Alternating Current

( Fastracl« Revision )

> Alternating Current (AC): The current whose magnitude
varles periodically with respect to time Is called alternating
current.
I=fsinwt or [=/;coswt
The frequency of ACin Indla is 50 Hz.
» Time Perlod: The time taken to complete one cycle of

variations Is called time period.

T:z—ﬂ

(0]
where, @ = angular frequency.
27t =angular displacement in a complete cycle.
» Frequency: The number of cycles completed per second

by an alternating current is called its frequency.
1 ©

f T 25

» Peak Value: The maximum value of alternating current or
voltage is called peak value or amplitude.

> Instantaneous Value: The instantaneous value is the
value of an alternating voltage or current at a particular
instant of time in the cycle.

» Root Mean Square (RMS) Value of AC: RMS value of AC
is defined as the value of steady current, which would
generate the same amount of heat In a glven resistance In
a given time, as done by the AC when passed through the
same resistance for same time. It is also called the virtual
or effective value of AC.

b =% OF  fyme =0.7071;

v
or Ve =T%=°'7°7V0

where, fy and V; = maximum value of current (/,,,) and
voltage (V,,.) respectively.

» Mean Value or Average Value of AC: The mean or average
value of AC over any half cycle is defined as that value of
steady current which would send the same amount of
charge through a circuit in the time of half cycle as sent by
AC In the same drcuit and In the same time.

2
Ly 2 TO =0.637 I

The average value of current for a complete cycle Is zero.
» Peak Factor: The ratio of peak value to the rms value of
an alternating current or voltage Is called peak Factor. It Is
also known as crest Factor.
Peakvalue

Peak Factor =
rmsvalue

For current,
/ /
Peak Factor=—2 -9 —\/2-1.414

Irms ?__
2

For voltage,

Peak Factar=i=v—°= J2=1414
Vims 59_
2

» Form Factor: Form factor Is defined as the ratlo of rms
value of AC to its average value during half-cycle.
rmsvalue

Form Factore ————————
Averagevalue

For current,

Form factor:;"ﬂu "o/\/E sefedi
21,

avg
n

For voltage,

Form Factor:ﬁ =111
avp

» AC Circuits: In an AC circuit, both emf and current change
continuously w.r.t. time, so In circuit, we have to calculate
average powerin complete cycle (0—T). P, =V_.I_ cos¢
where, cos¢= power factor.

» Pure Resistive Circuit: The clrcuit contalning resistance
only with an AC source & is called pure resistive circuit.
In this circult, voltage and current are In phase with each
other.

» ACvoltage, V=V, sin ot or V= \;sinwt
» Current, I=/,sin mt or [=[ysin wt

where lp = %L

» Pure Inductive Circult: The clrcult contalning Inductor
only with an AC source ¢ is called pure inductive circuit. In

this circuit, the current lags the voltage by % (or 90°) or

one quarter. Hence,

» Voltage, V = Vysin (ot — =/2)

» Current,/ = lsin (ot—r/2)
V

where, fj=—"2
wl

The quantity wl Is analogous to the resistance and Is called
inductive reactance and denoted by X,. Thus,
» Inductive reactance, X, = ol

VIs
» Power factar, c0S¢= cosE: 0

» Inductive Reactance: The opposing nature of inductor to
the Flow of current is called inductive reactance.
Itis denoted by X, and its Sl unit is © (ohm).
X =wl=2nfl=2nvL

b e e e e e e e e e e e e e e e —— e — — — —

Get More Learning Materials Here : &

@ www.studentbro.in



where v or f= frequency of alternating current.

The Inductive reactance Is directly proportional to the
inductance and to the frequency of AC current. Thus, if
the Frequency of AC increases, its inductive reactance also
increases.

Pure Capacitive Circuit: The circuit containing capacitor
only with an AC source ¢ s called pure capacitive clrcuit.

In this circuit, the current is /2 (or 90%) ahead of voltage.
> l—!osin(mt+%)
> where [j=0C V =—L:0—
=
1

=ZQ R:—
R

lo oC

1
Here P plays the role of resistance and it is called

capacitive reactance (Xc).

s 1
> Capacitive reactance, X, = oC
» Power factor, cos¢= cos%m(} (during complete cycle)
Capacitive Reactance: The opposing nature of capacitor
to the Flow of an alternating current is called capacitive
reactance. It is denoted by X-and its Sl unit is & (ohm).

L TS
€ wC 2rvC 2rfC

where v or f= frequency of alternating current.

It is inversely proportional to the capacditance and
frequency of the current. Thus, if Frequency of AC
increases, then its capadtive reactance decreases.
Wattless Current: The current in a purely inductive or
capacltive AC clrcuit when average power consumption
in AC drcuit is zero, is referred as wattless current or idle
current.

Serles LCRClrcult: A drcult containing, Inductor, capacitor
and resistor connected in series with AC source is called
serles LCR circuit.

?d Y

! A
0 oty ’F\/Zrc T ot

> Impedance, Z:,HR2+{XL—XC)2 B ’RZ +((mr__ic)2
w

- _1(Xe=X,)
> tan{p:XcRX"- _ o=tanT1 ¢

VQ W

Rl =X P £
If Xc > X, ¢ is positive and the drcuit is predominantly
capacitive. Consequently, the current in the circuit leads
the source voltage. If X < X, ¢ is negative and the circuit
is predominantly inductive. Consequently, the current in
the circuit lags the source voltage.
Power In AC Circuit: The power In AC circult Is given by
the following Formula,
P= Vicos¢ or P= 12Z cos ¢

> =

>

>

The average power dissipated in AC circuits depends not
only on the voltage and current but also on the cosine of
the phase angle ¢ between them. The quantity cos ¢ is
called the power Factor. Let us discuss the following cases:
Case (i) Resistive circuit: If the dircuit contains only
resistance, it is called pure resistive. In that case ¢ = 0,
cos @ =1.There is maximum power dissipation.
Case (ii) Purely inductive or capacitive circuit: If the
circuit contains only an inductor or capacitor, we know
that the phase difference between voltage and current
is /2. Therefore, cos ¢ = 0 and no power is dissipated
even though a current is flowing the circuit. This current is
sometimes referred to as wattless current.
Case (iii) LCR serles clrcuit: In an LCR serles circult, power
dissipated is given by P= 1?7 cos ¢, where

d=tan"' (X—X)/R
So, ¢ may be non-zero in an RL or RCor RCL drcuit. Even In
such cases, power is dissipated only in the resistor.
Case (iv) Power dissipated at resonance in LCR circuit:
AL resonance )gf_ X=0,and ¢ = 0. Therefore, cos ¢ = 1
and P=1%Z:= |°R That is, maximum power Is disslpated In
a circuit (through R) at resonance.
Resonance: A circuit in which inductance L, capacitance
C and resistance R are connected and the drcuit admits
maximum current corresponding to a given frequency of AC
is called resonance circuit.

z=./92+(xc-xt)3

At resonance, X, =X

1 1 1
mL—R or = C ar f—m

This frequency Is known as resonant Ffrequency.
It Is important to note that resonance phenomenon Is
exhibited by a circult only if both L and C are present in
the circuit. Only then do the voltages across [ and Ccancel
each other (both being out of phase) and the current
amplitude is v, /R, the total source voltage appearing
across R. This means that we cannot have resonance in an
RL or RCcircuit.
TransFormers: It is a device used to convert low voltage at
high currentinto high voltage at low current and vice-versa.
Atransformer conslsts of two sets of coils, are primary and
secondary. Primary coll has N, turns and secondary has N,
turns.
It works on the principle of mutual Induction.

Winding Winding
polarity Magnetic flux- polarity
ol j .
J— |
Primary ¢— [—
curent 4| —1 Secondary
Bk f T current
Nmory e = Secondary
circuit — 8 4—4 alrevit
— | t_
i T—1
L |-
Magnelic flux<— |~ Iron core

Types of Transformer:

» Step-up TransFormer: It converts low voltage at
high current into high voltage at low current. In this
transformer (N> Np) and (E > Ep).
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> Step-down Transformer: It converts high voltage at
low current into low voltage at high current. In this

transformer (Np> Ns) and (Es < Ep).

IpEp= lsEs
Ip Es Ng
and i Es N
Also, Ec= Ny o and lsm Ne b
Np N¢

EFficlency of Transformer : The ratio of output power to
input power Is called efficiency of transformer.

_ Output power Eg/s

~ Inputpower  Eplp

A well designed transformer may have an efficiency of
more than 95%.

Energy Losses in Transformer:

» Resistance of the windings

» Flux leakage

> Eddy current

» Hysteresis

AC Generator: It is an electrical machine which converts
mechanical energy into electrical energy by virtue of
electromagnetic induction. It is based on the principle of
mutual inductlon.

» It has mainly three components:
» Rotator coll: It Is a rotating part of an AC generator
which rotates about an axls on a shaft.

» Stator coil: It is a stationary part of an AC generator
which provides magnetic field.

» Commutator:Itisa pair ofslip ringsand carbon brushes
which Facilitate flow of current.

Cail — Axle

Carbon
brushes

» Instantaneous value of emf produced by AC generator
Is glven by e= NBA o sin ok
where, N = number of turns in the coil, 8 = strength
of magnetic field, A = area of each turn of the coil
o = angular velocity of rotation of coil.

& Practice Exercise

‘@ Multiple choice Questions \

QL The sum of average current values over one
complete cycle is:
a. negative b. pasitive
C. zero d. Both a. and b.

Q2. Avoltage signal Is described by :

v=V, for OStsg

=0 for %StST

for a cycle. Its rms value is: (CBSE2023)
V v

8 - b. V. B 2B /
]'2 - Vo 3 d V2V,

Q 3. An alternating voltage given by V=140 sin 314t is
connected across a pure resistor of 50 Q. The rms
current through the resistor is:

a. 198 A b. 5.63 A
c. B43 A d. 239A
Q4. If the rms current in a 50 Hz AC circuit is 5 A, then

the value of the current 1/300 seconds after its
value becomes zero Is: (NCERT EXEMPLAR)

a 5J2 A b.E\EA
3 A d 5A
5 " g

Q5. The rms current in a circuit connected to a 50 Hz
AC source is 15 A. The value of the current in the

1
circuit (ﬁ) s after the instant the current is

Zero, is: (CBSE 2021, Term-1)
15

a. A b.
= 15v2A
2

. —A d. BA
15
Q 6. The equation of ACis given by / = 100sin314¢t. What
is the frequency?
a. 314 Hz b. 100 Hz
c. 50 Hz d. 150 Hz

Q7. When a voltage measuring device is connected to
ACmains, the meter shows the steady input voltage
of 220 V. This means: (NCERT EXEMPLAR)
a. input voltage cannot be AC voltage. but a DC

voltage
b. maximum input voltage is 220 V

¢. the meter reads not Vbut < V2> and Is callbrated

to read y<V? >
d. the pointer of the meter Is stuck by some
mechanical defect
Q8. Aphasoris a:
a. scalar quantity
C. tensor quantity

b. vector quantity
d. None of these
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Q9.

Q10.

Q1L

Qle.

Ql3.

Q14.

In a purely resistive AC circuit, the current:

a. Is in phase with the emf
b. leads the emf by a difference of « radlan phase

"
c. leads the emf by a phase difference of 3 radlans

d. lags behind the emf by phase difference of

his
— radians
4

Which of the following graphs represents the
correct variation of inductive reactance X, with
frequency v?

T &

Which of the following graphs represents the
correct variation of capacitive reactance X, with
frequency v?

XCJL XCA

a. b. f
v v

XCJL

C. k
—p\ APV

When ACvoltage of 220 Vis applied to the capacitor
C, then:
a. the maximum voltage between plates [s 220 V
b. the current is In phase with the applled voltage
c. the charge an the plate is not in phase with the

applied voltage

d. power delivered to the capacitor per cycle is zero

A 20 V AC is applied to a circuit consisting of a
resistance and a coil with negligible resistance.
If the voltage across the resistance is 12V, the
voltage acraoss the coil is: (CBSESQP 2021 Term-1)
a. sV b. 10V
c.8v d eV

The instantaneous values of emf and the current in
a series AC circuit are:

E=E, sinot and/ = I sin (ot +r/3) respectively,
then it is: (CBSE SQP 2021 Term-1)

Q15.

Q 16.

Ql7.

Q18.

Q19.

Q20.

a. necessarily an RL drcuit
b. necessarily an RC circult
. necessarily an LCR circuit
d. can be RC or LCR clrcult

An alternating voltage source of variable angular
frequency o and fixed amplitude 'V’ is connected
in series with a capacitance C and electric bulb
of resistance R (inductance zero). When o is
increased: (CBSESQP 2021 Term-1)
a. the bulb glows dimmer

b. the bulb glows brighter

c. net impedance of the drcuit remains unchanged.
d. total impedance of the cIrcult increases

An iron cored coil is connected in series with an
electric bulb with an AC source as shown in figure.
When iron piece is taken out of the coil, the

brightness of the bulb will: (CBSESQP 2022-23)

(<)
Z/

b. increase
d. fluctuate

a. decrease
¢. remain unaffected

The impedance of series LCR circuit is:
(CBSE2021, Term-1)

a. R+XL+XC b.

e X2 -XZ+R? d JRZ+(X, =X, )

A 15Q resistor,an 80 mH inductor and a capacitor of
capacitance C are connected in series with a 50 Hz
ac source. If the source voltage and current in the
circuit are in phase, then the value of capacitance
is: (CBSE 2021 Term-1)
a.100 pF b. 127 uF  c 42pF d. 160 pF

The voltage across a resistor, an inductor and a
capacitor connected in series to an AC source are
20V, 15 V and 30 V respectively. The resultant
voltage in the circuit is: (CBSE 2021 Term-1)

abVv b.20V
.25V d 65V
In the series LCR circuit shown, the impedance is:
L C R
1H  20pF 300Q
<)
Ny
50V, 22 1

a. 200 Q b. 100 Q
c.300Q d 500 Q
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Q2L An LCR circuit is predominantly capacitive if:

Q22

Q2s.

Q 24.

Q25.

Q 26.

Q7.

Q 28.

Get More Learning Materials Here : &

a. X > Xc

b. XL < XC

. XL = XC

d. None of the above

To reduce the resonant frequency in an LCR series

circuit with a generator: (NCERT EXEMPLAR)

a. the generator frequency should be reduced

b. another capacitor should be added in parallel to
the first

c. the iron core of the inductor should be removed

d. dielectric In the capacitor should be removed

Aninductor, a capacitor and a resistor are connected
in series across an AC source of voltage. If the
frequency of the source is decreased gradually the
reactance of: (CBSE 2023)
a. both the Inductar and the capacitor decreases

b. Inductor decreases and the capacitor increases

c. both the Inductor and the capacitor Increases

d. inductor increases and the capacitor decreases

A series LCR circuit with R = 220, L = 1.5 H and
C = 40pF is connected to a variable frequency
220V AC supply. When the frequency of the supply
equals the natural frequency of the circuit, what is
the average power transferred to the circuit in one
complete cycle?

a. 2000 W b. 2200 W

c. 2400 W d. 2500 W

What is the ratio of inductive and capacitive

reactance in circuit? (CBSE2023)
a. o’LC b. LC?

LC
= d o’L

(6]

A sinusoidal voltage of peak value 283 V and
frequency 50 Hz is applied to a series LCR circuit in
whichR=3Q,L =25.48 mH and C =796 F, then
the power dissipated at the resonant condition will

be: (CBSESQP 2021, Term-1)
a. 39.70 kw b. 26.70 kW
c. 1335 kW d. zero

When an alternating voltage E = E; sin ot is

applied to a circuit, a current /= |, sin(mt+£)

flows through it. The average power dissipated in
the circuit is: (CBSE 2021 Term-1)

d. Erm: [ "'rmu b. EDIU
£l

c 0 d. zero
¥z

A transformer works on the principle of:
a. self inductlon

b. electrical inertia

¢. mutual induction

d. magnetic effect of the electrical current

Q29.

Q 30.

Q3L

Q32.

Q33.

Q 34.

The output of a step down transformer is measured
to be 24 V when connected to a 12W light bulb.
The value of the peak current is: (NCERT EXEMPLAR)

]
5 A b2 A d 2v2 A

A 60 W load is connected to the secondary of
an ideal transformer whose primary draws line
voltage. If a current of 0.54 A flows in the load, the
current in the primary coil is:

a.027mA b 27A c. 0.27A

A step-down transformer converts transmission
line voltage from 11000 V to 220 V. The primary
of the transformer has 6000 turns and efficiency
of the transformer is 60%. If the output power is

9 kW, then the input power will be:
a. 1mkw b. 2kW  c 14 kW d. 15 kW

Which among the following, is not a cause for

power loss in a transformer?  (CBSESQP 2021 Term-1)

a. Eddy currents are produced In the soft iron care
of a transfarmer.

b. Electric flux sharing Is not properly done In
primary and secondary cails.

¢. Humming sound produced in the transformers
due to magnetostriction.

d. Primary coll Is made up of a very thick copper
wire.

c. 2A

d 10 A

The large scale transmission of electrical energy
over long distances is done with the use of
transformers. The voltage output of the generator
is stepped-up because of: (CBSE SQP 2023-24)
a. reduction of current

b. reduction of current and voltage both

c. power loss is cut down

d. Both a. and c.

The basic principle on which the AC generator
works it is:

a. Lenz law

b. energy conservation

c. momentum conservation

d. electromagnetic induction

- Assertion & Reason Type Questions N

Directions (Q.Nos. 35-43): In the following questions,
a statement of Assertion (A) is followed by a statement of
Reason (R). Mark the carrect choice as:

a. Both Assertion (A) and Reason (R) are true and
Reason (R) Is the correct explanation of Assertion
(A).

b. Both Assertion (A) and Reason (R) are true but
Reason (R) is not the correct explanation of
Assertion (A).

c. Assertion (A) Is true but Reasaon (R) Is false.

d. Both Assertion (A) and Reason (R) are false.

@ www.studentbro.in
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Q 35.

Q 36.

Q37

Q 38.

Q39.

Q 40.

Q4L

.

PR
2.
3.

Assertion (A): Average value of AC over a complete
cycle is always zero.

Reason (R): Average value of AC Is always defined
over half cycle.

Assertion (A): AC is more dangerous than DC.
Reason (R): Frequency of AC is dangerous for
human body.

Assertion (A): In a purely inductive or capacitive
circuit, the current is referred to as wattless current.
Reason (R): No power is dissipated in a purely
inductive or capacitive circuit even though a
current Is flowing in the circuit.

Assertion (A): When capacitive reactance is smaller
than the inductive reactance in LCR series circuit,
emf leads the current.

Reason (R): The phase angle is the angle between
the alternating emf and alternating current of the
circuit.

Assertion (A): An electric lamp connected in
series with a variable capacitor and AC source, its
brightness increases with increase in capacitance.
Reason (R): Capacitive reactance decreases with
increase in capacitance of capacitor.

Assertion (A): Step-down transformer increases
the current.

Reason (R): Transformer
conservation of energy.
Assertion (A): The core of transformer is made
laminated in order to increase the eddy currents.

| Answers |
v

(c) zero

The sum of the instantaneous current values over
one complete cycle is zero and the average current
is also zero.

wledge BGOSTER

The average value or mean value of AC is 63% of
peak value or maximum value of AC over any holf
cycle and for o complete cycle of AC, the average
value of AC is zero.

Vi
VR
(a) 2
(a) 198 A
Here, R=500and V;=140V
|- Woke _ 0.707Vv,
rms R R
_0707x140 _ 198 A
50
3
b) 5/= A
(6 5=
1
Here, lme =5 A v=50Hz t:ﬁs

obeys the law of

Q42

Q43.

Reason (R): The sensitivity of transformer increases
with increase in the eddy currents.

Assertion (A): A step-up transformer cannot be
used as a step-down transformer.

Reason (R): A transformer works only in one
direction. (CBSE2021 Term -1)

Assertion (A): AC generator works on the principle
of self induction.

Reason (R): Magnetic flux linked with armature coil
during rotation is always zero.

-4) Fill in the Blanks Type Questions N

Q44.

Q 45.
Q 46.

Q47.

Q48.

Q49.
Q 50.

The maximum value of ................. is called peak
value or amplitude.

Peak factor =......ccccouenenn

The opposing nature of .......ccceeenn. to the flow of
current is called inductive reactance.

In AC circuit, the average power consumed by a
pure capacitar during ane cycle in pure capacitance
IS :

Capacitive reactance is inversely proportional to
the ....ccceueeee. and frequency of the current.

Q 51. Stator is a......csussneenee. part of an AC alternator.

fﬂz \/E frmn= 5\/5 A,

I = lpsinwt = [psin2avt

:5\/§sin[2m5ox 1 )

300
5 5\[2—5in§=5ﬁx-\/2—§:5EA

15
(@) =A
V2
(c) 50 Hz
Given, [=100 sin314t
From the given equation,

w = 314 = 2irv= 314
-
2n
(c) the meter reads not V but <V%> and is calibrated
toread y<v?s

The voltmeter connected to AC mains is calibrated
to read root mean square value or virtual value of
AC voltage.
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10.

13.

14.

(a) scalar quantity

Voltage and current In an AC circuit are represented
by phasors-rotating vectars. they are not vectors
themselves. They are scalar quantities.

(a) Is In phase with the emf.

In purely resistive AC clrcult. current and voltage are
in same phase.

(b) %t

Inductive reactance,

X =mol=2rvl = X <v
Hence, inductive reactance increases linearly with
frequency.

() Xe

Capacitive reactance,

1 1 X ]
= —= = @€ —
C™woC 2rvC oy

With Increase In frequency. X decreases.
Hence. option (c) represents the correct graph.
(d) power delivered to the capacitar per cycle is zero
When AC voltage of 220 V is applied to a capacitor
C. the charge on the plates is in phase with the
applied voltage. As the circuit Is pure capacitive, so
the current developed leads the applied voltage by
a phase angle of 30°. Hence. power delivered to the
capacitar per cycle is

P=V ol 08 90"={]
(a)1BV
Let effective voltage across R = Vy,
and effective voltage across L =V,

R L
VWWW TOU00000
.—VR—- -—VL—-
O O
20V AC

Net voltage, V= ,IVRZ +VL2

= 20=\[(12)2 +V{

— (202 = (122 +V? = 400=144+V?

V, =400-144 =256 =16 V
(d) can be RC or LCR dircuit.

As current / can lead the voltage or emf In RC and
LCR circuit. so It can be RC or LCR circuit.

15.

16.

17.
16.

19.
20.

(b) the bulb glows brighter

v

=

(o]

' v
As angular frequency o increases. capacitive
reactance X will decrease.

I
C72nfC oC

s
c (i}

v
As X decreases. the current /Increases. [ / ZX_]
C

Thus. brightness of bulb will increase.
(b) increase

When current passes through the Inductor. magnetic
fleld Is produced and it opposes the current flow.
When iron piece is taken out of the coil. the current
flow will be maximum and the brightness of the
bulb will Increase but when it Is Inserted. there will
be induction effect and the brightness of the bulb
will decrease due to opposition in current flow.

(d) yR®+(X - X )
(b) 127 pF

As voltage and current are in phase. ¢ = 0.
This means clrcuilt Is In resonance.

we=— = =
\/If w?L
! =127 pF
(100r)? x 80 x 1073
(c)25Vv
(d) 500 Q

Here,  L=1H C=20pF=20x10"°F
R S =Pt
T

The Inductlve reactance Is

X, = Drite 2w w2 %1 =100
T
The capacitive reactance Is

1 1
XC s m L SDD Q

2rvC 2xxxEx2Dx1(T6
n

The impedance of the series LCR circuit is
Z =R+ (X =X )?

= J(300)? + (500-100)2

= /(300)? + (400)? =500 Q
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2L
22.

23.
24.

25.

26.

27.
28.

29.

30.

&1 B

r
I
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
I
|
I
|
I
I
|
|
|
|
|
|
|
|
|
|
|
|

(b) X, < Xc

(b) another capacitor should be added In parallel to
the first

(b) inductar decrease and the capacitar increases.
(b) 2200 W

When the frequency of the supply equals to the
natural frequency of circuit. resonance occurs.

Vv 220
Z=Re2Z20and [ =05 220
s 4 22

Average power transferred per cycle,
P o Vs hns€0s0° @ 220 % 10 x 1=2200 W
(a) w’(C
As we know. the Inductive reactance s
X =ol ~(1)
and capacitive reactance Is

Xew

=10A

wC
1) and (2).

—

From eqs.

B

0]
= TL: (.l.}?‘ LC
oC
() 1335 kw
Glven, Vg =283 V.f=50Hz
R=3Q.L=2548mH
C = 746 uF

Power dissipated. P= I°R

Current, f:i:_[_]:EGJA

P=1I%R =(66.7)*x3 =13.35kW

(d) zero
(c) mutual Induction

) A

Here. V=24V, P.=12W
PP 2 _osa
OV, 24
]
In= V2 L= 2 x05 =—A
(c)0.27 A
Here.  Pc=60W. Ic = 0.54A, \j= 220V
P
%=i=£9=mv
le 054
Ve Ip
As, —= =-L. for an ldeal transformer
Vo Is
V.
fp =5 ki = x 064 = 0,27 A
A 220
(d) 15 kw
Here, Vo=11000V, V,=220V

Np=6000. 1 =60%. P,= 9 kW =9 x 10°W

32

33.
. (d) electromagnetic induction
35.

36.

_ Output power _ P

Efficiency. y
Input power P,
p, _ 9x10° 3
=—=—+7——=15x10" =15 kW
Pr=7 Teo/o0 "

(d) Primary coll Is made up of a very thick capper
wire.
As primary caoil made of thick copper wire, it has

very less R Therefore, there is negligible power loss.

Rest all options are reasons for power losses in a
transformer.

(d) Both a. and c.

(b) The mean ar average value of alternating current
or emf during a half cycle Is glven by

Iy =0.636 Iy or E,=0.636E,

During the next half cycle. the mean value of AC will
be equal in magnitude but oppasite in direction. For
this reason, the average value of AC over a complete
cycle is always zero. So the average value is always
defined over a half cycle of AC.

(a) The effect of AC on the human body depends
largely an the frequency. Low frequency currents of
50 to 60 Hz (cycles/sec), which are commonly used,
are usually more dangerous than high frequency
currents and are 3 to 5 times more dangerous
than DC of same voltage of ampere (current). The
usual frequency of 50 cps (or 60 cps) is extremely
dangerous as it corresponds to the fibrillation
frequency of the myocardium. This results in
ventricular fibrillation and instant death.

ERR(DR ]

Often student think DC is more dangerous.

37.

38.

39.

(a) In a purely Inductive or capacitive circult. power
factor. cos ¢ = 0 and no power Is disslpated even
though a current Is flowing In the drcuit. In such
cases, current is referred to as wattless current.

(b) The phase angle for the LCR series circuit is given
by

X, = X¢ _ol=1/oC

R R

where X, and X, are inductive reactance and
capacitive reactance respectively. When X, > X
then tan @ is positive le. @ Is positive (between O
and n/2). Hence, emf leads the current.

tang =

(a) Capacitive reactance X, =LC when capacitance
w

(C) Increases, the capacitive reactance decreases due
to decrease In its values. the current In the circuit

E
e — and hence brightness
JR +X?

of source (electric lamp) will also Increase.

will Increase |/
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40.

41

42.
43.

&y,
45,

46.
47.
48.
49.
50.
51

(b) If there Is no loss of energy in transformer. then
instantaneous outputpowerisequaltoinstantaneous

£s

/
input power. From this. we get o !ﬁ' So In step-up
p

5
transformer, voltage increases by decreasing the
current. Similarly, step-down transformer decreases
the voltage by increasing current. Therefare
transformer simply transforms the voltage and
current, obeying the law of conservation of energy.

(d) Eddy current is produced in the iron core due
to induced emf. Since, resistance of the iron core is
guite small. the magnitude of eddy currents Is guite
large. As a result. large amount of heat is produced.
To avold it. a laminated core Is used in a transformer.
In laminated core, iron strips are quite thin and
each strip possesses very large resistance. the
magnitude of eddy currents very large resistance,
the magnitude of eddy currents produced Is quite
small and hence only a small amount of heat Is
produced.

(d) Both Assertion (A) and Reason (R) are false.

(d) AC generatar works on the principle of Faraday's
law of electromagnetic (mutual) induction. When
armature coll Is rotated In magnetic field. the
magnetic flux Unked with it Is always a maximum.
Thus, both Assertion (A) and Reason (R) are false.

alternating current or voltage

peakvalue

rms value
inductor

zera
capacitance

2

(X=X
wattless current
stationary

“@’ Case Study Based Questions Ny

Case Study 1

Let a source of altermating emf £ = Eysinw be
connected to a capacitor of capacitance C. If
[’ is the instantancous value of current in the

Eo 2 T
sinf ol +— |-
/wC 2

The capacitive reactance limits the amplitude of
current in a purely capacitive circuit and it is given

circuit as instant ¢, then /=

—_ M

()
L

QL

Q3.

Q4.

Q5.

Read the given passage carefully and give the
answer of the following questions:
What is the unit of capacitive reactance?

a. Farad b. Ampere
c. Ohm d. Ohm™
. The capacitive reactance of a 5;1F capacitor for a
frequency of 10%Hz is:
a. 00320 b 2520
€. 1.25Q d. 451Q

In a capacitive circuit, resistance to the flow of
current is offered by:
a. resistor
c. inductar

b. capacitor
d. frequency

In a capacitive circuit, by what value of phase angle
does alternating current leads the emf?

a. 45° b. 90°

g 15" d. 60°

One microfarad capacitor is joined to a 200V, 50 Hz
alternator. The rms current through capacitor is:

a. 628 x1077A b. 75 x 10~ A

. 1052 x 1074 A d. 1525 x 1072 A

J "
| Answers

(c) Ohm

Ohm is the unit of capacitive reactance.

(a) 0.032 0

Capacitive reactance,
1 1

" a€ " 2mie
]

T I— |
2nx 108 x5x107°

(b) capacitar

In capacitive circuit. resistance to the flow of current
is offered by the capacitor.

(b) 90°

(3) 628 x1072A

ic lp mlim V. Iv0IE
urrent. V_Xc_1/2er = (2nvQ)E,

ly=2x314x50x1x107° x 200 =6.28 x 107%A

Case Study 2

Stap-up
transformer

Step-down
transformer

Power
Slation

City
sub-station

|}

Transmission ling
Long distance power lranamisslons
The large-scale transmission and distribution of
electrical energy over long distances is done with
the use of transformers. The voltage output of
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QL

Q2

Q3.

Q4.

the generator 1s stepped-up. It is then transmitted
over long distances to an area sub-station near the
consumers. Then the voltage is stepped-down. It is
further stepped-down at distributing sub-stations
and utility poles before a power supply of 240 V
reaches our homes. (CBSESQP 2021 Term-1)

Read the given passage carefully and give the

answer of the following questions:

Which of the following statement is true?

a. Energy s created when a transfarmer steps-up
the voltage

b. A transformer is designed to convert an AC
voltage to DC vaoltage

¢ Step-up transformer increases the power for
transmission

d. Step-down transformer decreases the AC voltage

If the secondary coil has a greater number of turns

than the primary:

a. the voltage is stepped-up (V5 >Vp) and
arrangement |s called a step-up transformer

b. the voltage is stepped-down (Vs < Vp) and
arrangement is called a step-down transformer

C. the current is stepped-up (s> Ip) and arrangement
Is called a step-up transformer

d. the current is stepped-down (I < Ip) and
arrangement Is called a step-down transformer

We need to step-up the voltage for power

transmission, so that:

a. the current is reduced and consequently. the PR
loss Is cut down

b. the voltage Is Increased the power losses are also
increased

c. the power is increased before transmission is done

d. the voltage is decreased so V2/R losses are
reduced

A power fransmission line feeds input power at

2300 Vto a step-down transformer with its primary

windings having 4000 turns. The number of turns

in the secandary in order to get output power at

230V are:

a4 b. 40

c. 400 d. 4000

Answers
(d) Step-down transformer decreases the AC voltage.
(a) the voltage is stepped-up (Vs> V) and the
arrangement Is called a step-up transformer.

Ng Eg

N, Ep

If number of tumns In secondary coil (No) are greater
than number of turns In primary (Np), then voltage
is increased or stepped-up in secondary, so the
arrangement Is called step-up transformer.

3.

4,

(a) The current is reduced and consequently. the [2R
loss is cut down.

(c) 400
Given, E=2300V
€,=230V
Np=4000
Ne=?

Np
Ng

We know. i =
o

2300 _ 4000
230 N
N¢= 400

Number of turns In secondary coll Nc = 400

Case Study 3

QL

Q2.

Q3.

Q4.

Q5.

Step-down transformers are used to decrease
or step-down voltages. These are used when
voltages need 1o be lowered for use in homes and
factories.

A small town with a demand of 800 kW of electric
power at 220 V is situated 15 km away from an
clectric plant generating power at 440 V. The
resistance of the two wire line carrying power is
0.5€2 per km. The town gets power from the line
through a 4000-220 V step-down transformer at
a sub-station in the town.

Care

)

Np
¢l
; D
Primary d b Secondary
| P &l
i b Ns

Read the given passage carefully and give the
answer of the following questions:

The value of total resistance of the wire is:

a 25qQ b.30Q c3I50 d. 150

The line power loss in the form of heat is:
a. 550 kw b. 650 kW
c. 600 kW d. 700 kW

How much power must the plant supply, assuming
there is negligible power loss due to leakage?

a. 600 kw b. 1600 kW

c. 500W d. 1400 kW

The voltage drop in the power line is:

a. 1700V b.3000V ¢ 2000V d.2B800V
The total value of voltage transmitted from the
plant is:

a. 500V b. 4000V

c. 3000V d. 7000V
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A |

nswers | -
(d)15Q
Resistance of the twao wire lines carrying power
= 0.5 O /km
Total resistance = (15+15)05=15Q
(c) 600 kW
Line power loss = PR
rms current in the cail.

1
V,” 4000

- Power loss = (200)? x 15 = 600 kW
(d) 1400 kw
Assuming that the power loss Is negligible due to
the leakage of the current.
The total power supplied by the plant

= B00 kW + 600 kW = 1400 kw
(b) 3000 V
Voltage drop in the power line = IR = 200 x 15

=3000V
(d) 7000 V
Total voltage transmitted from the plant
=3000V + 4000 VvV =7000 V

Case Study 4

QL
Q2.
Q3.
Q4.

Q5.

An LC circuit also called a resonant circuit or
tank circuit or tuned circuit, is an electric circuit
consisting of an inductor represented by the letter
L and a capacitor, represented by the letter C
connected together. An LC circuit is an idealised
model since it assumes there is no dissipation of
energy due to resistance.

An LC circuit contains a 20 mH inductor and a
50 pF capacitor with an initial charge of 10 mC.
The resistance of the circuit is negligible. Let the
instant of circuit is closed be r = 0.

Read the given passage carefully and give the
answer of the following questions:

What will be the total energy stored initially?
What will be the natural frequency of the circuit?
At what time is the energy stored completely
electrical?

At what time is the energy stored completely
magnetic?

Calculate the value of X;.
“Answers |

nswers |
10% _ (ox07)y .

J
2C 2x50x10°

Energy. £ =

2.

i

1 ]
Frequency. v = = ;
2nLC 515010 2 x50x10 6

E]
I _ise24mz
2n

Total time period,
1 1

v 15924

=6.28ms

Total charge on capacitar at time. t
2%
"= Qros—t
Q=0 T

For energy stored in electrical. we can write Q' = +Q.

Hence, energy stored in the capacitor is completely
electrical at t=0. 1 E 2
2 2
Magnetic energy is maximum when electrical energy
Is equal to zero.
pad o W
Ea
X, =wl=2avl
=2x 314 x159.24 x 20 x 10~

Hence,

Case Study 5

QL

Qe

Q3.

Q4.

When the frequency of AC supply is such that
the inductive reactance and capacitive reactance
become equal, the impedance of the series LCR
circuit is equal to the ohmic resistance in the
circuit. Such a series LCR circuit is known as
resonant series LCR circuit and the frequency of
the AC supply is known as resonant frequency.

012H 480nF 230

"l
5
230V
Resonance phenomenon is exhibited by a circuit

only if both £ and C are present in the circuit. We
cannot have resonance in an RL or RC circuit.

A series LCR circuit with L =0.12 H, C =480 nF,
R = 230 is connected to a 230V variable
frequency supply.

Read the given passage carefully and give the
answer of the following questions:

Find the value of source frequency for which
current amplitude is maximum.

Calculate the value of maximum current.
Calculate the value of maximum power.
At resonance, which physical quantity is maximum?
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Answers | :

nswers |
L =012 H, C=480nfF =480 x 107°F
R=230, V=230V

Vo= +2 x 230 =325.22V

1. Here.

Yo

JRZ & (mL - m_]c]z

At resonance. wl - L =0
ol

1 1
m= =
JLe J0.12x 480x10°°

= 4166.67 rad &~

In=

o SEET ERiiB bz (vesBug
2x3.14
V. 32522
2 C [ A =1414 A
urren 0 ) 23

= % x(1614)2 x 23 =22993 W

4. Atresonance, current is maximum. A circuit in which
inductance L. capacitance C and resistance R are
connected and the circuit admits maximum current
corresponding to a given frequency aof AC is called
resonance circuit.

‘ELD’ VBI‘V Short Answer Type Questions N

QL Why is the use of AC voltage preferred over DC
voltage? Give two reasons.
Ans. AC voltage is preferred over DC voltage because of
the following reasons:

() The loss of energy In transmitting the AC
voltage over long distances with the help of
step-up transformers is negligible as compared
to DC voltage.

(i) AC voltage can be stepped-up and stepped-
down as per the reguirement by using a
transformer.

Q 2. Define capacitor reactance. Write its S| unit.
(CBSE 2015)

Ans. Capacitor reactance Is the resistance offered by a
capacitor. when it Is connected to an electric clrcuit.
It is given by Xp « 1/oC = 1/2rfC
where, o = angular frequency of the source
and (= capacitance of the capacitor.
Sl unit of capacitor reactance Is Ohm ().

Q3. Plot a graph showing variation of capacitive
reactance with the change in the frequency of the
AC source. (CBSE2015)

Ans. Varlation of capacitive reactance with the change In
the frequency of the AC source Is given in graph.

1

!

X¢

h

o f—>

Q4. Define the term ‘Wattless current’. (CBSE 2015)

Ans. The current which flows in a crcuit without
cansuming electrical power is called wattless
current.

Q5. In a series LCR circuit, V) =V¢ #2V. What is the
value of power factor? (CBSE2015)

Sol Vi=Ve=IX =IXc=2X =X,

. Impedance of the circuit. Z=\/(R)? +(X, - X,)? =R

= Power factor. cosrp:R/Z:% 2]

Q 6. The power factor of an AC circuit is 0.5. What is the
phase difference between the voltage and current
in the circuit? (CBSE2016)

Sol Given that cos$=05
: ¢ = cos™'(0.5) = 60°

Q7. Why is the core of a transformer laminated?

Ans. The core of a transformer |s laminated to reduce the
energy losses due to eddy currents. thus Increasing
the efficiency.

Q 8. Which characteristic properties of the material
suitable for making core of a transformer? Write
any of two.

Ans. (i) Low retentivity or coercivity.

(ii) Low hysteresls loss or high permeability.

Q 9. Name the two main parts of AC generator?

Ans. (i) stator (i) rotor

Q 10. On which principle, a generator work?

Ans. Generator works on  Faradays law  of
electromagnetic induction.

_’ Short Answer Type-i Questions N

QL In an AC circuit, the instantaneous voltage
and current are V = 200 sin 300t volt and
I = 8 cos (300t + n/2) ampere respectively. Is the
nature of the circuit capacitive or inductive? Give
reason. (CBSE 2015)

Ans. CaEacitive.

Reason: Given.
V=200sin300t and [=Bcos300t

= [=Bsin(300t+1/2)

As the current leads voltage by phase angle n/2.
Hence the clrcult Is capacitive.
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Q2.

Ans.

Q3.

Ans.

Q4.

A lamp is connected in series with an inductor and
an AC source. What happens to the brightness of
the lamp when the key is plugged in and an iron
rod is inserted inside the inductor? Explain.

(CBSE2017, 16)
Lamp

(N =
\W

Brightness decreases

Reasan: When iron rod is inserted, inductance L
increases.

Therefore. the current flowing across the bulb will
decrease, thus decreasing the brightness of the
bulb.

A bulb is connected in series with a variable
capacitor and an AC source as shown. How the
brightness of bulb changes on reducing the
(i) capacitance and (ii) frequency? Justify your
answer. (CBSE2016)

Bulb

Cc
[
1

e

(I) Brightness will decrease.
Reason: When capacitance is reduced, reactance

1
[xc :E]Increases le. ﬂ also Increases

and current decreases.
Hence. brightness (1%Z) decreases.

(i) Brightness will decrease.
Reason: When frequency is reduced. reactance

1
(Xf_zmc[} increases le. Z=JR2+X§ also

Increases and current decreases.
Hence. brightness (IZZ) decreases.

Figure shows an inductor L and a resistor R

connected in parallel to a battery through a switch

S. The resistance R is same as that of coil that

makes L. Two identical bulbs are put In each arm of

the circuit.

(i) Which of the bulbs lights up earlier when S is
closed?

(i) Will  the two
bulbs be equally
bright after
sometime? Give
reason for your
answer.

Ans.

Qs.

Sol

Q6.

Ans.

Q7.

Ans.

Q8.

Sol

(I) Bulb B, lghts up earlier.
Reason: Induced emf across L opposes growth of
currentin g, -

() Yes, after sometime both bulbs will be equally
bright.
Reason: After sometime. current reaches its
maximum value in L and self-induction plays no
role.

In a series LR circuit X; = R and power factor of

the circuit is P;. When capacitor with capacitance C
such that X, = X is put in series, the power factor
becomes P;. Calculate P,/ P,. (CBSE 2016, 15)
For LR circuit, power factor

R R R R 1

E:JRZH(E :\[RZ+RZ A2 V2

When X, =Xc Is put In series, for LCR drcuit power
factor

P=

R
PZ:E:

_hAwe 1
Rl V2

Can the voltage drop across the inductor or the

capacitor in a series LCR circuit be greater than

the applied voltage of the AC source? Justify your
answer.

Yes. because In serles LCR clrcuit. VL or V. are not

in same phase. hence cannot be added Uke ardinary

number.

Define the term power factor. State the condition

under which it is (i) maximum and (ii) minimum.

Power factor: It is the ratio of resistance to the

impedance of an AC drcuit Le. cos ¢ = R/Z

(I) When Z=R. cos¢=R/Z=1= maximum
Le, when the circuit Is purely resistive, power
factor Is maximum .

(i) When R=0. cos¢=R/Z=0= minimum.,
l.e.whenthedrcuitis purelyInductive or capacitive.
power factor Is minimum.

A power transmission line feeds input power at

2200 Vto a step-down transformer with its primary

windings having 3000 turns. Find the number of

turns in the secondary winding to get the power
output at 220 V. (CBSE2017)

Glven. input power, Vp=2200V
Number of turns, N, = 3000

Output power, V5= 220V

ns, Vs Ny 220 N;
vV, N, 2200 3000

220
= NZ —mXBUDD— 300

.. Number of turns in the secondary winding,
Ny =300 turns.
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Q9.

An AC generator produced an output voltage
E=170sin 377t volt,where t is in seconds. What is
the frequency of AC voltage?

Sol Given, that

£ =170 sin 377t volt (1)
We know that,
Ew Ejsinmt -(2)
On comparing eqs. (1) and (2). we get
£y =170
w=377 = 2rnf=377
= ar =60.03 =60 Hz
2x3.14

‘\@QD, Short Answer Type-Il Questions N

QL An AC source V = V_ sin wt Is connected across

Ans.

an ideal capacitor. Derive the expression for the
(i) current flowing in the circuit and (ii) reactance

of the capacitor. Plot a graph of current / versus wt.
(CBSE 2023)

(i) Expression for current flowing through AC source
connected across an ideal capacitor:
The clrcuit diagram for an AC source V = V,, sinawt
connected to an ideal capacitor is as follows:
&
1
1

T =)
o

V=V, sinwt

If gis the charge on the capacitar, the corresponding
potential difference across the plates of the
capacitor Is

v=9 o g=cv
C g
Here g and V are the functions of time with
Ve Vg, sin ot
The instantaneous current in the circuit,
dg d Cdv d ;
|=—=—(CV)=——=C—V t
e e sl

= CV,cos ut @

V
;:Tmsin{mu;]
wl

: 4
=] _sin] ot +—
st sk, ( 2]

Vm
where . =1, is the peak value of current
=)
Thus. the expression for the current | flowing

through AC sourceis [ =/ sin(m[w%]

Qe

Ans.

(1) Comparing above equation with Ohm's law

¢ alC
Graph of current | versus ot
VAR

\‘\ Y /-{
\n 2R .,
O R'/ZUIW/Q / 7 > wf

An AC voltage V = V; sin ot is applied across a
pure inductor of inductance L. Find an expression
for the current i, flowing in the circuit and show
mathematically that the current flowing through it
lags behind the applied voltage by a phase angle

of % Also draw graphs of V and i versus ot for the

clrcuit. (CBSESQP 2022-23)
Expression for current i flowing in the AC circuit
containing pure Inductance: Let us consider a coll
of self inductance L and negligible ahmic resistance.
An alternating potential difference is applied across
its ends. The magnitude and direction of AC changes
periodically, due to which there is a continual change
in magnetic flux lnked with the coll
According to Faraday's law. an induced emf Is
produced in the coil which opposes the applied
valtage. As a result. the current in the circuit is
reduced Le. the inductance acts like a resistance In
AC circuit.
The instantaneous value of alternating voltage
applied Is

V=Vysin wt (1)

di

If iis the instantaneous current in the circuit and dt
Is the rate of change of current In the clrcult at that
instant. then instantaneous induced emf e = —L%

According to Kirchhoff's laap rule.

el ms Pl
at

di d Vv
Vaol— — @ —
or dt ]
e ﬂ _ Vosln wt " i = Vosln mro‘r
dt L L

Integrating with respect to time 't’ we get

v V[
i=-0[sinotdts -2 {M}
L ju W
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-V V.
=—Ucosote—Lsin| = - ot
L 2

wl ®
-V -

: (e —85in| = —ot (2
G wl [2 ] (2)
This s the required expresslon for current.

- " .
or, i =y sin GJI‘—E where ‘Gma

This shows that the current flowing through the
circuit lags behind the appled voltage by a phase
angle of =/2.

Graph of Vand i versus wt for the circuit:

t vot
Vil g4 N
. s
s \.\
7
O I X 1
2 ®\ 8wz N, [2x
’ ~
i .
ot —

Q3. Aresistance R and a capacitor C are connected in
serles to a source V=V, sinwt . Find:
(i) the peak value of the voltage across the
(a) resistance and (b) capacitor.
(i) the phase difference between the applied
voltage and current. Which of them is ahead?
(CBSE 2020)
Ans. (i) A resistance R and a capacitor C are connected in
serles to a source V=VD sinwt.

R
WWW |}

et
Z
V = Vgsinat

From dlagram. by parallelogram law of vector

addition,
Vg+ V=V

Using Pythagorean theorem, we get
VZ=V2+VZ =(R+(IX)? =I2(R*+X2)
% %

— ,‘"_' =
2 2 £
;iﬁ’ +X¢

where. Z=\(92+Xt2— s called Impedance.

Peak value of current.

I LT

e 1
U o T —
Z IRt ['XC mC]

(a) Peak value of voltage across reslstance.

ViR
VyolRe—e

JR2+X§
(b) Peak value of voltage across capacitar,

VX
ch;oxcz_ﬂ_ﬁ_

(i) We know that the voltage across the resistance,
then the voltage will be in phase with the current.
The voltage across the capacitance lag the
current by 90°.

So. the voltage across the resistance will be
ahead.

Q4. A resistance R and a capacitor C are connected in
series to an AC source V=V sinot.
(i) Obtain the expression for the instantaneous
current (/) in the circuit.
(ii) Show graphically variations of V and [ as a
function of wt.

Ans. (1) Z=\R*+X}= Impedance

V. Vsinot VR Ve

=== AAA |
L (s L—

(CBSE2020)

|

V,=IR. V. =IX,

Inphase./ lags V by /2.

V=\VZ+V7

=R +(IX.)?

V=V sin wt

V B Vﬂsinwt

:JR2+X5-JR2+X§ "

¢ =phase difference between
Vand |

/

v, X
tang=—2="°C

V, R

(ii) Graph showing variation of V and /as a function
of wt.

3

v I
and //
[

L 2n wt

TiP

Phasor diagroms should be learnt very well.
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Q5. A circuit containing an 80 mH inductor and a
250 mF capacitor in series connected to a 240 V,
100 rad/s supply.
The resistance of the circuit is negligible.
(i) Obtain rms value of current.
(ii) What is the total average power consumed by

the circuit? (CBSE 2015)
Ans. (l) Here. L =80 mH. C= 250 mF. w = 100 rad/s

and Vi, =240V

Reactance = u}L——1
wl
~‘ ooxgoxIod
100%250% 102
N L
25
v
ms _240 5545,

rms ~ Reactance  7.96

(i) The total average power consumed by clrcuit Is

zero.
Q6. A voltage V =V, sin wt is applied to a series LCR
circuit. Derive an expression for average power
dissipated over a cycle. Under what condition:
(i) no power is dissipated even though the current
flows through the circuit?
(i) maximum power is dissipated in the circuit?
(CBSE 2016, 15)
Ans. We have the applied voltage V =Vgsin ot

R
W
V=Vysinot (=) ==
L
sy ——

X=X
and I=lysin(wt+¢) where. ¢=tan“[_C_H L ]

= P=V xI=Vgysinat x [ysin(ot +¢)
= P=V,lpsinotx(sinetcos ¢+cos ot sing)
oy F’:VDID[SIn2 mtcos¢+%sin2mtsln¢}

Average power per cycle

- 1T 1T 2 1
P=?IU ch'r:?‘[':l Volg [sin mrcos¢+isln2mrsln¢] dt
— | i
= pzzﬂ_ﬂﬂjrsinzmtdt.,_MJTSiantdt
T o] 2T 0]
E:MI“}
T 2
[-- [(sin? wtdtaL and JrsinZthdtmD]
0 2 0

— V., |
. P=%cos¢=—”-><—0-xcos:b

V2 V2

= -
PaVimg X lms

where. €05¢=R/Z |s called power factor.

XCOS¢

<
(I) For a pure Inductlve or capacitive circuit. ®='E

= =3 Vrms x'rrms xcgg%: 0 which shows

that. no power Is disslpated even current
flows through the circuit.

(il) Atresonance when X =X ¢=0

= B = 0y s i
P =V e X lemg ¥€0s0° =V x[ . = maximum.

Which shows that at resonance, maximum
power is dissipated.

G- TiP:

‘I. Far pure inductive or capacitive circuit, @:%.

Q7. (i) Find the value of the phase difference between
the current and the voltage in the series LCR
circuit shown below. Which one leads in phase
current or voltage?

L=100mH C=2pF R=4000

©
V= Vg sin (1000 t + ¢)

(i) Without making any other change, find the
value of the additional capacitor C, to be
connected in parallel with the capacitor C, in
order to make the power factor of the circuit
unity. (CBSE2017,15)

SolL Glven, L=100 mH =100 x 107 H,

C=2uF=2x10"°F ©=1000 rad/s and R = 400 Q

1

ol ——

wC

(i) For phase difference, tang =

where, ¢ Is phase difference between current
and voltage

©=1000 = ol = 1000 x 100 x 10> =100 Q@
1 1 1

ol 1000x2x10°¢ 2x1073

100-500 400 _
400 400

=  4=tan’ (-1) = ¢=135°

=5000

-1

= fan¢=

Since. ol <— or X, <X,
aC

Therefore. current Is leading In phase by a phase

angle 135",
(1) For unit power factar. cos ¢ =1
= R = l

2
\/RZ % (mL - LJ
LUC]
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Q8.

Ans.

where. C, Is the total capacitance.

- R? +[(0L-L]Z -R?
mC1

1 1
| =—— 1 =
= W l::' 00 ] :

c, =L5=1D~5 F=10pF

10

For two capacitances In parallel the resultant

capacitance = C+ C

Thus. additlonal capacltance €' required In

parallel = (= C=10 pF - 2 pF =8 pF
A series combination of an inductor L, a capacitor
C and a resistor R is connected across an AC source
of voltage in a circuit. Obtain an expression for the
average power consumed by the circuit. Find power
factor for (i) purely inductive circuit and (ii) purely
resistive circuit. (CBSE2023)
In an AC circuit, the dissipation of electric energy
depends upon the applied voltage V and current /
flowing through it along with the phase between
them. Suppose in an LCR series drcuit the
instantaneous values of voltage and current are as
follows:
V=Vysinotand I= Iy sin (ot + 8). where ¢ Is the phase
between Vand 1
Thus, we define instantaneous power as the product
of instantaneous voltage and instantaneous current.
It is denoted by P and is given by
ie.P=Vxl
or P=Vgsinotx lysin (ot +¢)

= Vply sin wt (sin wt cos ¢ + cos wt sin ¢)
w Vglg (sin? wt cos ¢ + sin ot cos ot sin ¢)

 Vyly [-;—(251[12 ot cos¢) + % (2sinwt cosmtsin@)]

=Vyly [%(1 —cos 2wt) coso + % (sin 2wt sin ¢)]

But the average value of sin 2wt and cos 2wt for 3
complete cycle Is zero.

Hence, the average power for one complete cycle of
ACls

1
P:EVDIU cos ¢

Yo

:Ex%cosq;

- P=V_. xl__ xcos¢watt

where cos ¢ is called the power factor of circuit.
Its value depends upon the nature of circuit
(Le. elements of dircuit such as resistance, capacitance
and inductance).

Power Factor for (cos¢) :

(i) Purely Inductive Circuit : If the circuit contains only
an inductor or capacitor, we know that the phase
difference between voltage and current Is =/2.
Therefore. cos ¢ = 0.

(i) Purely Resistive Circuit : In this circult. phase
difference (¢) is zero, i.e., ¢ = O therefore, cos ¢ = 1.
Q9. An AC generator consists of a coil of 10000 turns
and of area 100 cm?. The coil rotates at an angular
speed of 140 rpm in a uniform magnetic field of
3.6 x 107% T. Find the maximum value of the emf
induced.
Sol Given,
Number of turns = 10000 turns
Area of coil A = 100 cm? = 0.01 m?
Angular speed, @ = 140 rpm

Ko, ) 2

““ea 7
= 14.7 rad/sec
and magnetic field. B=3.6 x 10 R
maximum value of induced emf = NBAw
=10000 %36 x1072x0.01x 147
=5292 x107%=529 V.

COMMON ERR@R .
Often students forget to convert rpm into rad/sec. ]

{.lrpmf <0 x2nrad/sec}

-€) Long ANSWer Type Questions N

QL A device X is connected across an AC source of
voltage V=Vysinwt. The current through X is

given as [=/, sin[oJH%].

() Identify the device X and write the expression
for its reactance.
(ii) Draw graphs showing variation of voltage and
current with time over one cycle of AC, for X.
(iii) How does the reactance of the device X vary
with frequency of the AC? Show this variation
graphically.
(iv) Draw the phasar diagram for the device X.
(CBSE 2018)
Ans. () X — Capacitor
1 1

Reactance X, T
w

(if) Graph showing variation of voltage and current
with time over one cycle of AC far X s glven
ahead:
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(ilf) Reactance of the capacitor varles Inversely
proportional to the frequency

1

Xe

(iv) Phasor diagram for the device X

f———

Ve sinoty
I
/T -
=

lm 80 (wty ¢ W2)

Q2. (i)Draw graphs showing the variations of
inductive reactance and capacitive reactance
with frequency of applied AC source.

(ii) Draw the phasor diagram for a series LRC circuit
connected to an AC source.

(iii)) When an alternating voltage of 220 V is
applied across a device X, a current of 0.25 A
flows which lags behind the applied voltage
in phase by n/2 radian. If the same voltage
is applied across another device Y, the same
current flows but now it is in phase with the
applied voltage.

(a) Name the devices X and Y.

(b) Calculate the current flowing in the circuit
when the same voltage is applied across
the series combination of X and Y.

(CBSE 5QP 2023-24)
Ans. (1) Inductive reactance X, = 2r fC

f—>
Capacitive reactance, X-= |
P T
X
f—>

(i) Phasor diagram of serles LCR circuit:
Vi

Vi—Vep-----------3

o I

Ve

(iii) (a) X is inductance and Y is resistance.

v
(b) = X =R

- X, =R=220 .gann
025

For series combination of X and VY,
%4 220 220

[R? + x? " 8802

Q3. (i)In a series LCR circuit connected across an
AC source of variable frequency, obtain the
expression for its impedance and draw a plot
showing its variation with frequency of the AC
source.

(ii) What is the phase difference between the
voltages across inductor and the capacitor at
resonance in the LCR circuit?

(iii) When an inductor is connected to a 200 V DC
voltage, a current of 1 A flows through it. When
the same inductor is connected to a 200 V,
50 Hz AC source, only 0.5 A current flows.
Explain,why? Also, calculate the self inductance
of the inductar. (CBSE2019)

Ans. (i) Suppose. a resistance R. an inductance L and
capacitance C are connected In serles to a source
of alternating emf e given by

=0.177A

e:ensinmr

Let | be the instantaneous value of current in
the series circuit. Then voltage across the three
components are:

(a) V =X/ It is ahead of current / In phase by
90°
(b) V=Rl Itisin phase with current /
() V=Xcl. It lags behind the current /in phase
by 90°.
VR=Rl  Vi=sXd V=X

‘—W’V\M«—O—’b’b’b’dw—o—ﬂ—
R L C

] Vi ‘ m’? . ]
—-Vg 2
1 Ve
P i

=/
e = ggsin wt
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Ve
— —

As it is evident from the figure, V| and V. are in

opposlte directlon. Hence. their resultant will be

el

(V, =V,) . Using the law of parallelogram. 1;9 and

(V. =V) resultant is equal to the applied emf e as
given by the diagonal of the parallelogram.

Assuming X, >X- =V, >V

Net voltage. V=\ViZ +(V, -V, )

where. V V. and Vp are potential differences

across L Cand R respectively.
Eutl VR:JR'VL :!XL.VC :IXC

Ve JIR) (X, - )2

%:,’R‘ZHXL—XC)Z

Impedance of LCR clrcult.

zz%u./}?h(xf_—xf)z

Graph for variation of an impedance with frequency
I5 as follows:

A

Xe> X Xu>Xe

%

Impedance

b f (Frequency)

() Atresonance, X, =X,

At resonance. voltage across inductor is equal
to voltage across capacitor in magnitude anly
but both are on opposite polarities.
Hence. phase difference between V; and V. Is
180"

(i) As In case of DC supply. the current Is
independent of frequency. So. the value of

current s 1 A but in AC supply, the current s
0.5 A as the value of impedance increases and
hence value of current decreases.

vV 200

For DC, Ro--===0200Q
v 200
For AC. ot 5 [
or I 05
Z=|R? + w42
s 400=/(200)? +4r%(50)2(2
(- w=2nrf)
= 160000=40000+4n? x 250012
2 12
— L _RE
=, Lm@ or 2\/5 H
T iy

common] ERR(DR
Students generally don't revise graph for variations. ]

Q4. (i) Aseries LCR circuit is connected to an AC source.
Using the phasor diagram, derive the expression
for the impedance of the circuit.

(ii) Plot a graph to show the variation of current
with frequency of the AC source, explaining
the nature of its variation for two different
resistances R; and R, (R, < R,) at resonance.

(CBSE SQP 2023-24)

Ans. (i) Expression for impedance in LCR series circuit
Suppose resistance, R inductance L and
capacitance C are connected in series and an
alternating source of voltage V = Vgsin ot is
applied across it (fig. (a) On account of being in

series, the current (i) flowing through all of them

is the same.
R L C

e Vi L Vg L Ve
N
A

V @ Vg sin wt
(8)
Vi

(Ve- V)

(b)

Suppose the voltage across resistance R is V,
voltage across Inductance L Is V, and voltage across
capacitance C is V. The voltage V, and current i
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Q5.

Ans.

are In the same phase. the voltage V| will lead the
current by angle 90° while the voltage V. will lag
behind the current by angle 90° (fig. b). Clearly V,
and V_ are in opposite directions. therefore their
resultant potential difference = V. — V, (if V¢ > V,).
Thus. Vg and (Ve - V) are mutually perpendicular
and the phase difference between them is 90°. As
applied voltage across the circuit Is V the resultant
of Vzand (V, - V) will also be V. From the figure.

VZ=VZ4(V, -V,
== V= v+ (V. -Vv,)? -
But Vip=RIi Ve=Xciand V= X i -(2)
where Xcmé: capacitance reactance and X = ol

= inductive reactance
V={RIZ+(X 1 X, I)?

~. Impedance of drcult. Z:K,z,IR2+(XC—XL)2
1
1 2
- [o2 2
e, Z=R +(XC_XL) = R’Z+(E—UJL]

(If) The curve (1) Is for R, and the curve (il) Is far R,

Il

s
_ | A\t

VD

Frequency

(i) With the help of a labelled diagram, explain the
working of a step-up transformer. Give reasons
to explain the following:

(a) The core of the transformer is laminated.
(b) Thick copper wire is used in windings.
(CBSE 2020)

(ii) Statethe principle ofanACgeneratorandexplain

its working with the help of a labelled diagram.
Obtain the expression for the emf induced in a
coil having N turns each of cross-sectional area
A, rotating with a constant angular speed ‘®'in
a magnetic field g, directed perpendicular to
the axis of rotation. (CBSE 2023, 18)

() Labelled diagram of a step-up transformer is given
below:

Soft Iron-core

Workdng: When an alternating voltage Is applied
to the primary, the resulting current produces
an alternating magnetic flux which links the
secondary coil and induces an emf.

Induced emf across primary coll.

do
€p =_NPE
Induced emf across secondary coil
dp ec Nc
5= Ns Tt 2 Ny
p Np

(8) The core of the transformer is laminated to
minimise the eddy currents.

(b) Thick copper wire Is used In windings to
reduce the heat loss.

(i) Principle of AC Generator: The working of
an AC generator Is based on the principle of
electromagnetic Induction. When a closed call is
rotated in a uniform magnetic field with its axis
perpendicular to the magnetic field. the magnetic
flux Unked with the coil changes and an induced
emf and hence a current Is set-up in it.

Diagram of an AC Generator

Col _+—Axe

Let N be the number of turns in the coil. A be the
area of face of each arm. B be the magnitude
of the magnetic fleld. © be the angle which

normal to the coil makes with field B at any
instant t and o Is the angular velocity with
which coll rotates.
The magnetic flux linked with the coil at any
instant t will be.

¢=NABcos8 =NABcoswt
By Faraday’s rule, the induced emf is given by:

do d
:.——:.._—NA
E > dr{ Bcoswt)
= E=NABsinot-o

=  E=Eysinot (Here. Ey= NABw)

When a load of resistance R is connected across
the terminals, a current [ flows In the external
clreuit.
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IzR: A @lysinwt
E
where, {DE%

Q6. (i) Draw the diagram of a device which is used to
decrease high AC voltage into a low AC voltage
and state its working principle. Write four
sources of energy losses in this device.

(ii) A small town with a demand of 1200 kW of
electric power at 220 V is situated 20 km
away from an electric plant generating power
at 440 V. The resistance of the two wires line
carrying power is 0.5Q per km. The town gets
the power from the line through a 4000-220 V
step-down transformer at a sub-station in the
town. Estimate the line power loss in the form
of heat. (CBSE 2019)

Ans. (i) Transformer is a device which converts high
voltage AC into low voltage AC and vice-verso. It
Is based upon the principle of mutual induction.
When a varlable current Is passed through one of
the two inductively coupled coils, an induced emf
is set up in other coil

AC q p s¢

L Lominoted cores

Working: When an alternating current Is passed
through the primary coll. the magnetlc flux through
the iron core changes. which does two things.
produces emf in the primary coll and an induced
emf is set-up In the secondary coil If we assume
that the resistance of primary coll is negligible. then
the back emf will be equal to the voltage applied to
the primary coil

Energy Losses in a Transformer

(a) Eddy current in iron core of transformer
faciltate the loss of energy In the form of
heat

(b) Total fluxes linked with primary do not
completely pass through the secondary
which denotes the loss in the flux or flux
leakage.

(c) Due to heating. energy loss takes place in
copper wires of primary and secondary calls.

(d) The energy loss takes place in magnetising
and demagnetising the iron core over every

cycle.
(Il) Glven, power =1200 kW =1200 x 1000 W

V=220 v,R =050
Vp=4000V. V=220 V. distance =20 km

Power =1,V,

= 1200%1000=/,=x4000 = 1,=300 A
Power loss :(fp)2 xR(2lines)

=(300)%x0.5x20x2 =18x10° W
=1800 kW

Q7. (i) Drawalabelled diagram of AC generator. Derive
the expression for the instantaneous value of
the emf induced in the coil.

(ii) A circular coil of cross-sectional area 200 cm?
and 20 turns is rotated about the vertical
diameter with angular speed of 50 rad g1
in a uniform magnetic field of magnitude
3.0x1072 T. Calculate the maximum value of
the current in the coil

Ans. (i) Diagram of AC generator

Permanent Reclangular
magnet coil

(CBSE2017)

D Molion
Slip rings

(ratale with coi!}\

Ry

Let N be the number of turns in the coil. A be the
area of face of each arm. 8 be the magnitude
of the magnetic feld. 8 be the angle which
normal ta the cail makes with field B at any
instant ¢ and o is the angular velocity with
which coll rotates.

The magnetic flux linked with the coil at any
instant ¢ will be.

¢=NABCcose =NABcoswt
By Faraday's rule. the induced emf is given by
E=—E=—E[NAHc05mt]
= E=NABsinwt o
=  E=Egsinmt (Here, Eg= NABw)
(ii) Given. A=200cm?=200x10~"m?=2x10"%m?
N=20. 0=50rad s~'. B=3.0x10~2 T
Maximum emf, £ = NBAw
= 20x30x107%x2x107?x50 =06

E; 06
Maximum current. ’DE?G”TA
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Chapter Test

Multiple Choice Questions

QL Inthe case of an inductor:

Q2.

a. voltage lags the current by ;
b. voltage leads the current by %
c. voltage leads the current by %

d. valtage leads the current by %

When power is drawn from the secondary coil of
the transformer, the dynamic resistance:
a. Increases

b. decreases
c. remains unchanged

d. changes erratically

Assertion and Reason Type Questions

Directions (Q.Nos. 3-4): in the following questions, statement
of Assertion (A) Is followed by a statement of Reason (R).
Mark the correct choice as:

Q3.

Q4.

a. Both Assertion (A) and Reason (R) are true and
Reason (R) Is the correct explanation of Assertion
(A).

b. Both Assertion (A) and Reason (R) are true but
Reason (R) is not the correct explanation of
Assertion (A).

c. Assertion (A) is true but Reason (R) Is false.

d. Both Assertion (A) and Reason (R) are false.

Assertion (A): The inductive reactance Llimits

amplitude of the current in a purely inductive

circuit.

Reason (R): The inductive reactance is independent

of the frequency of the current.

Assertion (A): A laminated core is used in
transformers to increase eddy currents.

Reason (R): The efficiency of a transformer increase
with increase in eddy currents.

Fill in the blanks

_ s m—e—e—-——————r——_—-—-r—_-r-:G—--_-Gr-:r-_-—-—|,:r-r-—rGr—-—:-—-r-—-rr-—-—-—r—-:—r-.-_,,-—-—----—-—--— "7

Q5.

Q6.

Projection of a phasor on any axis, always
represents the................... value of a quantity.
An alternator is based on the principle of

Case Study Based Question

Q7. Atransformeris an clectrical device which is used

for changing the AC voltages. It is based on the
phenomenon of mutual induction i.e., whenever
the amount of magnetic flux linked with a coil

(No. of tums, Np)

(i)

(ii)

(iii)

changes, an emf is induced in the neighbouring
coil. For an ideal transformer, the resistances
of the primary and secondary windings are
negligible.

(No. of turns, Ng)

Input @é Output
AC
Pncrg]aliry Secondary
) coil

Soft Iron core
[t can be shown that

Es_Ip _Ns_,

Ep Ig Np
where the symbols have their standard meanings.
For a step up transformer,

Ng> Np; E¢> Ep, k> 1 ;

Ig<Ip
For a step down transformer,

Ng<Np, Ec<Ep, k<[
The above relations are on the assumptions that
efficiency of transformer is 100%.
outputpower  Eg/g
&l

[n fact, cfficiency M= -

input power
Read the given passage carefully and give the
answer of the following questions:

Which of the following quantity remains constant
in an ideal transformer?

a. Current

b. Voltage

c. Power

d. All of the above

Transformer is used to:

a. convert AC to DC voltage

b. convert DC to AC voltage

c. obtain desired DC power

d. abtain desired AC voltage and current

The number of turns in primary coil of a transformer
Is 20 and the number of turns in a secondary is 10.
If the voltage across the primary is 220 ACV, what
Is the voltage across the secondary?

a. 100AC YV b. 120ACV

c. NODACV d. 220ACV
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(iv)

v)

In a transformer the number of primary turns is
four times that of the secondary turns. Its primary
is connected to an AC source of voltage V. Then:

a. current through its secondary is about four times
that of the current through its primary.

b. voltage across its secandary is about four times
that of the voltage across its primary

. voltage across its secondary is about two times
that of the valtage across its primary.

. . 1
d. voltage across its secandary is ahoutT times
2\2

that of the valtage across Its primary

A transformer is used to light 100 W-110 V lamp
from 220V mains. If the main current is 0.5 A, the
efficiency of the transformer is:

a. 95% b. 99%

c. 90% d. 96%

Very Short Answer Type Questions

Qe.

Q9.

Q10.

At resonance in LCR circuit, what happens to the
impedance?

A transformer is used to light 140 W, 24V lamp
from a 240 V AC mains. If the main current is 0.7 A,
what will be the efficiency of the transformer?

By which electrical machine, mechanical energy is
converted into electrical energy?

Short Answer Type-l Questions

Q1L Define the term power factor. State the condition

Qla.

under which it Is (i) maximum and (ii) minimum.

Show the two arrangement for winding of primary
and secondary coil in a transformer.

Short Answer Type-ll Questions

Ql3.

Q14.

A sinusoidal voltage of peak value 283V and
frequency 50Hz is applied to a series LCR circuit in
which R =3Q, L =25.48mH, and C =796pF. Find:
(i) the impedance of the circuit,
(i) the phase difference between the voltage
acrass the source and the current;
(iii) the power dissipated in the circuit.
A series CR circuit with R=200 Q and C= (50/r) uF
is connected across an AC source of peak voltage
ey =100V and frequency v = 50 Hz, calculate:
(i) impedance of the clrcuit (Z), (ii) phase
angle (¢) and (iii) voltage across the resistor.
(CBSE 2023)

Long Answer Type Questions

QI5.

Q16.

() For circuits used for transporting electric
power, a low power factor implies large power
loss in transmission. Explain.

(if) Power factor can often be improved by the use
of a capacitor of appropriate capacitance in the
circuit. Explain.

(iii) The power factor of an AC circuit is 0.5. What
will be the phase difference between voltage
and current?

The coil of an AC generator consists of 100 turns

of wire, each of area 0.5 m?. The resistance of the

wire is 100 €2. The coil is rotating in a magnetic
field of 0.8 T perpendicular to its axis of rotation, at

a constant angular speed of 60 radian per second.

Calculate the maximum emf generated and power

dissipated in the coil. (CBSE2023)
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