Chapter 31

Alternating Current
Circuits



Alternating Current Circuits

Alternating Current - Generator

Wave Nomenclature & RMS

AC Circuits: Resistor; Inductor; Capacitor
Transformers - not the movie

LC and RLC Circuits - No generator
Driven RLC Circuits - Series

* Impedance and Power
RC and RL Circuits - Low & High Frequency
RLC Circuit - Solution via Complex Numbers

RLC Circuit - Example

Resonance
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Generators

N turns

Rotating

(a) (b)

By turning the coils in the magnetic field an emf is
generated 1n the coils thus turning mechanical energy into
alternating (AC) power.
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Generators

N turns

Rotating
rings

e

Rotating the Coil in a Magnetic Field Generates an Emf

Stationary
brushes

* Examples: Gasoline generator
* Manually turning the crank

* Hydroelectric power
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Generators

N turns

Rotating
rings

¢ = NBAcosl 0= wt

Stationary

brushes ¢m = NBACOSa)t
d :
E =-—0¢ = NBAwsinwt
dr "
&E=& sinwt; &€ = NBAw
peak peak
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Wave Nomenclature and RMS
Values
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Wave Nomenclature
Wavelength - —

Copyright @ 2006 Paul G. Hewitt, printed courtesy of Pearson Education Inc., publishing as Addison Wesley.

A=A, =2A  =2A A =A /2
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Shifting Trig Functions

B {Sin} The minus sign means that the
x=A—t ot-¢| o .
cos phase is shifted to the right.
‘= A{ sin }{ L (p} A plus sign indicated the phase
cos)L T is shifted to the left

X = Asin[ cot-%]
X = A(Sina)t cos % - Singcosa)t)
X = A(sina)t (0) - (])cosa)t)

x = -Acoswt
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Shifting Trig Functions

(] n
sin| wt -— | = 0 Shifted Trig Functions
* sin(wt) |
ot -Z =0 DA T T R A R
2 : l-o .n 0‘ l'o '-
<> 2o — 3050 1+ — = e —=n
* | | * | ] * [ | * | ]
* | | * ] * | | * [ ] *
7[ * [ ] * [ ] > [ ] * [ ] *
o — ¢ — OO0 — 10— ¢ ————
a)t = — * * [ ] o *
300 o -2.40 %00 o Qoo o 100°% 200 4 3.00
2 ] * a * || * | ] *
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w1 1 T - “ & | Y &
t==—; = | L N NN
= , = _
2w w 27
n— T T .\JU-
t' e — Time
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Root Mean Squared

The root mean squared (rms) method of averaging is
used when a variable will average to zero but its effect
will not average to zero.

Procedure

* Square it (make the negative values positive)
* Take the average (mean)

* Take the square root (undo the squaring operation)
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Root Mean Squared Average

1.5

-1.0

-1.5

Sine Functions

—eo— SIN(Theta)
—m— SIN2(Theta)
—a— RMS Value

Angle (Radians)
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Average of a Periodic Function

avg

<V> = Ve = %_T[V(f)dl‘; V(t)=V sinwt

] T V ol V cos(wT)
V == I V sinwtdt = —~ I sinxdx = - —- I d(cosx)
avg T g 4 Q)T ) Q)T cos()
Vv if (1-1)=0
@ T -
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Root Mean Squared

<V2> ) (VZ) _IV (t)dt; V(t)=V sinwt
(V2)avg = ‘%21 sin” otdt = ZI’; T = Vzpz
2
Vi), =7
1
Viws = \/(Vz)avg = ﬁVP =0.707V,
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Root Mean Squared

Root Square
/.
— 2 _ _
V. = \/(V ) = -5V, = 0707V,

\

Mean

The RMS voltage (V, )1s the DC voltage that has the same
effect as the actual AC voltage.

MFMcGraw-PHY 2426 Chap31-AC Circuits-Revised: 6/24/2012

14



RMS Power

1
P — EVPIP

avg

I

14

+

. _ p _
since V,.=—=and I, =

J2
F..= %(\/Z_VRMS )(\/Z_IRMS )

Pavg = VRMS IRMS

The average AC power 1s the product of the DC equivalent
voltage and current.
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Resistor 1n an AC Circuit
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Resistor in an AC Circuit

For the case of a resistor in an AC circuit the V, across the
resistor 1s in phase with the current I through the resistor.

In phase means that both waveforms peak at the same time.
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Resistor in an AC C1rcu1t

e
2
P(t)=I?(t)R = (I coswt) R
(t)= I*(1)R = (1 coswr) e iy S
P(t) = IﬁRcosfot
P w—
The instantaneous power is a function of time. However, the average

power per cycle is of more interest. p

1
Pl [ P
/ t
P =— I Rcas wtdt 0 Jis 2r
avg T 7 ()
I°R I°R ; 1Y
P = -£ I cossotdt = L— g7 =—I'R=|-L| R=1I"_R
ave T 0 T 2 y2 2 RMS
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Inductors 1in an AC Circuit
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Coils & Caps 1n an AC Circuit

Low High

Frequency Frequency
Capacitor Open Short
Inductor Short Open
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Inductors 1n an AC Circuit

dl
e cosot =V  cosot = L— I
peak L peak dt — >+ I
& (ny |74 L
V:’ ek 1. peak <> I:)p
[ = J‘coswrdr = % sinwt
L wl —
[ =1 sinot =1 cos((vt - V)
p p P,
v, I
: . /
For the case of an inductor in an 2T
AC circuit the V, across the 17 iy
inductor 1s 90Y ahead of the current

I through the inductor.
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Inductors 1n an AC Circuit

Vi pea E—
I =1 sinwt=—"= cos(a)t - %) ]
ol ) |
y y & () Vipp S L
I — L peak — L peak N
" wL X, —
X, =oL
v,  }
: : : / 5T
X, 1s the inductive reactance T
I l
1T iT JT
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Average Power - Inductors

P(t)=V,I = (VLPeakcosa)t)(Ipsina)t)

P(t)=V, .l cosot sinwt |
@) Vapp S L

I .
P, = - j Vi pear L ,CO80 sinawtdt
0

I > +

a

v, I~
p, =—rr jcosa)t sinwtdt ,
T s ‘//L
T 2T
VL peak Ip . 1
P, = Jstcotdt =0 ! 4
ZT ' ZT ZT T

Inductors don’t dissipate energy, they store energy.
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Average Power - Inductors

Inductors don’t dissipate energy, they
store energy.

The voltage and the current are out of
phase by 90°.

As we saw with Work, energy
changed only when a portion of the
force was in the direction of the
displacement.

In electrical circuits energy 1s
dissipated only if a portion of the
voltage 1s in phase with the current.
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I

> +
‘@ g
+—
v, I
rav
|
T 3T /T
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Capacitors 1n an AC Circuit
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Capacitors 1n an AC Circuit

Ve = & coswt =V, coswt

Q=V.C=V. Ccoswt = Q coswt

_do :

I = » = -wQ sinwt = -1 sinwt

______

I =-wQ, sinwt = Ipcos(a)t + %)

For the case of a capacitor in an

AC circuit the V. across the \/
capacitor 1s 90° behind the current

I on the capacitor.
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Capacitors 1n an AC Circuit

o
VC VC & Vlc
Ip :a)Qp: G)CVCP: yp = Xp b
awC ¢
7 F <«
Xo=——
C
0] V. 1

X, 18 the capacitive reactance. \/
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Electrical Transformers
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Electrical Transformers
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Electrical Transformers
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Electrical Transformers

Step
daown

Distributing
substation
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Electrical Transtformers

Both coils see the same magnetic flux and the cross sectional
areas are the same

B= unl
lu0n111 = ,Lt0n2l2
n]I] = n212
n
12 - _]I Second
/ N,
1 / N,
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Electrical Transtformers

Conservation of Energy

Primary Power = Secondary Power

VI=VI Induced voltage/loop

v I, N, More loops => more voltage

V. B I, B N, Voltage steps up but the current
steps down.

Vi =22V, *
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L.C and RLC Circuits Without a
(Generator
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[LC Circuit - No Generator

S, +
I —eo
Q
L C
-0
I
+ «— I

To start this circuit some energy must be placed in it since
there 1s no battery to drive the circuit. We will do that by
placing a charge on the capacitor

Since there 1s no resistor in the circuit and the resistance of
the coil 1s assumed to be zero there will not be any losses.
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[L.C Circuit - No Generator

Apply Kirchhoff’s rule 5.7 _ ..
=
|
L al + Q 0 Q
dt C L C
: _dQ -Q
Since I = It |
dZ T «—— I
L 9+Q:0
dt C
d ZZQ _ 2N 0 < Thi§ is the harmonic
dt LC oscillator equation
1
W, = ——
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[L.C Circuit - No Generator

—> +

L C Q
| Qpeak

Q(t) = Q coswt
dQ

I(t) = — = -0 sinwt
(1) ” 0,

I(t) = -a)Qpcos(a)t + %)

The circuit will oscillate at the frequency
.. Energy will flow back and forth

from the capacitor (electric energy) to
the inductor (magnetic energy).
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RL.C Circuit - No Generator
R
L MW—

Like the LC circuit some energy must initially be placed in
this circuit since there 1s no battery to drive the circuit. Again
we will do this by placing a charge on the capacitor

Since there 1s a resistor in the circuit now there will be losses
as the energy passes through the resistor.
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RLC Circuit - No Generator

Apply Kirchhoff’s rule R
I AAN — +
ﬂ+IR+g 0, I-= a0 Q
dt C dt I C
dZQ dQ s ©
—+—Q 0 | — o
+ +——

L 2
‘ Restoring force “kx”
Damping term - friction

ma term The damping term causes a damping of the

natural oscillations of the circuit.
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RLC Circuit - No Generator
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RLC Circuit - No Generator

dl 0 .

L—+RI+==0 Multiply by 1

” C ply by

dl 0l R

ILI—+I°R+=-=90 I — >+
dt C |_‘/W
i Q

2
S e S I U R
dt| 2 dt| 2 C
- | .5
@ @
4 iL12+1Q— I°R e
dr| 2 2 C

The rate of change of the

— = Power dissipated in the
stored energy

resistor
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Series RLC Circuit with Generator

We have already examined the components in this circuit to
understand the phase relations of the voltage and current of
each component

Now we will examine the power relationships
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Series RLC Circuit with Generator

I —
|_‘f\/\/\_+ &(t)= & sinwt = & sinwt
+Q
T -0 C Apply Kirchhoff’s Loop rule to the circuit
[ (o
- I
Y Ri)+ LU0 L 20 _ o
dt C

dQ _ _ ! ' '
—£=1 = Q=0 + | I(t)dt

dal(t) I, ., o B

RI(t)+ L ” + CIO I(t")dt' = &(t); withQ, =0
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Series RLC Circuit with Generator

I AAAN—+
RI(t)+Ldlm + ! Itl(t')dt’ = &(1) +0
dt 0 L | | C
V€
)
v

Steady state = I(t) = 1 psina)t

I/

t t

= wl coswt; I (t')dt' = jl sinwt'dt’ = - % coswt
b 0 0 P 0

a1
dt

. 1 .
RI sinwt + wll ,coswt - — 1 coswt = & sinwt
wC 7’ P
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Series RLC Circuit with Generator

RI sinwt + a)LI coswt - —— 1 coswt = & sinwt
wC 7 P

Change all “cos” to “sin” by shifting the angle

Rlpsina)t+a)LIpsin(a)t+%)+—I sm( ! - %) gsma)t

]

The inductive voltage 1s The capacitive voltage 1s
90° ahead of the current ~~ 90° behind of the current

—W—=

+Q

L : C
V€
)
v
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Impedance 1n a Series RLC Circuit

@psina}t+@psin(a}t+%) sm(a)t %) 8 sinwt

The coefficients are voltages
The R and X, and X values are

R L C called impedances. That is a
generlized term for resistance
RIP wLIp IP / wC since they all have units of ohms.
X,1I X, R
I —
X, =L X.=1/oC —/W—
+Q
X, 1s the inductive reactance. - I -
L. ") |

X, 18 the capacitive reactance. &
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Power 1n a Series RLC Circuit

Now we go back to the original equation and multiply by

I(t)=1,sinwt and integrate over one cycle: 0 =>T L yw—=
L ‘ e C
V1 Q9
. I | G
RI sinwt + oLl coswt - — I coswt = E sinwt
P P P
awC p
T T 12 T T
RI If j sintotdt + wLl ;jsinwtcasa}tdt - —’é sinwtcoswt dt = 8pl ) j sintotdt
W
o0 o0 o0 o0

T

T
JO sin’ otdt = n jO sinwt coswtdt = 0
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Power 1n a Series RLC Circuit
12

R (z)+ oLI’(0)- —(0)= E I (x) .
P ! [',U( P p | I ‘/WHJF
+Q
L
p | TV T TR
—_— LA
RI’=E,I, =
~ \
Power in resistor Power out of
battery

* Power is only dissipated in the resistor.

* The inductor stores energy in its magnetic field.

* The capacitor stores its energy 1n its electric field.
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Series RLC Circuit with Generator

We have used this equation to demonstrate the behavior
of the three types of components: R, L and C, but-

We still haven’t solved the equation

dl(t) 1 ¢t .
RI(t)+ L + I(t")dt' = &(t); withQ, =0
() + L= =+ | 1)t = E(1); with O,
L=
Before we actually solve it |
. +Q
we need to introduce I | |
complex variables that will Vo Q
' ' | A
be used in the solution. )
&
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The RC Circuit - Low Freq

RI sinwt + a)LI coswt - — 1 coswt = E sinwt

wC "’
LetL=>0

. 1 .
RI sinwt - — 1 coswt = & sinwt
awC p

For wt = 0; coswt = 1; sinwt =0

-Llp — gp(O) 1.0

aoC

, =0 = Open circuit

P

R

.—/\NW @
() C Vout

Low ®

V.

out peak

Vapp peak

0
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The RC Circuit - High Freq

. 1 .
RI sinwt - — 1 coswt = & sinwt R
pP C()C p p
@
1
For w > /CR c v
&
I/ psina)t -—1 ,COSWt = —L sinwt °
wCR R
& .
I sinwt = —" sinwt Voutpeak ~ High ®
R 1.0 Vapp peak ’
J =L At high frequency the
u R cap acts as a short circuit. ‘
i )
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The RL Circuit

R
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The RL Circuit - Low Freq

[ ] ] [ ]
RI ,Sinmt + ol ,COSMT - —— I cosot = & sinowt
wC "’ P

LetC=>0 R

RI sinwt + wll coswt = & sinwt

For wlL < 1 L
RI sinot = & sinot Lowo .
p 1 0 Vapppeak
RI =& '
p p

At low frequency L acts
as a short circuit. 0
o
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The RL Circuit - High Freq

RI sinwt + wll coswt = & sinwt R
For oL > 1 L *
wLl coswt = € sinwt & @ L Vo
multiply by coswt and average L
1% 1%
wLl —jcosZa)tdt =& ) —jsinwtcosa)tdt High o
T 0 T 0
G)Llpﬂ,' - 0 1.0 “;outpeak ]
. . app peak
I, =0 = Open circuit
0

‘ At high frequency L acts as an open circuit. I
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Coils & Caps 1n an AC Circuit

Low High

Frequency Frequency
Capacitor Open Short
Inductor Short Open

MFMcGraw-PHY 2426
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Complex Numbers for AC Circuits
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Complex Numbers for AC Circuits

The basic complex (imaginary) number is “1.”

6666666666

j=-1

jP= = NIN-T =
=t =)=

o4 )

jr=00 = () =+
J=Uit =)=
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Complex Numbers for AC Circuits

Let a and b be real numbers

Then z 1s a complex number and z* 1s the complex
conjugate

Z=Cl+bj (a,b)
¥*=a-bj
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Complex Numbers for AC Circuits

The magnitude of z

Magn(z) = |2| = \/(z %)z = \/(a - bj) (a + b))
2| = \Ja® + abj - abj - j*b°

Z| = \/az2 +b°

tant = % ; 0 =rtan’ (%) ] (a,b)

z = |z|(cosO + jsind) = |z]e”

The exponential representation of a
complex number will prove useful in
solving the RLC differenial eqn.
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Complex Numbers for AC Circuits

| y
z = |z|(cosO + jsin®) = |z]e”
(a,b)
e ¥ can be viewed as a rotation
operator in a complex space 0
J7 .
e 72 ]
e’ = -1
37
J .
e 72 = -
2 0
T = =+1
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Why Complex Numbers ?

y

z = |z|(cosO + jsind) = |z]e” ] (a.b)

Complex numbers simplify the solution of the integral-
differential equations encountered in series RLC AC circuits.

The use of complex numbers simplifies the lead-lag nature of
the voltage and current in AC circuits.
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Phasor Notation

This diagram depicts a series RLC
circuit driven at a frequency that
causes the inductive voltage to be
greater than the capacitive voltage.

This gives the circuit an overall
inductive nature - the current (in
phase with V) 1s lagging the applied

voltage V.

All of these voltage vectors (phasors) have a common time
component (e'*') and so they all rotate at this common frequency.
By suppressing this common rotation the concepts are easier to
understand.
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RLC Circuit Solution

di(t) 1
RI(t)+ L + I(t')dt' = E(t
() + L= =+ | H(dr' = €
I(t)=1 &' The solution of a differential equation
i begins with the selection of a trial solution
ar
o = jol e = jol ; ;
J RI + jolLl + ——=E
[ 1t)dr = — joC
Jw .
|_I\A}{\A: R+ joL - J I =E
o wC
R e 1| E
Voo P
| : /a% : R +71| oL -—— | =—
e \’?\y ]{ wC } I
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RLC Circuit Solution

Z=R+ j| wlL-—— _Et The.:se are complex
7 variables
_E
I
The quantity Z 1s called the impedance R
and 1t 1s a complex variable | tr o
L . C
, , Vo —Q
E =17 1s a complex version of [ C l
Ohm’s Law T

MFMcGraw-PHY 2426 Chap31-AC Circuits-Revised: 6/24/2012 66



Complex Impedance

Z =R + j{a)L-L}
awC

MFMcGraw-PHY 2426 Chap31-AC Circuits-Revised: 6/24/2012
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Relative Voltage Phases - Inductive

Vir VL + Ve
Impedance Space - 7
X, =oL J
ot-4§
wt
7
- VC
R
Ve Voltage Space
] |
X.=_"
“ wC
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Phases 1n an Inductive AC Circuit

RLC series L only series

Earlier time Later time

All vectors rotating at a

common frequency ®

Vo

| In an inductive circuit the voltage peaks first and the
current peaks later.
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Phases 1n a Capacitive AC Circuit

RLC series C only series

Earlier time

VC I\‘ Later t\ime

| \

All vectors rotating at a

VC’

common frequency ®

| In capacitive circuit the current peaks first and the
voltage peaks later.
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RLC Series AC Circuit
Example
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I AN —>t
| YWW
+Q
" Vap -
——
S

R=250Q, L = 1.20mH,
C = 1.80uF, V_ = 120v, f = 60Hz

Determine the following:

(a.) X, - Inductive reactance
(b.) X, - Capacitive reactance

(c.) Z - Impedance
(d.) O - Phase angle

(e.) I - Peak current

(f.) Iz - RMS current

(g.) oy - Resonance frequency

(h.) P,,, - Average Power
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R=250Q, L = 1.20mH,

R
I —>+ = = =
I N\/\ C = 1.80uF, V_ = 120v, f = 60Hz
+0) Determine the following:
L Ve e < (a.) X, - Inductive reactance
! app |
| (A b.) X.. - Capacitive reactance
= & @ o (b.) X p
& (c.) Z - Impedance

First calc: o =2xnf =2(3.14)60 = 377 rad/s
X, =ol=377(1.20x10°) = 0.452Q

X, = 1/oC= 1/((377)(1.80x10)) = 14740

Z =R +(X, - X ) =J250° +(0.452 - 1474)
Z = 1495 Q
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R=250Q, L = 1.20mH,
C = 1.80uF, V_ = 120v, f = 60Hz

MFMcGraw-PHY 2426

I ARA A —>+
Determine the following: +0
(d.) O - Phase angle L v -Q
-
&
— tan [0.452 - ]474} — tan [—]474} _ 80.4°
250 250
74
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R=250Q, L = 1.20mH,
C = 1.80uF, V_ = 120v, f = 60Hz

X, =wL 1 JR
Determine the following: | V VY
+Q
(e.) I - Peak current L .
Voo —Q
X, -X. app
(f.) Izys - RMS current |+ — @ ‘
&
+jwt
X, zé 7 j= 4 _ Vpe _ Vp o0 _ ] pri(er0)
+j6 p
/Z 7 ,€ Z ) \
Ip _ Vp _ 120 — 80.3mA I'st minus from the division.
|Z | 1495

I — I e+j(a)l‘-t9) — 80 3mAe+j(a)t+80.4)
p .

\ 2nd minus from

I
Ieys = —= = 0.7071 = 56.7mA the angle.

RMS \/E
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R=250Q, L = 1.20mH,
C = 1.80uF, V_ = 120v, f = 60Hz

Determine the following:

(g.) oy - Resonance frequency

1 1

a)Rz—:

LC  (1.20x107)(1.80x10")

3
O _ 21.5x10 _ 3 40kH:

T

MFMcGraw-PHY 2426 Chap31-AC Circuits-Revised: 6/24/2012
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5
= 21.5krad/s
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R=250Q, L = 1.20mH,

C = 1.80uF, V_ = 120v, f = 60Hz &
I AANN—"+
Determine the following: +0
(h.) P, - Average Power . Ly -Q
[ Ay
——
&

S — iVI % V — V e+ja)t I — I e+j(a)t+80.4)
2 P P

| Ve

g = i(V e+ja)t)(lpe-j(a)t+80.4)) — %Vplpe+j(cot-wt-80.4)

P

2
] -j(80.4) D Ip -j(80.4) -1(80.4)
S = EVpIpe = NoG) e = Vv puss€
77
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Determine the following: (h.) P, - Average Power

avg

g — i V [ 709 V, 1, o804 j(80.4)

5 PP NZINE] = Vius L ruse
S = ViwssLruss (¢0s(80.4) - jsin(80.4))

S = Vel pys€05(80.4) - jVo 1 oo 5in(80.4)

P =Vl escos(80.4)
\ Truss

avg
Power Factor

P, =84.3(56.7x107)(0.167) = 0.803W 80,49
VRMS
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Voltages

Vi = IR = (56.7x107)(250) = 14.2V
V, = Loys X, = (56.7x107)(377)(1.20x107) = 0.0265V
Ve = Ly X = (56.7x107)/(377(1.80x10°)) = 83.6V

V= V2 +(V, -V, )} =(14.2)" +(0.0256 - 83.6)
V=848=V,

MFMcGraw-PHY 2426 Chap31-AC Circuits-Revised: 6/24/2012
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Impedance

=

Resonance 1n a Series RLLC Circuit

o
L
+9 - ———— — - - = - ”L
Low R !
w
High R ] ' \Low R
2
= |
£ |
0 w0 a '
G |
i
i — I
— ! ;
/‘_‘,-""' |i High R
pred w 2
/ Xo=1/uC O s e

(a) (b) (c)

Fig.8-2. Series Circuit Z, ¢ and Y as Functions of .
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Resonance 1n a Series RLLC
Circuit

MFMcGraw-PHY 2426 Chap31-AC Circuits-Revised: 6/24/2012
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Power Transfer and Resonance
d’Q _dQo QO

+ R—4++==V cosax

L
dt’ dt c 7

Z = \/RZ #(x,-x.)

V2
I . %4
Pavg - IRMSR - Z_sz I = Ipcos( a)t-é) = ﬁcos(a)t-é)
2
1
ZZ=R2+{a)L-—C} I ANA—+
(69
2 +Q
Vo 2= C
ayv 2 I |
) wl ’ a)z-a)o I — @ ‘
"R ¢
(69
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Q Factor =

Measure of Stored Energy

2 E @w
v Q-Factor Q =2=n =—== i
) o AE Ao Af
avg - 2 2 2 2
I+{wl} {a) -GJO:I E = Total Energy and
2
, R CO AE is the dissipated energy
Pavrnax Aa) - FWHM
Small R,
large Q FWHM = Full Width at Half
Maximum
%Pavmax
Aw A imation
Py max Large R, > Al ApPIOTINA
small Q
2Prvmax | A Q= e
R
@, w

MFMcGraw-PHY 2426
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Resonance 1n a Series RLLC Circuit

MFMcGraw-PHY 2426

av

avimax

S A—

avmax

Chap31-AC Circuits-Revised: 6/24/2012

Small R,
large Q
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RL.C Parallel Circuit

We’re not covering this type of circuit

SR

MFMcGraw-PHY 2426 Chap31-AC Circuits-Revised: 6/24/2012

85



MFMcGraw-PHY 2426

Extra Slides

Chap31-AC Circuits-Revised: 6/24/2012

86



fron CQI"E'\
FF::::::::::::I'l |_~Mognetic lines
G B
L L Bl
< | | [
i i
AC Lol . S
supply V(:"'a 2. LTTT'} {'TT—IF PrS‘ "f_ﬁ; Lood
T P
I8 911
a by || L
AT TR
| L= —== A1
20 P s e |
Primary coil Secondary coil

Fizwe 1  Core-Type Transformer

When alternating voltage is applied fo the primary winding. an altemating current will flow that
will magnetize the magnetic core, first in one direction and then in the other direction. Tlus
alternating flux flowing around the entie length of the magnetic circuit induces a veltage in both
the primary and secondary windings. Since both windings are linked by the same flux, the
voltage induced per twn of the primary and secondary windmgs must be the same value and
same direction. This voltage opposes the voltage applied to the primary winding and 15 called
counter-electromotive force (CEMF).
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