Chap. 2 Fundamentals of Electric
Circuits

Kirchhoff's laws
Circuit Analysis: Basic Methods
Dependent Sources
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KCL (Kirchhoff’s Current Law)

The sum of all branch currents flowing into a node is
zero - charge conservation.




lllustration of Kirchhoff’s current law
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Demonstration of KCL

Is=5A,T1=2A,12=-3A,I3=15A

Find IO and I4




Example

?




KVL (Kirchhoff’s Voltage Law)

The algebraic sum of the branch voltages around any
closed path in a network must be zero

@) (b)

Node sequence B,AD,B: Vg, +V,5 +Vyz =0

Using node voltages: Vga =€ —€,, €5 =0

(reference node = D, reference voltage = 0O)



Example
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Vs2=12V,V1=6V,V3=1V

. e o Find V2.




Some Useful Facts

The branch currents passing through series-connected
elements must be the same.

The voltages across parallel-connected elements must
be the same.




Independent Equations

How many independent KCL equations can be made?
How many independent KVL equations can be made?
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Circuit Analysis: Basic Method

Goal: find all Vand I s for all elements
Write element’s V-I| relationships
Write KCL for all nodes
Write KVL for all loops
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Voltage Divider and Series Resistors

A AN
v =
Vv R1
Ci) V -1 E @ Vv § Req
= R2
B B
(a) Voltage divider (b) Equivalent resistance
Rl
V, = V

R +R,
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The current i flows through each of
the four series elements. Thus, by
KVL,

1.5= Vi+Vvy+Vv3

Ry
Rn
1 REQ
R3
R, §
R §
O

N series resistors are equivalent to
a single resistor equal to the sum of
the individual resistances.

R1 =10 kOhm, R2 = 6 kOhm, R3 = 8 kOhm

Find V3.



Current Divider and Parallel Resistors
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+
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| Vi § R, § R, | V_l § Req
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(a) Current divider (b) Equivalent resistance
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Parallel circuits
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KCL applied at this node
s
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The voltage v appears across each parallel

element; by KCL, ig=1i] + iy + i3

+
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N resistors in parallel are equivalent to a single equivalent
resistor with resistance equal to the inverse of the sum of
the inverse resistances.



Example 1




Example 2

? Find the voltage (v) between nodes A and B.
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Wheatstone bridge circuits
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R1,R2, R3 are known

Find Rx by measuring Vab




Symbols for dependent sources

Fionre 7 4
Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Source type Relationship
Voltage controlled voltage source (VCVS) Vg = LV,
v ic Current controlled voltage source (CCVS) Vg = Fi,
Voltage controlled current source (VCCS) is=gv,
Current controlled current source (CCCS) is = Pi,
o o 0 0} 0O O0— 0
- + _ _
Vq = uVy i (+) v=ri vy =gV, '
o 0 0 0 0O o— 0
(d) CCCS

(A)VCVS (b) CCVS (c) VCCS



Example 3

. What is the current on 2 Q
12 resistor?

2<+> v, § 20)




Example 4

? Find v. How much power does 4 ohm resistor consume?
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? Now, the voltage source is changed from 10V to 5V. How much

® 1 power dies 4 ohm resistor consume?




Conclusion

Kirchhoff's current and voltage laws
Basic Circuit Analysis Method
Series-parallel circuits

Dependent Sources



Chap. 3 Network Theorems

Node (voltage) analysis

Mesh (current) analysis

Superposition principle
Thevenin/Norton equivalent circuits
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Branch current in Node Analysis
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In the node Voltage method we
ssign the node voltages v, and vp;
he branch current flowing from a
o b is then expressed in terms of
hese node voltages.

Va— Vp
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lllustration of Node Analysis
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Example Node 1 —

I1=10mA, I2=50mA, R1 = 1k, R2 = 2k Ry
R3 = 10k, R4 = 2k T Y:
Find all node voltages and branch currents CDI s §_ R4§ (D
1 I,
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Matrix Formulation

AR
ig @) § R1 R3§

@ ih

()

Ge,+G,(e,—€5) =1,

G, (e —€,) +Gse5 =,



Node Analysis with Voltage Source
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Circuit for Example

I=-1A, V=3V, R1=2,6R2=2
R3=4,R4=3

Find i




Basic principle of Mesh(Loop) Analysis
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The current i, defined as flowing
from left to right, establishes the
polarity of the voltage across R.

+ Vp -
O VMWV ©
4.> R
l
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Once the direction of current flow
has been selected, KVL requires
that vi — v, —v3 = 0.

+ Vi —
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"
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A two-mesh circuit
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Mesh 1: KVL requires that
v¢— Vv, — v, =0, where v = |R,,

v = (i) — p)R,.




Example
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vi=10V,V2=9V,V3=1V,

R1 =5k, R2 =10k, R3 = Bk, R4 = 5k

Find i




Mesh Analysis with Current Sources

Sy L



Matrix Formulation

R +R, (L —1,) =V
R, (I, =) + Ryl =-v,



Node Analysis with Controlled Sources

y, R , R Vs I=05mA, Vx =2 xV3
R1 =5k, R2 = 2k, R3 = 4k
+ Find v
Vy I1(A V3 =R,
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Exercise

2 Find i using the node analysis technique

1k 4i

A-WBQC

2v (& 2k § 2k




Loop Analysis

1k 1V 1k
A

M5 35—

v () T) §2k. @@

&

st

{AB,D,A} i +2(i, —i,) =2
{B,C,D,B} (i,+i,)+2(i,—i)=1 i, =1



Exercise

? Find v using the loop analysis technique.
A Xog X g
— W\ AN ———
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Linearity

Werite node equations

e=f,(RLR,V + F,(R,R,)|

Linear in Vand I




Linearity

Homogeneity

Superposition

— a}?

xla - xlb
X2a— — )V, Yu—0
xla + xlb >

x2a + x2b

— V.tV

> } ?Z)



Superposition Principle
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Zeroing Voltage and Current Sources
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1. In order to set a voltage source equal to zero, we replace it with a short circuit.
R1 Rl

@ @ En {W O L

A circuit The same circuit with vg=0

2. In order to set a current source equal to zero, we replace it with an open circuit.

R, R,
MWW * — VW, *
. O
@ @ = @ Sk
' - O
L L
A circuit The same circuit with ig=0
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Exercise

10 A
A\, —
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(b)




Superposition with Controlled Sources

i i i A
+%§Q +% %%
= 10 ! Mea =10 Y= 10= -390 6
5% {?Zi l{?a
B
(c)

(a) (b)

V=V TV
(b):12=3i+2i+i —>i=2,v=6
(©):1+3(1+6)+21=0 —>1=-3,v=9



Deviation of the Thevenin’s Network

Consider Arbitraty_Metwopy p,

resist '
m + / .J..\ ]
V l\ ‘LIJ !
1



Calso

By superposi’ri’on mfdepe.ndenlf
oT externa
V= am " /6 I, + Ri "% oxcitement &

" ?;\” / behaves like

no resistance ~ \aresistor
. units . units .
By setting All
\V/”I” — O.ﬂ vm V;” — _g vh”[?? — O.ﬂ
\ i: O Z.: / \v/i"” m — 0

independent of external
excitation and behaves like a
voltage " V"



Thevenin equivalent network

V:WH+Rmz

I

TH

Thevenin equivalent
network

_[SC_




lllustration of Thévenin theorem

Source
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l
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Ol <= +0

LLoad

Ol = +

LLoad




Open-circuit and Thévenin voltage

ooooooooo

One-port
network

Si LT



Computation of Thévenin resistance
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R 1 R 3 a R 3
MWW—— A AWWN—-0O— ® MW———0 a
Vg = R 2 R
<—> 2 R, R,
o Oo—
b ° O b
Complete circuit
R;
a
R, R; a

— VWA ——"WW—0
R1“R2 - RT
Vs Rz

L o)
b

Circuit with load removed
for computation of Rr. The voltage
source is replaced by a short circuit.



Example




A circuit and its Thévenin equivalent

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

R, R, R; + R, | R,
I\N\/\/ S iL ~ iL
Y Y
Vs R, R, vy 22 R,
R+ R,
A circuit Its Thévenin equivalent
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Norton equivalent circuit

+
y <= Iy CD § Ry =Ry,

O

Norton
equivalent
VTH
RTH

Iy =



lllustration of Norton theorem

Source

I
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B

Ol = +0

Load

Ol = +0

Load




Computation of Norton current

rrrrrrrrrr o displ

Short circuit
replacing the load
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Example




Exercise

? Obtain Thevenin and Norton equivalent circuits
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Source Transformation

Linear

Circuit

o>

(a)

Other

4 Circuit

Rth
A
—\W\—0
Other
() Voc -
B |Circuit
(b) Thevenin
A
(D i Other
§Rth Circuit

(¢) Norton




Measurement of open-circuit voltage and
short-circuit current
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a

O
Unknown load
network
O
b

An unknown network connected to a load

O=

Unknown \
network \ )
\ “l SC = / Ty
O
b

Network connected for measurement of short-circuit current
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b

Network connected for measurement of open-circuit voltage
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Conclusion

Network analysis: node analysis and mesh analysis
Superposition principle: linear circuit
Thevenin and Norton equivalent circuits



