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How electricity flows?




Electricity Basics

Electricity starts with electrons. Every atom
contains one or more electrons. Electrons have a

negative charge. Inside an
Atom

Electron

Simplest model
of an atom

Nucleus




Electrical Circuits

Whether you are using a battery, a fuel cell or a
solar cell to produce electricity, there are three
things that are always the same:

, Switch

eThe source of electricity will — 62

have two terminals: a positive Mt
terminal and a negative terminal. [EI




Basic Electrical Circuits

Conductor
(Wire)

Resistc
(Light Bulb)
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Voltage Pushes-the-electrons
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The flow of the electrons is referred to as Current




Electron Flow is measured in Amps

The flow of the electrons is referred to as Current
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Therefore they will pull
the electrons from the
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(Excess electrons)
They will be pushed
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Terminal.
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/ " _Loop (Mesh) Analysis



Loop Analysis

e Nodal analysis was developed by applying
KCL at each non-reference node.
Loop analysis is developed by applying KVL
around loops in the circuit.
Loop (mesh) analysis results in a system of

linear equations which must be solved for
unknown currents.




Another Summing Circuit

e The output voltage I/ of this circuit is
proportional to the of the two input
voltages I/ and lA.

1kQ 1kOQ

-+

— VW NNV —
i (’_’) Voue > 1k (’_’) Z




Steps of Mesh Analysis

. Assign a current to each mesh.

. Apply KVL around each loop to get an
equation in terms of the loop currents.

. Solve the resulting system of linear
equations.




1. Identifying the Meshes




Steps of Mesh Analysis
1. Identify mesh (loops).

3. Apply KVL around each loop to get an

equation in terms of the loop currents.

4. Solve the resulting system of linear
equations.




2. Assigning Mesh Currents




Steps of Mesh Analysis

1. Identify mesh (loops).
2. Assign a current to each mesh.

4. Solve the resulting system of linear
equations.




Voltages from Mesh Currents




3. KVL Around Mesh 1

—V, + I, 1kQ + (I, - L) 1kQ =0
I 1kQ + (L - L) 1kQ = V,




3. KVL Around Mesh 2

(L— L) 1kQ + L 1kQ + V=0
(L — L) 1kQ + L 1kQ = -V




Steps of Mesh Analysis

1. Identify mesh (loops).
2. Assign a current to each mesh.

3. Apply KVL around each loop to get an
equation in terms of the loop currents.




Matrix Notation

e The two equations can be combined into a
single matrix/vector equation.

1kQ+1kQ  —1kQ Tll_
~1kQ  1kQ+1kQ |

II2




Cramer’s Rule

E,

l, _(R1+R2) (-R;)
1, [ (-Rs) (R,+R;)

(=Rs) W

- E,(R,+R;) |

_(Rl +R,)
- (=R,)

(-Rs)
(R,+R;)_




(R+R,) E,
- (R;) —Ey]

(Ry+Ry) (-R;)

- (-R;) (R +Ry)]



4. Solving the Equations

V,=7Vand V, = 4V
Results:
i = 3.33mA
, =—-0.33mA
inally
V,.: = ({4 — L) 1kQ = 3.66V




Another Example

2kQ

A%

2mA

/‘\ 1kQ
>
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1. Identify Meshes




2. Assign Mesh Currents

2kQ

AAYA

DD+




Current Sources

e The current sources in this circuit will have
whatever voltage is necessary to make the
current correct.

We can’t use KVL around any mesh because
we don’t know the voltage for the current
sources.

What to do?




Current Sources

e The 4mA current source sets 54:
L =—-4mA
The 2mA current source sets a constrainton
[l and L

I —L=2mA

We have two equations and three unknowns.
Where is the third equation?




Supermesh

The
2kQ Supermesh
does not

include this
@ source!
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>
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3. KVL Around the Supermesh

-12V + L 2kQ + (5 - LH)1kQ + ([ - £)2kQ =
0

L 2kQ + (L - B)1KQ + ([, - L)2kQ = 12V




Matrix Notation

e The three equations can be combined into a
single matrix/vector equation.

0 1 0
1 0 -1
2k —1kQ-2kQ 2kQ+1KQ




Advantages of Nodal Analysis

e Solves directly for node voltages.
Current sources are easy.

Voltage sources are either very easy or
somewhat difficult.

Works best for circuits with few nodes.
Works for any circuit.




Advantages of Loop Analysis

e Solves directly for some currents.
Voltage sources are easy.

Current sources are either very easy or
somewhat difficult.

Works best for circuits with few loops.




Disadvantages of Loop Analysis

e Some currents must be computed from loop
currents.

Does not work with non-planar circuits.
Choosing the supermesh may be difficult.

: Spice uses a nodal analysis approach




e A new four-terminal element, the transformer, is
introduced in this chapter

A transformer is composed of two closely spaced
inductors, that is, two or more magnetically
coupled coils

— primary side is connected to the source

— secondary sideis connected to the load

Lecture 11 89



e dot conventiorn. dots are placed beside each
coil (inductor) so that if the currents are
entering (or leaving) both dotted terminals,

then the fluxes add

right hand rule says that curling the fingers
(of the right hand) around the coil in the
direction of the current gives the direction of
the magnetic flux based on the direction of

the thumb

90

the coils are phy5|ca*11'yet3r|ented wrt one



The following equations define the coupling
between the two inductors assuming that each
respective current enters the dot side which is
also the positiv (yol ffn_gdeu Sldﬁ di,

dt dt
di di,
v.() =M —L 4+ L. —=2
(V) dt  ° dt

where L, and L, are the self-inauctances of the
and M is the mutua/
inductance between tha-two coils
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Class Example

e Extension Exercise E11.1

Lecture 11 93



e The frequency domain model of the coupled
circuit is essentially identical to that of the
time domain

V.= JoL I, + JoM 1,

V, =JjoM ||+ oL, |,

Lecture 11 94



Class Examples

e Extension Exercise E11.2
e Extension Exercise E11.3

Lecture 11 95



The source sees an /nput impedance, Z,, that is

the sum of the primary impedance, and a
reflected impedance, Z,, due to the secondary

(load) side ,
Z,=—S>=2,+Z.=2,+1(Z2,)

I

Lecture 11 96



Class Example

e Extension Exercise E11.4

Lecture 11 97



e An energy analysis of the mutually coupled
inductors provides an expression for the
instantaneous stored energy

w(t) = s L[]+ sLILOFEMifh)i, @)

e The sign is positive (+) if currents are both
entering (or leaving) the dots; sign is
negative (-) if currents are otherwise

Lecture 11 98



o The mutual inductance, M, is in the range

0<M < JLL,

e The coefficient of coupling (k) between two

inductors is defined as

o<lk=_M |4

[ VR ]

uctors are said to be tightly coupled
s are considered to be loosely

Lecture 11 99



Class Example

e Extension Exercise E11.5

Lecture 11 100
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Electromagnetic Induction

A changing magnetic field (intensity,
movement)
will induce an electromotive force (emf)

In a closed electric circuit,
a changing magnetic field
will produce an electric current



Electromagnetic Induction
Faraday’s Law

The induced emf in a circuit is proportional to the rate of change
of magnetic flux, through any surface bounded by that circuit.

g='d(I)B/ dt



I

Michael Faraday discovered induction in 1831.
Moving the magnet induces a current I.
Reversing the direction reverses the current.
Movmg the loop induces a current.

urrent is set up by an /inauced




I

e Changing the current in the right-hand coil
induces

a current in the left-hand coil.
* The induced current does not depend on the

the current in the right-
e The induced current depends on dI/dt



In the easiest case, with a constant magnetic field B,
and a flat surface of area A, the magnetic flux is

Og=B.A




e \When B is not constant, or the surface is not flat, one
must

do an integral.

e Break the surface into bits dA. The flux through one bit
IS

e Add the bits:



Faraday’'s Law

1) @ g — SD< 2) @ %MF
7 Y ; S

e Moving the magnet changes the flux ®g (1).
e Changing the current changes the flux @z (2).
o \Faraday: changing the flux induces an emf.

g

-d®g /dt | Faraday’s law

The emf induced j \ equals the rate of change
around a loop of the flux through that loop



Faraday’s law gives the direction of the induced emf and
therefore the direction of any induced current.

Lenz’s law is a simple way to get the directions straight, wit
less effort.

Lenz’'s Law:

The induced emf is directed so that any induced current
flow

will oppose the change in magnetic flux (which causes the
induced emf).

This | ] e than to say ...

Decreasing magnetic flux = emf creates additional magnetic
field



I

If we move the magnet towards the
loop

the flux of B will increase.
Lenz’s Law = the current induced in

loop will generate a field B* opposed



Example of Faraday’s Law

Consider a coil of radius 5 cm with N = 250 turns.

A magnetic field B, passing through it,
changes at the rate of dB/dt = 0.6 T/s.

The total resistance of the coil is 8 Q.
What is the induced current?

B=0.6t[T] (t= timein seconds)

Use Lenz’s law to determine the

2§§§§ direction of the induced current.
S Apply Faraday’s law to find the
e —— emf and then the current.



Example of Faraday’s Law

Lenz’s law:

g;;::::3§§ The change in B is increasing
~—F———— the
1 upward flux through the coil.

So the induced current will have
Induced B a magnetic field whose flux

(and therefore field) is down.

Hence the induced current must be
when looked at from
above.

Use Faraday’s law to get the magnitude of the induced emf and current.

e —

—

—— e




q)B=JB_dA

|
l 5=-C|CDB/C|t

W )]
W\ ////

Induced B

he induced EMF is £ = - ddg /dt

In terms of B: ®gz = N(BA) = NB (wr?)
herefore £ = - N (nr2) dB /dt

g = -(250) (= 0.0052)(0.6T/s) =-1.18V

(1V=1Tm?/s)




Magnetic Flux in a Nonuniform Field

A long, straight wire carries a current I. A rectangular
loop (w by |) lies at a distance a, as shown in the figure.
What is the magnetic flux through the loop?.



Induced emf Due to Changing Curren

A long, straight wire carries a currentI = Iy + i t.

A rectangular loop (w by 1) lies at a distance a,

as shown in the figure.

What is the induced emf in the loop?.

What is the direction of the induced current and field?



Motional EMF

Up until now we have considered fixed loops.
The flux through them changed because the
magnetic field changed with time.

Now try moving the loop in a uniform and
constant magnetic field. This changes the flux,
too.

Into

&pOints b( X Bx X X l%
screen '

_______________________________________________



Motional EMF - Use Faraday’s Law

X-==---=-- y it ) Gy X--====--- y G
I
X X Bx X X
% R
x X \V4 X \V4 |

_______________________________________________

The flux is g = B'A A = BDx
This changes in time:



Motional EMF - Use Faraday’s Law

X-==---=-- y it ) Gty y Gl y G

I
X X Bx X X

% R
x X \V4 X \V4 |

_______________________________________________

The flux is g = B'A A — BDx
This changes in time:
ddg/ dt = d(BDx)/dt = BDdx/dt = -BDv

Hence by Faraday’s law there is an induced emf
and current. What is the direction of the current?



Motional EMF - Use Faraday’s Law

X-==---=-- y it ) Gty y Gl y G

I
X X Bx X X

% R
x X \V4 X \V4 |

_______________________________________________

The flux is g = B'A A = BDx
This changes in time:

ddg/ dt = d(BDx)/dt = BDdx/dt = -BDv
Hence by Faraday’s law there is an induced emf
and current. What is the direction of the current?

Lenz’s law: there is less inward flux through the
loop. Hence.the induced current gives inward flux.

= S0 the induced current is clockwise.



i Motional EMF
R B %R Faraday’s Law

_______________________________________________

Now Faraday’s Law ddg/dt = - &€
gives the EMF = £ = BDv

In a circuit with a resistor, this gives
E= BDv=IR = I=BDv/R
Thus moving a circuit in @ magnetic field

produces an emf exactly like a battery.
This is the principle of-an-electric-generator:



Rotating Loop - The Electricity

— Generator
Consider a loop of area A in a region of space in

which there is a uniform magnetic field B.
Rotate the loop with an angular frequency o .

The flux changes because
angle 0 changes with time: 6 =
ot.

Hence:

ddg/dt = d( B.. A)/dt

= d(BAcos 0)/dt

= B A d(cos(wt))/dt
- BAw sin(o t)



Rotating.Loop - The Electricity.Genera

ddg/dt = - BAw sin(o t)

eThen by Faraday’s Law this motion causes an
emf

£ =-ddg/dt = BAw sin(o t)
e This is an AC (alternating current)



A New Source of EMF

If we have a conducting loop in a magnetic field,
we can create an EMF (like a battery) by
changing the value of B . A.

This can be done by changing the area, by
changing the magnetic field, or the angle
between them.

We can use this source of EMF in electrical
circuits in the same way we used batteries.

Remember we have to do work to move the loop
or to change B, to generate the EMF (Nothing is
for freel!).



Example: a 120 turn coil (r=1.8cm, R =5.3Q ) is placed
outsideasolenoid (r=1.6cm, n=220/cm, i=1.5A). The current.in
the solenoid is reduced to 0 in 0.16s. What current

appears in the coil ?

00000000000000000

Current induced in coil:

_EMF _(N )dCDB
R R

Ic dt

(D B — B . A = (,Uon Is )As Only field in coil is inside solenoid




Example: a 120 turn coil (r=1.8cm, R =5.3Q ) is placed
outsideasolenoid (r=1.6cm, n=220/cm, i=1.5A). The current.in
the solenoid is reduced to 0 in 0.16s. What current

appears in the coil ?

Current induced in coil:

d@
ic = EI\II\/>|F ( ) B

D, = B.A= (,Uonis)As Only field in coil is inside solenoid

e () st (3), 0

_ N) ly
(R yonAt =4.[2MA



Induced Electric Fields

Consider a stationary /\
conductor

X B
In a time-varying magnetic K )

e cecronspygifecl aforce E

It is not E_ = qvxB, because the wire is stationary.
Instead: we know that € = - ddg/dt

This is equivalent to an induced electric field E, such
that: 0

F=qE and € = | Edl

= a time-varying magnetic field B causes an

AlAactrie FiAIA E A ~ammvAanr 1™ FlaAa ~AanArni~FArl



Induced Electric Fields

= dE. A D

E
and m X B
E

= - ddg/dt U

Then: O_[E_ i: - d(I)B/dt Faraday’s Law

The induced electric field E is NOT a conservative field
We can NOT write E = -dV/dl or E.= -YV

The electrostatic field E, is conservative [E..dl = 0
0



ElectrostaticField Induced Electric Field

F=qE E=qE
AVab = - | E..dl JE.dl=-
ddg/dt
JE..dl=0andE. = YV [E.dl =0

Conservativ Nonconservative

e
Work or energy difference Work or energy difference
does NOT depend on path DOES depend on path
Caused by stationary Caused by changing

charges or emf sources magnetic fields



Induced Electric Fields

dE.. dl = - dg/dt

Faraday’'s Law

Now suppose there is no conductor:
Is there still an electric field?

YES!, the field does not depend
on the presence of the conductor.

For a magnetic field with axial or cylindrical
symmetry, the field lines of E are circles.

<




Self-Inductance

e \WWhen the switch is
closed, the current
does not
immediately reach
its maximum value

e Faraday’s law can be
used to describe the
effect




Self-induced emf

Lenz’s law emf Lenz’s law emf

(a) (b)l Iincreasing 1 (c) l I decreasing T

©2004 Thomson - Brooks/Cole

e A current in the coil produces a magnetic field
directed toward the left (a)

o If the current increases, the increasing flux creates
an induced emf of the polarity shown (b)

e The polarity of the induced emf reverses if the




Self Tnductance

&’- | ‘B
SO -

A canes)
g— NIPa_ NA(NA)_\ adl_ NBAGI
dt dt dt | dt
e _ NOg di__, dl
| dt ot

_ Ny
I

Define: Self Inductance L




Inductance of a Solenoid

e The magnetic flux through each turn is

(I)B :BA:(HO%I)A i . *B

o Therefore, the inductance is =g 51—

NO,  p N2A

| —

| ¢
e This shows that £ depends on the
geometry of the object



Inductance Units

— |rLA\;s ] |Q—s]=[Henry]=[H]

L. 2 AT ——

increasing +
(a)

— —-—’B’B’B’B’B’B’U\—-—

decreasing —
(b)




3. A 2.00-H inductor carries a steady current of 0.500 A. When the
switch in the circuit is opened, the current is effectively zero after 10.0 ms.
What is the average induced emf in the inductor during this time?

5. A 10.0-mH inductor carries a current /= /max sin @, with max =
5.00 A and @w/2n = 60.0 Hz. What is the back emf as a function of time?

7. An inductor in the form of a solenoid contains 420 turns, is 16.0 cm
in length, and has a cross-sectional area of 3.00 cm2. What uniform rate of
decrease of current through the inductor induces an emf of 175 (N?



Charging

4 Kirchhoff Loop Equation:

Switch L di
Yo V. -RI-L=—=0
(a) i
I
TV /R Solution:
6B L ==
: | —
!
_L Time
"R



R CIFCUItS

 AMN—— 1 Discharging
R L
it
Switch o I Kirchhoff Loop Equation:
Vo
dl
1 RI+L=-=0
dt
fo Solution:
-t/
0.37Iy |- -~ =l
|
|
R —
R



Active Figure 32.3

resistance R

inductance (L)

a

Z0]n

= 1.0
+ + &
10 VOlts  wapm _ &
_Ts LS =

*b -20

(SLIDESHOW MODE ONLY)



14. Calculate the resistance in an RL circuit in which L = 2.50 H and
the current increases to 90.0% of its final value in 3.00 s.

20. A 12.0-V battery is connected in series with a resistor and an

inductor. The circuit has a time constant of 500 15, and the maximum
current is 200 mA. What is the value of the inductance?

24. A series RL circuit with L = 3.00 H and a series RCcircuit with C
= 3.00 4F have equal time constants. If the two circuits contain the same

resistance R, (@) what is the value of Rand (b) what is the time
constant?



Energy in a coil

PE in an Inductor

PE in an Capacitor




Energy Density in a coil

PE in an Inductor U ZE LI°

2
L:NCDB:M:N(MONIM)A _ BL
| | | u,N

2
1
U:l N(“ON)A\(M Z_BZ(AE)
2 l LHON 24,
- 2i > U=z



31. An air-core solenoid with 68 turns is 8.00 cm long and has a
diameter of 1.20 cm. How much energy is stored in its magnetic field when it
carries a current of 0.770 A?

33. On a clear day at a certain location, a 100-V/m vertical electric field
exists near the Earth’s surface. At the same place, the Earth’s magnetic field
has a magnitude of 0.500 x 10-4T. Compute the energy densities of the two
fields.

36. A 10.0-V battery, a 5.00-Q resistor, and a 10.0-H inductor are
connected in series. After the current in the circuit has reached its maximum
value, calculate (a) the power being supplied by the battery, (b) the power
being delivered to the resistor, (c) the power being delivered to the inductor,
and (d) the energy stored in the magnetic field of the inductor.



Xamplé—32=5=The

Calculate L for the cable
The total flux is

B:_[B dA = b'uolfdr:Mm
a 21Tr 21T

Therefore, L is

L = (DB — uog I”(E)
I 21T a

The total energy is

1 Ak
41T

b




Mutual Inductance

Coill Coil 2

i

-*

> NZCDIZ oC Il
e
- &b WIN
IA qu)lz — M12|1
1 PR
62
(induced)

M. 1)

1271

d
dq)lZ ( N2 J dll . M dlz
&y ==N; dt =—N3 dt =_M12E =— 21E




Mutual Inductance example




L
—J 000
I (after switch
1s closed)
( Switch

+++|+++

C
Kirchhoff Loop Equation:

EC-Circuits

)
=

Charge Qon C
=

Current / in L
o




Energy in-an LC Circult

= max

Uc
Q = Q. COs(wt) 1
=99 =Q . ®0SiN (ot) LC \/
dt
U[‘
1Q° _ Qua
U, ZE% =0 cos® (ot +¢) O
1, LeO? o
Uy =5 LI = ——msin? (ot)= Zrecsin’ (ot)
Q, Q’ Q?
Ug=Ug == 2cos™(ot)==tsin (ot )=~



Active Figure 32.17

inductance L

S (off)

oo

capacitance C

°:

(SLIDESHOW MODE ONLY)



LRCCircuits

Kirchhoff Loop Equation:

L Q py_ydl_
2
LC(I]H?+R(1|?+(Cg =0
|/ Switch
Solution:
" _ —at
C Q=0Q,e “ cos(ot+¢)

R |1 R?
T O RTE.



Damped RLC Circuit

e The maximum value

of Q decreases after
each oscillation

- R< R-

e This is analogous to
the amplitude of a
damped spring-mass
system

Q max w




Active Figure 32.21

resistance R

capacitance (C) Sy (on) § ; inductance (L)

= 0.20 = 1.00
= 5
- . 5

Ta c

=040
Q

(SLIDESHOW MODE ONLY)



e Underdamped

e Critically Damped

e Overdamped




Table 32.1

Analogies Between Electrical and Mechanical Systems

One-Dimensional
Electric Circuit Mechanical System
Charge Q < x Position
Current VA 30 Velocity
Potential difference AV & F, Force
Resistance R < b Viscous damping
coefficient
Capacitance G <> 1/k (k = spring constant)
Inductance L © m Mass
Current = time dQ dx Velocity = time
derivative of charge s i S BT R derivative of
position
Rate of change of dIl _ d*Q s _ dv,  d%% Acceleration =
current = second W dn = " T di second time
time derivative derivative of
of charge position
Energy in inductor L= é- LI? & K= %mv2 Kinetic energy of
o moving object
Energy in capacitor Uc = % el U= %kx2 Potential energy
stored in a spring
Rate of energy loss I’R < bv? Rate of energy loss
due to resistance due to friction
2 2
RLC circuit L %+R-d—Q—+—Q—=O <> m d: +bﬂ+kx=0 Damped object on
t dt C di dt a spring

© 2004 Thomson - Brooks/Cole



41. An emf of 96.0 mV is induced in the windings of a coil when the
current in a nearby coil is increasing at the rate of 1.20 A/s. What is the
mutual inductance of the two coils?

49. A fixed inductance L = 1.05 tH is used in series with a variable
capacitor in the tuning section of a radiotelephone on a ship. What capacitance

tunes the circuit to the signal from a transmitter broadcasting at 6.30 MHz?

55. Consider an LCcircuit in which L = 500 mH and C= 0.100 LF (a)
What is the resonance frequency @,? (b) If a resistance of 1.00 kQ is
introduced into this circuit, what is the frequency of the (damped)
oscillations? (c) What is the percent difference between the two frequencies?



Calculate period
What if we change
C=10mF
Underdamped?
How can we change
damping?




Inductors and capacitors resiR!we @nld: bgs ptﬁrt@aﬁ | es
reactance. Resistance also impedes the flow of AC. The combination o
reactance and resistance in a circuit is called impedance.

Reactance and resistance which are in series cannot simply be added

because they differ in the phase relationship between current and This
voltage. With reactance, current and voltage are out of phase (“ELI the _
ICE man”) while with resistance they are in phase. A method called arrow IS
triangulation is used to combine the two and to determine the resultinginductive

phase relationship. reactance

AR

The impedance of the reactance and resistance in series is found by

completing the triangle whose legs are R and X: This inductive reactance
) is positive; capacitive
7 = \/ RZ + X 2 dlfOW IS reactance is negative
capacitive
The phase angle between current and voltage (the angle by which the
- reactance
voltage leads the current is given by:
X
0= arctan — Xc
R

Make sure that X is given the correct sign (positive or negative) when finding the phase angle.

Kit Building Class Lesson 4 Page 156



R and X in Parall

For a parallel combination of resistance a?'\g reactance, we use a%leerent formula for
finding the resulting impedance:
RX

7 —
JR2+ X ?

In this case, the phase angle by which voltage leads current is given by

¢ = arctan R
X

If the reactance is capacitive, the phase angle is negative. If the reactance is inductive, the
phase angle is positive.

Ohm'’s Law for Impedance

E=1z |=-E z_E

Kit Building Class Lesson 4 Page 157



AC Circuits

(primary)

R=

R=2R"

(secondary)

20,



Lecture Outline

Driven Series LCR Circuit:
e General solution
e Resonance condition

e Power considerations

ransformers
Voltage changes
Faraday’s Law in action gives induced primary




Phasors

\/

R Vin phase with i VR = Rir=¢gpsinot | = [Ig= ‘C'I_\T—Smwt ‘
. Vlagsi by 90° [VCZ%ZSmSinCOt] —> |ic = oCegcCOS
. Vleadsi by90° [VL =L dd'tL—:s m Sinot ] —

phasor is a vector whose magnitude is the maximum value of a quantity (eg V ¢
X =Trcosmt
y =rsinomt

The projections of r (on the
articgly, 9X(s) execute
sinusoidal oscillation.

iform circular motion:




r = Rip sinot 0

= —ii cosmt
C oC m 0

L= olLiycosomt




Series LCR

| -

Back to the original problem: the loop _r

equation gives: —C =
N
2
Ld Q+Q+Rd_Q:s sin ot —®—
dt? C dt
e Assume a solution of the form: i = iy sin(ot — ¢)

ere all unknowns, (i.,,¢) , must be found from the loop eqgn; the initial conditions
ave been taken care of by taking the emf to be: ¢ = ¢, sinwt.

D solve th|s Droblem raphlcally, first wrlte down expressmns for

diagram.



Phasors: LCR

iven: € = emSinomt
: 1
Assume: _ —QCOS((DJ[ . ¢) R
=i_sin(ot—¢) = @ —

= i ocos(ot—¢)  —— C L

r = Ri=Ri, sin(ot—¢)

% 1,5, cos(ot — ¢)

om these equations, we can draw the phasor
agram to the right.

is picture corresponds to a snapshot at t=0.

P
a
ti



Phasors: LCR

I Xc imR

he phasor diagram has been relabeled in terms of the reactances
efined from:

- 1
Ohrna.s == [XL=‘°L ] [Xczﬁ

The unknowns (i,,,#) can now be solved for graphicgl
ince the vector sum of the voltages

Vi + + V, must su O the e :
kL C R y




(8 o small (b) o large (c) o=




Conceptual Question

A driven RLC circuit is connected as shown. ‘

®

o |

(8 o small |(b) o large () o= =< | |

eThis is NOT a series RLC circuit. We cannot blindly apply our techniques for solving
the circuit. We must think a little bit.
eHowever, we can use the frequency dependence of the impedances (reactances) to

answer this question.
e The reactance of an inductor = X, = ol.

e The reactance of a capacitor = X = 1/(wC).
e Therefore,

e in the low frequency limit, X, — 0 and X — «.

eTherefore, as » — 0, the current will flow mostly through the inductor;
the current through the capacitor approaches 0.

e in the high frequency limit, X, —cand X — 0.
sTherefore, as u — =, the currentwill-flow.mostly through.the.capacitor,
approaching a maximum i, = /R.



Phasors:LCR




Phasors: Tips

is phasor diagram was drawn as a snapshot
ime t=0 with the voltages being given as the w »
jections along the y-axis.

etimes, in working problems, it is easier to
the diagram at a time when the current is (I)
J the x-axis (when i=0).

imXC

From this diagram, we can also create a triangls
which allows us to calculate the impedance Z:

XL—Xc]|

“Full Phasor Diagram” “ Impedance Triangle”



We have founc

the loop
egn




Lagging & Leadinc

e phase ¢ between the current and the driving emf depends on the relative
agnitudes of the inductive and capacitive reactances.

] [tanq) _ AL EXC ]

LAGS LEADS
applied voltage applied voltage applied voltage



lependence of the current i which flows in the
ircuit is shown in the plot.

) increase o (b) decrease o (c) impossible

(@ | (b) i | (©




ecture 21, ACT 1

he series LCR circuit shown is driven by a i
jenerator with voltage ¢ = ¢ Sinot. The time —/W B
lependence of the current i which flows in the —l lo
ircuit is shown in the plot. —C

— How should ®» be changed to e
bring the current and driving AQ
voltage into phase?

&) increase o (b) decrease » (c) impossible
e From the plot, it is clear that the current is LEADING the applied voltage.

A XL

efore, the phasor i Therefore, Xc> XL

am must look like \ oTo bring the current into phase with the
applied voltage, we need to increase X

§ and decrease X..
¥ Xc e Increasing o will do both!!

Th
dic
th




ecture 21, ACT 1

he series LCR circuit shown is driven by a

jenerator with voltage ¢ = ¢ Sinot. The time
lependence of the current i which flows in the
ircuit is shown in the plot. o |_ = 0o

— How should ®» be changed to |
bring the current and driving
voltage into phase?

‘@) increase o (b) decrease o (c) impossible

e Which of the following phasors represents the current i at t=07?

A (D
(a) (b)¢7. (€) i
® —
i
. . «The sign of i is *This one looks jus
eThe projection of i correct at t=0. right!! ’
along the vertical eHowever, it soon e ¢=-30°
axis is negative here

Nill become

0 WAV 10S€E

nedative!

e nope



Resonance

or fixed R,C,L the current i, will be a maximum at the resonant frequency oy
hich makes the impedance Z purely resistive.

eaches a maximum when: X = Xc¢ ]

e frequency at which this condition is obtained is given from:

oL—L1 [%:_1]

®oC JLC

ote that this resonant frequency is identical to the natural
equency of the LC circuit by itself!

voltage are in




Resonance

The current in an LCR circuit depends on the values of the elements and
on the driving frequency through the relation

Suppose you plot the current versus o, the
source voltage frequency, you would get:




ower. in"LCR Circ

'he power supplied by the emfin a series LCR circuit depends on the frequency
t will turn out that the maximum power is supplied at the resonant frequency

he instantaneous power (for some frequency, o) delivered at time t
is given by:

é Re;member hat
P(t) = S(t)l(t) = (gm SlﬂO)t)(lm SiIl((Dt —_ )) this stands ft¢

he most useful quantity to consider here is not the instantaneous
ower but rather the average power delivered in a cycle.

(P(1)) =gl (sinotsin(ot—o0))




Power in-LCR Circuit

Expanding,
sinwtsin(owt — ¢) = sinmt(sinmtcosp —coswt sin )

aking the averages,

(sin mtcosmt) =0 +1

T |
Sinmtcoswt
(Product of even and odd function = 0) \
o Generally: 0 i
. 1 2n . |
(sm X) = — ISln xdx = —
2n 2 E | | |
0 0 2

tting it all back together again,
1/2 0 +]1 sinZot

) = smim{cos q)@a{z ot)— sinq)(siyx{f cosmt)}

(P(t)) = 58




Power in-LCR Circuit

his result is often rewritten in terms of rms values:

1 . 1 .
8rmSE\/égm] [ Irmszﬁlm ] — [(P(t»:?»rmsirmscosl(b

/

bwer delivered depends on the phase, ¢, the “power factor” -/

ase depends on the values of L, C, R, and o

erefore...




(P(t)) = &rmslrms COS$

ower, as well as current, peaks at ® = o . The sharpness of the resonance depends
the values of the components.

€m

€m

cos®

€% s

(P(1)) = R cos” ¢

e2 2
P(1)) =




The Q factor

A parameter “Q" is often defined to describe the of resonance peaks
in both mechanical and electrical oscillating systems. “Q” is defined as

U max
AU

where U,., iS max energy stored in the system and AU is the energy dissipated
In one cycle

Q=2r

For RLC circuit, U, is (e.g.) u_ = ;Llfm
1 1 2
And losses only in R, namely AU =—-1> RT=—-1’ R il
2 2 COreS
- L
This gives = O s
Q R

W
And for completeness, note X = o

Ires



For Q > few,




onceptual-Question 2

onsider the two circuits shown where C,, = 2 C..

A/

L
Ci L.l:il_g

Ci
a) @, <Q (b) Q, =Q, () Q, >Q

(b) P, =P,



ecture 21, ACT 2

onsider the two circuits shown where C,, = 2 C..

a) @, <Q (b) Q, =Q, () Q, >Q

know the definition of Q: Q= Q%L

first glance, it looks like Q is independent of C.
second glance, we see this cannot be true, since the resonant frequency o,

w»  Doubling C decreases o, by sqrt(2)!
. Doubling C decreases Q by sqrt(2)!




ecture 21, ACT 2

onsider the two circuits shown where C,, = 2 C..

.

a) @, <Q (b) Q, =Q () Q, >Q

a) P, <P (b) P, =P, (c) Py > P,

e resonant frequency, the impedance of the circuit is purely resistive.
e the resistances in each circuit are the same, the impedances at the resonant

ency for each circuit are equal.
erefore, The power delivered by the generator to each circuit is identical.




Power [ransmission

- é;c) I[|1ome, the AC voltage obtained from outlets in this country is 120V at
Z.

— ;I('{/z:])nsmission of power is typically at very high voltages (eg ~500

— Transformers are used to raise the voltage for transmission and lower the

voltage for use. We'll describe these next.
B

Calculate ohmic losses in the transmission lines:
Define efficiency of transmission:

-

c Pout :ivin _iszl_ iﬂ(ﬂ :1_Pﬁ |
P \VA V. |V, Vi ]

in

Note for fixed input power and line resistance, the inefficiency o« 1/V?

ample: Quebec to Montreal
The efficiency goes to zero quickly if V;, were

UW !






Transformers

AC voltages can be slepped Up or
stepped dowr by the use of
ransformers.

. e AC current in the primary circuit aeat _es V (
e-varying magnetic field in the iron \ 1 (

N—o
is induces an e/77/on the secondary N 1 N
ndings due to the mutual inductance of the 2
0 sets of coils. (primary) (secondary)

he iron is used to maximize the mutual inductance. We assume
e entire produced by each turn of the primary is trapped
in the iron.




Ideal Tra nSfOrmerS (no Ioad)

~

resistance losses All flux contained T 1o

-

Hected on secondary

o he primary circuit is just an AC voltage source in series with | _iron ‘

n inductor. The change in flux produced in each turn is given |

Y. B

d(I)turn — Vl |
dt N,
eThe change in flux per turn in the secondary coil is the same as Ny N,
the change in flux per turn in the primary coil (ideal case). The (primary)  (secorjdary)
induced voltage appearing across the secondary coil is given by:
V5 =N, ddturn _ N2 V
dt N

e Therefore,

e N, > N; = secondary V, is larger than primary V;  (step-up)

e N; > N, = secondary V, is smaller than primary V,; (step-down)
eNote s : in secondan he primary current, termed _the

magnetlzmg current” is small!



wa 1 ransformers

What happens when we connect a resistive load to

the secondary coil?

— Flux produced by primary coil
induces an emfin secondary

¢ emfin secondary produces current i,
: V>
)
¢ This current produces a flux in the secondary

coil o« N>i,», which opposes the original flux --
Lenz’s law

¢ This changing flux appears in the primary circuit
as well; the sense of it is to reduce the emfin
the primary...

¢ However, V, is a voltage source.

¢ Therefore, there must be an increased current i,
(supplied by the voltage source) in the primary

which produces a flux o« N;i; which exactly
cancels the flux produced by is.

with a Load

(primary) (secondary)




Transformers with a Load

ith a resistive load in the secondary, the primary current
S given by: T -
- 2\ V4 I = V, <]
o
N N

1 2
(primary) (secondary)

his is the equivalent resistance seen by the source.




he primary coil of an ideal transformer is connected to an AC

oltage source as shown. There are 50 turns in the primary
nd 200 turns in the secondary.

(primary) (secondar

(a)30V (b) 120V (c)480V

(b) 16 A




he primary coil of an ideal transformer is connected to an AC

oltage source as shown. There are 50 turns in the primary
nd 200 turns in the secondary.

N

(primary)  (secondar

(a)30V (b) 120V (c)480V

e ratio of turns, (N,/N;) = (200/50) = 4

e ratio of secondary voltage to primary voltage is equal to the ratio of turns,
2/V1) = (N2/N;)
erefore, (V,/V,) =480V




ecture 21, ACT 3

he primary coil of an ideal transfc dtoan A
oltage source as shown. There are 50 turns in the primary
ind 200 turns in the secondary.

e

(primary)

(a)30V (b) 120 V (c) 480 V
 ratio of turns, (N,/N;) = (200/50) = 4
ratio (V,/V;) = (N,/N;). Therefore, (V,/V,) = 480 V

¢

(a) 8 A (b) 16 A (c) 32 A
Gege, we didn’t talk about power yet....

et’s assume energy is conserved...since it usually is around here
efore, 960 W should be produced in the primary

I, implies that 960\ O0V=8 A




Transformers with a Load

To get that last ACT, you had to use a general T -
bhilosophy -- energy conservation. gf A V, I = V, <]

-

N N

An expression for the RMS power flow looks like |
iS:

1 2
(primary) (secondary)

N1 Na2;

[Prms - Vlrmsilrms - —V2rms N 2rms — V2rmsi2rms ]
N o 1

bte: This equation simply says that all power delivered by the generator is
ssipated in the resistor ! Energy conservation!!




Chap. 4 Circuit Theorems

o Introduction
Linearity property
Superposition
Source transformations
Thevenin’s theorem
Norton’s theorem
Maximum power transfer

Eastern Mediterranean Circuit Theorems 195
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4.1 Introduction

A large -
complex circuits '

Circuit Theorems

enin’s theorem - Norton theorem
-Circuit linearity - Superposition
-source transformation - max. power trar

Eastern Mediterranean Circurt Theorems
University



—— A4 linaarihy Deanarby
' Homogeneity property (Scaling) "
| > Vv =IR
ki — kv =kIR

Additivity property
,—> Vv,=1R
I, >V, =I,R

\

L+, >0, +L,)R=1,R+LR=Vv,+v,

Eastern Mediterranean Circuit Theorems 197
University



e A linear circuit is one whose output is linearly
related (or directly proportional) to its input

- _ A _4

Vg C‘*‘) Linear circuit R

Vv
IO/o

Eastern Mediterranean Circuit Theorems 198
University



e Linear circuit consist of Vv =10V — 1=2A
— linear elements v, =1V — 1=0.2A

— linear dependent sources Vs =SMV <1 =1mA

—j nvd%ent soyrces
D :l1 B: B “nonlinear

Eastern Mediterranean Circuit Theorems 199
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Example 4.1

e For the circuit in fig 4.2 find [ when v,=12V

anc 20 8 Q)
MW AMMN—
. 3 Uy ¥ Io
4 Q)
. . 4 Q)
6 Q2 § Ly %)
- 3o,
Eastern Mediterranean Circuit Theorems 200
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Example 4.1

o KV 12I,— 41, +Vv, =0
— 4i, +16i,— 3v —v, =0 (4.1.2)
vV, =2l

(4.1.2) becomes
—101, +161, —v, =0

(4, A1) e gge

Eastern Mediterranean Circuit Theorems 201
University




Eq(4.1.1), we gEexample 4.1

—76L,=v, =0 = 1, = Vs
76

Showing thaL whe2n t}l’aasource value is doubled,
I, doubles.

Eastern Mediterranean Circuit Theorems 202
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Example 4.2

e Assume [, = 1 A and use linearity to find the

actual value of Z, in the circuit in fig 4.4.
] 6 Q 2 Vo | 20 | V 3Q
4 2 £ 'VW\! 1

I L I

. =15A 70 40 50

Eastern Mediterranean Circuit Theorems 203
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g
=N

Example 4.2
If 1, =1A, thenv, = (3+5)I, =8V

|1:V1/4:2A’ |2:|1+IO:3A

V, =V, +2l, :8+6:14V,I3=V72:2A

,=1,+1,=5A= I, =5A
I, =1A— |, =5A
|, =3A<« I, =15A

rn Mediterranean Circuit Theorems

)
=

204



4.3 Superposition

e The superposition principle states that the
voltage across (or current through) an
element in a linear circuit is the algebraic
sum of the voltages across (or currents
through) that element due to each
independent source acting alone.

- Turn off, killed, inactive source:

' —independent voltage source: 0 V (short
- clrcuit)

=independenteurrent.source: 0 A (open_circuit)

Eastern Mediterranean Circuit Theorems 205

e.Hependent sources are left intact.




e Steps to apply superposition principle:
1. Turn off all independent sources except one
source. Find the output (voltage or current)

due to that active source using nodal or
mesh analysis.

2. Repeat step 1 for each of the other
Y independent sources.

3. Find the total contribution by adding

algebraically all the contributions due to the
Eastern Mediteiadependent SOUrEG@Sﬁems 206
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How to turn off independent sources

e Turn off voltages sources = short voltage
sources; make it equal to zero voltage

Turn off current sources = open current
sources; make it equal to zero current

Eastern Mediterranean Circuit Theorems 207
University



e Superposition involves more work but simpler
circuits.

Superposition is not applicable to the effect
ONn pPOWEet.

Eastern Mediterranean Circuit Theorems 208
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Example 4.3

o Use the superposition theorem to find in the

Clrcu.-l- im O A C
8 2

MWWV

26 4Q?}} O

Eastern Mediterranean Circuit Theorems 209
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Since there are vapmytesﬂ.?

et v=Vv,+V,

oltage division to get 6V

4 o
. V.= (6)=
urrent divisiory s (Sét v @)
ence = (3)=2A ;
448 4Q 2 v (* 3A
v, =41, =8V B

And we find

(b)
V &

— \/ \/ =— y
Eastern Mediterranean 1 Circ@c Theorems 210
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Example 4.4

e Find I, in the cir
superposition.

Eastern Mediterranean Circuit Theorems 211
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Example 4.4

Eastern Mediterranean Circuit Theorems
University




Example 4.4

Eastern Mediterranean Circuit Theorems
University




T, ource | ransrormation

e A source transformation is the process of
replacing a voltage source V. in series with a
resistor R by a current source /.in parallel
with a resistor R, or vice versa

Eastern Mediterranean Circuit Theorems 214
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Fig. 4.15 & 4.16

VS

V=1R ori =-¢
S S S R

Eastern Mediterranean Circuit Theorems 215
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Equivalent Circuits

R
ANNWWN——0 a
+ +

s

Eastern Mediterranean Circuit Theorems 216
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o Krrow Of the current source
positive terminal of voltage source

Impossible source Transformation
— ideal voltage source (R = 0)
— ideal current source (R=w)

Eastern Mediterranean Circuit Theorems 217
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Example 4.6

e Use source transformation to find v, in the
circuit in Fia 4.17.

28 3.5
MWW\ AMVWW—

103 3A(y) sQ . @) 12v

Eastern Mediterranean Circuit Theorems 218
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Example 4.6

Fig 4.18

4 Q 20
—NVWA—AWWA

+

12v (3) 89§v0 §3Q ) 4a

(@)

: 3P
§3Q ) 4a 8Q§vo §2Q ) 24

24 ({

-
(@)
®)

VWV
0
@)

MWV

\

(b) (c)

Eastern Mediterranean Circuit Theorems 219
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Example 4.6

2 +8

e use current divi2sio Bn:Fbg z&.\18(c) to get

v, =8i =8(0.4) =3.2V

Eastern Mediterranean Circuit Theorems 220
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Example 4.7

Eastern Mediterranean Circuit Theorems 221
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Examble 4.7 ,,

JNQ) 2Q§ 29?_;)[ @OV v v, C) )18V

(a) (b)

Applying KVL around the loop in Fig 4.21(b)
gives —3+51+v, +18=0

4.7.1) 10
Appling KVL to the loop containing only the 3V
H0sS=Eg=e3di v, yields

Eastern Mediterranean Circuit Theorems 222
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Example 4.7

itutin1g5 e+ Bot0=AAL ABvAe obtain

tMeLY4i +v +18=0 = i =—4.5A

vV, =3—-i=75V

Eastern Mediterranean Circuit Theorems 223
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e Thevenin’s theorem states that a linear two-
terminal circuit can be replaced by an
equivalent circuit consisting of a voltage
source V4, in series with a resistor Ry, where
I, is the open circuit voltage at the terminals
and Ay, is the input or equivalent resistance
at the terminals when the independent

~.source are turn off.

Eastern Mediterranean Circuit Theorems 224
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Property of Linear Circuits

4

Any two-terminal Slope=1/R;
Linear Circuits

Eastern Mediterranean Circuit Theorems 225
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Fia. 4.23

—_—

Linear
two-terminal
circuit

Eastern Mediterranean Circuit Theorems
University




How to Find Thevenin’s Voltage

Equivalent circuit: same voltage-current

Veld=0nhat thopeeineromironuaitsvolboeet a —b

a

Linear
two-terminal
circuit

Eastern Mediterranean Circuit Theorems 227
University



RHotho Find Thevenin’s Resistance
Th — in:

e Input —resistanceof thedeadcircuitata—Db.
ea—Db open circuited
e Turn off allindependent sources

y . " O a
[.inear circuit with
all independent R,
sources set equal E—
to zero o b

Rty = Ry,
(b)
Eastern Mediterranean Circuit Theorems 228
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ASE 1
If the network has no dependent sources:

— Turn off all independent source.

— Rry: can be obtained via simplification of
either parallel or series connection seen from
a-b

Eastern Mediterranean Circuit Theorems 229
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Fig. 4.25

ASE 2
If the network has dependent

Sources

Circuit with

all independent
sources set equal
to zero

@

— Turn off all independent
sources.

ZjO
Ry, = N
[0}

(a)

— Apply a volgage ysource v, at
a-b i

Circuit with

all independent
sources set equal
to zero

Y ©

S +08

A -

Ei?ﬁ‘;r;ﬁﬁﬁrf"’ffél ata-b

Circuit Theorems

v
[
RTh=-_

Lo

(b)

SO |
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e The Thevenin’s resistance may be negative,
indicating that the circuit has ability providing

power

Eastern Mediterranean Circuit Theorems 231
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Fig. 4.7A

Simplified circuit
Linear
circuit

Voltage divider

Eastern Mediterranean Circuit Theorems 232
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Example 4.8

e Find the Thevenin’s equivalent circuit of the
circuit shown in Fig 4.27, to the left of the

4Q
—MW

j) 120

Eastern Mediterranean Circuit Theorems 233
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Find Ry,

R, :32V voltagesource —short
2Acurrent source —open

4x12
R. =4|12+1= +1=40
4Q 1Q 40 Vi 10
— VWWN—VWW—0 a —WWW MW—o0 a
+
2Q § <~ 2vi@ G) 120 § @ M2a v,
o b o b
(a) (b)

Eastern Mediterranean Circuit Theorems 234
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y Find Vi,

Th *

(1) Mesh analysis
-32+41,+12(1,—1,)=0, 1, =-2A
-1, =0.5A
V, =12(1,—1,) =12(0.5+ 2.0) =30V

(2) Alternatively, NodalAnalysis

(32-V ) /4+2=V, /12

=V, =30V

astern Mediterranean Circuit Theorems 235
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Example 4.8

(3) Alternatively, sourcetransform
32—V, Lo Vi

4 12
06 —3V,, +24 =V, =V, =30V
4 Q 9
AMA—0
i

3OV<T> %’RL

Fig. 4.29

Eastern Mediterranean
University
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cm
5 QU

Toget i, :

Example 4.8

V.. 30

i = _
" R, +R, 4+R,

R, =6— 1, =30/10=3A
R, =16—1, =30/20=1.5A
R, =36—1, =30/40=0.75A
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Example 4.9

e Find the Thevenin’s equivalent of the circuit

in Fig. 20,
2 Q 2Q
AAAAY, NMN—0 ¢
+

sa(}) 423w 60

Eastern Mediterranean o 238
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Example 4.9

TofindR,, : Fig(a)ependent source case)

Independent source—0
dependent source — intact

v. 1
Vo =1V, RTh - io :i

0] 0

Eastern Mediterranean Circuit Theorems
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Example 4.9

o FaMpaP(l, —1,)=0 or v, =1,—1
But—4i=v, =1,-1, &

i =—3i,
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Loop2ands: Example 4.9

4i, +2(i, —i,)+6(i, —i,) =0

6(l; —1,)+2I;+1=0 2

Solving these equations gives B
2 Q 2 Q
. . 1 AV ANV o
Buti, =—1, = 6A b §+ : *
5A (A gy 422 % (4 6 Q y
1V q i q _
R, == =60 i
I
0 (b)
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Fxample 4.9
TogetV, :Fig(b) Mesh analysis

I,=5

-2V, +2(l;—1,)=0= v, =1,—1,

4(i, —1,)+2(1, —1,)+ 61, =0 =12i,— 4i,— 2i, =0
But 4(i,—1,) =V, 6 (2
~i,=10/3. 0

V. =V, =6i,=20V 20V

O b

editerranean Circuit Theorems 242
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Example 4 10

e Determine the Thevenj*: Hil s
equivalent circuit in

O b
ndggl(gg)urceonlycase) @
olution v , )
VTh_O RTh:|g T.C
odalanaysis: ° " » g . ' ®.
+1, =21, +Vv,/4
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Example 4.10
0 —v, V,
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Example 4.10
9Q

—AWA AW

>Q§wﬁ)<

N\

NS

b
(c)

Eastern Mediterranean Circuit Theorems
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Example 4.10
40 a 9Q

(d)
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4.6 Norton’'s Theorem

o Norton’s theorem states that a linear two-
terminal circuit can be replaced by equivalent
circuit consisting of a current source Iy in
parallel with a resistor Ry where I is the
short-circuit current through the terminals
and Ry is the input or equivalent resistance
at the terminals when the independent
source are turn off.
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Linear
two-terminal
circuit

Slope=1/Ry
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How to Find Norton Current
e Thevenin and
Norton resistances

are ggualR,,

O Q

_ _ Linear
Short circuit current | two-terminal S
fromato-bH— circuit

V,

N sC
R
Th

S O
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Thevenin or Norton equivalent circuit

e The open circuit voltage Vv, across terminals
gand b

The short circuit current /. at terminals gand
b

The equivalent or input resistance R, at
terminals @ and Ywhéer all independent
source are turn oflfif=isc

:VTh _ R,
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Example 4.11

e Find the Norton equivalent circuit of the

Circ 8 Q)

VWV

40
24 () i 50
B 12V

AN

O a

O b

8 Q2

Eastern Mediterranean Circuit Theorems
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TofindR,,

Eastern Mediterranean
University

~5/20 =

Ry =5[|(8+4+8)

Fig4.40(a):
20x5 8 Q)
= 40)
o5 o MV

Example 4.11

4Q§

Circuit Theorems

O b
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Example 4.11
Tofindiy | (F1g.4.40(b))

short — circuit terminals a and b.
Mesh : I, =2A, 201, —4i,—1, =0

- " 8 Q
L, =1A=1_=1In AAA g

= l ;
@ 40 :
2A <D
(t 12V 3L
8 Q
AN ' O
b
(b)
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Caample 4.11

Alternative methodfor In

In= —
Rth
Vh: open—circuit voltage across terminals a and b
(Fi1g4.40(c)) :
Mesh analysis:
is= 2A, 25i4—4i3—12 =0 P -
. 12a=0.8A @ §4Q @
" Voc=VT1h= 514=4V 2A G) 50 § VIh = Ve
(i 12V
8 Q -
AVAVAYAY o b
(c)
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Example 4.11

Hence,
=" _a/a—1A

Rth

1A (d)
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Example 4.12

e Using Norton'’s theorem flnd R,vand Iyof the
circuit -
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Exapwple 4.12

TofIndR, Fig.444(a

e 4Qresistorshorted

- 5Q||v,||21,:Parallel
Hence, Ix= w/5 = 1/5= 0.2

2i,
5Q 4
I ANV
V 1 g f
“Rv="0= = =50 .o: o
I 0.2
b
(a)
Eastern Mediterranean Circuit Theorems
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Example 4.12

Tofind |, Fig.4.44(b)
o 4Q2[|10v || 5Q2|| 21, :Parallel

L 10-0_5en
4 10 2i,
I, =1 +21 ==—+2(2.5)=7A Q
sC X 5 ( )
Sl =TA ‘o a
L l AW o
40 % () 10v 'se = Iv Y
Eastern Mediterranean Cir ([j_
University
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4.8 Maximum Power Trandfer

Ry,

(@RS

Eastern Mediterranean
University

e ol 5

p=i‘R

L

(Ve Vg

Circuit Theorems

\lr TH L}
R +R
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P Fig. 4.49

e Maximum power is transferred to the loac

V'V Uie| @ A U1 C

Thever™ ,, S (R =

R7H)-

p max
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d_p —\? _(RTH T RL)2 _2RL (RTH T RL)—I
dr, | (R +R)* J

_\/2 _(RTH T RL _2RL)_
h _ (RTH T RL)3 _
0=(Rm +RL—2R. ) =(Rry —R.)

=0

R. =Ry,
p — VTZH
4R,
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Example 4.13

e Find the value of R, for maximum power
transfer in the circuit of Fig. 4.50. Find the

MAaximiim nower
6 Q) 3Q 2 Q) a

—MWW AW

1zv (¥) e (4)2a R

S O
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Example 4.13
Ry =2+3+6[12=5+

6x12 ~90
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~12+18i -ERPMPLFAL3
-12+611+31, +2(0) +V;, =0=V,, =22V

R, =Ry =9Q
2 2
Prmax = Vi _ 22 =13.44W
4R, 4x9
6 30 2.0

A

12v<i> @ %129 @ <D2A Vi
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Extension of Resonant Circuits

What can be learned from this example?

v W,does not seem to have much meaning in this problem.
What is w, if R = 3.99 ohms?

v Just because a circuit is operated at the resonant frequency

does not mean it will have a peak in the response at the
frequency.

v For circuits that are fairly complicated and can resonant,
It is probably easier to use a simulation program similar to
Matlab to find out what is going on in the circuit.
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