Alternating Current

Multiple Choice Questions

Choose and write the correct option(s) in the following questions.
L.

If the rms current in a 50 Hz ac circuit is 5 A, the value of the current 1/300 seconds after its
value becomes zero is [NCERT Exemplar]

(@) 52 A ®) 5\,-'% A (0) 5/6 A d) 512 A

An alternating current generator has an internal resistance R, and an internal reactance X,. It
is used to supply power to a passive load consisting of a resistance R, and a reactance X;. For
maximuim power to be delivered from the generator to the load, the value of X is equal to

[NCERT Exemplar]
(@) zero ®) X, 0) - X, (d) R,
When a voltage measuring device is connected to ac mains, the meter shows the steady input
voltage of 220 V. This means [NCERT Exemplar]

(a) input voltage cannot be ac voltage, but a de voltage.
(b) maximum input voltage is 220 V.
(¢) the meter reads not I but <V?> and is calibrated to read \,-‘gi; :
(d) the pointer of the meter is stuck by some mechanical defect.
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.
(¢) the iron core of the inductor should be removed.
(d) dielectric in the capacitor should be removed.
Electrical energy is transmitted over large distances at high alternating voltages. Which of the
following statements is (are) correct? [NCERT Exemplar]
(a) For a given power level, there is a lower current.
(b) Lower current implies less power loss.
(¢) Transmission lines can be made thinner.
(d) Iris easy to reduce the voltage at the receiving end using step-down transformers.
In a pure inductive circuit, the current
(a) lags behind the applied emf by an angle ©
(b) lags behind the applied emf by an angle /2
(¢) leads the applied emf by an angle /2
(d) and applied emf are in same phase
When an ac voltage of 220 V is applied to the capacitor C [NCERT Exemplar]
(@) the maximum voltage between plates is 220 V.
(b) the currentis in phase with the applied voltage.
(¢) the charge on the plates is in phase with the applied voltage.
(d) power delivered to the capacitor is zero.
In an ac circuit, voltage V and current i are given by
¥ = 100 sin 100 ¢ volt
i = 100 sin (100¢ + n/3) mA
The power dissipated in the circuit is

(a) 10*'wW ) 10W ) 25 W ) bW
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10.

11.
12.

13.

14.

15.

. When an alternating voltage E = E_ sin of is applied to a circuit, a current ] = I, sin (mt + 2

17.

18.

Which of the following combinations should be selected for better tuning of an LCR circuit used

for communication? [NCERT Exemplar]
(@ R=20Q,L=15H,C=3bpF (MR=25Q,L=25H,C=45puF
() R=15Q,L=35H,C=30pF dR=25Q,L=15H,C=45pF
The output of a step-down transformer is measured to be 24 V. when connected to a 12 watt light
bulb. The value of the peak current is [NCERT Exemplar]
(@) 1/42 A V2 A (c) 2A (d) 242 A
The selectivity of a series LCR ac circuit is large, when [CBSE 2020 (55/5/1]
(a) Lislarge and R is large () L is small and R is small
(¢) Lislarge and R is small dL=R
The phase difference between the current and the voltage in series LCR circuit at resonance
is [CBSE 2020 (55/5/2]
(@) o ) m/2 ) 73 (d) zero
An alternating current is given by i = i; cos «f + i, sin ot. The rms current is given by

i iy 1ty [E4iT iy
@ % ® @y @ =

An alternating voltage source of variable angular frequency ‘@’ and fixed amplitude ‘V” is
connected in series with a capacitance C and electric bulb of resistance R (inductance zero).
When ‘@’ is increased [CBSE Sample Paper-2022, Term-1]
(@) the bulb glows dimmer

(b) the bulb glows brighter

(¢) netimpedance of the circuit remains unchanged

(d) total impedance of the circuit increases

The rms current in a circuit connected to a 50 Hz ac source is 15A. The value of the current
1
in the circuit (m)s after the instant the current is zero, is [CBSE 2022 (55/2/4), Term-1]
15 i ¥z

(a) ﬁA b) 1542A (c) lﬁA d) 8A
i
flows through it. The average power dissipated in the circuit is [CBSE 2022 (55/2/4), Term-1]
£,
V2
The voltage across a resistor, an inductor, and a capacitor connected in series to an ac source
are 20 V, 15 V and 30 V respectively. The resultant voltage in the circuit is

[CBSE 2022 (55/2/4), Term-1]
(@) bV b 20V © 25V d) 65V
A series LCR circuit is shown in figure. The source frequency f

is varied, but the current is kept unchanged. Which of the curves
shows changes of I/ and V, with frequency?

(@) Eo - L () Ed, ©

(d) zero
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19.

20.

21.

22.

23

24.

25.

A 300 Q) resistor and a capacitor of (i—s)pF are connected in series to a 200 V - 50 Hz ac
source. The current in the circuit is [CBSE 2022 (55/2/4), Term-1]
@ 0.1A ) 0.4 A ) 0.6 A ) 08 A
The core of a transformer is laminated to reduce the effect of
[CBSE Sample Paper-2022, Term-1]

(a) flux leakage () copper loss (¢) hysteresis loss (d) eddy current
Which among the following is not a cause for power loss in a transformer?

[CBSE Sample Paper-2022, Term-1)]
(a) Eddy currents are produced in the soft iron core of a transformer.
(b) Electric flux sharing is not properly done in primary and secondary coils.
(¢) Humming sound produced in the transformers due to magnetostriction.
(d) Primary coil is made up of a very thick copper wire.
Which of the following graphs represent the variation of current (I) with frequency (f) in an
AC circuit containing a pure capacitor? [CBSE Sample Paper-2022, Term-1)]

£

An inductor, 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 (55/3/1)]
(a) both the inductor and the capacitor decreases.

(b) inductor decreases and the capacitor increases.

(¢) both the inductor and the capacitor increases.

(d) inductor increases and the capacitor decreases.

The figure shows variation of current (I) with time (¢) in four devices P, 0, R and §. The device

in which an alternating current flows is [CBSE 2023 (55/4/1)]
1
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An ac voltage v = v, sin mt is applied to a series combination of a resistor R and an element X.

n
The instantaneous current in the circuit is I = I sin (mt s —). Then which of the following is

4
correct? [CBSE 2023 (55/4/1)]
(@) Xisacapacitorand X, = y2 R (b) Xis an inductor and X; = R
(¢) Xisaninductorand X; = /2 R (d) X is a capacitor and X, = R



|
I 26. The instantaneous values of EMF and the current in a series AC circuit are E = E; sin of and
I I = I sin (wt+ 7/3) respectively, then it is [CBSE Sample Paper-2022, Term-1]
(a) necessarily a RL circuit (b) necessarily a RC circuit
I (¢) necessarily a LCR circuit (d) can be RC or LCR circuit
| Answers
) V() 2. () 3. (0 4. () 5. (a), (), (d) 6. () 7. (e), (d)
| 8. (o) 9. (c) 10. (@) 11. (o) 12. (d) 13. () 14. (b)
15. (a) 16. () 17. () 18. (@) 19. () 20. (d) 21. (d)
) 22. (¢) 23. (b) 24. (a) 25. (d) 26. (d)
|
: Assertion-Reason Questions
l In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose the
l correct answer out of the following choices.
I (2) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
l (¢) A is true but R is false.
l (d) A is false and R is also false.
l 1. Assertion(4) : An alternating current of frequency 50 Hz becomes zero, 100 times in one
second.
I Reason (R) : Alternating current changes direction and becomes zero twice in a cycle.
2. Assertion(d) : Capacitor serves as a block for DC and offers an easy path 10 AC.
I Reason (R) : Capacitive reactance is inversely proportional to frequency.
I 3. Assertion(4) : When capacitive reactance is smaller than the inductive reactance in LCR circuit,
emf leads the current.
l Reason (R) : The phase angle is the angle between the alternating emf and alternating current
I of the dircuit.
4. Assertion(4) : Transformers are used only in alternating current source not in direct
I current.
I Reason (R) : Only a.c. can be stepped up or down by means of transformers. [AIIMS 2009]
5. Assertion(4) : Aninductance and a resistance are connected in series with an AC circuit. In this
l circuit the current and the potential difference across the resistance lags behind
potential difference across the inductance by an angle /2.
I Reason (R) : In LR circuit voltage leads the current by phase angle which depends on the
I value of inductance and resistance both.
6. Assertion(4) : In series LCR resonance circuit, the impedance is equal to the ohmic resistance.
l Reason (R) : Airesonance, the inductive reactance exceeds the capacitive reactance.
l 7. Assertion(4) : An alternating current does not show any magnetic effect.
Reason (R) : Alternating current does not vary with time.
I 8. Assertion(d) : In series LCR-circuit, the resonance occurs at one [requency only.
I Reason (R) : Atresonance, the inductive reactance is equal and opposite to the capacitive reactance.
9. Assertion(4) : A step-up transformer cannot be used as a step-down transformer.
l Reason (R) : A wransformer works only in one direction. [CBSE 2022 (55/2/4), Term-1]
l
|



10. Assertion(4) : Itis advaniageous to transmit electric power at high voltage.

Reason (R) : High voltage implies high current. [AIIMS 2010]
Answers
1. (a) 2. (@) 3. (b) 4. (a) 5. (b 6. (¢) 7. (d)
8. (a) 9. @) 10. (&)

Case-based/Passage-based Questions

Read the paragraph given below and answer the questions that follow:
Electrical Energy Transmission and Distribution:

Step-up Step-down
transformer  transformer

City
Sub-station

Power
Station

Transmission line
Figure: Long distance power transmissions

The large-scale transmission and distribution of electrical energy over long distances is done with
the use of transformers. The voltage output of the generator is stepped-up. It is then transmitted
over long distances to an area sub-station near the consumers. There the voltage is stepped down.
Itis further stepped down at distributing sub-stations and utility poles before a power supply of 240
V reaches our homes. [CBSE Sample Paper-2022, Term-I, Modified)
({) Which of the following statement is true?

(a) Energy is created when a transformer steps up the voltage.

(b) A wransformer is designed to convert an AC voltage to DC voltage.

(c) Step-up transformer increases the power for transmission.

(d) Step-down transformer decreases the AC voltage.

(if) If the secondary coil has a greater number of turns than the primary,

(a) the voltage is stepped-up (¥, > V) and arrangement is called a step-up transformer

(b) the voltage is stepped-down (V; < I/) and arrangement is called a step-down transformer

(c) the current is stepped-up (£, > I,) and arrangement is called a step-up transformer

(d) the currentis stepped-down (/; < I,) and arrangement is called a step-down transformer

OR

We need to step-up the voltage for power transmission, so that

(a) the current is reduced and consequently, the I°R loss is cut down

(b) the voltage is increased , the power losses are also increased

(¢) the power is increased before transmission is done

(d) the voliage is decreased so F#/R losses are reduced

(iii) A power transmission line feeds input power at 2300 V to a step down transformer with its

primary windings having 4000 turns. The number of turns in the secondary in order to get

output power at 230 V are

@ 4 ®) 40

(¢) 400 (d) 4000



(iv) The metal/alloy that is more suitable for making cores of transformers is
(@) steel (b) solt iron (¢) copper (d) brass

Explanations
@) (d) In step down transformer,
Vi< Vp and Ig> Ip.
So, step-down transformer decreases the ac voliage.
(@) (a) In step up transformer,

V¢>Vp and Ip> I

Ne ¥ I
and, —=5=52>1
N B &

i.e., if number of turns in secondary coil are more than the number of turns in primary coil,
then voltage is increased, and hence they are called step-up transformers.
OR
(a) Current is reduced if voltage is stepped up so consequently IR (copper losses) are cut down.
(i)  (c) Given, Ep = 2300V

Eg=280V
N = 4000

E, N,

then, E75 = K
2300 _ 4000

230 N,

y
= Ng = 400
So, number of turns in secondary are 400.

(iv) (b) Solt iron because it reduced the hysteresis loss.

CONCEPTUAL QUESTIONS

Q. 1. Define capacitor reactance. Write its SI units? [CBSE Delhi 2015]
Ans. The imaginary/virtual resistance offered by a capacitor to the flow of an alternating current is

; 1 i 3
called capacitor reactance, X = oC Its ST unit is ohm.

Q. 2. Explain why current flows through an ideal capacitor when it is connected to an ac source but
not when it is connected to a dc source in a steady state. [CBSE (East) 2016]

Ans. For ac source, circuit is complete due to the presence of displacement current in the capacitor.

For steady de, there is no displacement current, therefore, circuit is not complete.
1 1

oG ol

Mathematically, Capacitive reactance X, =

So, capacitor allows easy path for ac source.
Forde, v = 0, so X_ = infinity,
So capacitor blocks dc.
Q. 3. Define “quality factor’ of resonance in series LCR circuit. What is its SI unit? [CBSE Deihi 2016)
Ans. The quality factor (Q) of series LCR circuit is delined as the ratio of the resonant frequency to
frequency band width of the resonant curve.
w, w L

e= wy-; ~ R




0.4

Ans.

Q.5.

Ans.

Q.6.

Ans,

Q.7

Ans.

Ans.

Q.9.

Ans.

Q. 10.

Clearly, smaller the value of R, larger is the quality factor and sharper the resonance. Thus
quality factor determines the nature of sharpness of resonance.

It has no units.

In a series LCR circuit, V; = Vo=V .

What is the value of power factor for this circuit? [CBSE Panchkula 2015)

Power factor, FE

v, |
CDS¢ = % }
VYRtV -V) L V=V
A 1
- _ . e !
Since V=V, ; cosd v, 1 A _J
The value of power factor is 1. Ver=ler.R Lot
The power factor of an ac circuit is 0.5. What is the phase difference between voltage and
current in this circuit? [CBSE (F) 2015, (South) 2016]
Power factor between voltage and current is given by cos ¢ , where ¢ is phase difference
cosp = 0.5 = ;—:: $= cos'l(%) = %
What is wattless current? [CBSE Delhi 2011, Chennai 2015]

When pure inductor and/or pure capacitor is connected to ac source, the current flows in the

< 5 . — wp T
circuit, but with no power loss; the phase difference between voltage and current is - Such a
current is called the wattless current.

What is the impedance of a capacitor of capacitance C in an ac circuit using source of frequency
n Hz? [CBSE 2020 (55/2/1)]

_E:J/Mﬂcz,gfa%éai%mbgh » P T AT
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[Topper’s Answer 2020]

A light bulb and a solenoid are connected in series across an ac source of voltage. Explain,
how the glow of the light bulb will be affected when an iron rod is inserted in the solenoid.

[CBSE (F) 2017]

When iron rod is inserted in the coil, the inductance of coil increases; so impedance of circuit

increases and hence, current in circuit [ = L decreases. Consequently, the glow of
VR + (L)®

bulb decreases.
Why is the use of ac voltage preferred over de voltage? Give two reasons.  [CBSE (4l) 2014]
(i) The generation of ac is more economical than de.

(i) Alternating voltage can be stepped up or siepped down as per requirement during
transmission from power generating station to the consumer.

(12i) Alternating current in a circuit can be controlled by using wattless devices like the choke coil.
(i) Alternating voltages can be transmitted from one place to another, with much lower energy
loss in the transmission line.
What is the average value of ac voltage
V = ¥y sin ot

over the time interval £ = 0 to ¢ = o [HOTS]
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Q. 11. What is the rms value of alternating current shown in figure? [HOTS]

Ans. In given ae, there are identical positive and negative half cycles, so the mean value of current is
zero; but the rms value is not zero.
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Very Short Answer Questions
Each of the following questions are of 2 marks. =
Q. 1. An alternating voltage E = E, sin ot is applied to a ——W\» — [z}
circuit containing a resistor R connected in series with a
black box. The current in the circuit is found tobe I = I
sin (ot + 7/4).
() State whether the element in the black box is a capacitor Cm
or inductor. i
E = Egsinot

(ii) Draw the corresponding phasor diagram and find the
impedance in terms of R.

» 7[ . . .
Ans. (i) As the current leads the voliage by I the element used in black box is a ‘capacitor’.

v Vi, T
@) Here, tan~=V/V, = 1= /4
. 4~ rolte Ve
= Ve=Vy = =R Ve
Impedance 7 = )T+ R? = VRTT ¥ = (2R
i : b’y
. Z=42R

Q.2. The coil of an ac generator consists of 100 turns of wire, each of area 0.5m® The resistance
of the wire is 100 (). 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. [CBSE 2023 (55/2/1)]

Ans. Given, N =100,4=0.5m% R =100, B = 0.8T, ® = 60 rad s
emf generate,

gy = NAwB = 100 x 0.5 x 60 x 0.8

= 2400 volt
2400\
ioaed potme o\ V2
Power dissipated, P = B ag = 28.8 kW

| T |



Q. 3. (a) Explain the term ‘sharpness of resonance’ in ac¢ circuit.
(b) In a series LCR circuit, ¥V, = V. # V. What is the value of power factor for this circuit?
[CBSE 2020 (55/2/1)]
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[Topper’s Answer 2020]

Q.4. A circular coil of radius 10 cm and 20 turns is rotated about its vertical diameter with angular
speed of 50 rad s™ in a uniform horizontal magnetic field of 3-0 X 10~ T.
(#) Calculate the maximum and average emf induced in the coil.
(i) If the coil forms a closed loop of resistance 10 (), calculate the maximum current in the
coil and the average power loss due to Joule heating. [CBSE 2019 (55/4/1)]

Ans. (i) Here,r = 10 em, N = 20 turns, ©® = 50 rad g
B=3%0%107°T
g, = NBAw
=20 x 3 x 107 x 7 (10 x 107%* x 50 %
= 0.942 volt
g4y = 0, over a cycle Ya
Sl 0 0019
R 10
= 0.094 A L]

= % X 0.942 x 0.094

= 0.045 watt. 1%
[CBSE Marking Scheme 2019 (55/4/1)]

Q. 5. Calculate the quality factor of a series LCR circuit with L = 2.0 H,C = 2 yFand R = 10 Q.
Mention the significance of quality factor in LCR circuit. [CBSE (F) 2012]

- ;
Ans. We have, Q= AIR?V; é ll() ,\f' ﬁ

It signifies the sharpness of resonance.

Q. 6. An ac source of emf V = ¥, sin ot is connected to a capacitor of capacitance C. Deduce the
expression for the current (I) flowing in it. Plot the graph of (i) V vs. ot, and (ii) I vs. ot.

[CBSE 2020 (55/2/1), 2023 (55/3/1)]



Ans.

Q.7.

Ans.

Ans.

Q.9.

Ans,

Q. 10.

Ans.

Let ¢ be the charge on capacitor (C) and I, the current in the circuit at emycinstam, them

instantaneous current is given by il
1

I=di=i(“V sin wf = wCl, cos wt
dt dt 0 i
T " !
= Ci = i wt + — ; =—
Iycoswi=1I, sm( 2) where, I al)
Graphs for (i) and (i)
ui V=V, sinar
— /V ot
A A
/_/ E \ r\-._l‘/ r/ \\
VL A
- 3 G}t
Jem . 1

O Tt %, rr"\

Both alternating current and direct current are measured in amperes. But how is the ampere
defined for an alternating current? [NCERT Exemplar]
An ac current changes direction with the source frequency and the attractive force would average to zero.
Thus, the ac ampere must be defined in terms of some property that is independent of the direction
of current. Joule's heating effect is such property and hence it is used 1o define rms value of ac.

A 60 W load is connected to the secondary of a transformer whose primary draws line voltage.
If a current of 0.54 A flows in the load, what is the current in the primary coil? Comment on
the type of transformer being used. [NCERT Exemplar]

Here, P, =60W,I, =0.54A

. _ 60
L7054

=111.1V

The transformer is step-down and have ;— mnput voltage. Hence
1 1
I,=gxI, =3x054=027A

Explain why the reactance provided by a capacitor to an alternating current decreases with
increasing frequency. [NCERT Exemplar]

A capacitor does not allow flow of direct current through it as the resistance across the gap
is infinite. When an alternating voltage is applied across the capacitor plates, the plates are
alternately charged and discharged. The current through the capacitor is a result of this changing
voltage (or charge). Thus, a capacitor will pass more current through it if the voltage is changing
at a faster rate, i.e., if the frequency of supply is higher. This implies that the reactance offered
by a capacitor is less with increasing frequency; it is given by 1/oC.

Explain why the reactance offered by an inductor increases with increasing frequency of an
alternating voltage. [NCERT Exemplar]
An inductor opposes flow of current through it by developing an induced emf according to Lenz’s
law. The induced voliage has a polarity so as to maintain the current at its present value. If the
current is decreasing, the polarity of the induced emf will be so as to increase the current and vice
versa. Since the induced emf'is proportional 1o the rate of change of current, it will provide greater
reactance to the flow of current if the rate of change is faster, i.e., if the frequency is higher. The
reactance of an inductor, therefore, is proportional to the frequency, being given by L.



Q. 11. (a) A 44 mH inductor is connected to 220 V, 50 Hz ac supply. Determine the rms value of
current in the circuit. [NCERT) [CBSE (Al) 2013, 2012]
(6) What is the net power absorbed by the circuit in a complete cycle?
Ans. (a) GivenL =44 mH=44 x 107°H,V,,, = 220 V,v =50 Hz
Inductive reactance of current X = wL
. RMS value of current,
v v

g = ms _ s
ms wf,  2mvl

220

2><(27—2)><50x44>< 1073

220x7x10° 700
T2x22x50%x44 44 HELA

®) We know, P=V, .. I,....cos

; o bis ;
In pure inductor circuit ¢ = 2 radians

n
= c052—0

As such net power consumed = L
£ p Vol 08 3 0

Short Answer Questions

Each of the following questions are of 3 marks.

Q. 1. Show that the current leads the voltage in phase by n/2 in an ac circuit containing an ideal
capacitor. [CBSE (F) 2014]

Ans. The instantaneous voliage,

V= Vysin ot )
Letg be the charge on capacitor and /, the current in the circuit at any instant, then instantaneous
potential difference, c
q ) i
7=l I
I C L. (i)
From () and (i), we get I
%= Vysinot = g = CV,sinwt
=R
The instantaneous current, o
dq d d V=V, sinae
I= e E(CVosinmt) = Clﬁ,z(sinmﬁ) = CV,wcoswi
V.
I=——cosax
l/aC
L n
I= Insm(mt + 5)

Hence, the current leads the applied voltage in phase by 7/2.



Q.2

Ans,

Q.3.

Ans.

Ans,

In a series LCR circuit, obtain the conditions under which (i) the impedance of the circuit is
minimum, and (i) wattless current flows in the circuit. [CBSE (F) 2014]

(1) Impedance of series LCR circuit is given by
2= R 05"
For the impedance, Z 1o be minimum,
X, =X,

(@) Power, P =V, 1. cosd

Tms *rms

When ¢ = %

Power = | g msg =0

Therefore, wattless current flows when the impedance of the circuit is purely inductive or
purely capacitive.
In another way we can say, for wattless current to flow, circuit should not have any ohmic
resistance (= 0).
State the underlying principle of a transformer. How is the large scale transmission of electric
energy over long distances done with the use of transformers? [CBSE (AI) 2012]
The principle of transformer is based upon the principle of mutual induction which states that
due to continuous change in the current in the primary coil an emf gets induced across the
secondary coil. At the power generating station, the step up transformers step up the output
voltage which reduces the current through the cables and hence reduce resistive power loss.
Then, at the consumer end, a step down transformer steps down the voltage.
Hence, the large scale transmission of electric energy over long distances is done by stepping up
the voltage at the generating station to minimise the power loss in the transmission cables.
An electric lamp connected in series with a capacitor and an ac source is glowing with of
certain brightness. How does the brightness of the lamp change on reducing the (i) capacitance
and (ii) frequency? [CBSE Delhi 2010, (North) 2016]
() When capacitance is reduced, capacitive reactance X. =
crcuit

el increases, hence impedance of

Lam
2= X & Uk
174 1

increases and so current [= A decreases. As a result the brightness

of the bulb is reduced.
ii) When frequency decreases; capacitive reactance X 1 &

T 1§ TeE E 1V ==

( q ¥ ; P C7 onve Source

increases and hence impedance of circuit increases, so current

decreases. As a result brightness of bulb is reduced.
The figure shows the graphical variation of the
reactance of a capacitor with frequency of ac source.

-
rs

-
m

(a) Find the capacitance of the capacitor.

-
o

(b) An ideal inductor has the same reactance at 100
Hz frequency as the capacitor has at the same
frequency. Find the value of inductance of the
inductor.

Reaclance ()
MoBE O ®

(¢) Draw the graph showing the variation of the

reactance of this inductor with frequency. =1
[CBSE 2020 (55/2/1)]
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Q. 6. A capacitor of unknown capacitance, a resistor of 100 2 and an inductor of self inductance

L= (%) henry are connected in series to an ac source of 200 V and 50 Hz. Calculate the

b4

value of the capacitance and impedance of the circuit when the current is in phase with the

voltage. Calculate the power dissipated in the circuit. [CBSE South 2016]
Ans. Capacitance F—l— = 3 Fi= - F=25x10"F

= L T 40000
Lo Pty 50)2 n
Since V' and I are in same phase. then Z = R = 100
Power dissinated < 2 - Q00°
ower dissipated = 2 =100 W =400 W



Q. 7. A series LCR circuit is connected to an ac source (200 V, 50 Hz). The voltages across the
resistor, capacitor and inductor are respectively 200 V, 250 V and 250 V.

(i) The algebraic sum of the voltages across the three elements is greater than the voltage of
the source. How is this paradox resolved?

(#i) Given the value of the resistance of R is 40 Q, calculate the current in the circuit.
[CBSE (F) 2013]

Ans. (i) From given parameters 250 V 250V 200V
— AT —] f——wann
V=200V, V, =250 Vand V=250V
V,; should be given as
V= Vg +V +V =200V + 250V + 250 V -
=700V (200 V., 50 Hz)

However, E/;ﬂ > 200 V of the ae source.

This paradox can be solved only by using phaser diagram, as

V, --7-7-_7__7_7__,_.7 v,
given below: °" L
VI— gt
—
(Veﬂ) =iy VRE £ (VL o V{;)2 Vg
Since Vp = Vg so V= Vyp = 200V Ve
(#1) Given R = 40 Q, so current in the LCR circuil.
Var
1y =7 [X;=X; or Z=R]
200
~a0 04

Q. 8. (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?

(ii) 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. [CBSE Delhi 2017, Allahabad 2015)

Ans. (i) Inductive reactance,
X; = oL = (1000 X 100 x 107H) Q = 100 Q

Capacitive reactance,

L=100mH C=
T—|

2uF  p-os0Q
I 'A%

1 | )
X =—= Q=5000Q
¢ oC (mooxzxm-ﬁ
Phase angle, oy

e

X, - X V = Vg sin (1000t + )
R
100500

tan¢=w——l

tang =

n

o=-Z
-
As X > X;, (phase angle is negative), hence current leads voltage.

(i) To make power [actor unity

X=X, (where C' = net capacitance of parallel combination)
L =100
wC’
C'=10% 10°F = 10 pF
=G4
= 10=2+€, = C,=8yF



Q.9. Aseries LCR circuitwithR = 200, L = 2 H and C = 50 uF is connected to a 200 volts ac source
of variable frequency. What is (i) the amplitude of the current, and (ii) the average power
transferred to the circuit in one complete cycle, at resonance? (iii) Calculate the potential
drop across the capacitor. [CBSE 2023 (55/4/1)]

Ans. (i) Atresonance,Z =R

Vins 200
i

Amplitude of the current, Iy = y2 X1 __

1414 x 10 = 14.14 A

(i) Average power transferred to the circuit in one complete cycle at resonance,
P=72 R=0107x20
= 2000 W

(2) Resonant frequency,
1 1

®,=——=——"——— = |00 rad/s
"JLe Jexsoxi10™®
1 1
X.= N S—
7wl 100%x50%10°
Voltage across capacitor,
1
fo=1 X.=10x——————— =2000V
o7 Tmee 100 x 5010

Q. 10. A series CR circuit with R = 200 @ and € = (50/m) pF is connected across an ac source of
peak voltage g, = 100 V and frequency v = 50 Hz. Calculate (a) impedance of the circuit (Z),

(b) phase angle (), and (c) voltage across the resistor. [CBSE 2023 (55/2/1)]
Ans. (a) Given, R = 200 Q,
L 1 _
Xe= ot - ome =200Q

27 % 50 X %x 107
Impudence, Z = /R* + X7

7 = /(2009 + (200 = 200,2 Q

X
¢ 200 iwe b
(b) Phase angle, tan¢ = R - 200 - = o =45° or 7 rad
€ _ 100
O em=F7=45V
™ V2 42
100
13 /2
it T i B Y o B

Z " og0s2 4

So, Vp=1_R= %x 200 =50 V.
g . 250 g .

Q. 11. A resistor of 30 {} and a capacitor of —— uF are connected in series to a 200 V, 50 Hz ac
source. Calculate (i) the current in the circuit, and (ii) voltage drops across the resistor and
the capacitor (iii) Is the algebraic sum of these voltages more than the source voltage? If yes,
solve the paradox. [CBSE 2023 (55/4/1)]

Ans. (i) capacitive reactant,



X. = u)]C = invc R=300 C:% WF
_ 1 W {f '
21 %X 50 X % x107®
=400 7 . -
Impedance of the circuit, Z = \'f"'R2 + X?: ;;;MSOHZ

= /(307 + (407 =500
E.s 200
z gy TR

R=4x30=120V

So, current in the circuit, [, =

(if) Voltage across resistor, V, = I

Voliage across capacitor, Vg = I, X = 4 X 40 = 160 V

(i2i) The algebraic sum of voltages across the combination is
Vs = Vo + Ve =120 + 160 = 280 V

While V,,, of the source is 200 V. Yes, the voltages across the combination is more than the
voltage of the source. The voltage across the resistor and capacitor are not in phase.

This paradox can be resolved as when the current passes through the capacitor, it leads the

voltage V. by phase g So voltage of the source can be given as,

Vi = VE+ V2 = (120F + (160Y
= 14400 + 25600 = 200 V.
. 12. The primary coil of an ideal step up transformer has 100 turns and transformation ratio is also
P ¥ p up

100. The input voltage and power are 220 V and 1100 W respectively. Calculate

(a) the number of turns in the secondary coil.

(b) the current in the primary coil.

(c) the voltage across the secondary coil.

(d) the current in the secondary coil.

(e) the power in the secondary coil. [CBSE Delhi 2016]

Number of turns in secondary coil(N)

Ans. (a) Transformation ratior =
Given Np=100, r = 100
Number of turns in secondary coil, Ny = rNp =100 x 100=10,000
(b) Input vohage IV, = 220 V, Input power P,, = 1100 W
- : P _ 1100
Current in primary coil 1= Z =990 = 5A

(¢) Voltage across secondary coil (V) is

Number of turns in primary coil (N,)

V.,
Vs=1Vp= 100 X 220 = 22,000 V= 22 kV (” & %)
”

(d) Current in secondary coil ({5),
gt b
S J 100
(¢) Power in secondary coil, P, = Vglg = 22 X 10% x0.05 =1100 W
Obviously power in secondary coil is same as power in primary. This means that the
transformer is ideal, i.e., there are no energy losses.

I
=0.05A (r = TP)



Q. 13. An inductor L of reactance X; is connected in series with a bulb L E!_[b
B to an ac source as shown in figure. Explain briefly how does DOTTT—ww
the brightness of the bulb change when (i) number of turns of the
inductor is reduced (i) an iron rod is inserted in the inductor

and (iii) a capacitor of reactance X; = X is included in the circuit. A.C. Source
[CBSE Delhi 2014, 2015]
Ans. Brightness of the bulb depends on square of the I, (i.e., I%,,)

Impedance of the circuit, Z = R?+ (wL)? and

Current in the circuit, I = A
(i) When the number of turns in the inductor is reduced, the sell inductance of the coil

decreases; so impedance of circuit reduces and so current in the circuit (1 = %) increases.
Thus, the brightness of the bulb increases.

(1) When iron (being a ferromagnetic substance) rod is inserted in the coil, its inductance
increases and in turn, impedance of the circuit increases. As a result, a larger fraction of the
applied ac voltage appears across the inductor, leaving less voltage across the bulb. Hence,
brightness of the bulb decreases.

(##t) When capacitor of reactance X = X, is introduced, the net reactance of circuit becomes
zero, so impedance of circuit decreases; it becomes Z = R; so current in circuit increases;
hence brightness of bulb increases. Thus brightness of bulb in both cases increases.

Q. 14. A capacitor (C) and resistor (R) are connected in series with an ac source of voltage of frequency

50 Hz. The potential difference across C and R are respectively 120 V, 90 V, and the current

in the circuit is 3 A. Calculate (i) the impedance of the circuit (ii) the value of the inductance,

which when connected in series with € and R will make the power factor of the circuit unity.
[CBSE 2019 (55/2/1)]

Ans. As [rom relation,
_ 90

R _
o Tl
V.
W 120
XC—IC——S =40Q

(@) Impedance, Z= ‘/RQ +XC2

=4302+40° =50Q

(12) As power factor = 1

Now, X, =X,
2nvL = 40
100zl = 40
2

L= EH'

Q. 15. The figure shows a series LCR circuit connected to a variable frequency 230 ¥ source.

400 l
230 V[~ TaouF

[T
50H

(a) Determine the source frequency which drives the circuit in resonance.



Ans.

Q. 16.

Ans.

Q. 17.

Ans.

Q. 18.

(b) Calculate the impedance of the circuit and amplitude of current at resonance.
(¢) Show that potential drop across LC combination is zero at resonating frequency.
[CBSE 2019 (55/2/1)]
1 1 1

@ o=—==— =
VLC  /5x80x10°  +/400%x10°
1000 w _ 50 _ 25
w—2—0— 50 rad/s = f_Q_ﬁ_Q_ﬁ_THz
(b) At resonance, Z =R =40Q
230 30/
_230v2 _ 230v2 o
max R 40
P T o L = 2025V [ Xy=—n
(€ Vo= lunXe = 40 50%x80%x10° [ X = o]
23042
v,=1_2X = 20 X50x5 =202V [.X, =wl]
Hence, V-V, =0
A device ‘X’ is connected to an ac source. The variation A
of voltage, current and power in one complete cycle is = e
shown in the figure. ] d
(a) Which curve shows power consumption over a full % —|: 4
cycle? =4/,
(b) What is the average power consumption over a .
cycle? f—
(c) Identify the device ‘X", [NCERT Exemplar]
(@) 4
() Zero
(¢) L or C or LC Series combination of L and C

(i) Draw the graphs showing variation of inductive reactance and capacitive reactance with
frequency of applied ac source.

(i) 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. [HOTS]

(@) (@) X;=wl = 2nvi; graph of X; and v is a straight line
1

e £ graph of X and v is a rectangular hyperbola as shown in fig.

0 Xp= oC  2nvC’

C

v—
(a) v,
(@) Yes; because V = V2 + (V.-V,)%; )
As V. and V, have opposite faces, V,; or I/, may be greater than V. J B
The situation may be as shown in figure where Vo> v v

The variation of inductive reactance (X;) of an inductor with the frequency (f) of the ac source
of 100 V and variable frequency is shown in the fig.



(X €2)
80 |~

40

20

f (in Hz)

(i) Calculate the self-inductance of the inductor.
(i) When this inductor is used in series with a capacitor of unknown value and a resistor
of 10 © at 300 s™', maximum power dissipation occurs in the circuit. Calculate the

capacitance of the capacitor. [CBSE 2020 (55/5/1)]
Ans. As we know, X, = 2nfL 15
X
b eh = 1
L= 2nf ~ 2m% 200 0.1/ henry =0.032H Lo
Maximum power dissipation takes place at resonance, 14
1
= a
2ny LC
= o= % F 1%
L x300% x 47
u F = 8.8uF %

=
4 2
B 13l Kty [CBSE Marking Scheme 2020 (55/5/1)]

Long Answer Questions

Each of the following questions are of 5 marks.
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 = 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 (i) phasor
diagram (ii) graphs of V" and i versus ot 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 X;. = eL=2xfL
where L is inductance and f'is the frequency of the applied voltage.
Obviously X xf
Thus, the graph between X; and frequency f is linear (as shown in fig.).
Phase Difference between Current and Applied Voltage in Purely Inductive
circuit : 4
AC circuit containing pure inductance: Consider a coil of sell-induciance Ly
and negligible ohmic resistance. An alternating potential difference 1s 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 voliage applied

V= Vysin of )
17 is the instantaneous current in the circuit and j the rate of change of current in the circuit
at that instant, then instantaneous induced emf
g= —L% '—"JWGU?{-T?G'GGCU"
According to Kirchhofls loop rule
V+€=0ﬁV—Ldi:0
dt =
= g - {7~}
di d _V S
or V= LE O V=V, sin ot
(a)
di  Vpsinwt ~ Vysinot
or e T di = T dt
Integrating with respect to time *t',
i= EJ‘ sinwidt = E{ M} = icosm.! = isin(£~<m)
L L w wl oL 2
Y T
or i= Esin(u}t—?) o)
. - n
or 1= g.sin (m!—g) ...(22t)
!/
i 0
where W= oL
is the peak value of alternating current Yo

Also comparing (i) and (iii), we note that current lags behind the applied

voltage by an angle g (Fig. b). "Reference axis

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

; e - i, (b)Phasor di
Graphs of IV and 7 versus of for this circuit is shown in fig. (¢). o IEFFHBSET ARG

TV -

.0 - \ -

1 N i

v P e \

orQ
i

w2 2n an

ki, — ot

Q. 2. (a) What is impedance?

(b) A series LCR circuit is connected to an ac source having voltage ¥V = ¥, sin ot . Derive
expression for the impedance, instantaneous current and its phase relationship to the
applied voltage. Find the expression for resonant frequency.

[CBSE Delhi 2010, 2023(55/1/1)]

|
l This is required expression for current



Ans.

OR

(a) An ac source of voltage V = V, sin ot 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?

(b) 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,.

P
Calculate Fl . [CBSE Delhi 2016)
2

Impedance: The opposition offered by the combination of a resistor and reactive component o

the flow of ac is called impedance. Mathematically it is the ratio of rms voltage applied and rms

current produced in circuit t.e., Z = %

Its unit is ochm (Q).

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' = F sin ot is
applied across it (fig. a). On account of being in series, the current (i) flowing through all of them
is the same.

L c Vi

R
AN — T —{ 90° Vi )
Vi—Pe—\ —pa—V, el ) :
R L o fVcIVL) ljgzu *i-x_,__r__\\
P, J
V=V, sin ot Ve
(@) (b)

Suppose the voltage across resistance R is Iy vollage across inductance L is V| and voltage across
capacitance C is V.. The voltage I, and current i are in the same phase, the voltage V; will lead
the current by angle 90° while the voliage V¢ will lag behind the current by angle 90° (fig. b).
Clearly V- and V; are in opposite directions, therefore their resultant potential difference =
VeV (if Ve > 1)),

Thus Vi and (V. - V) are mutually perpendicular and the phase difference between them is 90°.
As applied voltage across the circuit is V, the resultant of ¥, and (V; =F;) will also be V. From fig.

2 2 2 ""72 2
P=Ve+(V.-F)? = V=y/Ve+¥,-¥)

But  Vy=Ri,V,=X,iandV, =X, i

1 ’ : »
where X. = oC — C@pacitance reactance and X; = oL= inductive reactance
= e v i v 2
V= J(Ri)? + (X i- X, 1)

L5 W =T il
Impedance of circuit, Z = i= vy R+ (X-X))

f 5
ie., 2= YR+ (X-X) = |/ R? (< —mL)

wC
V,sin(wt + ¢)
Instantaneous current | = —r .
[ o2 1 )
.- +|—-
¥ o (mC 2
XC—XL
R

The phase difference (¢) between current and voltage is given by, tan ¢ =



Ans.

Resonant Frequency: For resonance ¢= 0, so X -X; =0

L-i(nl,:miiL

wl LG

Resonant frequency ®w_=
r

VLG
Phase difference (9) in series LCR circuit is given by
V-V, i (X - X,) (X(;—XL)

tan¢ = 7 = =
When current and vi ohage arc In phase
b=0 = Xp-X; =0 = K=,

This condition is called resonance and the circuit is called resonant circuit.
Casel: X; = R
. 7= R2 XQ—\,'RQ RZI=/oR

Power factor, P, = cos¢ = —- = [R = 1
Z J2r /2
Case I1: X, =X¢
Z2=JRP+X,X)?=VR® =R
. R R
Power factor, E,= v = 3 =1
L.
LG

A device ‘X’ is connected to an ac source V = ¥ sin of. The variation of voltage, current and
power in one cycle is show in the following graph:
¥

(a) Identify the device ‘X".
(6) Which of the curves, 4, B and C represent the voltage, current and the power consumed in
the circuit? Justify your answer.

(¢) How does its impedance vary with frequency of the ac source? Show graphically.
(d) Obtain an expression for the current in the circuit and its phase relation with ac voltage.
(2) The device ‘X is a capacitor.
(b) Curve B : Voliage
Curve C : Current T
Curve 4 : Power consumed in the circuit
Reason : This is because current leads the voltage in phase
by % for a capacitor.

(¢) Impedance:




= X(’.‘ [+ lv
(d) Voltage applied 1o the circuit is
V= Vysin ot

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

V= = Q=CV

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

dQ _dcy) 4 c
= = == H [
1 =7 7 i (CV, sin wt) | b
¥
- . x
I'= oCV, coswt = 1 sm(u)l‘i' 2) |
wC |
5 T |
1=Iﬂsm(mt+§) ‘ o
Vn i V=V sinwr
where, [, = = ¢ = Peak value of current
wC

Hence, current leads the voltage in phase by %
Q. 4. (a) Analternating voltage V' =V sin @ applied to a series LCR circuit drives a current given by
i = i, sin (ot +¢) . Deduce an expression for the average power dissipated over a cycle.

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

OR
A voltage V = V¥ sin ot 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, (if) maximum power dissipated in the circuit? [CBSE (4I) 2014]
Ans. (a) We have, V=V sino and i=i,sin (oi+d)

and instantaneous power, P = Vi

V, sin ot . 1, sin (ot+ ¢)
=V, 1, sin o sin (ol+ ¢)
|| er—— "
= EszmEmnstm(m{ + ¢)
From trigonometric formula
2 sin 4 sin B =cos (4 - B) — cos (4+B)

Instantaneous power, P = lEVmim [cos(t — ot — p)—cos(wt + ¢+ ox)]

= %Vmim[cosd; —cos(2mt + ¢)]
Average power for complete cycle,

v P .

P= 5 Vi [cosd —cos (2mi + §)]
where cos(wi + ) is the mean value of cos (2wt + ¢) over complete cycle. But for a complete

cycle, cos (2et+ ¢) = 0.



Average power, =1y, cosd =

2 mom \"2 \;.,2

P=V_i_cosd

TmS TS
() If phase angle ¢ = 90° (resistance R is not used in the circuit) then no power dissipated.
(12) 1f phase angle ¢ = 0° or circuit is pure resistive (or X; =X) at resonance then
Wolo
Max power, P=V_ X[, = —F

Tms o

(b) The power is P = V,,, L, cos ¢. If cos ¢ is small, then current considerably increases when
voltage is constant. Power loss, we know is IR, Hence, power loss increases.

Q. 5. Find the condition for resonance in a series LCR circuit connected to a source V' = ¥V, sin ot,
where © can be varied. Give the factors on which the resonant frequency of a series LCR
circuit depends. Plot a graph showing the variation of electric current with frequency in a
series LCR circuit. [CBSE 2023 (55/1/1)]

Ans. 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

X .-X
tan ¢ = CR -5
For resonance ¢ = 0 = Xe-X,=0
or Xe=X;
i B 5 i
If @, is resonant frequency, then X = .G
and Xe=0,L
N A
¢ VLG
. . @, 1 T i
Linear resonant frequency, v_=-— = — 7l i
T2 em/IC . \

Factors on which resonant frequency depends: J_E ﬁ—\
1
(Z) Inductance, i.e., (‘J o< _) / Ve

VL

[
i) C 1La ) Y oo —
(i) Capacitance, i.e., ( ¥ \P‘JC)

The graph of variation of peak current i, with frequency is shown above 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., v, and v, are half power frequencies.

Q. 6. 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 2023 (55/2/1)]



Ans.

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 4, is rotated with a constant angular

velocity . Deduce the expression for the alternating emf generated in the coil.

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

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 [lux 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 ficld. 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: (a) It serves as a support to coils and (b) It increases the
magnetic field due to air core being replaced by an iron core.

(ééi) Slip Rings: The slip rings R, and R, 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 coil so that
the rings also rotate along with the armature.

(7v) Brushes: These are two flexible metal plates or carbon rods (B, and By) which are fixed
and constantly touch the revolving rings. The output current in external load R; 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 o

the armature to be in vertical position and as it

rotates in clockwise direction, the wire ab moves

downward and ¢d upward, so that the direction of /
induced current is shown in fig. In the external —,

Armature coll

circuit, the current flows along B, R;B,. The N|
direction of current remains unchanged during

the first half turn of armature. During the second

half revolution, the wire ab moves upward and ¢d

downward, so the direction of current is reversed

and in external cireuit it flows along B, R, B|. Thus Slig rings
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 © , the
angle 8 between the magnetic field vector B and the area vector 4 of the coil at any instant
tis B =t (assuming 6 = 0° att = 0). As a result, the effective area of the coil exposed 1o the

magnetic field lines changes with time, the flux at any time  is

g = BA cos 8 = BA cos wt



Q.7.

Ans.

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

B N% s A gt

dt dt

Thus, the instantaneous value of the emf is

& = NBA o sin 0!
where NBAw = 2nuNBA is the maximum value of the emf, which occurs when sin wt = #1.
If we denote NBAw as g;, then

£= gysin ©f = £ = gysin 20w
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 ol ac over full cycle is zero.

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

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

rite any two sources of ene; oss in a transformer.
b) Wri v f energy loss i £ 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]

(a) Transformer: A transformer converts low voltage into high voltage ac and vice-versa.
Construction: [t 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 cotl. The terminals of primary coils are connected 1o 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:

(acmains) (acmains)
24 o)
—E— —&
Primary Primary
Il
Primary Primary
00000 IEIRTET
. . (e g —————1 —
Laminated Laminated ~ s
iron core iron core hdidd [olefel ek
Secondary Secondary
— L =it L (a) Step up (b) Step down
| Secondary Secondary
Lare— Lamee—
(a) Step up (b) Step down
Transformer Transformer



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
G.e., Ng>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., Ng<Np).

Working Principle: 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 N be the number of turns in primary coil, Ng 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 10
Faraday's laws the emf induced in the primary coil

. Ad .
€, = _NPE (1)
and emf induced in the secondary coil
Ad o
£, = —NSE (73]
From (z) and (21)
&g Ng
&N,

If the resistance of primary coil is negligible, the emf (g,) 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 differencels across its ends will be equal to the eml (g;) induced in it; therefore
Vs & N

7= = 5 = rlsay)
E T
¥ r Np
Ns : ,
where r = N is called the transformation ratio. Ifip and 75 are the instantaneous currents
P

in primary and secondary coils and there is no loss of energy; then

For about 100% efliciency, Power in primary = Power in secondary
Vpip=Vsig

, B B V& 5
i, Vg Ny T

In step up transformer, Ny > N, — r> 1;

So Ve > Vpandig < 1p

i.e., step up transformer increases the voltage, but decreases the current.
In step down transformer, Ny < N, —» r< |1

s0 Vi< Vp and ig > 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% elfliciency (say),

Input power = output power (i.e., Vp I = Vi Iy)



Q.8.

Ans.

Q.9.

Ans.

(b) The sources of energy loss in a transformer are (1) eddy current losses due to iron core
(i1) flux leakage losses. (iii) copper losses due to heating up of copper wires (iv) hysteresis
losses due 1o magnetisation and demagnetisation of core.

(¢) 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.

With the help of a diagram, explain the principle of a device which changes a low voltage into

a high voltage but does not violate the law of conservation of energy. Give any one reason why

the device may not be 100% efficient. [CBSE Sample Paper 2018]

Transformer changes a low voltage into a high voltage without voilating the law of conservation
of energy.

Principle: 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 aliernating emf of same frequency is
developed across the secondary.

Soft iron-core

1 ¢

- s i i
3 N el D 2
3 # g 3 N g
2 3 o P a

Q = ]
. ) = b B I e

(a) Two coils on top of each other (b)Two coils on separate limbs of the core

The device may not be 100% eflicient due to following energy losses in a transformer:
(i) Joule Heating: Energy is lost due 1o heating of primary and secondary windings as heat (I°R).

(i1) 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.
(a) 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 loss in this device.
(b) 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 wire
line carrying power is 0.5 Q 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 (55/1/2)]
(a) Refer to Q. 7, Long Answer Questions
(b) Demand of electric power = 1200 kW
Distance of town from power station = 20 km
Two wire = 20 X 2 = 40 km
Total resistance of line = 40 x 0.5 = 20
The town gets a power of 4000 volts

Power = voliage X current

1200x10° _ 1200
I= —a000 =~ 4 300 A
The line power loss in the form of heat = Bl

= (300)2 x 20 = 9000 X 20 = 1800 kW



Q. 10. A 2 uF 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?

(ii) 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 R, and R,

(R > Ry).
(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
wlL = FC
1 2
= 2avx=———— = 2nv) = ———
v xax10® o T Tex 107
. 1 _ 250 _ 2
= 2nv = X100 BN o =39.80s
This frequency is called resonance frequency.
E
5 : o _ 200 .
(1) Maximum current, [, = R 100 - 2A [Ey maximum emf]

(1t)

+— R;(Low R)
R,>R,

R, (High R)

Wy

— > n

w
(iv) A ey of sharpness of resonance, where w 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 Awm.

Q.11. (i) Draw alabelled diagram of ac generator. Derive the expression for the instantaneous value
of the emf induced in the coil. [CBSE Sample Paper 2021]

(#i) A circular coil of cross-sectional area 200 em? 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 107 T. Calculate the maximum value of the current in the coil. [CBSE Delki 2017]

Ans. (i) Refer to Q. 6, Long Answer Questions.
(ii) Given,
N =20, 4=200cm"=200x 107"m*, B=80x10"T
© = 50 rad ™!
EMF induced in the coil
& = NBAw® sin o!



Maximum emf induced
£ = NBA® = 20 x 3.0 x 1072 % 200 x 107 % 50 = 600 mV

Maximum value of current induced

Euas _ 600

P

max R R mA

Q. 12. (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.
(ii) 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. (i) Referto Q. 7, Long Answer Questions.
(1) Given, Vp= 2200V, Np = 3000 turns, Vg = 220 V
V N,

5 5
We have, —=—-—
V, " N,
¥, 0
= Ny=g7%XN, = %xf—mnn = 300 turns
P
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I Q 13. (a) What do you understand by ‘sharpness of resonance’ for
a series LCR resonant circuit? How is it related with the

I quality factor ‘Q’ of the circuit? Using the graphs given in
the diagram, explain the factors which affect it. For which

I graph is the resistance (R) minimum?

l (b) A 2 pF capacitor , 100 Q resistor and 8 H inductor are

connected in series with an ac source. Find the frequency

I of the ac source for which the current drawn in the circuit is

l

l

l

I

|

l

l

I

I

l

l

I

|

l

l

I

maximum.

If the peak value of emf of the source is 200 V, calculate
the (i) maximum current, and (/i) inductive and capacitive
reactance of the circuit at resonance. [CBSE 2019 (55/4/1)]

Ans. (¢) The circuit would be set to have a high Sharpness of Resonance, if the current in the
circuit drops rapidly as the frequency of the applied AC source shifts from its resonant

value. (Also accept sharpness of resonance = w;/2Aw). Y%
it i

Sharpness of Resonance is measured by the quality factor, Q= =Y T L

Note: Accept the answer if the student write sharpness of resonance = Q - factor. Ve

Sharpness of resonance for given value L and C/ value of @, depends on R. R is minimum for

circuit €. 3
b) Resonant frequency, v = — 1%
- WP ¥ = e
= 1—
2x3.14 /8x2x10°
_ 1000
T 8x3.14
= 39.81 or 40 Hz (Approximately) Y2

(i) Here, V, = 200V



Y% _% e
h=m =5 (. Z = R at resonance) %
= % = 2 Ampere
(22) At resonance, 14
X =X
Now, XJL =wl =2nvL 14
=2n x 39.81 x 8
= 2000 0 Y
So, Xo=X;=20000 [CBSE Marking Scheme 2019 (55/4/1)]

1. Choose and write the correct option in the following questions.
(i) The power factor of a series LCR circuit at resonance will be [CBSE 2020 (55/5/1)]
(@) 1 ®)0 {©) 12 ) 1/y2
(i) The electric current in a circuit is given by [ = I, (%) for some time. The rms value of

current for the period t = 0ot = T'is

I,

(@) ®) v2r, © —— ) V31,
V8

V2
(i) A 15 Q 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 2022 (55/2/4), Term-1]

(z) 100 pF (b) 127 pF () 142 pF (d) 160 uF
() A voliage signal is described by :

V=V, lbrﬂszs%

=0 fot%SJST

for a cycle. Its rms value is [CBSE 2023 (55/3/1)]
M
(@) B ) Vo
Vo
e @ V2V,
() An inductor of reactance 1 Q and a resistor of 2 Q are connected in series to the terminals of
a6 V (rms) ac source. The power dissipated in the circuit is [NCERT Exemplar]
(@) 8 W () 12W ) 144W d) 18 W

(v1) A choke coil is a coil having
(a) low inductance and high resistance
(b) low inductance and low resistance
(¢) high inductance and high resistance

(d) high inductance and negligible or small resistance



ettt end ettt e d e d et L

(vit) The potential differences across the resistance, capacitance and inductance are 80 V, 40 V
and 100 V respectively in an L-C-R circuit, the power factor for this circuit is
(@) 0.4 ) 0.5
© 0.8 @ 1.0
(vitt) A 20 volt AC is applied to a circuit consisting of a resistance and a coil with negligible
resistance. If the voltage across the resistance is 12 volt, the voltage across the coil is
[CBSE Sample Paper-2022), Term-1]
(@ 16 V ) 10V
© 8V @ 6V
2. In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.
(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.
(d) A is false and R is also false.
Assertion (4) : The quantity L/R possesses the dimension of time.

Reason (R) : In order to reduce the rate of increase of current through a solenoid, we
should increase the time constant.

3. An alternating current from a source is given by i = 10 sin 314 £. What is the effective value of

current and frequency of source?
4. Draw a graph to show variation of capacitive-reactance with frequency in an ae circuit.
5. (a) The peak voltage of an ac supply is 300 V. What is the rms voltage?
(5) The rms value of current in an ac circuit is 10 A. What is the peak current? [NCERT]

6. Mention the two characteristic properties of the material suitable for making core of a
transformer. [CBSE (Al) 2012]

7. A device ‘X’ is connected to an ac source V =V sinwt. The variation of voltage, current and
power in one complete cycle is shown in the following figure.

19
C

’ .

A

(#) Which curve shows power consumption over a full cycle?
(i) Identify the device 'X".
8. How does the resistance differ from impedance? With the help of a suitable phasor diagram,
obtain an expression for impedance of a series LCR circuit, connected 1o a source V' = V, sin oL
[CBSE 2023 (55/1/1)]
9. A 15.0 pF capacitor is connected to 220 V, 50 Hz source. Find the capacitive reactance and the
rms current.
10. How much current is drawn by the primary coil of a transformer which steps down 220 V10 22 V
1o operate a device with an impedance of 220 Q?

11. Define power factor. State the conditions under which it is (i) maximum and (i) minimum.
[CBSE Delhi 2010]
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23

When an ac source is connected to an ideal inductor show that the average power supplied by
the source over a complete cycle is zero. [CBSE (Central) 2016]

When an ac source is connected to an ideal capacitor, show that the average power supplied by
the source over a complete cycle is zero. [CBSE (North) 2016]

The current flowing through a pure inductor of inductance 2 mH is i =15 cos 300/ ampere.
What is the (i) rms and (i) average value of current for a complete cycle? [CBSE (F) 2011]

In a series LCR circuit with an ac source of effective voltage 50 V, frequency v =50/ Hz,
R =3%000Q, C=20uF and L = 1.0 H. Find the rms current in the circuit. [CBSE (F) 2014]

(a) A 60 pF capacitor is connected to a 110 V, 60 Hz ac supply. Determine the rms value of

current in the circuit.

(b) What is the net power absorbed by the circuit in a complete cycle? [NCERT)
A series LCR circuit with R = 20 Q, L =1.5 H and € = 35 pF is connected to a variable frequency
200 V ae 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? [NCERT]

You are given three circuit elements X, ¥ and Z. When the element X is connected across an ac
source of a given voliage, the current and the voliage are in the same phase. When the element
Y is connected in series with X across the source, voltage is ahead of the current in phase by /4.
But the current is ahead of the voltage in phase by /4 when Z is connected in series with X across
the source. Identily the circuit elements X, ¥ and Z.
When all the three elements are connected in series across the same source, determine the
impedance of the circuit.
Draw a plot of the current versus the frequency of applied source and mention the significance
of this plot.
A resistor R and an inductor L are connected in series to a source V¥ = V;sin ot. Find the
(a) peak value of the voltage drops across R and across L,
(b) phase difference between the applied voltage and current. Which of them is ahead?

[CBSE 2020 (55/1/2)]
An ac source V =V sin ot connected across an ideal capacitor. Derive the expression for the
(i) current flowing in the circuit, and (i) rectance of the capacitor. Plot a graph of current i versus oL

[CBSE 2023 (55/3/1)]
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 (i) purely resistive circuit.

[CBSE 2023 (55/3/1))]
A resistor of 100 Q and a capacitor of 100/r iF are connected in series to a 220 V, 50 Hz ac supply.
(@) Calculate the current in the circuit.
(b) Calculate the (rms) voltage across the resistor and the capacitor. Do you find the algebraic sum

of these voltages more than the source voltage? If yes, how do you resolve the paradox?

[CBSE Chennai 2015]
A 100 Q resistor is connected to a 220 V, 50 Hz ac supply:
(@) What is the rms value of current in the circuit?
(b) What is the net power consumed over a full cycle? [NCERT)
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24, The figure shows a series LCR circuit with L = 5.0 H, € = 80 pF, R = 40 Q connected to a
variable frequency 240 V source. Calculate.
R
v’\‘.f\./u\fi
© c
L T
CETTETTTE
(1) The angular frequency of the source which drives the circuit at resonance.
(it) The current at the resonating frequency.
(#ii) The rms potential drop across the capacitor at resonance. [CBSE Delhi 2012]
25. (a) For a given ac, i = i, sin ol, show that the average power dissipated in a resistor R over a
complete cycle is%iif{.
(b) A light bulb is rated at 100 W for a 220 V ac supply. Calculate the resistance of the bulb.
[CBSE (AI) 2013]
26. Determine the current and quality factor at resonance for a series LCR circuit with L = 1.00 mH,
C = 1.00 nF and R = 100 Q connected to an ac source having peak voltage of 100 V.
[CBSE (F) 2011]
27. Acircuit is set up by connecting inductance L = 100 mH, resistor # = 100 £ and a capacitor of
reactance 200 Q in series. An alternating emf of 15042 V, 500/n Hz is applied across this series
combination. Calculate the power dissipated in the resistor. [CBSE (F) 2014]
28. (@) State the condition for resonance to occur in series LCR ac circuit and derive an expression
for resonant frequency. [CBSE Delhi 2010]
(6) Draw a plot showing the variation of the peak current (i,) with frequency of the ac source
used. Define the quality factor Q of the circuit.
29. (a) Derive the expression for the current flowing in an ideal capacitor and its reactance when
connected to an ac source of voltage V = Vsin wt.
(b) Draw its phasor diagram.
(¢) If resistance is added in series to capacitor, what changes will occur in the current flowing in
the circuit and phase angle between voltage and current? [CBSE Sample Paper 2021]
30. A circuit containing a 80 mH inductor and a 60 uF capacitor in series is connected to a 230 V,
50 Hz supply. The resistance of the circuit is negligible.
(a) Obtain the current amplitude and rms values.
(b) Obtain the rms values of potential drops across each element. [NCERT)
Answers

L. (1)@ (i) (¢) () (b) (@) @ @) (o) W) d) (@) () () (@)

15.
21.
23.
26.

.() 3. 50Hz 9. 212.31Q,1.03A 10. 0.1A,001A 14. G) 7.5/2A (i) O

0.1A 16. () 249A (b)0 17. 2kW

() 156 A (H)156 V, 156 V

(@) 22A (B)484 W 24. (i) 50 rads™ (i) 6 A (i) 1500 V 25. 484 O
0.707 A, 10 27. 225 W 30. (o) 11.6 A, 8.23 A (b) 207 V, 237 V



