the rest
= Step 2a: perform KCL at each node

= Step 2b: apply ohm’s law for each current
= Step 3: solve the system of equations

(1+1+1)V 1V—1V
Ry R, Ry *

1 (1 1 1

—V,—=—+—+
'""\R, R, R:

RZ )V2:0

2 equations in 2 unknowns

* Note:

the # of equations to solve =

# of extraordinary nodes — 1
Since we don’t write an equation
for GND node. It’s redundant
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= | Supernode

No way to determine this current!!

gn s s s s -

nofo ! 4 SUPERNODE
= e () o
I s | s
M AR S a SUPERNODE is formed
& Rs R45. Rs S when a voltage source connects
two extraordinary nodes
11 Vy 121 12_2) VZ—Ii _1; Vq VZ_Ii
> S 1=
h s I T R Al
= According to KCL I —1;—1,—15=0
L—=13=1, I, =1,+Is The "internal” current (I, 4, I,,) cancels
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" | Supernode w/ node-voltage method

_ SUPERNODE_
( e
_I; Rl V1 1_21) ~ 12_2) Zz !
A\, :
I\ 13_ _ Vs _4_ _ /I b

U’<
=
w
=
S
M
=
ul
W

= Step la: identify all extraordinary nodes

= Step 1b: Assign ground node

=  Step 1c: assign node voltages to the rest
= Step 2a: perform KCL at each node

= Step 2b: apply ohm’s law for each current

@ the supernode
11 _13 _14 _15=0

=1 iV Va_
Ry, R; R, Rs

1 equations in 2 unknowns

= Step 2c: generate an auxiliary
equation at the supernode

Vo=V =V

2 equations in 2 unknowns
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" | Outlines

=" Node-voltage method
o Basis of node voltage

o Node-voltage method for circuit analysis

o Supernode w/ node-voltage method
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" | Outlines

=" Node-voltage method
o Basis of node voltage

o Node-voltage method for circuit analysis

o Supernode w/ node-voltage method

= Mesh-current method

3/6/20 Milin Zhang, Dept of EE, Tsinghua University

12



" | Basis of mesh-current

Actual currents

= (Case 1: mesh-current equals actual current

R Il 12 R 11 —I
1 > — 2
AAA AAA
M M * Note:
Vs I,

ﬁ'\/v

14
I, is positive as it agrees with ;s direction
= Case 2: an element is shared by 2 meshes
I3=1,—1,
* Note:
I, is positive as it agrees with I3‘s direction
I, is negative as it flows in opposite to I3’s direction

Mesh-currents
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¥ | Mesh-current method

QUESTION: Find the output current of the voltage source

= Step 2a: apply KVL to each mesh

R,
W In mesh a
$ , \rR3 1| 2R Vet loRy + (g —1p)Rs =0
In mesh b

(Iy = IRz + IpR; + (I, —I.)R, = 0

= Step 1la: identify all mesh In mesh c
= Step lb: assign each mesh an unknown (I.—ILL)Ry+I.Rs =0
current, usually in clockwise direction
* Note:

= Put all voltages in terms of mesh-current
= Each termis just Ohm’s law
= Sign of the current
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¥ | Mesh-current method

QUESTION: Find the output current of the voltage source

In mesh a
R4 RzA
W W ~V, + IRy + (I — I[,)R5 = 0
/A 9}333 I, R4‘$> I, <$RS . Ia(Rl + R3) - IbRS = I/S
In mesh b

Iy, —I,)R; +I,R, + (I, —I.)R, =0
= Step la: identify all mesh b fa/Ti3 T b2 b Tc/M4

= Step 1b: assign each mesh an unknown D —[Rs+1,(Rs+ Ry +Ry) — IRy =0

current, usually in clockwise direction In mesh ¢

= Step 2a: apply KVL to each mesh (I, —I,)R, + I.Rs =0

= Step 2b: group terms by mesh-current
» LR, +I.(R,+Rs)=0
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¥ | Mesh-current method

QUESTION: Find the output current of the voltage source

A A r~
" W Io(Ry + R3) — I,R; =V
Q R4 I, : Rs < —IaR3 + Ib(R3 + R2 + R4) — ICR4 =0

¢ —IbR4 + IC(R4 + Rs) == O

v

= Step la: identify all mesh 3 equations in 3 unknowns

= Step 1b: assign each mesh an unknown

current, usually in clockwise direction * Note:
All the actual currents can be
= Step 2a: apply KVL to each mesh calculated from the mesh-

current, such as

= Step 2b: group terms by mesh-current o
Ip, = Iqg — Ip

= Step 3: solve the system of equations
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" | Example 1 Wheatstone Bridge

QUESTION: Find the equivalent resistance of the circuit in the block

According to mesh-current method

( _V,+R I, + (I, —I)R, = 0

R1]1+R5]5_(1_11)R3:0

L~ —Ig)R, + Rs s+ (I —1; +I5)R, =0

3 equations in 3 unknowns

0 Rl + Rz _R2 I 1
D [-R;s Ri+R; Rs 11] =10 Vs
_R4 Rz + R4 _R2 - R4 - R5 15 O

Rs(R1 + R;)(R3 + Ry) + RyR4(Ry + R3) + R1R3(R; + Ry)
RS(Rl + RZ + R3 + R4) + (Rz + R4)(R1 + R3)

|74
[ 3 RquTS:
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" | Example 1 Wheatstone Bridge

Req =

Vs _ Rs(Ry + Ry)(R3 + Ry) + RyRy(Ry + R3) + RiR3(Ry + Ry)
I RS(Rl + R, +R;+Ry) + (Ry + Ry)(Ry + R3)

O

Vs

! % % = IfR;=0 [ shortcircuit

' Ry Ra:

| | R = RoR4(Ry + R3) + RiR3(Ry + Ry)
y % % N “4 (R, + RO, + Ry)

, 12 4

: i R,R, R{R;3

~ +
""""""""""" ! R2+R4 R1+R3

= Ry||R4 + R1l|R3

= fRs = [P open circuit

@ Ry +R,+R3;+R,

3/6/20

i R (R1 + R2)(R3 + Ry)

_____________________ . = (Ry + R)||(R3 + Ry)

Milin Zhang, Dept of EE, Tsinghua University
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" | Example 1 Wheatstone Bridge

Ammeter
I
—>

= According to system of equations

C) 0 R{+R, —R, I 1
Vs _R3 Rl + R3 R5 11] =10 I/S
_R4 Rz + R4 _R2 - R4_ - R5 15 O

D .- R;R; — RyR, v
° Rs(Ry + Ry)(R3 + R,) + RyR4(Ry + R3) + R{R3(R; + Ry) °
= Balanced condition: Is =0 P R,R; =R4R,
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" | Example 1 Wheatstone Bridge

s = Balanced condition: Iz =0 P V.=V,

= According to voltage division

[y Ra v
Vs =
V"R, +R, R,R;
< P P R =—
= V, = Xy 1
S
. R; + R,

Wheatstone bridge can be used to determine
unknown resistance based on “balanced” condition

3/6/20 Milin Zhang, Dept of EE, Tsinghua University 20



" | Example 1 Wheatstone Bridge

QUESTION: Find the voltage V, ;¢

= According to voltage division

) ) (v a V 1V
(t) V1 +Vout— VZ 1_R+R S_Z s
<
Vs
R R+AR (R + AR) R+ AR
V. V,=——

— V
I ~ " R+(R+AR)° 2R+AR°

R+AR 1, AR AR, AR
=T ar 7% = ;= s o~V
2R+AR° 2T 4R+20R°  4p (1+AR) 4R °°

2R ‘
Since AR <1
R

In Wheatstone bridge, by measuring v,,,;, we can find AR

Vour =V, — V3

3/6/20 Milin Zhang, Dept of EE, Tsinghua University 21



" | Supermesh

No way to determine this voltage!!

In mesh a

—V, +I,R, + (I, —I,)R; = 0

v"/vP
[%Q ) I $R5 D (R +R3)—IRs =V,
I, >

In the supermesh

QL\

(I, — I,)Rs + I,R, + I.Rs = 0

= Step 1b: assign each mesh an unknown Auxiliary equation for the supermesh

current, usually in clockwise direction

= Step 2a: apply KVL to each mesh
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" | Nodal versus Mesh

Ry R, _
MHD- A 7 Node-voltage method
1 ) ’ = Node voltages are UNKNOWN
Vs <_> R3$ R4$ R; 5 .
[ = # of equations =
e — /a? # of extraordinary node - 1
_ noae
Ry R,
WV W

Mesh-current method

=
()
U/
&2
VMA
&
MA

3 %Rs =  Currents flowing in meshes are UNKNOWN

= # of equations = # of meshes
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" | Outlines

=" Node-voltage method
o Basis of node voltage

o Node-voltage method for circuit analysis

o Supernode w/ node-voltage method

=" Mesh-current method
o Basis of mesh-current
o Mesh-current method for circuit analysis
o Supermesh w/ mesh-current method

o Node-voltage v.s. mesh-current method
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" | Outlines

=" Node-voltage method

o Basis of node voltage
o Node-voltage method for circuit analysis

o Supernode w/ node-voltage method

= Mesh-current method

o Basis of mesh-current
o Mesh-current method for circuit analysis
o Supermesh w/ mesh-current method

o Node-voltage v.s. mesh-current method

" Linearity & Superposition
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= | Review: linear function

A function is linear if it satisfies 2 properties:

= Additivity (superposition) fix+y)=fx)+ f(y)
= Homogeneity (scaling) flax) = a f(x)

A linear function therefore must exhibit both these 2
properties simultaneously:

flax + by) = af (x) + bf (y)

Linearity describes a relationship between cause & effect
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M| Linear device

A DEVICE is linear if it satisfies 2 properties:

= Additivity: response to SUM OF INPUTS is the SUM OF THE RESPONSES to each
input applied separately

R " According to Ohm’s Law, if v; = i{R and v, = i,R
_W_

= |facurrenti =i + i, isappliedto R
v = (ll‘l‘lz)R == llR‘l‘lzR =v1+v2

= Homogeneity: if input (excitation) is multiplied by a constant, then output
(response) is multiplied by the SAME constant

R = According to Ohm’s Law, if v; = 1R
—W
= |f the currentisincreased by k,i, = ki,
7.72 == lzR = kllR == kvl

A resistor is a linear device since its voltage-current relationship satisfies
both the additivity and homogeneity properties
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2| Linear circuit

A CIRCUIT is linear if it possesses the properties of additive
and homogeneity

_)iin‘ iou.t_>
+ Linear ¥
US¢ Vin circuit Vout %RL
| J | J
input output

= Acircuit is linear when its output is directly proportional to its input
= Alinear circuit’s output must scale with its input

= |n general: a linear circuit consists of only
o linear devices (resistors, capacitors, inductors)
o linear dependent sources
o independent sources
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= | Example 2

QUESTION: if V; = 24V, Find the output voltage of the load R;,

R, = 10Q
VW

= According to Ohm’s law

1 ) Ro=20) 7
_> $ $ Vot I, = Vout—test — 05A

>
R, = 20Q L R;

=

Vs_test = VRZ + Vout—test

= I, Ry + Vour—test = 6V
= Thisis a linear circuit

Vo = 4V _test . Vour = 4V
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" | Outlines

= Node-voltage method
o Basis of node voltage
o Node-voltage method for circuit analysis

o Supernode w/ node-voltage method

= Mesh-current method
o Basis of mesh-current
o Mesh-current method for circuit analysis
o Supermesh w/ mesh-current method

o Node-voltage v.s. mesh-current method

= Linearity & Superposition
o What is a linear circuit
o Additivity & homogeneity of linear circuit
o Homogeneity in circuit analysis
o Superposition in circuit analysis
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" | Example 3

QUESTION: Find the voltage on R;

o =  According to mesh-current method
2

_VS]. + Rlla + R3(Ia - Ib) == 0

Vsl(& <> Vsz
Rs(I, —Ig) + Ryl — Vg, =0

(= R3Vs1 + (Ry + R3)V,

> ™ R,R, + R,Rs + R,R;
<

I = (R + R3)Vy + RV,

. ® 7 RyR, + RiR; + R,R;

D Vi, =Ry —1Ip)

_ _RaR3Vs1 = RiR3Vso
R.R, + R{Rs + R,R;
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" | Example 3

+ Ve, - + Ve, -

Rl R2

VWA VWA

+
Ve \z Rs
+ Vg, - + Vg, —

Ry R,

YW VWA—

<+
R3 =/ Ve
3/6/20

According to voltage division

R;[|R;3
Ri + R, ||R;3

Vé3 = VSl

B R;R3 .
" RyR, + R{R; + R,R; !

no_ R1||R3
Rs R, + Ry||R;

Vs2

3 R1R; .
"~ R{R, + R{R3 + R,R; **
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" | Example 3

QUESTION: Find the voltage on R;

Ry R,
W WW—
v g R <t> . VR3 _ R2R3V51 - R1R3V52
RiR, + R{R; + R,R;
3 5 o %
O) Rg‘g R% Oy,
[ ]
— +
R,R; RiRs3
A V. viIo=— V.
Rs ™ R,R, + RyR; + R,R; ! Rs RiR, + R{Rs + R,R; **

The superposition property of a linear circuit can help analyze
circuits with more than 1 source
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2 | Superposition in Action

Superposition trades off the examination of several
simpler circuits in place of one complex circuit

How to apply superposition to circuit analysis

= Consider one INDEPENDENT source at a time, by “turning off” all other
INDEPENDENT sources

= DEPENDENT sources are left intact because they are controlled by circuit
variables

3/6/20 Milin Zhang, Dept of EE, Tsinghua University
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= | How to “turn off” an independent src

R, R,
A WA
Qo ®. =
Ry R, Ry R;
M WV — W M
| !

Short circuit - Open circuit -
Turn off voltage source Turn off current source
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" | Outlines

= Node-voltage method
o Basis of node voltage
o Node-voltage method for circuit analysis

o Supernode w/ node-voltage method

= Mesh-current method
o Basis of mesh-current
o Mesh-current method for circuit analysis
o Supermesh w/ mesh-current method

o Node-voltage v.s. mesh-current method

= Linearity & Superposition
o What is a linear circuit
o Additivity & homogeneity of linear circuit
o Homogeneity in circuit analysis
o Superposition in circuit analysis
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" | Outlines

= Node-voltage method
o Basis of node voltage
o Node-voltage method for circuit analysis

o Supernode w/ node-voltage method

= Mesh-current method
o Basis of mesh-current
o Mesh-current method for circuit analysis
o Supermesh w/ mesh-current method

o Node-voltage v.s. mesh-current method
" Linearity & Superposition

o What s a linear circuit

o Additivity & homogeneity of linear circuit

o Homogeneity in circuit analysis

o Superposition in circuit analysis

= Thévenin and Norton Equivalent Circuits
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" | Review: equivalent resistance

e ! i =124
I 1 K= 1
— :VWA; : —
< : R,=100] T
+> : . 3 R
- ' Vout ' eq
Vs =12V ' R, =100 ! .Vs=15V g
| e e e e e :
| ] J | J | J
source load source load
Req = Ry + (R;||R,) = 100 = Source sees the load as just
“resistance”
V. = Source supplies the amount
I =——=1.24
Reg of current demanded by load
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" | What does R, see?

= —
: +
+> R, = 1:09 |
- ' Vout 1
Vs =12V R, = 100 ! :
| I
source load
VRL = VS’ — lR1 = 6V
Vr
L
lR = = 0614
L
Ry

3/6/20 Milin Zhang, Dept of EE, Tsinghua University
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" | What does R, see?

b &fjﬂ i E
<+> Ro=100) T
- : Vout E < Ry
Vs =12V R, = 100 ! ! » 6V $>
| ] | J
source load . .
Are these two circuit
equivalent?
VRL = VS‘ i lRl = 6V
Ve, NO!!!
lp; = R_ = 0.64
L

3/6/20 Milin Zhang, Dept of EE, Tsinghua University
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" | What does R, see?

What if R; increases to 30()?

i Rl = S.Q.
—>
VWA;

<+> ro=300] T
= : L 2 R, =300
Vs =12V R, = 100 | o ! » 6V $> '
| o , These two circuit are
source load NOT equivalent!!!
. Vs
Ve, = Vs — iR, = 7.2V * r =R T 0.24
v
ip, = RiLL = 0.244 Vo, = Vs = 6V

Equivalent circuits supply the same voltage & current to ANY load
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" | Circuit equivalent

Thévenin’s theorem

LINEAR two-terminal circuit can be replaced <+> 3 R,
by an equivalent circuit composed of a Ve >
voltage source and a series resistor

(o]

source load

(o]

Norton’s theorem

LINEAR two-terminal circuit can be replaced . S e

. . . L
by an equivalent circuit composed of a i ! 2
current source and a parallel resistor

o

source load
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B | Thévenin & Norton equivalency

= According to source transformation

f q

AA%
=
=

= UTH
N= ——
< RTH O
Thévenin’s theorem
Rry = Ry
~

(o]

= Norton’s Theorem is just a “source
transformation” of Thévenin’s theorem Ry '5 R,

>
= Superposition and Additivity make these

A\
-

theorems possible
Norton’s theorem

3/6/20 Milin Zhang, Dept of EE, Tsinghua University
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= | Example 4

QUESTION: Find the Thévenin equivalent circuit of the network at the terminalsa & b

i Rl - S.Q.
—>
VWA;

<+>
Vs =12V R, = 109

* WhenR;, =10Q =

* WhenR;, =300 <

a
+
R; <
$ Vou
—_ 0.64
b
- 0.24A1
iRL == 0614
VRL - 6V RTH —
ir, = 0.244
VRL == 72V

3/6/20 Milin Zhang, Dept of EE, Tsinghua University
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= | Example 4

QUESTION: Find the Thévenin equivalent circuit of the network at the terminalsa & b

i R =50 Rry = 3.33Q
— AN — o —— AN ——O———
a a
O * ©
+ R; < + <
- Vout o Ry
Ve =12V R, = 10Q 2 . VrH $
b B b
f
iRL = 0614
* WhenR;, =10Q =
VRL = 6V
.
~
iRL = 0.24A
* WhenR;, =300 <
| VR, =72V A > v

vry is the maximum voltage
@open circuit (i = 0)
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= | Example 4

QUESTION: Find the Thévenin equivalent circuit of the network at the terminalsa & b

i Rl = S.Q.
— vWA; O o] . « o .
a = According to voltage division
+
Vopen
Vs =12V R, = 10Q
—
o— 0

3/6/20

Step 1: remove the load

Step 2: find Vj5en

0.64

0.24A4 -

6V 7.2V \

Milin Zhang, Dept of EE, Tsinghua University
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= | Example 4

QUESTION: Find the Thévenin equivalent circuit of the network at the terminalsa & b

W e | =  According to Ohm’s law
. ishort 4 —_ _S —_ 2 4A
Vs =12V R, = 100 Lopen = R~
b 1
—s 1
LN
= Step 1: remove the load
= Step 2:find V,,en
= Step 3: find isport 0.6A
0.24A

3/6/20 Milin Zhang, Dept of EE, Tsinghua University 47



= | Example 4

QUESTION: Find the Thévenin equivalent circuit of the network at the terminalsa & b

V, =12V

3/6/20

Step 1: remove the load
Step 2: find Vppen = Uy
Step 3: find igport = Iy
Step 4: find Ryy

(%
Rry = —2 = 3.330

Iy

i Rl - S.Q.
— VWA; O 0
a
ishort
R, = 10Q
b
o— 0

Rry

(o]

<+>
Uty = 8V

v

o

iy = 2.44

o

Ry = Rry 3 Ry

v

(o]

Milin Zhang, Dept of EE, Tsinghua University
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= | Example 4

QUESTION: Find the Thévenin equivalent circuit of the network at the terminalsa & b

i Rl - S.Q.
— VWA; O O
a
R, = 10Q
b
o— 0

If a circuit contains ONLY independent sources

Method to find Ryy

= Step 1: remove the load

3/6/20 Milin Zhang, Dept of EE, Tsinghua University
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= | Example 4

QUESTION: Find the Thévenin equivalent circuit of the network at the terminalsa & b

l" WW— o—0
a
Q R, = 10Q R, Rry = Req = Ry||R, = 3.33Q
b
o——o0

If a circuit contains ONLY independent sources

Method to find Ry

= Step 1: remove the load
= Step 2: turn off ALL independent sources
o SHORT all voltage sources
o OPEN all current sources
= Step 3:find R, from the perspective of the load

3/6/20 Milin Zhang, Dept of EE, Tsinghua University 50



B | Thévenin & Norton equivalency

How to find Thévenin / Norton equivalent circuit

Method applied to ANY circuit — ° 4
ANY v
. . open
= Step 1: remove the load circuit
_o -
" Step 2: vry = Vopen
= Step 3:iy = ishort ANY b
[ Step 4 RTH — vlT_H circult
N

Method applied to circuit ONLY contains independent sources

= Step 1: remove the load Indep. |——

= Step 2: turn off ALL independent sources Src

o SHORT all voltage sources ONLY R,

circuit p——o0 1

o OPEN all current sources

= Step 3: find R, from the perspective of the load
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2 | Outlines

= Node-voltage method
o Basis of node voltage
o Node-voltage method for circuit analysis

o Supernode w/ node-voltage method

" Mesh-current method
o Basis of mesh-current
o Mesh-current method for circuit analysis
o Supermesh w/ mesh-current method

o Node-voltage v.s. mesh-current method

" Linearity & Superposition
o What is a linear circuit
o Additivity & homogeneity of linear circuit
o Homogeneity in circuit analysis

o Superposition in circuit analysis

= Thévenin and Norton Equivalent Circuits
o What is Thévenin and Norton Equivalency
o How to calculate Thévenin and Norton Equivalent circuit
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" | Reading tasks & learning goals

= Reading tasks

o Basic Engineering Circuit Analysis, 10t edition
e Chapter 3, 5.1-5.3

= Learning goals

o Be able to calculate all V/I in circuits contain multi-nodes/loops

a

Be able to use node-voltage method for circuit analysis

a

Be able to use mesh-current method for circuit analysis

a

Be able to calculate a Thévenin equivalent circuit for a linear circuit

a

Be able to calculate a Norton equivalent circuit for a linear circuit
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