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Alternating current The emf induced in the coil varies in magnitude dimdction

periodically, is called an alternating emf.

Mean value of AC

Mean value of an AC is defined as that value adidyecurrent , which is
constituted by that amount of charge flowing fae talf cycle of the given AC. It
is denoted by |,
Let an alternating current |, sin ot flows through a circuit with T as time
period .Its instantaneous value IS = dq / dt
=>dg=idtzdinetdt................... 1

Total charge flowing for the half cycle of the givAC
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q=f idq =I I sinwtdt
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So mean value of the given AC is
I m=q/(T/2)
=2 b/ Tl 3

Thus, the mean value of an a.c is 0.638 times ¢lak& palue of the a.c.
In other words it is 63.8 % of the peak value.
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RMS value of a.c.
The rms value of alternating current is definethas value of the steady current,
which when passed through a resistor for a given,twill generate the same
amount of heat as generated by an alternatingrdunigen passed through the
same resistor for the same time.
It is denoted by ks
When an alternating curremtl , sin ot flows through a resistor of resistance R,

the amount of heat produced in the resistor in aldime dt is

The total amount of heat produced in the resistamoae complete cycle is

T T
H=[#Rdt = [(I, sin’wt)Rdt

0 w0
1-cos2wt)

_12 - T dt

N

I’R|T ., 7§ I’R[, sin2wt] _ ﬂ[ _51114;1
= 2 !dt—}[ms2wt.{it:| = 9 |:t_ 20 l = 9 2%
H I°RT
-2

But this heat is also equal to the heat produceaisyvalue of AC in the same
resistor (R) and in the same time (T),

Thus, the rms value of an a.c is 0.707 times tla& palue of the a.c. In other
words it is 70.7 % of the peak value.
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AC Circuit with resistor

@ R (b)
M
e=E, sin mt

Let an alternating source of emf e Fdihwt be connected across a resistor of
resistance R.

In ideal condition , the potential drop across &shbe equal to the applied emf.
so, IR =Esinot

= 1= (E/R) sin ot

= i=lysin ot.......... (2)

where }, = E /R, is the peak value of a.c in the circuit.

So, it is seen that in a resistive circuit, theleggpvoltage and current are in phase
with each other

Fig (b) is the phasor diagram showing the phasgiogiship between the current &

the voltage.
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AC Circuit with an inductor

(b) Phasor diagram (c)

(a)
00GO00U je
e=E, sin ot -
D 3
NP A

Let an alternating end = E;sin ot be applied to a pure inductor of inductance L.

Due to self induction of the coil , a self inducadf is generated which opposes

the applied voltage..

Induced emf 'e= -L .(di/dt)

where L is the self inductance of the coil.

In an ideal inductor circuit induced emf is equadl @pposite to the applied

voltage.
Therefore e = —'e
Eosin wt =—(—Lﬁ] =LE
dt dt
Eﬂ
= di = —2 sin ot dt

L
ntegrating both the sides

E E t E cos wt
Li= == |si t dt =—°[_C°S“’]=_ o
i 1 Isn @ _ L > oL
i= iﬂ sin (wt — %} . }(L= wL is knwon as inductive reactance

L

i=ID.sin{mt—§}

So itis seen that in an a.c. circuit containing pure inductor the current | lags
behind the voltage e by the phase angle af2.

Or, the voltage across L leads the current by phasangle ofr/2.

Fig b. gives the phasor diagram
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AC Circuit with a capacitor
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An alternating source of emef=E;sinwt is connected across a capacitor of
capacitance C .

At any instant the potential difference acrossdigacitor will be equal to the
applied emf

= e = ¢g/C where q is the charge in the capacitor .

But i—dq—ld

= E_E{CE}
. a . _ _E, e
1= (CE, E-':]Il wt) — w CE cos ot = (1/aC ﬂn(QHEJ
. By r _1 -
i= X sin(mt+2J , Xe >C 'S knwon as capacitive reactance
C
. . 7
‘1 = I, sin tﬂ?t"-iJ

So it is seen thah an a.c. circuit with a capacitor, the current leads the
voltage by a phase angle of/2.

In otherwords the emf lags behind the current phase angle ofi/2.
Fig (b) represents phasor diagram
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Inductive reactance

XL =L =2rv L, where v is the frequency of the a.c. supply

Ford.c.v =0;s0X=0

Thus a pure inductor offers zero resistance toRlUtin an a.c. circuit the

reactance of the coil increases with increasesiguency.

Capacitive reactance

Xc = 1iwC = 1/ ZwvC , wherev is the frequency of the a.c. supply

Ford.c.v =0;s0Xx= [

Thus a pure capacitor offers infinite resistance.to But in an a.c. the capacitive
reactance varies inversely as the frequency obad also inversely as the

capacitance of the capacitor.

BEF N Ol N

maop L ¢ mop
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LCR circuit
Let an alternating source of emfEEsinut be connected to a series combination
of a resistor of resistance R, inductor of selluictdnce L and a capacitor of

capacitance C as shown in figure below .

B
——WA—g0000000— |

Lo
« @E=Eg sin mt

Let the current flowing through the circuit be I.

The voltage drop across different elements of @GR Icircuit are

(i) across resistor i8/g = IR , Vkand | are in phase

(i) across inductor ¥ =1 X, V_is ahead of | byr/2

(i) across capacitor is, V= IXc, Vclagging behind | byr/2

Representing the voltages across R, L and C by OB and OC in the voltage
phasor diagram as shown above , we have OR=WV: As V, and \t are 180
out of phase with each other .

Completing rectangle OAPD , whose diagonal OP gwie us resultant voltage in
the LCR circuit .

OF = OA’ + OD°

V2= Vg2 + (VL = V)2

V= V2V, -V,)
= JIRY - (X, - IX,.f

| =_IJR2+{XL—XE]2
L-z=R*+(X, -X.F
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i = . 2 —_ . . .
The expression yR*+ (X~ X f is the net effective opposition offered by the

combination of resistor, inductor and capacitorknas the impedance of the
circuit and is represented by Z. Its unit is ohm.

The phase angle between the voltage and current is given by
Vi-Ve X, —-X¢ _ net reactance

tan¢$=—* -
Ve R resistance
X, - X,
¢ = tan™! R
so,l =1,sin (ot + @) is the instantaneous current flowing in the citcui

Resonance
Resonance is the phenomenon by virtue of whichrentiin an LCR circuit is
maximum .
It happens when the natural frequency of the LGBudiis equal to the frequency

of the energy source .
Um Um

z R +(X,-Xx.)
ata particular frequency @y,

Ln

1
Xﬂ:XLOI' w0C=a)0L @y = 27;\}D= F
1 V= 1 (2]
.OI' &?0——',_[: (1) o MN{_[C

Equation (i) givés angular resonant frequency andiyes the resonant frequency

Resonant curve :- variation of current with frequercy

|2
1] ;
in®) Inr®
/] \\\; )
\L""‘"'--....__
0 — Wo | >
: . wrad/s — Vo Frequency Vv—>




Tridib’s Physics Tutorials wioit weran. ploydicsS65. com
NCERT-XII / Unit- 7 — Alternating Current

Find the expression for Sharpness of resonance /Ay factor of resonance

Let oy andwy, be symmetrical aboud, , at which |, the current amplitude is/
times its maximum value of current , such that pogvesipated by the circuit
becomes half . We may write

W =0y + AW andw, =y - Aw

The differencey, - w, = 2Aw is called thédandwidth of the circuit.

The quantity ¢y / 2 Aw) is regarded as a measure of the sharpness ofamese

A v, _ im R

at @ =a,,

2 ( 1)’ ( 1)’
JR2 +lm1L— mch JR2 +lm1L— mch

or ‘)R2+{m1L— 1CJZ=R~.E

oy
2
or R2+{GIL—mlc} =2R*
1
1
or @, L - =R
w,C
1
or (@, +A@)L-——M—— =
(@, + Aw)C
or mDL[1+Ej— ! -R
ary, (. Ao)
@, C |1+ —
@y
(. Ae@) &L ( | 1 L 10
or @,L| 1+ - 0 =R Using @ = —=@,L=——
0 L (78 (. Aw) L & @ LC ; mﬂCJ
1+— - —
@y Aw
-1 since — <=1,
or mDL{l+ﬁ—w\l—wﬂL{l+%\l =R @
@, @ a4
[ ao) (. o) (1,427 () s0)
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2 @y — —
2Am - R
or @, L. - =R = ﬂm:ﬁ
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The sharpness of resonance is given by,
' @y @l
2A@ R

@ L

The ratio % is also called the quality factor, Q of the circuit.

_ ol
9="g
So, larger the value @), the smaller is the value oA® or the bandwidth and

sharper is the resonance.

If the resonance should be sharp, the bandwidtib&vless , the tuning of the
circuit will veryt be good. If the resonance isagh, the selectivity of the circuit
Is very less .

If quality factor is large, i.eRis low orL is large, the circuit is more selective.

Q-factor of resonant circuit

The selectivity or sharpness of a resonant citsuiteasured by the quality factor
or Q factor.

In other words it refers to the sharpness of tumiigesonance.

The Q factor of a series resonant circuit is defiag the ratio of the voltage across

a coil or capacitor at resonance to the voltagess the resistance.

" voltaae across L orC
Q= at resonance
woltage across R
oL oL 1 L
9=k "k “JICR

1
Q=—

)
Q-
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Applications of Resonant circuits

How resonant circuit is used in the tuning mechanm of a radio or a TV set ?

The signals from different broadcasting statigmsked up by the antenna of a
radio acts as a source for the tuning circuitthst the circuit can be driven at
many frequencies. To hear one particular radiacstatve tune the radio , by
varying the capacitance of the capacitor in thénigircuit such that the resonant
frequency of the circuit becomes nearly equal &ftbquency of the radio signal
received. When this happens, the amplitude of tineent with the frequency of the
signal of the particular radio station in the citésl maximum.

What type of circuit exhibits resonance ?

The resonance phenomenon is exhibited by a cioalytif both L and C are
present in the circuit. Only then do the voltage®ss L and C cancel each other
(both being out of phase) and the current amplitsden/R, the total source
voltage appearing across R. This means that weotdiane resonance in a RL or

RC circuit.
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POWER IN PURELY RESISTIVE CIRCUIT

We know the emf in purely resistive circuit isghase with current . They are

given below as

The instantaneous value of power is given as
P=dW/dt =>dW = eidt =d& sin’ut dt
=EBlo[ ¥2(1 —cos 2x) dt ]
=VaEglg[dt—cos 2xt dt] ............. 3
So total work done during the whole cycle of theegi ac
W =g/ dW =Y:E;lo [ of Tdt -] Tcos 2ut dt ]
3Byl [ {t} o — {Sin 2wt /2w}o" ]
2/2E, o [{T-0} —{sin 2(210T)T — sin0}/2w]
5B, 1o [T ={ 0 — 0}/2w]
= W =EV2)(IN2).T
=> WIT = Ruslrus

=P = ERMS | RMS seessessanses 4

12

—
| S—



Tridib’s Physics Tutorials wioit weran. ploydicsS65. com
NCERT-XII / Unit- 7 — Alternating Current

POWER IN PURELY INDUCTIVE CIRCUIT

We know the current in purely inductive circ@tiagging behind emf by a phase

angle ofrv2 . They are given below as

and i=4sin(wt-12) .......... 2
The instantaneous value of power is given as
P=dW/dt =>dW = eidt =dg sinwt sin (wt - 02 )dt
= -op [ Sin wt coswit dt |
= - [ ¥2( 2 sinuxt coswt ) dt |
=%Eqlp[ sinZat dt]............. 3
So total work done during the whole cycle of giaen
W =™ dW = -Y2Eqlo [ of " sin 2wt dt ]
= YaEqlo [- cosaut /20 o
=>2Eq4 1o [c0S2(2UT)T—cos 0 ] /2]

2Bl [ 1- 1] / 2w

= Current in purely inductive circuit is called waik current as no power is

consumed

13
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POWER IN PURELY CAPACITIVE CIRCUIT

We know the current in purely inductive circ@tahead of emf by a phase angle
of W2 .

They are given below as

and i=§sin(wt+12) .......... 2
The instantaneous value of power is given as
P=dwW/dt =>dW = eidt =d& sinwt sin (wt + 172 )dt
= oy [ Sinwt coswit dt |
= Ho [ Y2(2 sinwt coswt ) dt ]
2Eplp[ sin 2ot dt] ............. 3
So total work done during the whole cycle of giaen
W =™ dW = YaEqlo [ of T sin 2t dt ]

=B o [- cosaut /24 o

YaEqlg [cOos2(2TUT)T—cos 0 ] /2]

]7/2E0|0[1_ 1]/200
= W =0 => P = 0ivvcccereereeeeeene 4

= Current in purely capacitive circuit is called Weds current as no power is

consumed

14

—
| S—



Tridib’s Physics Tutorials wioit weran. ploydicsS65. com
NCERT-XII / Unit- 7 — Alternating Current

POWER IN LCR CIRCUIT

Let the emf in LCR circuit is ahead of currentdoghase angle op as given

below
e=Bsin(w+@) ................ 1
and i=¢sinwt ................. 2

The instantaneous value of power is given as
P=dW / dt =>dW = eidt = Eolo sin wt sin ( wt + @)dt
= Eolo [ Sin wt cosqdt + sin wt cosat singdt ]
= Eplo[ ¥2(1 — cos ax) cosqdt +¥2( 2 sinut cosux )singdt |
=Y2E( | [cosqdt — cos 2 cosqdt + sin 2wt sin @dt]...3
So total work done during the whole cycle of he gen ac
W = oV dW = ¥2Eq 1 [cos@of Tdt —cos@,] "cos 2ut dt +sin @o] " sin 2wt dt ]
=Y2Elo [cos@{t} o' —cos@ {sin 2at /2w}o" + Sin@ {- cosaut 12w}o" ]

=Y2E 1o [cos@T-0} —cos@{sin 2(2r/T)T — sin0}/2w — sin@{cos2(2ATT) T—
cos 0}/
=Y2Eqlo[cos@.T —cos@{ 0 — 0}/ 2w — sin@{ 1- 1}/2w)|

=> W = (BN2)(1J/V2) cose.T
=> WI/T = Egruslrms COSQ.
=> P = kuslrms (61015 () 4

= The term co®is known as power factor of LCR circuit ,

which isequalto cag=R/Z=R/( X - X¢)

15
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Transformer
Laminated
Steel Core

Transformer is an electrical device used for cotmvgiow alternating voltage into
high alternating voltage and vice versa and texigj electric power from one
circuit to another.

Itis based on the principle of electromagnetduiction.

A transformer consists of primary and secondariséosulated from each other,
wound on a soft laminated iron core to minimiseyedatrrents . The a.c. input is
applied across the primary coil ,which producearying magnetic flux in it. This,
in turn , produces a varying magnetic flux in teeandary. Hence, an induced emf
Is produced across the secondary.

Let E, and E be the induced emf in the primary and secondeifg and N\ and

N be the number of turns in primary and secondailg cespectively. Since same
flux links with the primary and secondary, the entfuced per turn of the two
coils must be the same

For an ideal transformer,
input power = output power = >Hp = Esls
here b & | s are currents in primary & secondary coils.
E.-!. IP
(l.e.) E_,,:r ...[2)

From eqguations (1) and (2 = £ _
q (1) (2) E. N I, = k

m
=
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where K is called transformer ratio.

for step up transformer k >1 & for step down transformer k <1

In step up transformer g&Ep implying that k<Ip.

Thus a step up transformer increases the voltagiebreasing the current, which
Is in accordance with the law of conservation adrgg. Similarly a step down
transformer decreases the voltage by increasingufrent.

EFFICIENCY:

output power E. I,
M= input power - E,l,

The efficiencyn = 1 (i.e. 100%), only for an ideal transformer wéhehere is no
power loss. But practically there arc numerousoiacteading to energy loss in a
transformer and hence the efficiency Is always tleas 1

Energy losses in a transformer

(1) Hysteresis loss : The repeated magnetisatidrdamagnetisation of the iron
core caused by the alternating Input current, preduoss in energy called
hystcrisis loss. This loss can be minimised bygisirtore with a material having
the least hysteresis loss. Alloys like mumetal siidon steel arc used to reduce
hvsterisis loss.

(2) Copper loss: The current flowing through thienary and secondary windings
lead to Joule heating effect. Hence some energgisn the form of heat. Thick
wires with considerably low resistance are useatitomise this loss.

(3) Eddy current loss (Iron loss): The varying metgmflux produces eddy current
In the core. This leads to the wastage of energlyarform of heat. This loss Is
minimised by using a laminated core made of steboyalloy of steel.

(4) Flux loss: The flux produced In the primaryl ¢® not completely linked with
the secondary coil due to leakage. This resultsaross of energy. Tills loss can

be minimised by using a shell type core.

17
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(5) In addition to the above losses, due to theatibn of the core, sound is

produced, which causes a loss in the energy.

LC OSCILLATIONS

| |+
| [

b

We know that a capacitor and an inductor can st@erical and magnetic energy,
respectively. When a capacitor (initially chargedgonnected to an inductor, the
charge on the capacitor and the current in theliciexhibit the phenomenon of
electrical oscillations.

Let a capacitor be chargegl ¢at t = 0) and connected to an inductor . The mmame
the circuit is completed, the charge on the capastarts decreasing, giving rise to
current in the circuit.

According to Kirchhoff's loop rule,

0
c "dt  =a? 'Ic [asi=— (dg/dt)]

1
Ni7el

The charge,so , oscillates with a natural freque
(a) '

e

4

2

UE:% Ug=
At t = 0, the switch is closed and the capacitartstto discharge [Fig.(b)]. As the

current increases, it sets up a magnetic fieltheninductor and thereby, some

energy gets stored in the inductor in the form afynetic energy: bJ)= % L

18
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1
Y. =0 Us="g

As the current reaches its maximum valydgat t = T/4) as in Fig.(c), all the
energy is stored in the magnetic fields 8% L i»°. We can easily check that the
maximum electrical energy equals the maximum mageekergy. The capacitor

now has no charge and hence no energy.
(d) i (e)

T o@)m

i
-

The current now starts charging the capacitoin &g. (d). This process
continues till the capacitor is fully charged ¢at T/2) [Fig. (e)]. But it is charged
with a polarity opposite to its initial state ing-a).

The whole process just described will now repesatftill the system reverts to its
original state.

Thus, the energy in the system oscillates betweerdpacitor and the inductor.

LC oscillations is not realistic for two reasons:

(DEvery inductor has some resistance. The effetitis resistance is to introduce a
damping effect on the charge and current in theutiand the oscillations finally
die away.

(i) Even if the resistance were zero, the totargg of the system would not
remain constant. It is radiated away from the sydtethe form of electromagnetic

waves . In fact, radio and TV transmitters depemdthas radiation.
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