Long Answer Questions

Q. 1. Explain the term inductive reactance. Show graphically the variation of
inductive reactance with frequency of the applied alternating voltage.

An ac voltage V = Vo sin wt 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 ongIso draw (i) phasor diagram (ii) graphs of V and i versus

wt for the circuit.
[CBSE East 2016]

Ans. Inductive Reactance: The opposition offered by an inductor to the flow of
alternating current through it is called the inductive reactance. It is denoted by X.. Its
value is XL. = wL=21mfL

Where L is inductance and f is the frequency of the applied voltage.
Obviously XL o f
That the graph between X. and frequency (f) is linear (as shown in fig.).

Phase Difference between Current and Applied Voltage in Purely Inductive circuit:

f—»

AC circuit containing pure inductance: Consider a coil of self-inductance L and
negligible ohmic 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 linked with the coil. Therefore according to Faraday’s
law, an induced emf is produced in the coil, which opposes the applied voltage. As a
result the current in the circuit is reduced. That is inductance acts like a resistance in
ac circuit. The instantaneous value of alternating voltage applied
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If i is the instantaneous current in the circuit and d—; the rate of change of current in the

circuit at that instant, then instantaneous induced emf
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or i= 20 sin (wi-3) (i)

This is required expression for current

or i=ip sin (wi—7) .. (1)
where ip = %} w(1v)

is the peak value of alternating current

Also comparing (1) and (i), we note that current lags behind the applied voltage by an

angle g (Fig. b).

Vo

Reference axis

i, (b) Phasor diagram

Phasor diagram: The phasor diagram of circuit containing pure inductance is shown in
Fig. (b).

Graphs of V and | versus wt for this circuit is shown in Fig. (c).
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Q. 2. Define the term capacitive reactance. Show graphically the variation of
capacitive reactance with frequency of applied alternating voltage.

An ac voltage V = Vo sin wt is applied across a pure capacitor of capacitance C.
Find an expression for current flowing through it. Show mathematically the
current flowing through it leads the applied voltage by angle 1 /2.

f .

Ans. Capacitive Reactance: The opposition offered by a capacitor alone to the flow of
alternating current through it is called the capacitive reactance.

1
2w fC

[t is denoted by X Its value is X¢ = % =

The graph of variation of capacitive reactance with frequency is shown in figure.
Phase Difference between Current and Applied voltage in Purely Capacitive Circuit:

C
I
il

(o

st

—/
V =V, Sin wf

(a)

Circuit Containing Pure Capacitance: Consider a capacitor of capacitance C;
connected to an alternating voltage source as shown.




As ac voltage changes in magnitude and direction periodically with a definite frequency;
therefore the plates of capacitor get charged, discharged and charged in opposite
direction, discharged continuously (Fig. b). Therefore the flow of alternating current in
the circuit is maintained. The instantaneous voltage,

V = Vo sin wt (1)

Let g be the charge on capacitor and i, the current in the circuit at any instant, then
instantaneous potential difference,

V= % .. (i)
Or g = CVO0 sin wt
qcC qC qcC
= = s
Il I I
© S S,
Charge (qg) increasing Charge (q) decreasing Charge (q) increasing

in opposite direction

The instantaneous current,

izd—{:=%(Clﬂﬁsinwt)=6’1-ﬁ%(sinwt)=(?1@w cos wt

_ . W _ W . T
o1 L= 70y 08 wt—msm(wt—k-ﬂ-)
or i = Iosin (wt +5) -..( 11)
, Vo Y :
where 49 = el = peak value of A.C. e (1V)

Also comparing (i) and (iii), we note that the current leads the applied emf by an angle %

This is shown graphically in fig. (c).



Tl

T nffﬂ u

Q. 3. Derive an expression for impedance of an a.c. circuit consisting of an
inductor and a resistor. [CBSE Delhi 2008]

Ans. Let a circuit contain a resistor of resistance R and an inductor of inductance L
connected in series. The applied voltage is V = Vo sin wt. Suppose the voltage across
resistor VR and that across inductor is VL. The voltage Vr and current | are in the same

phase, while the voltage V. leads the current by an angle % . Thus, Vr and VL are
mutually perpendicular. The resultant of VR and VL is the applied voltage i.e.,

A E
Vo
Vi i
/2
¢ I E
> - - |
VR
V= /VE+VE
But Vi = Ri V, =X, i=WLi

where X; = WL is inductive reactance

V= /(Ri)Z+ (X i

t

Impedance, Z = ¥ = JRZ +X? = Z=,/R?+ (wL)



7
V =V, sin ot

Q. 4. (a) What is impedance?

(b) A series LCR circuit is connected to an ac source having voltage V = Vo sin wt
. Derive expression for the impedance, instantaneous current and its phase
relationship to the applied voltage. Find the expression for resonant frequency.
[CBSE Delhi 2010]

OR

An ac source of voltage V = Vo sin wt is connected to a series combination of L, C
and R. Use the phasor diagram to obtain expressions for impedance of the circuit
and phase angle between voltage and current. Find the condition when current
will be in phase with the voltage. What is the circuit in this condition called?

In a series Lr circuit XL = R and power factor of the circuit is P1. When capacitor
with capacitance C such that XL = XC is put in series, the power factor becomes

P1 .
P2. Calculate >y [CBSE Delhi 2016]

Ans. Impedance: The opposition offered by the combination of a resistor and reactive
component to the flow of ac is called impedance. Mathematically it is the ratio of rms

. L 1%
voltage applied and rms current produced in circuiti.e., Z = T

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 =
Vo sin wt is applied across it. (fig. a) On account of being in series, the current (i) flowing
through all of them is the same.
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Suppose the voltage across resistance R is Vr voltage across inductance L is VL and
voltage across capacitance C is VC. The voltage VR and current i are in the same
phase, the voltage VL will lead the current by angle 90° while the voltage VC will lag
behind the current by angle 90° (fig. b). Clearly VC and VL are in opposite directions,

therefore their resultant potential difference = Vc — VL (if Vc > VL)

Thus VR and (Vc — VL) are mutually perpendicular and the phase difference between
them is 90°. As applied voltage across the circuit is V, the resultant of VR and (Vc —VL)

will also be V. From fig.

2 frr2
vi=Vo+ (e-wp = Vv=yVi+ (Ve-Wp
But Vp=Ri, Vo= X-iand Vp = X; § - 1)
where X =

1 . : . .
—& = capacitance reactance and Xy = WL= inductive reactance

V= V-'F{/Rijg + (Xt - XLiP

Impedance of circuit, Z = % =R+ (Xc- X P

ie, AES V""RE + .[‘Xg— Xj_.)ﬂ = v‘lllRE + (%— I:A.IL)2

Vp sin (et )
Instantaneous current I =

| 1 1
1’;12?. (= wL)

XX

The phase difference (@) between current and voltage @ is given by tan ¢ = —p—

(1)



Resonant Frequency: For resonance Q= 0, so X - X; =0
5 =wL=w'= -

1

Resonant frequency wr = —
]. 4 r 'Q,I'I.LC

a. Phase difference (@) in series LCR circuit is given by

V-V, im(Xe XL) (Xe-X1)
tang = == = ——57 = —x

When current and voltage are in phase
‘.P =0 = X,,_f_' - le_ =0 = X{_' = X;_

This condition is called resonance and the circuit is called resonant circuit.

b. Case [: X, =R
Z=,/R*+X; =+/R?*+R?>=+2R
R 1

Power factor, P} =cos @ = L

Z~ R 2
Case II: X=X

Z=‘/R2—I—(XL—XC)}2=~./W=R

Power factor, P = j—; = 1_1% =1
K1
Py

Q. 5. A device ‘X’ is connected to an ac source V = Vy sin wt. The variation of
voltage, current and power in one cycle is show in the following graph:
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(i) Identify the device ‘X’.

(i) Which of the curves, A, B and C represent the voltage, current and the power
consumed in the circuit? Justify your answer.

(iii) How does its impedance vary with frequency of the ac source? Show
graphically.

(iv) Obtain an expression for the current in the circuit and its phase relation with
ac voltage.

Ans. (i) The device X' is a capacitor.
(if) Curve B: Voltage
Curve C: Current

Curve A: Power consumed in the circuit

Reason: This is because current leads the voltage in phase by g for a capacitor.

(iif) Impedance:

XC=—=—=C
wC 2T
= Xo x L
f
(iv)
Xc
,
f—cl--

Voltage applied to the circuit is

V = Vo sin wt



Due to this voltage, a charge will be produced which will charge the plates of the
capacitor with positive and negative charges.

_ @ N v
V=2 = Q=CV

Therefore, the instantaneous value of the current in the circuit is

dQ _ d(CV) 4

I'—g-—"a""a

{C-Vu sin -E.{J'i')}

Vo .
I =wCVy cos wt— —sin (wt +3)

I=I[| sin {u)'t +§n—)

4 ;
where, Iy = % = Peak value of current

will

Hence, current leads the voltage in phase by
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O
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V =V, sin ot

Q. 6. (a) State the condition for resonance to occur in series LCR a.c. circuit and
derive an expression for resonant frequency. [CBSE Delhi 2010]

(b) Draw a plot showing the variation of the peak current (im) with frequency of the
a.c. source used. Define the quality factor Q of the circuit.

Ans. (a) Condition for resonance to occur in series LCR ac circuit:

For resonance the current produced in the circuit and emf applied must always be in the
same phase.



Phase difference (¢) in series LCR circuit is given by

(o—X
tan ¢ = —CR—L

For resonance ¢ =0 = X-- X;=0

oar X(j = le_

[f W, is resonant frequency, then X¢g = wlc

and Xe=W,L

1 1

— =wr L = w=—

wrC r I 7’5

Linear resonant frequency, o L
uency, fr =g = 5o

(b) The graph of variation of peak current im with frequency is shown in fig.

Half power frequencies are the frequencies on either side of resonant frequency for
which current reduces to half of its maximum value. In fig. f1 and f2 are half power
frequencies.

Quality Factor (Q): The quality factor is defined as the ratio of resonant frequency to
the width of half power frequencies.
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Q. 7. Using phasor diagram for a series LCR circuit connected to an ac source of

voltage v = vo sin wt, derive the relation for the current flowing in the circuit and

the phase angle between the voltage across the resistor and the net voltage in the
circuit.



Draw a plot showing the variation of the current | as a function of angular
frequency ‘w’ of the applied ac source for the two cases of a series combination
of (i) inductance L1, capacitance Ci1 and resistance R1 and (ii) inductance Lz,
capacitance C2 and resistance Rz where R2 > Ra.

Write the relation between L1, C1 and L2,Cz at resonance. Which one, of the two,
would be better suited for fine tuning in a receiver set? Give reason. [CBSE (F)
2013]

Ans. For lerf flow of current through each element R, L and C, effective voltage across
the combination can be given as.
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@) 1 =1lo sin (wt — @) For VL > Vc or XL > Xc
(i) I =lo sin (wt + @) For VL < Vc or XL < Xc
Variation of the current | as a function of angular frequency w.

At resonance, when maximum current flows through the circuit.
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For fine tuning in the receiver set, combination L1C1 and Rz is better because maximum
current flows through the circuit.



From Lenz’s law, induced emf

Emax
E
O
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=|B|Awsinut

Q. 8. Answer the following question :

(i) An alternating voltage V = Vm Sin wt (applied to a series LCR circuit drives a
current given by i =im sin (wt +¢) . Deduce an expression for the average power
dissipated over a cycle.

(ii) For circuits used for transporting electric power, a low power factor implies
large power loss in transmission. Explain. [CBSE (F) 2011]

Ans. (i) V = Vm sin wt andi=im (wt+ @)
And instantaneous power, P =V
= Vm sin wt. io sin (wt + @)

= Vnm im sin wt sin (wt + @)



= 3 Vmim2sinwt. sin (wt + @)
From trigonometric formula
2 sin A sin B = cos (A - B) - cos (A + B)
Instantaneous power, P = %sz’m[ cos (wt + ¢ — wt)—cos (wt+p + wt)]

= 3 Vinim [ cos p —cos (2wt + )] szi()
- _-_> 1 T oy ™
Average power for complete cycle P = —Q-Vmim[cos;p —cos (2wt + @)/

where cos (wt + ) is the mean value of cos (2wt + @) over complete cycle. But for a complete cycle,
cos (2Wt+ @) =0

W 1

»
1 .

Average power, P = - Vqpimcosp = — —c¢

el R ek g

—
P = Vimsirms COS

(if) The power is P = Vims Irms cos @. If cos ¢ is small, then current considerably
increases when voltage is constant. Power loss, we know is I2R. Hence, power loss
increases.

Q. 9. Avoltage V = Vo sin wt is applied to a series LCR circuit. Derive the
expression for the average power dissipated over a cycle.

Under what condition is (i) no power dissipated even though the current flows
through the circuit, (i) maximum power dissipated in the circuit? [CBSE (Al)
2014]

Ans.
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The voltage V = VO sin wt is applied across the series LCR circuit. However due to
impedance of the circuit, either current lags or leads the voltage by phase opposite so
the current in the circuit is given by

| = lo sin (wt— @)

Instantaneous power dissipation in the circuit

P =Vi
Vosinwt x Ipsin (wt — ¢) = HJ ~ x 2sinwt. sin (wt — ¢)
_ Bb —— (cosp —cos (2wt — )) [cos (A—B)—cos (A+ B) = 2sin Asin B

Average power loss over one complete cycle
o J

T
P= %E"ﬂPdt = % Jr{'c:-sr,pdt fcc:-s (2wt—p ) dt
Vo T Vol
However, fcos (2wt — @)dt =0 = - .cosp [dt = =—cos g
0

W I
Py ="2"cos
av \_.-'E ﬁ 'lf:‘

P‘-n = V;‘H? I-,-_i"L'US 0]

[S

(i) If phase angle ¢ =90° (resistance R is used in the circuit) then no power dissipated.

(i) If phase angle @ =0° or circuit is pure resistive (or XL= XC) at resonance then

Volo

Max power P= V5= [.7= 5

Q. 10. Explain with the help of a labelled diagram, the principle and working of an
ac generator? Write the expression for the emf generated in the coil in terms of
speed of rotation. Can the current produced by an ac generator be measured with
a moving coil galvanometer?

OR

Describe briefly, with the help of a labelled diagram, the basic elements of an ac
generator. State its underlying principle. Show diagrammatically how an
alternating emf is generated by a loop of wire rotating in a magnetic field. Write



the expression for the instantaneous value of the emf induced in the rotating
loop.
[CBSE Delhi 2010]

OR
State the working of ac generator with the help of a labelled diagram.

The coil of an ac generator having N turns, each of area A, is rotated with a
constant angular velocity w. Deduce the expression for the alternating emf
generated in the coil.

What is the source of energy generation in this device? [CBSE (Al) 2011]

Ans. AC generator: A dynamo or generator is a device which converts mechanical
energy into electrical energy.

Principle: It works on the principle of electromagnetic induction. When a coil rotates
continuously in a magnetic field, the effective area of the coil linked normally with the
magnetic field lines, changes continuously with time. This variation of magnetic flux with
time results in the production of an alternating emf in the coil.

Construction: It consists of the four main parts:

(i) Field Magnet: It produces the magnetic field. In the case of a low power dynamo, the
magnetic field is generated by a permanent magnet, while in the case of large power
dynamo, the magnetic field is produced by an electromagnet.

(i) Armature: It consists of a large number of turns of insulated wire in the soft iron
drum or ring. It can revolve round an axle between the two poles of the field magnet.
The drum or ring serves the two purposes: (i) It serves as a support to coils and (ii) It
increases the magnetic field due to air core being replaced by an iron core.

(iii) Slip Rings: The slip rings R1 and R2 are the two metal rings to which the ends of
armature coil are connected. These rings are fixed to the shaft which rotates the
armature colil so that the rings also rotate along with the armature.

(iv) Brushes: These are two flexible metal plates or carbon rods (B1 and B2) which are
fixed and constantly touch the revolving rings. The output current in external load RL is
taken through these brushes.

Working: When the armature coil is rotated in the strong magnetic field, the magnetic
flux linked with the coil changes and the current is induced in the coil, its direction being
given by Fleming’s right hand rule. Considering the armature to be in vertical position
and as it rotates in anticlockwise direction, the wire ab moves upward and cd
downward, so that the direction of induced current is shown in fig. In the external circuit,
the current flows along B1 RLB2. The direction of current remains unchanged during the
first half turn of armature. During the second half revolution, the wire ab moves
downward and cd upward, so the direction of current is reversed and in external circuit it



flows along B2 RLB1. Thus the direction of induced emf and current changes in the
external circuit after each half revolution.

Expression for Induced emf: When the coil is rotated with a constant angular speed w ,
the angle 6 between the magnetic field vector B and the area vector A of the coil at any
instant tis 8 = wt

(Assuming 6 = 0° att = 0). As a result, the effective area of the coil exposed to the
magnetic field lines changes with time, the flux at any time tis

®e= BA cos 6 = BA cos wt

From Faraday’s law, the induced emf for the rotating coil of N turns is then,

% d
e =—N—£ =NBA — (cos ut)

1

u Armature coil

Thus, the instantaneous value of the emf is
€ = NBA w sin wt

Where NBAw=21 VNBA is the maximum value of the emf, which occurs when sin wt =
+1. If we denote NBAw as €0, then

€= go sin wt = £ = €0 Sin 2mvt



Where v is the frequency of revolution of the generator’s coil.
Obviously, the emf produced is alternating and hence the current is also alternating.

Current produced by an ac generator cannot be measured by moving coil ammeter;
because the average value of ac over full cycle is zero.

The source of energy generation is the mechanical energy of rotation of armature coil.

Q. 11. (a) Describe briefly, with the help of a labelled diagram, the working of a
step up transformer.

(b) Write any two sources of energy loss in a transformer. [CBSE (F) 2012]

(c) A step up transformer converts a low voltage into high voltage. Does it not
violate the principle of conservation of energy? Explain. [CBSE Delhi 2011, 2009]

OR

Draw a schematic diagram of a step-up transformer. Explain its working principle.
Deduce the expression for the secondary to primary voltage in terms of the
number of turns in the two coils. In an ideal transformer, how is this ratio related
to the currents in the two coils?

How is the transformer used in large scale transmission and distribution of
electrical energy over long distances? [CBSE (Al) 2010, (East) 2016]

Ans. (a) Transformer: A transformer converts low voltage into high voltage ac and
vice-versa.

Construction: It consists of laminated core of soft iron, on which two coils of insulated
copper wire are separately wound. These coils are kept insulated from each other and
from the iron-core, but are coupled through mutual induction. The number of turns in
these coils are different. Out of these coils one coil is called primary coil and other is
called the secondary coil. The terminals of primary coils are connected to AC mains and
the terminals of the secondary coil are connected to external circuit in which alternating
current of desired voltage is required. Transformers are of two types:

1. Step up Transformer: It transforms the alternating low voltage to alternating high
voltage and in this the number of turns in secondary coil is more than that in primary
coil. (i.e., Ns > Np)

2. Step down Transformer: It transforms the alternating high voltage to alternating low
voltage and in this the number of turns in secondary coil is less than that in primary coil
(i.e., Ns < Np).
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Working: When alternating current source is connected to the ends of primary coil, the
current changes continuously in the primary coil; due to which the magnetic flux linked
with the secondary coil changes continuously, therefore the alternating emf of same
frequency is developed across the secondary.

Let Np be the number of turns in primary coil, NS the number of turns in secondary coil
and ¢ the magnetic flux linked with each turn. We assume that there is no leakage of
flux so that the flux linked with each turn of primary coil and secondary coil is the
same. According to Faraday’s laws the emf induced in the primary coil

EP =_NF_ ...l{f-}
and emf induced in the secondary coil

Aip
£g :_NSE ...|IH_:|
From (1) and (i)
=T (i)

If the resistance of primary coil is negligible, the emf (gp) induced in the primary coil, will
be equal to the applied potential difference (Vp) across its ends. Similarly if the
secondary circuit is open, then the potential difference VS across its ends will be equal
to the emf (€s) induced in it; therefore
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where r = o i called the transformation ratio. If 7p and ig are the instantaneous currents
P

in primary and secondary coils and there is no loss of energy; then
For about 100% efhiciency, Power in primary = Power in secondary
Vpip= Vsis

V, N,

P
5 —';3

.
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In step up transformer, Ng > Np — r> |;

SoVs>Vpandis<ip

i.e. step up transformer increases the voltage.

In step down transformer, Ns<Np - r<1

SoVs<Vpandis>ip

i.e. step down transformer decreases the voltage, but increases the current.

Laminated core: The core of a transformer is laminated to reduce the energy losses
due to eddy currents, so that its efficiency may remain nearly 100%.

In a transformer with 100% efficiency (say),
Input power = output power Ve lIp = Vs Is

(b) The sources of energy loss in a transformer are (i) eddy current losses due to iron
core (ii) flux leakage losses. (iii) Copper losses due to heating up of copper wires (iv)
Hysteresis losses due to magnetisation and demagnetisation of core.

(c) When output voltage increases, the output current automatically decreases to keep
the power same. Thus, there is no violation of conservation of energy in a step up
transformer.

Q. 12. Show diagrammatically two different arrangements used for winding the
primary and secondary coils in a transformer. Assuming the transformer to be an
ideal one, write the expression for the ratio of its

(i) Output voltage to input voltage
(ii) Output current to input current.

Mention two reasons for energy losses in an actual transformer. [CBSE (F)
2012]



Ans. Arrangements of winding of primary and secondary coil in a transformer are
shown in fig. (a) and (b).
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(a) Two coils on top of each other (b)Two coils on separate limbs of the core
(i) Ratio of output voltage to input voltage
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(ii) Ratio of output current to input current
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Reasons for energy losses in a transformer

(i) Joule Heating: Energy is lost due to heating of primary and secondary windings as
heat (I2Rt).

(ii) Flux Leakage: Energy is lost due to coupling of primary and secondary coils not
being perfect, i.e., whole of magnetic flux generated in primary coil is not linked with the
secondary coil.

Q. 13. A 2 yF capacitor, 100 W resistor and 8 H inductor are connected in series
with an AC source.

(i) What should be the frequency of the source such that current drawn in the
circuit is maximum? What is this frequency called?

(i) If the peak value of emf of the source is 200 V, find the maximum current.

(iii) Draw a graph showing variation of amplitude of circuit current with changing
frequency of applied voltage in a series LRC circuit for two different values of
resistance Riand R2 (R1 > R2).

(iv) Define the term ‘Sharpness of Resonance’. Under what condition, does a
circuit become more selective? [CBSE (F) 2016]



Ans. (i)

For maximum frequency

1
wl = —
1 1
= 2m = —— = 2nv)f = ———
Do 1075 %2 ( )2 16x 1079
= Iy — —2 = 2y = 107
4x1073 4

This frequency is called resonance frequency.

(i)

. E .
Maximum current, Iy = -ﬁ- = %— = 24 |Ey maximum emf]|

(iii)

+— R, (Low R)

R,> R,
T R;(High R)

% —
telp

(iv) 2Aw is measure of sharpness of resonance, where wo is the resonant frequency
and 2Aw is the bandwidth.



Circuit is more selective if it has greater value of sharpness. The circuit should have
smaller bandwidth Aw.

Q. 14. (i) Draw a labelled 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 s~ in a uniform magnetic field
of magnitude 3.0 x 10~ T. Calculate the maximum value of the current in the coil.
[CBSE Delhi 2017]

Ans. Given, N =20

A =200 cm?
=200 x 10™*m?2
B=3.0x102T

w=50rad s

EMF induced in the coll

€ = NBAw sin wt

Maximum emf induced

€max = NBA
=20 x 3.0 x 1072 x 200 x 10~* x 50
=600 mV

Maximum value of current induced

Imax = == = iﬁfmﬁ

Q. 15. (i) Draw a labelled diagram of a step-up transformer. Obtain the ratio of
secondary to primary voltage in terms of number of turns and currents in the two
coils.

(it) A power transmission line feeds input power at 2200 V to a step-down
transformer with its primary windings having 3000 turns. Find the number of
turns in the secondary to get the power output at 220 V. [CBSE Delhi 2017]

Ans.



1. Given, Lr}) — 2200V
NP = 3000 turns
V,=220V

We have,

Nﬁ‘
N,

)=

N-?:TI;;'X

2

by

_ 220
= aop5 < 300

N, = 300 turns



