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ELECTRICAL CIRCUITS

e an inventor is a good
pile of junk.

-Thomas Edison



Ohm’s Law
I=V/R

= Current (Amperes) (amps)
V = Voltage (Volts)
R = Resistance (ohms)

-

Georg Simon Ohm (1787-1854)



r'nh'ng about electric cireuits:

force that p[js e current
circuit (in this picture it would be
gravity)



r'nh'ng about electric cireuits:

friction that impedes flow of
ough the circuit (rocks in the river)



r'nh'ng about electric cireuits:

he actual “substance” that is flowing
‘wires of the circuit (electrons!)



T'his Work?
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I Concept Closed



ually draw electric circuits using symbols;

cell lamp switch wires



m Series circuit
= All in a row
= ] path for electricity

= 1 light goes out and
the circuit is broken

= Parallel circuit

= Many paths for
electricity

= 1 light goes out and the
others stay on




SERIES CIRCUITS

& U

6V

Connect one bulb to the
battery.

Connect 2 bulbs and the
battery to form a series
circuit.

Connect 3 bulbs and the

battery to form a series
circuit. . _




LLEL CIRCUIT

s in parallel. What do you
rightness of the bulbs7



meas

nt is measured in amps (A) using

ted in series in the circuit.

w2000

2000,

20m



measu

raw an ammeter in a circuit.

@

'RCUIT PARALLEL CIRCUIT

e

SERIES



which the cell gives to the current

t is measured in volts (V) on a



‘a voltmeter in a circuit.

ERIES CIRCUIT PARALLEL CIRCUIT



HM’s LAW

ent and voltage across each circuit.
ompute resistance

Current Resistance

Current Resistance







mmeter readings.




SERIES CIRCUITS

Explain what happens to the current
In a series circuit when there is a
break in the circuit.

The circuit is no longer complete, therefore current can not flow

Explain what happens to the
voltage across each bulb as
more bulbs are added to the

circuit.
The voltage decreases because the current is decreased

and the recicstance increases




PARALLEL CIRCUITS

Explain what happens to the current in each bulb as more
bulbs are added to the circuit.

Explain what happens to the total current provided by

the battery as more bulbs are added to the circuit.



1d Parallel Circuits

1 component is connected

of a component are connected

sehold lighting



ircuits and fill in the



oroduce different voltages. The

supplied by the cell, the bigger the

er is connected across

sually use the term Potential Difference

ey talk about voltage.






een the components



in all parts of the circuit.



measuring

ing circuits on the next two

‘the rules for current and voltage
d parallel circuits.



measuring ¢




measuring ¢







ge, Current, and Power

oule per Coulomb (J/C)
ent is one Coulomb per

‘and one amp (C/s),
oules per second (J/s)

$ power: J/s = Watts
formula for electrical power is just:

= More work is done per unit time the higher the
voitage 1) -onthie higler the current






Potential Difference
aiga%a:tth !:eries of chemical

reactions occur in which
electrons are transferred from
one terminal to another. There
is a potential difference
(voltage) between these poles.

The maximum potential
difference a power source can
have is called the electromotive
force or (EMF), €. The term isn't
actually a force, simply the

‘ amount of energy per charge

(J/Cor V)




A Basic Circuit

circuits have three main parts

ergy

osed p .
A device which uses the energy

NY part of the circuit is open the device will not work!

2. Closed path (wire)

3. Device
(lightbulb)

1. Energy
source
(battery)




lectricity can be symbolic of
C.ircuits are VF}I :Hri]d tqQ water flowing through a

A pump basically works on TWO
IMPORTANT PRINCIPLES concerning
its flow

* There is a PRESSURE DIFFERENCE
where the flow begins and ends

* A certain AMOUNT of flow passes each
SECOND.

A circuit basically works on TWO
IMPORTANT PRINCIPLES

* Thereis a "POTENTIAL DIFFERENCE
aka VOLTAGE" from where the charge
begins to where it ends

* The AMOUNT of CHARGE that flows

PER SECOND is called



Current

defined as the rate at which charge
ugh a surtface.

The “I” stands
for intensity




iliere are 2 types of Current

DC = Direct Current - current flows in one direction
Example: Battery

Direct Current:

Cuwrrent

one way flow

AC = Alternating Current- current reverses direction many times per second.
This suggests that AC dev1ces turn OFF and

Alternating Current: Alternating Current: Current

First this way Then this way




Ohm’s Law

(potential difference, emf) is directly related to
ent, when the resistance is constant”

Voltage vs. Current

)
b
)
8
o
S

+ Voltage(V)

Since R=AV /I, the resistance is the
of a AV vs. I graph

Current(Amps)




(R) - is Idzegnécl §s¥1% Irf]es(’;rgction of electron

due to interactions that occur at the atomic

: example, as electron move through a
conductor they are attracted to the protons on the
nucleus of the conductor itself. This attraction doesn’t
stop the electrons, just slow them down a bit and cause
the system to waste energy.

Electrical resistance

resistance of light bulb
filament is high so a
lot of heat and Ii%r;t
are produced as the
electricity forces its
way through

the light bulb
is a resistor



ag Ilgugletc! 1!1&% glOlWIIZE)R(g t\<\e/ rgcg{at which work

one. Circuits that are a prime example of this as
last for a certain amount of time AND we get

rged an energy bill each month based on the amount of

energy we used over the course of a month...aka POWER.

High voltage
Power transmission lines  Transmission substation
substation ' P

Power plant

Transformer




> how certain electrical
used to get POWER. Let’s take
ent for example.

-

Jowles
'I__ Zl .E- NN _E:I
'::- i II (AT _Ejl 2
Second
_

Joules » Coloumbs Joules ATT
- = = AL

Coloumbs # seconds Second

o

FPower = P=FT



power formulas

These formulas can also be
used! They are simply
derivations of the
OWER formula with
orent versions of
Ohm's law substituted
in.



Ways to Wire Circuits

e 2 basic ways to wire a circuit. Keep in

-~ mind that a resistor could be ANYTHING ( bulb,
toaster, ceramic material...etc)

— One after another
- between a set of junctions and
parallel to each other



Schematic Symbols

egin to understand circuits you need to be able to
hey look like using a set of standard symbols

schematic symbol. Specify voltage amplitude.
An arrow thru the symbol denotes a variable

1 I DC voltage source or battery
T voltage source (you must set the value manually)

‘ Resistance must be specified.
Resistor An arrow thru the symbol denotes a variable
resistor (you set the value manually)

Ammeter
Voltmeter O

— +—  Switch

— |+— Battery
—@— Light Bulb



eter and Ammeter

Afiviatar The voltmeter and ammeter cannot be
@ Voltmeter O mmal just placed anywhere in the circuit. They
must be used according to their
DEFINITION.

ammeter :
Since a voltmeter measures voltage or

POTENTIAL DIFFERENCE it must be
placed the device you want
to measure. That way you can measure

the CHANGE on either side of the
device.

meter measures the current or FLOW
Maced in such a way as the charges go
the device.

rheostat



Simple GIEUit e drawing a

C
t
C

-

ircuit it ma¥ be a wise
hing to start by
rawing the batter

first, then follow al}(/)ng

t!

he Joop (closed)

starting with positive
and drawing what you
see.



are all part of the SAME
OOP they each
perience the SAME
OUNT of current. In
igure, however, you see
t they all exist
I'WEEN the terminals
of the battery, meaning
they SHARE the potential
(voltage).




As the current goes through the circuit, the charges must U O ge
through the resistor. So each individual resistor will get its own individual
potential voltage). We call this

They may use the
terms “effective” or

“equivalent” to mean
TOTAL!



A-sgripsi 911@5 shown to the left.

What is the total resistance?
What is the total current?

What is the current across EACH
resistor?

What is the voltage drop across
each resistor?( Apply Ohm's law
to each resistor separately)



to the total current

It is important to understand that
parallel circuits will all have some
position where the current splits and
comes back together. We call these

The current going IN to a junction will
always equal the current going OUT of
a junction.



P ara I l:gi g j?;\gyjl NS both touch the
IVE terminals of the

battery. That means you have the SAME

potential difference down EACH individual

branch of the parallel circuit. This means
that the individual voltages drops are equal.

resistor

This junction

touches touches the

terminal terminal



To Ee){f& e of a parallel circuit.

a) What is the totdl resistance?

b) What is the total current?

c) What is the voltage across EACH resistor?

d) What is the current drop across each resistor?
(Apply Ohm's law to each resistor separately)

Notice that the
individual currents
to the total.



@OmMpound (Complex) Circuits

ou will have series and parallel in the SAME circuit.

Solve this type of circuit
from the inside out.



wompound (Complex) Circuits

C se the potential difference (voltage) is equal to . What is the total
rent?

What is the VOLTAGE DROP across the 80Q resistor?



e current across the
1OOQ and 50Q) resistor?

e VOLTAGE DROP across
) and 50Q resistor?

R
e



Jbjec y S: After completing
J1ssmodul e, you should be able

)"
,

J Descr]'r:.tney JLLJ] VelrlziElon) In) zle etfrerit znicl Yoliie)e, clricl
el Gl 2 LERHEIFET ECUVEN I IESH

2 Writa cirlel cloely eeftiidlors for ezlletiEitinie) rie inleltietiye snicl
czleeieltl/e reslciEinicas for Inleltietars cnlel eziezlciiors in) zlf) =le elreli|t,

L

ESCHEMNI NG IaEIaSiaNGEEYUEHONSAHENINESENE! AOSHIPSHON;
difeliits coritzliglinle) rasistEnics, caleeicitzirics, ciriel inleltctzifice;

.
O
(f



Objectives (Cont.)

2 Write cniel clgoly efiEldlons for ezlletiEitnie) ine irriogdeirice, wris orlelse
arig)lg, irg eifeciive currarit, ine al\v/eraige goYeEr, and ire rasonlzrit
frec|leniey for @l series cle elrel|t;

SENDESGHIENNENASICIOPEN U OINOIRERSLEN U I IG R RSLER S OV
WElISTOIES

2 Writa cirlel clgely i dreinisiorner gefzitiorn) clrlel cleidrnglinie irle
Siflcidney of ) irelnisiormer



Alternating Currents

ATl LETE U E RGO ENSUGHRE SN E PO U ICEU M) AN ENENALOTAIESHIO)
QIFECUOINIRUIEISENSENIIE U ITECHEUTEN IS ENTIE G LU ESNATY,
SIS AN BRI ERESIGIVETINDY A

AC-voltage and
current




ROtating Vector Description

E=E,,Sin6

80° 2700 3600

450 900 1359

Radius = E

max



ffective AC Current

clry

cl r

JHERCVEICUE
Zeno—, :

Vallienstuserul.

nerms value /P2 ais Sometimes
called the effectivecurrent /..

The effective ac current:

jr= 0707/




AC Definitions

ONEEHEGUVERRIMPErES that ac current for which the power is the
SAlIESHOIRONENAMPErE Of dC current.

Effective current: /= 0.707 /.,

HEENectVe VoIt s that ac voltage that'gives an effective ampere
thireughiarresistance of one ohm.

Effective voltage: .= 0.707 V.,




‘ ple I: For a particular device, the
jouse ac voltage is 120-V and the ac current
SHOYAT What are their maximum values?

eff‘ 0.707 Vmax

10 £~ Ver 120V

| 0707 - 0.707 "X 0707 0.707

V. . = 170 Vv

T zle veoltziefa cleitz))ly Eriss from =120 Vig =170 Y/ zigjel fnis atireie
from) L4 A g =4l A



a.c. Source

Voltzieja crlel etifrenit cire in) Onlzige, cnlel Orlnls BV zloolies for effdetiye
currenes e oltlees,

ohm’'s law: V.= iR




AC and Inductors

Inductor

Current Rise

‘._
INENGILGENVAIESKSHITSHRCa S ENEPIUNISENINICUHER AW CHNHENNIEAKSIES!
CHEREMIRGOESHONZEIOMN 6]l GENEEUSNPEAKSIIEILIE) ECUTTENNNAO 055

Voltzig2 zigiel currarit efe Ut of orfelse,



re Inductor in AC Circuit

Tl Voltzlga gezlia 909 gafore e alifrent teeles, Ong ouilds zi5 e giper
fellls el Viea versE),

Iihe reactance may. be defined as the nonresistive opposition to the flow of ac
current.



\

- b

IndUctive reactance Xi isia function of both the inductance and the
freqUEnCY, of the ac current.



Calculating Inductive

Reagcfance
Inductive Reactance:

X, =2zfL Unitisthe Q

Ohm's law: V, =1X,

pltagerreading I in the above circuit at the instant the ac current is /
cantbeNoeund from the inductance in H and the frequency. in Hz.

Ohm's law: V, = X,




120V, 60 Hz

L= 0.531A

Show: that the peak currentis 7. = 0.750 A




AC and

Capacitance

Capacitor Capacitor

Qmax —————————————————
0.63 1

Current Decay

0.371 |

INENG! e YEN APESKSIY N0 NGy Gl EXa e RtIECUTTEN A ESCHESHLSHIEXITUTI
INENGItEUENEESRIEICUTTEN NG EN e G N G UAOIIESES



A Pure Capacitor in AC
(ircinf

IENGIEGENPEAKSIS DR E A HEICUTENHPEKSIONEN U ASIASHHIEIGHENAIIS
e NVICENENSES

T2 digglislisaiine) elifrenie / adiles enlfel o) © Wellen) Igleresiges ne gelei Snlf
i Ve



HPOWENRISHoSE In'a complete cycle, even though the capacitor does provide
WIESIStive opposition (reactance) to the flow of ac current.

(EapacitivVe reactance Xe is affected by both the capacitance and the
frEgUENCY. of the ac current.



Calculating Inductive

Regrcfance
Capacitive Reactance:

X = 1 Unit is the Q

2r fC
Ohm's law: V. =1X_

Veltagereading I/ in the above circuit at the instant the ac current is /

canpeound from the inductance in F and the frequency in Hz.

Oohm’'s law: V= [ zX-




mple 3: A 2-uF capacitor is connected
20-V, 60 Hz ac source. Neglecting
ce, what is the effective current

RedGlaliGes - 1
R C
3 1
271(60Hz)(2 x 10°F)

120V, 60 Hz

X = 1330 O

i WET
T X, 13300

Show! that the peak currentis /.., = 128 mA




Feguency and AC Circuits

RESISIaNEENISIconstant and not affected by 7

NG UCHVENEaCLanCEXIVarESIAIrEctly.
WILhNTFEGUERNCY aS EXPECLEUISINGENE o
AV AL

aPdCIUVENEACLANCE A VaNies Inversely with 7
SSincerapid aciallowsiitile time for charge to
OUIId UPIGN CapaCItors.



~eriés LRC Circuits

Series ac circuit

") { 1)

Ny A
7 \J
/ R c
5000 H

Conisicler zlr) Indtetor £, 2 ezlezlciior € clplel &) rasisior {zl]
CONNECLECNNISENIESANItRa I Rc EISOUTGEMINENNStaN AN ECUSICUTTENT
alENOIEYESICA N ENTIEGSUTEUNVIUINTIELENSS




Y JURR PR, - - -
2hase in a Series AC Circuit
INENGIEUENEadSIcUrrent N aniinductor and lags current in a capacitor. In
PHESENOINESISIANCE /x:

Rotating phe SOrdiagram generates voltage waves for each element R, £, and
G showing phaserelations. Current / is always in phase with 1/,



p;,;_,;' s and Voltage

ARUITIENSSN0SUpposeweread Vj, Vzand V for an ac series circuit. \What Is the
SOUNGCENOILYERN &7

SOUNCENOILEUE
Ve

HrlEisor
Dlzlejrzlnn)

. andle'phase differences by finding the vector sum of these readings.
V==YV The'angle 0/is the phase angle for the ac circuit.



Icuiating Total Source
Voltage

SOUNCENOIIEEE: Ireating as vectors, we find:

- E

tan —

V=R V=X, and V=iV



impedance in an AC Circuit

IMPECENGCE

V: =iR%+(X, = Xc)?

Impedance Z is defined:

Xc

hy

Z = JR2+ (X, — X, )’

The impedance is the combined opposition to ac current consisting of both
resistance and reactance.



emple 30 A 60-Q resistor, a 0.5 H inductor, and
capacitor are connected in series with a
(ZOVE60 HZ ac source. Calculate the impedance
for this circuit.

1 0.5H

7(60Hz)(0.6 H) = 226 Q 120 V _T
E 2320 Iaml
272(60H2)(8 x 10°F) 60 Hz 600

Z = |R? (X, — Xc)? =/(60Q)* + (226 2~ 332Q))’

JiAus, the Impedance Is: Z=122Q




xample 4: Find the effective current and

he ,m' e angle for the previous example.
=332 O; R=600Q;, 2=122 O

60Hz 60Q

X, — X = 226 — 332 = -106 O
XC

Continued . . .



xample 4 (Cont.): Find the phase angle ¢ for
the previous example.

X — Xc = 226 — 332 = -106 O

=600 tan ¢ = 2 e

R
E o
60Q
L —-—

HENIEGEWVENRNESENNEIENTIEANSHNERUIENR GOl GEN AGSHEICUTTENT
0V 80,5% Tl 19 irloWr &S5 @) calgediilve alrait;




IENOILYERONEEIG i :—3 c frene cnlel ezjgzleiinics
IEYALENENONGCIGE] IE; JJ‘ QUL

v)R;fsonantﬁ X, = 2l = 1
‘ = 27 fC




27/(0.5H)(8 x 10°F

ARESONaN rresu-anr* YAUIETENSIZETONECCLaCENONIVAESISta GE) FaGRHENGCI CUIAES]
a PHESEENGIEIOIZENGY



Jower in an AC Circuit

NOIPOWERNISICONSUTTEG MIVATGE UGN CENOIRGA PG Ll CEMIN ISHIOWEINSI
UNGHONIORLENCOPONENRORENTIPECENCENI ONYNESIStAGES

el '
IMPECEREE i terms of ac voltage:

~

In terms of the resistance R:

AOSIIINVIONIY P =FR

Ihe fraction Cos ¢ is known as the power factor:



I ENIGHERHENOWEIN A GO ENNOERET i CIENASRNENCHCUININISHISE
of zle Loy,




The Transformer

AN cnSIoIEIgiSia device that uses induction and ac current to step
yolezlejes Lo of clayyp

Af 2ic sourcs of eimf 8y ls Transformer
dorigigereel o) origlzley <oil Witn )N,

ilrns, Saconeklny iks M\ irns =il a.c. ‘ —
EMIFOINEE

Induced emf’s
are:



nsformers (Continued):

Transformer

iZIng that Ag/At IS the same in each coil, we divide first relation by
dndeptain:

EPNP
& N



o /i A generator produces 10 A at 600 V.
‘imary coil in a transformer has 20 turns.

1y secondary turns are needed to step
7 the voltage to 2400 V?

APPIYINGRIERANSTONTIES =10A; V, =600V

le|Uzltog):

. PVS - (20)(2400 V) Ns =80 turns
V, 600V

IIISHSIEISLER U PR ISTOINEIAEVESTNERCON ST SKEN e ISIEPEEOW

UidNSTORTIESR




lransformer Efficiency

LIETENSHIGNYOWERGRIN N StEPPING Up  the Voltage since voltage Is increased by
edueheicliFeEnEantanideal transformer with noe internal losses:

\ An ideal transformer:

Ideal Transformer

a.c. ‘ s
S H §
—

|

.

NHERBOVEEHaLBHIaSSUTNESIONRLEENENENTYAOSSESIEIERONIEA RO UIX
crllnlefas, Acitlll eificigricies clre sty pauyEar) 90 gnel L00%),



P = (600 V)(10 A) = 6000 W

ZoroWer Lage = (75 W//6000 W)CLUOZ) = 1. 25%)




Summary

Effective current: /= 0.707 /.,

Effective voltage: = 0.707 V.,

Inductive Reactance: Capacitive Reactance:

1 .
- it is the Q Xn = Unit Is the Q
X, =2zfL Unitisthe ¢ =010

Ohm's law: V, =1X, B Ohm's law: V. =iX,



sSummary (Cont.)



Summary (Cont.)

POWERINTAC CIrcUits:

LIRENTISIOIRaCVO] LAGES In terms of; the resistance R:

P =FR

Iransformers:



Graph Theory in Circuit Analysis

Suppose we wish to find the node voltages of the circuit below.

We know how to do this by hand.

For large-scale circuits, we may wish to do this via a computer

simulation (i.e. PSpice). We will need to express this circuit in
a standard form for input to the program.



Graph Theory in Circuit Analysis

Whether the circuit is input via a GUI or as a text file, at some
level the circuit will be represented as a graph, with elements
as edges and nodes as nodes.

For example, when entering a circuit into PSpice via a text file,
we number each node, and specify each element (edge) in the
circuit with its value and endpoints.



Graph of a Circuit

Here Is a graph of the circuit. It is simply the circuit without elements.

We refer to the lines above as edges (and the nodes are nodes).

The graph provides connectivity information. To actually solve the
circuit using this graph, the types of elements forming the edges would
need to be provided.



Trees and Co-Trees

Atree Is defined as any set of edges in a graph that touches
every node without forming any closed paths.

Also known as Hamiltonian path!

Each tree has a co-tree, which is the set of edges not in the tree.



A cut set Is a minimal set of edges that, when broken, breaks the
graph into two completely separate parts (two groups of nodes.

Minimal means that a cut set cannot contain another smaller cut
set that would break the graph into the same two parts.



Fundamental Cut Set

a

Suppose | am given a tree.

A fundamental cut set w.r.t. that tree is a cut set that only
contains one branch of the tree.

There may be many fundamental cut sets w.r.t. a given tree.



damental Cut Sets Systematically

ith the tree in a straight line.
)rm its fundamental cut set as follows:
)ember of this fundamental cut set

o1
w




.~

OWIIS this used in circuit
danalysis?

ree for a circuit, and all of the

sets that go with it, can be used in

are the steps simulation software may take to
m nodal analysis:

ser input, make a connectivity matrix (graph)
cord the circuit element on each edge.

a tree using the following guidelines:

2"
.‘ a) Place an edge in the tree if it contains a voltage source, or if
the voltage over the edge controls a dependent source.

b) Place an edge in the co-tree if it contains a current source,
or if the current in the edge controls a dependent source.

3. Find all of the fundamental cut sets for this tree.
® 75 nodes yields n-1 fundamental cut sets



HOWIS this used in circuit

dnalysis?
ntal cut set breaks the circuit into two
odes. Write a KCL equation for
fundamental cut set (in terms
e voltages).
L equations for the two supernodes formed by a
nental cut set will be the same.

s where the circuit element info comes into play.

1 elds n-1 equations in n node voltage variables.

Set one node voltage to zero volts (ground) and solve



Notes

one computationally.

ear equati ution
orithm shows why nodal analysis always works: you
Independent linear equations in n-1 unknowns.

mental cut sets ensure independence of the
s—unless the circuit has impossible elements.

undamental cut set contains a unigue element (edge)
from the tree. So each KCL equation provides new info.

The elements themselves could destroy the independence
(redundant dependent source, shorted voltage source...)
but this won’t happen in real life circuits.




| the node Voltages using the graph method.

Circuit from Nilsson’s Electric Circuits, Addison-Wesley, 1993.



Flux density

/ vector
B Tf

Flux lines

/ Flux lines

(a) Permanent magnet (b) Field around a straight wire
carrying current [

Iron core

(c) Field for a coil of wire

Figure 15.1 Magnetic fields can be visualized as lines of flux that form closed
paths. Using a compass, we can determine the direction of the flux lines at any
point. Note that the flux density vector B is tangent to the lines of flux.

110



nd various other alloys and
ese three basic elements

111



(a) If a wire is grasped with the thumb (b) If a coil is grasped with the fingers
pointing in the current direction, the pointing in the current direction, the
fingers encircle the wire in the thumb points in the direction of the
direction of the magnetic field magnetic field inside the coil

Figure 15.2 lllustrations of the right-hand rule.

112



A Few Definit

Electromagneti

lux Crossing a Surface of

— Ho Uy

>Henry) = Permeability of free space (air)
ive Permeability

- K, >>1 for Magnetic Material

113



Direction of
integration

Figure 15.6 Ampére’s law states that the line integral of magnetic field intensity
around a closed path is equal to the sum of the currents flowing through the
surface bounded by the path.

114



Find the magneé

~

H ~
//W ire carrying N B ,H

/ current out

/ of page r

ll ;

Figure 15.7 The magnetic field around a long straight wire carrying a current
can be determined with Ampeére’s law aided by considerations of symmetry.
Since both and are perpendicular to radius ‘r” at any point ‘A’

on the circular path, the angle 0 is zero between them at all points. Also since all
the points on the circular path are equidistant from the current carrying
conductor is constant at all points on the circle

0§

magckt 115



ictures(mostly Iron, Cobalt,
_coils wound around them

nost of the magnetic flux is confined

rs,Actuators, di(6 aete, Electric Machines

116



/= mean length

117



eluctance of magnetic path

118



WS analogous to Electromotivi@force (EMF) =E
=Hlux is analogous to I = Current
SReltictance is analogous to R = Resistance

= Permeance = Analogous to conductance

119



saturation

knee

Linear \

A 4

Magnetization curve
(non-linear) (Actual)
(see also Fig. 1.6 in the text)

120



s have air-gaps. They have large magnetizing

Question: why i

transformers dc

121



Magnetization

122



, flux tends to leak outside the air —-gap. This is
hich increases the effective flux area. One way to
Increase is:

123



Example of Magne

Greenboarc

124



—
)
7
2
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2
@
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)
©
x
=
o
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depends on the geometry of construction
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Example of Indu

Greenboard
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How to find exac

magnetic cil
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rce) induced in a magnetic circuit is
ux linked with the circuit

129



e is given by Lenz’s law

ge will be such as to oppose the very

130



® =@ Sin(wt)

Ideally
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time



Example on excita

circuit with
greenboard
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Example on ex
circuit with sqt

Supplies)
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waveforms since by Faraday’s

ways has to balance out the
idal
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iron losses

1is the sum of these two losses

137



B, = Retentive flux density (due to property of retentivity)
H_= Coercive field intensity (due to property of coercivity)

138



behind H is called hysteresis

0ops can be joined to obtain the
tics

e energy lost in the core is
-H loop

is loss =fV = KB o

core max

n = Constant, n =1.5-2.5, B .= Peak flux density

maX

magckt
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JLaminations

flux

[

y rough the magnetic

nt is indu ymagnetic material,

. This current eddy current.

current is determined by Lenz’s law. This current
sing laminated (thin sheet) iron structure, with

the laminations.

f

. = w = 2
. urrent loss kB«

= Constant 7 B, .= Peak flux density

o
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rge B, and -H_

echanically hard and are thus
ive field required to

s defined by B, ,H,, in the second quadrant of

141



Using Permai
providing

SOFT IRON

142



ict point are known, 1., =length of

et, A =area of permanent magnet can be found as

oplying ampere’s law),
e flux flows through PM as well as air-gap)
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Demagnetization curve for
Neodymium-iron-boron magnet

-1000 -800 -600 -400 -200
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Finding the

we need to differentiate
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Finding the m

146



Ttroduction

troduces important
ems of network analysis.

perposition theor
évenin’s theorem
on’s theorem
ximum power transfer theorem
titution Theorem

¥ Millman’s theorem

O Reciprocity theorem



BUPerposition Theorem

the solution to networks with two
that are not in series or parallel.

re ough, or voltage across, an
1ent in a network is equal to the algebraic
of the currents or voltages produced
endently by each source.

the effect of each source will be

ined independently, the number of

orks to be analyzed will equal the number
~ of sources.




05ition Theorem

A8 delivered to a resistive element
ned using the total current



1eveninis Theorem

minal dc network can be



Wenin’s Theorem

weorem can be used to:

s with sources that are not in series or

tigate the effect of changing a particular
yonent on the behavior of a network without



Hevenin’s Theorem

0 determine the proper values of Ry, and Ey,

emove that portion of the network across which the
Thévenin equation circuit is to be found. In the figure
below, this requires that the load resistor R; be temporarily
-~ removed from the network.



nin's I heorem

terminals of the remaining two-terminal
e importance of this step will become
rogress through some complex

lculate Ry, by first setting all sources to zero (voltage
1rces are replaced by short circuits, and current

urces by open circuits) and then finding the resultant
istance between the two marked terminals. (If the
rnal resistance of the voltage and/or current sources
is included in the original network, it must remain when
the sources are set to zero.)



IHEVenin’s Theorem

first returning all sources to their

nd finding the open-circuit voltage
erminals. (This step is invariably
he most confusion and errors.
ll cases, keep in mind that it is the open-circuit
ential between the two terminals marked in step 2.)




1evenin’s Theorem

onc 101N.

Draw the Thévenin
equivalent circuit with
the portion of the circuit
previously removed
replaced between the
terminals of the
equivalent circuit. This
step is indicated by the
placement of the resistor
R; between the terminals
of the Thévenin
equivalent circuit.




dihevenin’s ITheorem

perimental Procedures

>xperimental procedures for
arameters of the Thévenin

t networ
oct Measurement of

>
Ci

7, and Ry,

or any physical network;, the value of Ep, can be
rmined experimentally by measuring the open-
uit voltage across the load terminals.

\

2 value of Ry, can then be determined by completing

the network with a variable resistance R;.



oVenin’s Theorem

oc and Igc
ltage is again determined by



ons lheorem

heorem states the following:

inal linear bilateral dc network can be
uivalent circuit consisting of a
] resistor.

eps leading proper values of I, and
Inary steps:

ove that portion of the network across which the
n equivalent circuit is found.

2. Mark the terminals of the remaining two-terminal
network.



ton's Iheorem

first setting all sources to zero (voltage
ed with short circuits, and current

e of the voltage and/or current

es is included in the original network, it must

in when the sources are set to zero.) Since Ry = Ry,

orocedure and value obtained using the approach

- described for Thévenin's theorem will determine the
proper value of Ry,



Wion's Iheorem

first returning all the sources to their

arked terminals. It is the same
1easured by an ammeter

the Norton equivalent circuit with the portion
2 circuit previously removed replaced between
inals of the equivalent circuit.



m Power Iransfer
Jheorem

um power transfer
the following:

aximum power
a network when its total resistive
e is exactly equal to the Thévenin

tance of the network applied to the
d. That is,

R; =Ry,



Um Power Iransfer
Jtheorem

» connected directly to a dc
oly, maximum power will
. ered to the load when the
resistance i1s equal to the internal
tance of the source; that is, when:

h L

RL r Rint



mean's Theorem
of parallel voltage sources can be

the current through or voltage
ing to apply a method such as
sis, superposition and so

ombine parallel current sources.

vert the resulting current source to a voltage source
and the desired single-source network is obtained.



Btution I heorem

tion theorem states:

oly, for a branch equivalence, the terminal
ige and current must be the same.



APYOcCity Theorem

ity theorem is applicable only to
otworks and states the following:

branch of a network, due to a

. anywhere in the network, will
1 the branch in which the

ce was originally located if the source is placed in
ranch in which the current I was originally

ured.

e location of the voltage source and the resulting
current may be interchanged without a change in current



Any passive electric circuit will resonate if it has an inductor
and capacitor.

Resonance is characterized by the input voltage and current
being in phase. The driving point impedance (or admittance)
is completely

In this presentation we will consider (a) series resonance, and
(b) parallel resonance.
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This is an important equation to remember. It applies to both series
And parallel resonant circuits.

168



he current response for the series resonance circuit

169



elivered to the circuit is;

170



ul algebra one will find two frequencies at which
is satisfied, they are:

) 5
+. — | +—
2L LC

171



the series resonant circuit is given by;

e can write the bandwidth as;

Q

These are all important relationships.

172



fely use the approximation;

‘useful approximations.

173



equations for w;and w, we have;

174



I for how the numerical value of Q influences
a better appreciation of the s-plane, we consider

or the series RLC circuit.

ing example, three cases for the about transfer function
red. We will keep w, the same for all three cases.

ain,k, will (a) first be set k to 2 for the three cases, then
will be set so that each response is 1 at resonance.

175



An Example Illustrating Resonance

onsidered are:

176



 are given below.

177



quation for Case 1:

178



Poles and Zeros In the s-plane:

jw axis
(1)
20
s-plane
C axis
()
A 0

| Note the location of the poles
| for the three cases. Also note
there is a zero at the origin.

X T+ 20

(3) 2 @

179



Comments

. parts in the neighborhood of 20, the response starts
rease.

ponse continues to increase until we reach w = 20.
ere on the response decreases.

We should be able to reason through why the response
has the above characteristics, using a graphical approach.

180



% name of program is freqtest.m grid
% written for 202 S200 ’ Hl1 = bode (numl,denl,w) ;
%SCASE ONE DATA: magHl=abs (H1) ;

= bode (num2,den2,w) ;

H3 = bode (num3,den3,w) ;
magH3=abs (H3) ;

plot(w,magHl, w, magH2, w,magH3)
grid

xlabel ( )

ylabel ( )

gtext ( )
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Amplitude

Series Resonance

|

|
/

\

3\
N

k

30 40
w(rad/sec)



Comments: cont.

0, this gives;

19.51 rad/sec, W, = 20.51 rad/sec

s to the approximation:

o- BW=20-1=19rad/sec, w,=21rad/sec

So basically we can find all the series resonant parameters
if we are given the numerical form of the CE of the transfer
function.

183






tical expressions to calculate w; and w,
ese values to what we find from the

w; = 15.62 rad/sec

w, = 21.62 rad/sec

185






Background

187



otice the above equations are the same provided:

188



What this means is that for all the equations we have
derived for the parallel resonant circuit, we can use
for the series resonant circuit provided we make

the substitutions

| 1
- R replaced be —
b, h

L replaced by C
C replaced by L

189



Series Resonance

190



mine the resonant frequency for the circuit below.

191



This gives

1

192



Example 2:

A series RLC resonant circuit has a resonant frequency admittance of
2x102 S(mohs). The Q of the circuit is 50, and the resonant frequency is
10,000 rad/sec. Calculate the values of R, L, and C. Find the half-power
frequencies and the bandwidth

G =1/(0.02) = 50 ohms.

, we solve for L, knowing Q, R, and w, to

find L = 0.25 H.

Third, we can use

193



Example 2: (continued

roximations;

w, - 0.5wg,, = 10,000 - 100 = 9,900 rad/sec

w, = w, - 0.5wg;, = 10,000 + 100 = 10,100 rad/sec

194



enw = , Vgand I are in phase, the driving point impedance

is purely real and equal to R.

v A plotof |I| shows that it is maximum at w = w,. We know the standard
equations for series resonance applies: Q, wy,,, etc.

195



peak value at w,. But we are not sure
e know that at resonance they are equal

s that the frequency at which the voltage across the capacitor
m is given by;

The above béing true, we might ask, what is the frequency at which the
voltage across the inductor is a maximum?

196



Series RLC Transfer Functions:

Extension of Series Resonance
Seis L TranaerFuncons:

tions apply to the series RLC circuit.
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% program is freqcompare.m
% written for 202 S2002, wlg

[

grid
HC = bode (numC,denC,w) ;
magHC = abs (HC) ;

= bode (numL,denL,w) ;
= abs (HL) ;

HR =
magHR =

umR,denR,w) ;

plot (w,magHC,
grid

, W, magHL,

xlabel ( )
ylabel ( )
title(

gtext ( )
gtext ( )
gtext ( )

, w, magHR,

199
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Exnsion of Series Resonance

Rsesponse for RLC series circuit, Q =2

=
o

Amplitude

=

3000 3500 4000

2000 2500

500 1000 1500
w(rad/sec)




i

201



Now check the computer printout.

202



0.002065141
0.002065292
0.002065411
0.002065501

0.002065552
0.002065487
1.8780000  0.002065392
1.8800000 0.002065265
1.8820000 0.002065107
1.8840000 0.002064917

1.87600
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Extension of Series Resonance

Simulation Results

Rsesponse for RLC series circuit, Q =10

[
g
=)
=
S
<

el i

. J—

S

500 1000

1500 2000 2500 3000 3500 4000
w(rad/sec)




the voltages across the capacitors are for all practical
at their peak values and will be QxV.

/4

of the value of Q, the voltage across the resistor
reaches its peak value atw =w_.

v For high Q, the equations discussed for series RLC resonance
can be applied to any voltage in the RLC circuit. For Q<3, this
is not true.
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Given the following circuit

find the frequency, w,, at which the transfer function
ill resonate.

The transfer function will exhibit resonance when the phase angle
between V and I are zero.
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The desired transfer functions
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Resonant Condition

208



209



210



Resonant Condition Analysis: Matlab Simulation:

5.25x10° F
L=0.01H

16 rad/sec w_= 3873 rad/sec

For both case

211



D be simulated are given below.
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Extension of Resonant Circuits

Rsesponse for Resistance in series with L then Parallel with C

=
N

[EEN
N

=
(=)

Amplitude
(0]

8000

7000

6000

5000

3000 4000
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What can be learned from this example

cause a circuit is opera
t mean it will have a peak

cy.

the resonant frequency
the response at the

uits that are fairly complicated and can resonant,
ably easier to use a simulation program similar to
o find out what is going on in the circuit.
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aws of Circuits

nd of Lesson

Resonan t Circuits

215



