Alternating Current

1. The reactance of a capacitor of capacitance C connected to an ac source of
frequency w is 'X'. If the capacitance of the capacitor is doubled and the
frequency of the source is tripled, the reactance will become: (2024)

(A) X/6

(B) 6X

(C) 2X/3
(D) 3X/2
Ans. (A) X/6

2. An inductor, a capacitor and a resistor are connected in series with an ac
source v = v, sin wt. Derive an expression for the average power dissipated in
the circuit. Also obtain the expression for the resonant frequency of the circuit.
(2024)

Ans. Deriving an expression for the average power dissipated in series LCR
circuit

Obtaining expression for the resonant frequency

V = Vi SInmt
1= 1m sin(ot+o)

Power, P =v 1= (vm sinot ) X [ im sin(ot+¢)]
_Vmim

=y [ cos @ — cos(Qot+o)]

The average power over a cycle is given by the average of the two terms in RHS of
eqn (1). Itis only the 2nd term which is time dependent. It’s average is zero.

Therefore,
L
P= ML Cos @
2
P=VIcoso
OR
P=1>Zcos ¢
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At resonance, Xc = XL

7.1 Introduction
MCQ

i 6. Plot a graph showing variation of capacitive
reactance with the change in the frequency of the ac

1. The figure shows variation of current {I) with time {t}
in four devices P, Q, R and 5. The device in which an

alternating current flows is
L.

W_F_

/a
L

VARV
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SOuUrce.

m (2 marks)

(A1 2015€) (1]

An ac source of emf V = Vg sin wt is connected to a

capacitor of capacitance C. Deduce the expression
for the current (I) flowing in it. Plot the graph of

(i) V¥ ws wt, and (ii) | vs wt.

(2020)

Show that the current leads the voltage in phase by
n/2 in an ac circuit containing an ideal capacitor.

. EE Gmaris)

{Foreign 2014)

8. The figure shows the graphical variation of the
i reactance of a capacitor with frequency of ac source.

e @)

@’g www.studentbro.in



(a) P (b) Q (e} R (d) S
(2023) |
7.2 AC Voltage Applied to a Resistor
MCQ

2.  The rms current in a circuit connected to a 50 Hz ac
source is 15 A, The value of the current in the circuit

(i ]s after the instant the current is zero, is

600
15
A b) 1524
(a) -;Tz'- (b) u"_
(c) ui"%.m (d) BA (Term12021-22) |

7.5 AC Voltage Applied to a Capacitor

MCQ

3. An ac voltage v = v, sinwt is applied to a series
combination of a resistor R and an element

X. The instantaneous current in the circuit is
I=!G5|r{mt+z]. Then which of the following is :
correct?

(a) Xisacapacitor and Xo=v2R
(b) Xisan inductor and X; = R

c) Xisaninductor and X, = J2R
(d} Xisacapacitorand X-=R

M (1 mark)

4.  What is the impedance of a capacitor of capacitance
Cin an ac circuit using source of frequency n Hz? H

(2020) (R '
5. Define capacitive reactance. Write its 5.1. units.
(Delhi 2015) (1]

(2023) !

10. A device ' is connected to an ac source §
V =V sin wt. The variation of voltage, current and :
power in one cycle is shown in the following graph:

i 16,

reactance of a capacitor with frequency of ac source.
A

14
= 12
= 10
2. [\
g
a 6
3 c
I...___‘_‘_
2 [
G .
100 200 300 400
Frequency (Hz)

la) Find the capacitance of the capacitor.

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

Draw the graph showing the variation of the
reactance of this inductor with frequency.

(2020) (Ap)

(c)

(5 marks)

i 2. A device X is connected across an ac source of

voltage V = Visinwt. The current through X is given

as I=iﬂ.5in[mt+ g}

(a) ldentify the device X and write the expression
for its reactance.

(b) Draw graphs showing wvariation of wvoltage
and current with time over one cycle of ac,
for X

(c) How does the reactance of the device X vary
with frequency of the ac? Show this variation
graphically.

{d) Draw the phasor diagram for the device X.

(2018)
15. The woltage across a resistor, an inductor, and a
capacitor connected in series to an ac source are

20 W, 15 V and 30 V respectively. The resultant

voltage in the circuit is

(a) 5V (b) 20V (] 25V (d) &5V

(Term | 2021-22)

A circuit is connected to an ac source of variable

frequency. As the frequency of the source is
increased, the current first increases and then
decreases. Which of the following combinations of
elements is likely to comprise the circuit?

(a) Identify the device ‘X', : {a) LCandR () LandC
(b} Which of the curves A, B and C represent the : l) LandR (d) RandC
voltage, current and the power consumed in : (Term | 2021-22)
Get More Learning Materials Here : & m @& www.studentbro.in



(A1 2017) (Ev)
7.6 AC Voltage Applied to a Series '
LCR Circuit

MO i

11. Which of the following statements about a series

LCR circuit connected to an ac source is correct?

{a) If the frequency of the source is increased, the §

impedance of the circuit first decreases and

then increases. i

{b) If the next reactance (X, - X) of circuit becomes :

equal to its resistance, then the current leads :

the voltage by 45

(c) At resonance, the voltage drop across the §
inductor is more than that across the capacitor.

(dl At resonance. the voltage drop across the !

capacitor is more than that across the inductor.

(2023) :

12, What is the ratio of inductive and capacitive

13.

14.

24,

Get More Learning Materials Here : i

the circuit? Justify your answer.

the ac source? Show graphically.

{d) Obtain an expression for the current in the :

circuit and its phase relation with ac voltage.

reactance in an ac circuit?
Lc

(@) wflC (b} 12 d — (d) wiL

alternating current and the source voltage is g.

the circuit?
{a) onlyC (b) onlyL
[¢) LandR dl LerC

The impedance of a series LCR circuit is

(a) R+X+Xe (b) |—p+—g+R2

(0 JX2-X2+R2 (d)  JRZ+(X, - X P

(Term | 2021-22)

A capacitor 'C’, a variable resistor 'R’ and a bulb 'B’

shown. The bulb glows with some brightness.
C R ¢
-

Mains

w (2023) |
In a circuit the phase difference between the

- XM (2 marks)

Which of the following cannot be the element(s) of | 22+ An inductor L= 0.4 H, a capacitor C = 10 uF and a

(Term 1 2021-22) :

17. A 15 £} resistor, an 80 mH inductor and a capacitor
(c) How does its impedance vary with frequency of i

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

(a) 100 wF (b) 127 wF (c) 142uF (d) 160pF
(Term | 2021-22)

18. A 300 Q resistor and a capacitor of [ﬁ]pF are
i n

connected in series to a 200 WV - 50 Hz ac source.

The current in the circuit is

a) 01A (b) C4A [ 0&A ([d) 0BA
(Term | 2021-23)

i 19, The selectivity of a series LCR a.c. current is large,

when

la) Lislarge and R is large

(b) Lissmall and R is small

e} Lislarge and R is small

id L=R (2020)

- M (1 mark)

i 20, What is the value of impedance of a resonant series

LCR circuit? (2020) (R

21. A series combination of an inductor (L), capacitor (C)
and resistor (R) is connected across an ac source of
emf of peak value Ey and angular frequency (w). Plot
a graph to show variation of impedance of the circuit
with angular frequency {w). (2020)

resistor R = 400 £} are connected in series to an ac
source V=40 sin (1000 ¢ + =/3) volt.

Calculate the

(a) Impedance of the circuit, and

(b) peak value of current, (2020C)

23. Explain the term ‘sharpness of resonance in ac

eireuit. (1/2, 2020) (1)

OR
Define 'guality factor’' of resonance in series LCR
circuit. What is its 51 unit? (Delhi 2018)

i 29. A resistance R and a capacitor C are connected in
are connected in series to the ac mains in circuit as

series to a source V = Vg sin wt.
Find :
(a) The peak value of the waltage across the
(i} resistance and (i} capacitor.
(b) The phase difference between the applied
voltage and current. Which of them is ahead ?
{2020)

m & www.studentbro.in



How will the glow of

same capacitance?

C=80pFand R=400

)

Determine

(i} the source frequency which derives the circuit

in resonance;
{ii) the quality factor {Q) of the circuit.

BELXIN (3 marks)

26,

7.

28.

Get More Learning Materials Here : i

A resistor of 300 and a capacitor of E|JF
n

are connected in series to a 200 V, 50 Hz ac
source. Calculate (i) the current in the circuit, and !
(i) voltage drops across the resistor and the :
capacitor. {iii) Is the algebraic sum of these valtages
more than the source voltage? If yes, solve the :
(2023) |

A series LCR circuit with R =20 Q. L= 2 H and :

C = 50 puF is connected to a 200 volts ac source of :

variable frequency. What is (i) the amplitude of the

current, and (i) the average power transferred to |
the circuit in one complete cycle, at resonance?

(iii) Calculate the potential drop across the capacitor, @ 22

(2023)

(i) In an LCR series circuit connected to an ac !
source, the voltage and the current are in the
same phase. If the capacitor is filled with a :

- N (5 marks)

: 34 The

paradox.

dielectric, will the current lead or lag behind or
remain in phase with the voltage ? Explain.

iy In the circuit, why is the rms value of net
voltage not equal to the sum of voltage drops

across individual elements ?

(i)

the applied voltage.

(Al 2014C) (A ;

Draw a graph showing wariation of thEE
impedance of the circuit with the frequency of |
(2020C) i

: 30
the bulb change if :
(i) a dielectric slab is introduced between the plates |
of the capacitor. keeping resistance R to be the
same; (ii) the resistance R is increased keeping the
(Delhi 2014) :

. The figure shows a series LCR circuit connected to
a variable frequency 200 V source with L = 50 mH, :

32

e @)

A resistor R and an inductor L are connected in

series to a source V = Vg sin wt. 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?

(2020) (An)
. Find the walue of X -
L=100mH ©C=2uF R=4000
the phase difference - —eanan—
between the current
and the wvoltage in o

the series LCR circuit
shown below. Which

one leads in phase: current or valtage?

{2/3, Delhi 2017)

V=V, sin(1000t + 6}

OR
Determine the value of phase difference between
the current and the voltage in the given series LCR
circuit,
R=4001L)

V=V, sin(1000t + §)

TC=2].|.F

(2/3, Al 2015)

An inductor L of inductive reactance X is connected

in series with a bulb B and an ac source. How would

brightness of the bulb change when

(i} number of turn in the inductor is reduced,

(i} an ironrod is inserted in the inductor and

(ili) a capacitor of reactance X = X, is inserted in
series in the circuit. Justify your answer in each
case. {Dethi 2015}

A source of ac voltage V = V), sinmt is connected to
a series combination of a resistor 'R’ and a capacitor
'C. Draw the phasor diagram and use it to obtain
the expression for (i) impedance of the circuit and

(ii) phase angle. (A1 2015C) (Ev)

ULk
L=100mH

variation of
inductive reactance
(X,) of an inductor with
the frequency (f) of the
ac source of 100 V and
wvariable frequency is
shown in the figure.

-----------

100 200 300
flin Hz)
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35.

3&.

a7.

38.

Get More Learning Materials Here : i

(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 39. (a)

occurs in the circuit. Calculate the capacitance e

(2/5,2020) (Tr) |

{a) In a series LCR circuit connected across an :
ac source of variable frequency, obtain the :
expression for its impedance and draw a plot :
showing its variation with frequency of the ac

of the capacitor.

source.

(b) What is the phase difference between the :
voltages across inductor and the capacitor at
(e} When an inductor is connected to a 200 V dc ?‘? Power in AC Circuit : ThE Power
voltage. a current of 1 A flows through it. When
the same inductor is connected to a 200 V, ¢
50 Hz ac source, only 0.5 A current flows. :
Explain, why ? Also, calculate the self inductance | Question number 40 is Assertion (A) and Reason(R)

(Delhi 2019) :
i Assertion (A) and the other labelled Reason (R). Select

: the correct answer from the codes (a), (b), (c) and (d) as
given below.

40. Assertion (A) : When three electric bulbs of power

resonance in the LCR circuit 7

of the inductor.

{a) What do you understand by
‘sharpness of resonance’ for
aseries LCR resonant circuit 7
How is it related with the
quality factor 'Q" of the
circuit? Using the graphs
given in the diagram, explain

the factors which affect it. For which graph is

the resistance (R) minimum?

(b) A2 uF capacitor, 100 2 resistor and 8 Hinductor
are connected in series with an ac source. Find |
the frequency of the ac source for which the :
current drawn in the circuit is maximum. If :
the peak walue of emf of the source is 200 V, :

calculate the

(i) maximum current and, (ii) inductive and !

capacitive reactance of the circuit at resonance.

(A1 2019) (r] |

An ac source of voltage V = V sinwt is connected to 41
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 U‘Iif
(3/5, Delhi 2016) (Ev] :
A 2 pF capacitor, 100 Q resistor and 8 H inductor :

i 42

condition called?

are connected in series with an ac source

(iv) Define the term ‘Sharpness of Resonance’
Under what condition, does a circuit become

more selective? (Foreign 2016) (An]

A series LCR circuit is connected to an ac source
of variable frequency. Draw a suitable phasor
diagram to deduce the expressions for the
amplitude of the current and phase angle.

(b) Obtain the condition of resonance. Draw a
plot showing the variation of current with the
frequency of a.c. source for two resistances Ry
and R, (R, > R.). Hence define the quality factor,
() and write its role in the tuning of the circuit.

(Delhi 2014C) (i)

Factor

MCQ

type question. Two statements are given - one labelled

e @)

200 W, 100 W and 50 W are connected in series to
a source, the power consumed by the 50 W bulb is
Mmaximum.

Reason (R] : In a series circuit, current is the same

through each bulb, but the potential difference

across each bulb is different.

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

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

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

(d) Assertion (A) is false and Reason (R} is also
false, {2023)

When an alternating voltage E = Esinit is applied to
a circuit, a current I=In5|'n[mt +%] flows through it.

The average power dissipated in the circuit is

(3) Epe e (b) Eglo
Eoly

) = (d) Zero
2 (Term | 2021-22)

The power factor of a series LCR circuit at resonance
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.9
-

45,

(il 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
200V, find the maximum current.

(iii) Draw a graph showing variation of amplitude :

- EM (1 mark)

43,

of circuit current with changing frequency of
applied voltage in a series LCR circuit for two

different values of resistance R, and R, (R, > R,).

. The power factor of an ac circuit is 0.5. What is the :

phase difference between voltage and current in the

circuit?

(Foreign 2016) (R |

Why is the use of ac woltage preferred owver dc

voltage? Give two reasons,

XN (2 marks)

A resistor R and an inductor L are connected in !
series to a source of voltage V = Vp sin wt. The
voltage is found to lead current in phase by n/4. If |
the inductor is replaced by a capacitor C, the voltage
lags behind current in phase by n/4. When L, Cand R

44,

47,

48,

are connected in series with the same source,
Find the :

(i} awverage power dissipated and

(ii) instantaneous current in the circuit.

(A12014) |

(2020)

In a series LCR dircuit, V|, = V= V. What is the value

of power factor for this circuit?

(1/2, 2020)

In series LCR circuit obtain the conditions under
which (i) the impedance of the circuit is minimum

and (ii) wattless current flows in the circuit.

(Foreign 2014) (An) |

XM (3 marks)

49,

50.

Get More Learning Materials Here : i

An alternating current | = 14 sin (100 nt). A passes

i 53,

through a series combination of a resistor of
30 2 and and inductor of [‘SE]H Taking V2=14,
n i

calculate the
(i)
(i)
(a)

resistor and the inductor and
power factor of the circuit.

rms value of the voltage drops across the

(2023) |
An ac circuit as shown in the figure has an

inductor of inductance L and a resistor of :
resistance R connected in series. Using the
phasor diagram, explain why the voltage in the

e @)

will be
fa) 1 (d) 1742

(2020) (R

tb) O le) L2

An alternating current 1 = (10 A) sin (100 xt) is passed
through a resistor of 20 2. What is the average
power consumed by the resistor over a complete
cycle 7 (Al 2021C)

(a)
(b)

lc)

name the circuit element ¥.

calculate the rms value of current, if rms value
of voltage is 141 V.

what will happen if the ac source is replaced by
a dc source? (2019)

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

L=100mH C=2puF R=4000
&
V=V, sin(1000t + ¢)
(173, Delhi 2017)
OR

Calculate the value of the additional capacitor which
may be joined suitably to the capacitor C that would

make the power factor of the circuit unity.
R=400£50

V=W, 5in{1000t + 4]

TC=2pF

(1/3. Al 2015)

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.

A lamp is connected in series with an inductor
and an AC source. What happens to the
brightness of the lamp when the key is plugged

T
L=100mH

(i)

(i)

in and an iron rod is inserted inside the
inductor? Explain.
S [lamp
—e (Al 2016)
@& www.studentbro.in
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circuit will lead the current in phase.

(b) The potential difference across the resistor is
160 V and that across the inductor is 120 V. ©
Find the effective value of the applied voltage.
If the effective current in the circuit be 1.0 A
calculate the total impedance of the circuit.
(c) What will be the potential difference in the
circuit when direct current is passed through
the circuit? i
R L
V==V,
o :
£ = £g Sin i (2019)
51. An ac circuit consists of a series combination of
circuit elements X and Y. The current is ahead of
the voltage in phase by n/4. If element X is a pure :
resistor of 100 43,
57. In series LR circuit X, = R and power factor of the |

circuit is Py. When capacitor with capacitance C :
such that X, = Xc is put in series, the power factor

becomes P;. Calculate Py/P,.  (2/5, Delhi 2016) (An) :

7.8 Transformers®

MCQ
58. The core of a transformer is laminated to reduce the |
effect of i
(a) fluxleakage (b) copper loss
(e) hysteresis loss (d) eddy current.

M (1 mark)

59. Laminated iron sheets are used to minimize

currents in the care of a transformer.

BEIXIN (3 marks)

&0. (i)

(2020) (R )

m = g and why ?
(ii)

transformer. Why ?

{iiiy On what principle does a metal detector work ?
(4l 2021C)

(Term 1 2021-22) |

An LCR series circuit is connected to an ac |
source. If the angular resonant frequency of :
the circuit is mg, will the current lead or lag :
behind or be in phase with the voltage when

We cannot step up a de wvoltage using a

e @)

{ 54, A circuit containing an 80 mH inductor and a

250 mF capacitor in series connected to a 240 V|

100 radfs supply. The resistance of the circuit is

negligible.

(i) Obtainrms value of current.

(i) What is the total average power consumed by
the circuit? (Delhi 2015C) (Ap)

A voltage V = V; sinmt 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?
(Al 2014)

(5 marks)

56. Show that an ideal inductor does not dissipate
{275, 2020) (Ap)

power at 440 V. The resistance of the two
wire line carrying power is 0.5 £2 per km. The
town gets the power from the line through a
A000-220 V step-down transformer at a sub-
station in the town. Estimate the line power loss

in the form of heat. (Delhi 2019) (Ev)

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.

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. (Delhi 2017) (Ev]

&4, (i) Draw a labelled diagram of a step-down

: transformer. State the principle of its working.

(ii) Express the turn ratio in terms of voltages.

(iii} Find the ratio of primary and secondary currents
in terms of turn ratio in an ideal transformer.

(iv) How much current is drawn by the primary of a
transformer connected to 220 V supply when it
delivers power to a 110V - 550 W refrigerator?

(Al 2018)

&7. (i)  Write the function of a transformer. State its
i principle of working with the help of a diagram.
Mention various energy losses in this device.

power in an ac circuit.

&5. [a)

{b)

@ www.studentbro.in
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61.
reasons, the following facts :

{a) The output current is less than the input :

current. !
(b) Theiron core is laminated. :
{c) The input power is more than the output power. !

(Al 2020C)

Explain with the help of a diagram. the working of
a step-down transformer. Why is a laminated iron

62.

core used in a transformer?

(S marks)

63. With the help of a labelled diagram, explain the
working of a step-up transformer. Give reasons to

explain the following :
(i} The core of the transformer is laminated.
{ii) Thick copper wire is used in windings.

&4,

sources of energy loss in this device.

(b) A small town with a demand of 1200 kW |

of electric power at 220 VWV is situated
20 km away from an electric plant generating

In a step-up voltage transformer, explain giving

(Al 2020C)

(375, 2020)

{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

(i) The primary coil of an ideal step up transformer
has 100 turns and transformation ratio is
also 100. The input voltage and power are
respectively 220V and 1100 W. Calculate
number of turns in secondary

current in primary

voltage across secondary

current in secondary

power in secondary (Delhi 2018)

Draw a schematic arrangement for winding of
primary and secondary coil in a transformer
when the two coils are would on top of sach
other.
State the underlying principle of a transformer
and obtain the expression for the ratio of
secondary to primary voltage in terms of the
number of secondary and primary windings and
primary and secondary currents.
Write the main assumption involved in deriving
the above relations.
Write any two reasons due to which energy
|losses may ocour in actual transformers.

(Al 2014C)

(a)
{b)

(c}
(d)
(e)

i 68. [a)

(b)

i)
(i)
{e)

(d)

“In this topic, the subtopic eddy current has been deleted from current
i CBSE syllabus. But, it has been asked as subparts of some previous years
i questions. Thus, we are keeping it in those questions.

- -
, CBSE Sample Questions /

7.2 AC Voltage Applied to a Resistor
(1 mark)

1. An alternating current from a source is given by
i = 10sin314t. What is the effective value of current

(2020-21)

and frequency of source?

7.5 AC Voltage Applied to a Capacitor

MCO

2. Which of the following graphs represent the © 4 A 20 volt AC is applied to a circuit consisting of a

variation of current (/) with frequency (f) in an AC :

circuit containing a pure capacitor?
A

[ I

(a) (b)

e @)

s —— T |
(Vo
&)
P
ey
50+/2sinwt
(a) 30v (b) 58V () 29V (d) 15V

(2022-23)

resistance and a coil with negligible resistance. If the
voltage across the resistance is 12 volt, the voltage
across the coil is
(a) 16V

) B8V

(b) 10V
(d &6V (Term]2021-22)

7.  The instantaneous values of emf and the current

in a series ac are E = Fpsinet and [ = lgsinfot + /3)
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Y (3 marks)

3. An ac source generating a voltage £ = &, sin mt is :
connected to a capacitor of capacitance C. Find the
expression for the current | flowing through it. Plot
a graph of £ and | versus wt to show that the current

(2022-23) :

is ahead of the voltage by /2.

7.6 AC Voltage Applied to a Series
LCR Circuit

MCQ

brightness of the bulb will

{~)
oy
{a) decrease (b)
(c) remain unaffected

increase

N

reading of voltmeter Vi, is

(c) If resistance is added in series to capacitor what

current.

7.7 Power in AC Circuit: The Power

Factor
MCQ

11. A sinusoidal wvoltage of peak wvalue 283 V and
frequency 50 Hz is applied to a series LCR circuit in
whichR=30Q,L=2548 mH and C = 796 uF, thenthe |

power dissipated at the resonant condition will be
(a) 39.70kW (b) 2&470kW
(c) 13.35kW (d) =zero

(ferm 12021-22) (U] |
{ B, An alternating voltage source of variable angular

- BN (3 maris)
: 9. An ac voltage V = V, sin ot is applied across a
4. An iron cored coil is connected in series with :
an electric bulb with an AC source as shown in
figure. When iron piece is taken out of the coil, the :

BT (5 marks)

10. {3) Derive the expression for the current flowing

(d) fluctuate (2022-23) |
If the reading of the voltmeter V; is 40 V, then the |

e @)

respectively, then it is

(a) Mecessarily a RL circuit

(b) Mecessarily a RC circuit

{c) Mecessarily a LCR circuit

(d) Canbe RCor LCR circuit (Term | 2021-22) (Ap)

frequency ‘' and fixed amplitude 'V' is connected
in series with a capacitance C and electric bulb of
resistance R{inductance zero). When '’ is increased
{a) the bulb glows dimmer

(b) the bulb glows brighter

{c) netimpedance of the circuit remains unchanged
(d) total impedance of the circuit increases.

(Term | 2021-22) (fp)

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
nf2. Also draw graphs of V and i versus wt for the
circuit. (2022-23)

in an ideal capacitor and its reactance
when connected to an ac source of voltage
V= Vg sinmt.

{b) Draw its phasor diagram.

! of transformers. The voltage output of the generator is
changes will occur in the current flowing in the :
circuit and phase angle between voltage and
(2020-21) (B '
— i sub-stations and utility poles before a power supply of
. 240V reaches our homes.

i (I} Which of the following statement is true?

stepped-up. It is then transmitted over long distances to
anarea sub-station near the consumers. There the voltage
is stepped down. It is further stepped down at distributing

{al Energy is created when a transformer steps up
the voltage.

(b} A transformer is designed to convert an AC
voltage to DC wvoltage.

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

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

(Term 1 2021-22) (Ap) - (li) If the secondary coil has a greater number of turns

than the primary,
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7.8 Transformers
MCQ

12

loss in a transformer

(a)
(b)
{c)

core of a transformer
primary and secondary coils

due to magnetostriction

{d) primary coil is made up of a very thick copper
wire. (Term | 2021-22)
(o AR TS0l (4 marks)
13. Step-up Step-down
tramsiormer transformer

Clty
sub-station

| ]

Transmission line
Figure : Long distance power Eransmissions

Poweer station
'l

The large-scale transmission and distribution of

electrical energy over long distance is done with the use :

SOLUTIONS

i Here, it is clear that Q and R are not alternating current

Detailed

A\ Previous Years' CBSE Board Questions
1. (d] There are four I'“ P
devices connected  with W o
different sources. /—/_,—/’Q
current, B

In  altermating

the current changes its
magnitudes sinusoidally with 5
time and

origin.

1
S0, 1=15+/2 sin| 2 13 50 % —
3 'q"_EI!'I[ L 8 KﬁMJ

= . (x) 1542
[=158+/2 — —=
¥ 5'“{.5} 2
Key Points @

2 The alternating voltage and current are measured
and specified in terms of their rms. value.

15
=2
2

3. (d

. Which among the following, is not a cause for power
eddy currents are produced in the soft iron
electric flux sharing not properly done in

humming sound produced in the transformers :

Given, voltage, v = vpsinmt is applied to a series

e @)

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

(b) the woltage is stepped-down (V, < V) and
arrangement is called a step-down transformer

{c) the current is stepped-up (I, = I} and
arrangement is called a step-up transformer

(d) the current is stepped-down (I, < I) and

arrangement is called a step-down transformer.

We need to step-up the wvoltage for power

E (i)
i transmission, so that

{a) the current is reduced and consequently, the
2R loss is cut down

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

(¢} the power is increased before transmission is
done

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

A power transmission line feeds input power at
2300V 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 230V
i are

(a) 4

fiwv)

(b) 40 (c} 400 (d) 4000

(Term | 2021-22) (Ev)

flow.

Here, 5-device shows the variation of current with time
and P-device's current does not passing through origin.
Hence, option {d) is correct.

1
i 2 (a):Here, L= 15A,f=50Hz, f=—
i 500

passing throtgh  © ¢ The equation of current is

I = Igsin{wt) = I, 42 sin{2ft)

ar |‘=:'nsin[mt+%]

In pure capacitive circuit current leads voltage by 12_1.' i
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combination of a resistor R and an element X.
Also, instantaneous current in the circuit,

=\ SiT‘I(mE+£]
a 4
Since, current is

difference E. S0, capacitor must be present in the given

circuit.

Thus, the circuit must be RC. Vi
" V. *

tan—=—

¥

or v.=vy or X.=R Ve

Z=\R?+x2

F AL

Z=vR?+R?
Z=\2R
Hence, X is a capacitor and X, = R. So, option (d) is correct.

4. Impedance of a capacitor,

e e

oSt where n is the frequency of source.

5. Capadtive reactance is the resistance offered by a
capacitor to the flow of ac through it. It is denoted by X

i (c) The
i waries

! frequency. As v

1
2rulC
where v = frequency of ac source

Mathematically, X =

8. {a) Capacitive reactance, X arree
i @l

leading the voltage with phase |
E ()

9. (a)

Capacitive reactance, Xp=—=——

1
2nfC

From graph, for Xc = 12 Q, f= 50 Hz

1

= aasonc —CT265KF

(b} Inductive reactance, X, = ol = 2xfl
i Forf=100Hz, X=X =61

6§=2x314x100%xL=L=9.565mH

X

f
Here device X is a capacitor.
1
wC  2muC

(b) In pure capacitive dircuit current leads voltage by %

vl

capacitive reactance ¢
inversely with the x.
increases, X

C = capacitance of the capacitor. decreases. Graph shows the
Ohm (£2) is the Sl unit of capacitive reactance. i wariation of X with v, e
6. Showing variation of capacitive : (d)
reactance with the change in the i " e v
frequency of the AC source. Xe by sin fuat + 7/2) | W sl wt
1 i :
Ae =E=_21'[1JC O u—e i 0 ]
o AR : 10. (a) Device Xis a capacitor.
Hp oo — : (b) B—sVoltage (Because it is sine wave)
i C— Current (Because current leads voltage by n/2)
7. V=Vpsinwt, c=3 : A— Power (Average power over one cycle is zero)
v C i [¢) the capacitive reactance
o d : 1! varies inversely with the I
= CV, t, =-d—q= H Y
1 g dit dtliC‘.fnsmmt]- i frequency. As v increases, X
= mCVgcosmt i decreases. Graph shows the
N variation of X with u. —~
5.5 Pd) V=V sinot
il V=Vysinmt
¥ I c=%
f [ k19 i
= sin| wt+— :
: xcs'”[ T3 ] | q= CVsinumt
Get More Learning Materials Here : & m @& www.studentbro.in



dg d A
i= E=E{w“ sinmt)

= mCVycoswt

WV
= —-ii-cusmt

L Xe

wC

. Vn . b "
I=—=sin| wi+— f =i 5i b
Xc { 2) or 1 IDSII'I[IIIf-I-2]

Vo= Vg simmt
. N i
In pure capacitive circuit current leads voltage by —

below:

E=H/R2+[21ﬁ.—%]z

Z i

R

12. (a): X =L, xc=é

X wlxeC

2
=m LC
X 1 [

13. (c): Given, the phase difference, is ¢-=-E- (between

source voltage and alternating current)

Phase difference of /2 is possible when L or C is present.

%o, L and R cannot be present.
14. (d)

15. (c):Voltage across resistor, Vg = 20V
Voltage across inductor, Vi = 15V
Voltage across capacitor, V= 30V

The resultant voltage is given by

V=y V2 +(V, -V =207 +{15-30P =25 V

14. {a):lm an ac. circuit containing L, R and C, the

impedance is
1
Z=\RP+(X =Xl 5 X, =2nfL, Xe=—n
N L=Ae L =2nfl, X Inic
We know, :=E-
2z

When frequency increases, the current first increases ;

g T W
SR

and then decreases.

17. (bl:Here: resistance, R = 15 &, inductance,
L = B0 mH, capacitance = C, frequency, f = 50 Hz
When, the current and voltage are in same phase,
S0, X =X
1
2=fC

2nfl=

Get More Learning Materials Here : i

z=M|'R2+x§

: Z=4/300% +400% =500 0

e @)

! 18. |b):Here, resistance, R = 300

; capacitance, C:gpF
: | 4

1 1

= = x10° =400 F
2muC 2mx 50

25

T

200

: V
11. (a):Impedance (Z) versus frequency ([f} is :-'ﬁ'luwn Llrrent, ‘-E-mﬁﬁ =than

© 19. (c):Selectivity depends on the quality factor,

_ gl
" q- R l.
: 20. Impedance of a resonant series LCR circuit,
E=.,.IR:2+[HL—KC}2=R [ X, = X at resonance]
21 W :
] ‘;;‘ E
: |
v |
g RN Joeex
E A

T e

22. Given, L=04, C=10uF, R =400 £ are connected in
! series to an ac source V= 40 sin (1000t + n/3) volt.

(a) Impedance of circuit, Z=1/R%+(X, 'xc}i

V=4asin(1mn:1t+§]

w= 1000, R =400 0

P X =wl=1000%040Q=4000Q

xl: =l= ﬁﬂ:imﬂ
oy 107« 1010

Impedance (Z)=4/R? +{RL—XC]2 L

- =\1400)% +(400-100 @ = /4007 +(300F @
Impedance (£) = 500 0

(b) Mow, peak value of current, we have,
Impedance (£) = 500 £

V,

s =2, Vo =40V

_Vy _40
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1 1
Tan%l 4x(314)F %507 x80x10~
C=127x104F =127 uF

23. Sharpness of resonance
of the voltage developed across the inductance (L) or

across the resistance (R).

T
Q"ﬂc

It may also be defined as the ratio of resonant angular :
: (i} At resonance, the frequency of the supply power
: equals the natural frequency of the given LCR circuit.

Impedance of the circuit, Z= H'Rz+ﬂXL-XE ¥

frequency to the bandwidth of the circuit.

1]
sl s,
qzﬁm

It is a dimensionless quantity.
24, For the RC circuit,

Impedance, Z = (R +(1/ m-E}I2

Ep i
tl=— ()
urren z {i] A

(il When a dielectric slab is introduced between the et inthe dnculk: "z _

plates of the capacitor, then its capacitance increases.

Hence, from equation (i}, impedance of the circuit is
decreased and the current through it is increased. 5o, :
i complete cycle P = V]

brightness of the bulb will increase.

(i) When the resistance R is increased and capacitance :

is same, then from equation (i), impedance of the circuit is
increased and the current flowing through it is decreased.
5o, brightness of the bulb will decrease.

Canswer Tips (7]
= When dielectric matenal with dielectric constant K
is introduced between the plates of the capacitor, it
increases the capacitance of the capacitor by K times.

25. () L=50=10%H,C=80x10%FR=400
- 1

VL€ \J50x103x80x107

3
m-iﬂ =500rads ::.u=@=aﬂHz

2 T

— Iz

(i) Qui Lal 50x107% %xﬁﬂﬁ-ﬂﬁiS

RNC 40Ygox107®

current and £ is is impedance.

X=yR%+ X2

Here, X_is capacitive reactance
1 1

wme 2mul

E At resonance, x =x =ﬂ-ﬂ_=—
¥ L C n]c-

- =lx—=10x

e @)

I, = 0.08 Amp. = B0 mA

: It is defined as the ratio | Voltage drop across the capacitor = | X,

 =4x40=160V
capacitance (C) at resonance to the voltage developed

(i) Total voltage drop = 120 + 160 =280V

: 120V and 160 V are rms value of voltage and the sum of
: both i.e., 2B0V is smaller than the source peak voltage.

i 27. Given, R=200,L=2H,C=50uF

V=200V

1

= = 1 =100 rads
! JLC

Z=R=200
v 200V
200

=104
(ii) The average power transferred to circuit in one

= 200 = 10 = 2000 W

(iii) Potential drop across the capacitor

1 108
— 2000V
wl 100=50

28. (i) Ina LCR circuit, if we increase the capacitance of a
! capacitor then X; < X. tan 8 become negative.

i Therefore, 0l is negative.

HE'I'IEE. current !Eads thE vnlta-ge b'f a phase angle ¢ and

CIrE‘IJIt is capacitance l.‘.iDrI'IInEltEI:I tlr::uLl:.

i {ii} Inseries LCR circuit, the voltage across the inductor
is 180° out of phase with voltage across the capacitor.

| While voltage acrosses L and C are 90° out of phase with
i voltage across R. Hence they are added taking account of
i their direction.

: (iii) Graph between variation
! of impedance and frequency in
i circuit.

26. (i) In R-C circuit, V = IZ, where 'V' is voltage, | is : e
z="|IR2+|{xL_xf)1

2=1|! +{2=¢-L)2 L

2rfC

[ —

29. Here, a resistance R and capacitor C connected in
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As frequency, uv=50Hz; C=EpF
n

&
0 350 =401
2rxS0x—
1

thEI'L. Xc =

7=4/(30) +(40F =/900+1600 =500

v
N Vsl B s
AT
200V
| = e = ] A
500

(i} Woltage drop across the across the resistor = IR
=4 x30=120V

I=R
i This is the case of resonance so maximum current will
flow through the circuit. Hence brightness of the bulb

X
=ta -1 e 7
Sl ]
4 1
=tal e
L { wRC ]
In RC series circuit the current leads the applied voltage.
30. (a) (i) Peak voltage across R, R L
Ve =IoR AW— T
v a— o
VE=7—Q—2R l"rl? V]_
R2+X1 —~
(i) Peak voltage across, L p= s
Wi sin ot

|.||l'L= .'Irﬂ‘xi.
JRZ 4+ X2

(b) .
v
@
v, |

Phase difference ¢=tan'1{i ]:t-ﬂ.n-i[x_L]
Ve R

Woltage leads in R - L circuit as shown in figure.

31. Given: V= V,sin(1000t +¢), R =400 Q, [ = 100 mH,
: (i) The phase angle ¢ between resultant voltage and
i current is gi-ven I:nr

C=2uF

C=2uF
L=100mH R=4000

[ LT ]

=

F
=

V=V sin (1000t + &)

The standard equation is given as
V=Vysin(wt+¢) .. w=1000
X, =wl=1000x 100x 103 = 10°= 100 0

;
i where, 2=J,JIIR‘I+K§=\|’R2+%
i W

T TR e L L o

= =L 20

series to source, V =V sin wf.
i {a) (i) Peak value of voltage across resistance

Vo_ Mo
AN
VR
i Vp=lyR=
SR
P VX
(i} VE =Fﬂ.l"|.'c — : c =
-: JRZ +x2

(b} Mow, the phase difference between applied voltags
: and current

i (i) When an iron rod is inserted in the inductor, then
i its inductance L increases. So, Z will increase and current
¢ through the bulb will decrease. Hence, brightness of the
! bulb will decrease.

(iii) When a capacitor is connected in series in the circuit,
i soits impedance is given by,

L 2= X =X PR

(X=X

i will increase.

33 () V=Vsinot i)
: From diagram, by parallelogram law of vector addition,
VeV =V

Using pythagoras theorem,weget ., =
FVE= VR4 VE= (IR + (IX)? :
F V2= 2 (R2+ X3

v v

£ = impedance.

Ve IXe Xe 1/wC 1

Vo IR R R wRC

i 34. (i) We know that, X, = wl = 2xfl

X ~0.0318 H=31.8mH

2nf 2x3.14x100

E (i) For maximum power dissipation, X, = X

H - 1 3 1
Eﬂ-z—ﬂc:}ZXiMxﬂm:{Eiﬂxlﬂ TR T
m @& www.studentbro.in
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1

—_— =500
1000x2x107°

_ 1
‘KC'E'

the series LCR circuit is given as,
¢p=fm1_1§£.;_x.£

5&3-1&}]

200 =tan (1)

= till'l_l(
&= 45
Since, X > X, therefore current leads in phase.

32, Inductive reactance, X; = ml
Impedance of the circuit,

7= JKE+R2 =Jw?? +R? R

(i} When the number of turns in E
an inductor coil decreases then its )
inductance L decreases. So, the net e

L

impedance of the circuit decreases and current through
the bulb (circuit) increases. Hence, brightness (I°R) of :

bulb increases.

across the circuit is

E= V0V Vel
or E=l/RE+(X, =Xc] or E=iZ

where Z is the effective resistance offered by ac circuit :
containing inductor, capacitor and resistor in series, Figure shows the variation of i
known as impedance in series LCR circuit. Hence in series :

LCR circuit, phase difference ¢ between the current | and !

the voltage E is

il
tEIH-[h:EL;—x;:—Rﬂ:-
10
Z 05 Il
=% AN
"\\‘ I
0.0 bemd=—T"] ] [
05 10 15 20

w(Mrad/s} —»

With increase in o, current first increases (upto wy) :
i Quality factor or simply the Q-factor of a resonant LCR
: circuit is defined as the ratio of voltage drop across the
§ resistance at resonance.

l:I

and then decreases.
(b) Atresonance, X, = X
"HL -xﬂ' =0

tané=
R

=0

circuit
¢ of inductance L, capacitor of v,
! capacitance C and resistor of

: resistance R in
i the voltage drop across the o

© inductoris Vi =1 % X, =

i which leads current | by phase angle of /2, and voltage
. drop across the capacitor is Vo = | x X,

e @)

i = C=BBx10*F=88pF

35. (a) AC circuit containing inductor, capacitor and

; . © resistor in series [Series LCR circuit]
Phase difference between the current and the voltage in P I is the cavent dn the

oy . C
containing inductor

series, then

Phasor diagram

which lags behind current | by phase angle of n/2, and

i voltage drop across the resistoris V= IR,

which is in phase with current I. So the net voltage E, ! P
| K

2Mm

Circuit become more selective if the resonance is more
i sharp, maximum current is more, the circuit is close to
i resonance for smaller range of (2Aw) of frequencies.

Thus, the tuning of the circuit will be good.
with w in a LCR series
circuit for two values of resistance B; and Rz(R; > Rz,

! iz
3 i\

o a1
| agl T

w, (Mradfs) —»

The condition for resonance in the LCR dircuit is.
PR

We see that l:hE current amplitude is maximum at the
resonant frequency. Since I
i current amplitude for case R;

1

Rl 7

= V_ /R at resonance, the
is sharper to that for

case R,.

Vi _wl
'u‘iR

@ www.studentbro.in
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There is no phase difference between voltage across 1L
Thus finally, Q-E s

The Q factor determines the sharpness at resonance as
for higher wvalue of O factor the tuning of the circuit and
its sensitivity to accept resonating frequency signals will
i be much higher.

: At resonance, current in ac series LCR circuit is maximum,
i and depends only an the ochmic resistance R of the circuit.
Thus if the chmic resistance R of series LCR circuit is low,
i then large current flows in circuit at resonance. So graph
same inductor is connected to a.c. source, current will be C i.e., resistance Ry has minimum value.
: (b) To draw maximum current from a series LCR circuit,
the circuit at particular frequency X, = X..

i The frequency of the source will be

inductor and capacitor at resonance in the LCR circuit.
(c) Whenever an inductor ]

is connected to an a.c. source 0™

then it produces inductive =

reactance as impedance, r:'Fﬂ b
that reduces the amount of - -

current flowing through it =
When inductor is connected 200V, 50 Hz
to d.c. voltage, current flow in a circuitis 1 A and when in

reduced so, we can say that power consumption is more
in case of d.c. circuit.

Here, I=05A, V=200V, uv=50Hz
Inductive reactance, X, = wl = 2mol

v 200

Alsg, | = R .. S
e T Ve

3 200

T 05x2x3.14 x50

== L =127H

36. (a) Sharpness of resonance : It is defined as the :
ratio of the voltage developed across the inductance (L) :
or capacitance (C) at resonance to the voltage developed ©
P =2xw 314 x 39.80x 8= 2000 02

across the resistance (R).

qslft

“R\C

It may also be defined as the ratio of resonant angular . o
| 2x3.14x39.80x2x10™°

P il) When an iron rod is inserted in the inductor, then
i its inductance L increases. 5o, Z will increase and current
! through the bulb will decrease. Hence, brightness of the
¢ bulb will decrease.

i (iii) When a capacitor is connected in series in the circuit,

In RC series circuit the current leads the applied voltage. 5GHteimpedance I gven by,

L Z= X, - X P +R?
: Z=R
i This is the case of resonance so maximum current will

flow through the circuit. Hence brightness of the bulb
i will increase.

frequency to the bandwidth of the circuit.

A
= R e
d=tan (R]

T
$=tan [mRE]

30. (a) [i) Peak voltage across R, R L
Va= IR -
V —- -
V, =7—0—2R Vi v,
Rz-rxl ~
(i} Peak voltage across, L R
Vi sin wt
V= Vo X,
T
JR2 e XE
(b} ¥
V.
@
Ve |
Phase difference ¢=tan‘1{v—L]=tan‘1 [K—L]
Ve R

Voltage leads in R = [ circuit as shown in figure.

Capacitive reactance, X, =-l-=—

Using pythagoras theorem, weget ., =
P V2= B+ VE= (IR + (IX)
V=P (R24 XD

where, Z= |R2+x§ =,||R2+%
i o C

e @)

1 1

u= = =39.8ﬂ HI
2rVIC  2x314Y8x2x10°

This frequency is known as the series resonance

: frequency.
i _Ep 200
W =% =100~ 2A

(ii) Inductive reactance, X; = wl = 2mul

1
wC 2muC

! 20000

(X=X

33 (i) V=V,sinwt i)
From diagram, by parallelogram law of vector addition,
=V

L v

TR 2
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31. Given: V=V, sin(1000t +¢), R =400, L = 100 mH, '
i (i} The phase angle ¢ between resultant voltage and
i current is given by

C=2pF

€= 2uF
L= 100 mH R=4000

L |

Gy

i
h

V= Vysin (1000t + )

The standard equation is given as

V=V,sinfot+d) .. w=1000
X, = wl = 1000 = 100 x 10-*= 10°= 100 0
Xe= = =5000

the series LCR circuit is given as,

#:tm]_ifggﬁ.

. b= un‘i[%} tan~1(1)

o =457
Since, X > X, therefore current leads in phase.
32. Inductive reactance, X; = ml
Impedance of the circuit,

Z=JXE+RE=JE}RLE+R2 R
(il When the number of turns in

L

| tane=Ve e _Xe_l/aC_

é::l'.

circuit containing
i of inductance L, capacitor of
: capacitance C and resistor of
{ resistance R in series, then
! the wvoltage drop across the o
inductoris Vi = = X,
! which leads current | by phase angle of n/2, and voltage
i drop across the capacitor is Vo =1 x X

E
an inductor coil decreases then its )
inductance L decreases. So, the net b

impedance of the circuit decreases and current through
i which lags behind current | by phase angle of n/2, and
i woltage drop across the resistoris V= IR,

which is in phase with current I. S50 the net voltage E,
| e

the bulb (circuit) increases. Hence, brightness (IR) of
bulb increases.

across the circuit is
E= Vi + (v =Ve )
or E=I\|IIR2+[K,_-Kc]r2 or E=I7

e @)

Z =impedance.

Ve Xe Xe /o€ 1

V. R R R wRC

- 34 (i) We know that, X, = ol = 2nfl

X 20

= bt = e (00318 H=318 mH
2nf 2x3.14x100

(i) For maximum power dissipation, X, = X;
| omfiz
i oL 2

| = C=B8x10°F=88yF

{35, (a)

Phasze difference between the current and the voltage in rﬂlst?r ok lser1EEf LCR circuit]
i If | is the current in the

1 .o 1
9%3.14%300x318x10 3 =—
ol 2%3.14%300C

AC circuit containing inductor, capacitor and

. C
inductor

et

vl 1 7
C =
Phasor diagram

i)

2Am

Circuit become more selective if the resonance is more
sharp, maximum current is more, the circuit is close to
¢ resonance for smaller range of (2Am) of frequencies.
where Z is the effective resistance offered by ac circuit :
containing inductor, capacitor and resistor in series, Figure shows the variation of i, with @ in a LCR series

known as impedance in series LCR circuit. Hence in series | circuit for two values of resistance R; and Ry(R, > Ra),

Thus, the tuning of the circuit will be good.
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LCR circuit, phase difference ¢ between the current | and
the valtage E is i A
1 T
gl = [ R
taﬂ'¢l= x]'. -xf = mC E I RE
R 2 &
10 % T
! = o T
? w, (Mradfs) —
Z 05 I ¢ The condition for resonance in the LCR circuit is,
= 115 § R R .
0.0 k=1 a| [T T i We see that the current amplitude is maximum at the
05 10 15 20 ! resonant frequency. Since i, = V,/ R at resonance, the

m (Mradfs] ——m

and then decreases.
(b) Atresonance, X, = X,
xl. -KC =0

tané=
né R

¢=0°

There iz no phase difference between voltage across
inductor and capacitor at resonance in the LCR circuit.

(c) Whenever an inductor L

is connected to an ac. source T
then it produces inductive I
reactance as impedance, 4:.:5-’*
that reduces the amount of -

current flowing through it. ot
When inductor is connected 200, 50 Hz

to d.c. voltage, current flow in a circuit is 1 A and when in
same inductor is connected to a.c. source, current will be |
reduced so, we can say that power consumption is more

in case of d.c. circuit

Here,[=05A, V=200V, v=50Hz
Inductive reactance, X, = wl = 2mul

v 200
Also,l=— o T —— e o
X 2%3.14x50%L

200 _127H

= l=35%2x314x50

36. (a) Sharpness of resonance : It is defined as the :
ratio of the voltage developed across the inductance (L)
or capacitance (C) at resonance to the voltage developed :
! =2x3.14 « 392.80 « 8= 2000 02

across the resistance (R).
1L

Q=z.|=
RVC

It may also be defined as the ratio of resonant angular = =
| 2x3.14x39.80x2x10~°

frequency to the bandwidth of the circuit.

Get More Learning Materials Here : i
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current amplitude for case R; is sharper to that for

With increase in w, current first increases (upto wy) !
i Quality factor or simply the Q-factor of a resonant LCR
! circuit is defined as the ratio of voltage drop across the
resistance at resonance.

P

case R,.

Vie R

5 1L
i Thus finally, Qm=, =
: us nayqﬂc

The Q factor determines the sharpness at resonance as
for higher value of ( factor the tuning of the dcircuit and
its sensitivity to accept resonating frequency signals will
. be much higher.

i At resonance, current in ac series LCR circuit is maximum,
and depends only on the ohmic resistance R of the circuit.
i Thus if the ohmic resistance R of series LCR circuit is low,
then large current flows in circuit at resonance. 5o graph
i Cle, resistance Ry has minimum value.

(b) To draw maximum current from a series LCR circuit,
the circuit at particular frequency X, = X..

: The frequency of the source will be

1 1

o - =39.80 Hz
2rJlC  2x314Y8x2x107

This frequency is known as the series resonance

i frequency.
i E; 200
0 R 100

(ii} Inductive reactance. X; = ml = 2ol

1 1

Capacitive reactance, Xp,=—=——

wC  2mul

2 200040
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(e Points (1

= For resonance to be occurred in LCR-circuit, the
presence of both capacitor (C) and inductor (L)
necessary. Resonance cannot be obtained in LR and

LC circuits,
37.-
inductance L, capacitor of capacitance C and resistor of

inductor is

Vo=1xX Vi
which leads current [ by phase
angle of /2 ., and voltage drop V) - Ve

If Iis the current in the circuit containing inductor of _ _
| 2x3.14x39.80x2x10™°

resistance R in series, then the voltage drop across the (@ The frequency of the source will be

This frequency is

! 3B. Todraw maximum current from a series LCR circuit,
the circuit at particular frequency X, = X..

: Inductive reactance, X, = wl = 2mul

{ =2x3.14 x 39.80 % 8 = 2000 0

1 1

Capacitive reactance, Xg =E=_

2ol

! 2000 £

1 1

U= - T
27JIC  2%3.14:/Bx2x107
known as the series resonance

=39.80 Hz

L J

across the capacitor is . frequency.
Ve=IxX Ey 200
Do o
which lags behind current 1V R ) Jg=t=To=2A
by phase angle of n/2, and i
voltage drop across the resistor is (i) e 1 =
Vy=IR L3 ;
which in phase with current [. So the net voltage E across | = L and C fixed
the circuit is (using phasor diagram) ! E R, =R,
E= Vg +V -V P 3
9
or E=IJRZ+(X =Xc) PR

or E=IZ

where Z=yJR? +(X, =X )" is known asimpedance.

Phase angle between voltage and current, is given by
[

A series LCR circuit has its natural angular frequency

1
=TT

. 1
and natural (resonating) frequency v=———.
( g) frequency o

When the applied ac in the circuit has this frequency, the

series LCR circuit offers minimum impedance ie, only ‘R’ : Voltage across resistor of resistance R, Vj = IR

and current at this frequency is maximum. In the case of Voltage across inductor of inductance L, V, = IX,

i Voltage across capacitor of capacitance C, V=
Above mentioned condition is known as condition of : 8= Pt i ™ e

resonance, voltage and current are in same phase.

resonance. In this condition

(i) Inductive and capacitive reactances are equal
X =X
1
ol = —
wC

1 1
Y T T

Series LCR circuit offers minimum impedance ie, only 'R’

and current at this frequency is maximum.
(i) Potential drop across inductor and capacitor are

Frequency

(iv) Sharpness of resonance : It is defined as the ratio
: of the voltage developed across the inductance (L) or
¢ capacitance (C) at resonance to the voltage developed
. across the resistance (R).

-

1L
“RNC

It may also be defined as the ratio of resonant angular
: frequency to the bandwidth of the circuit.

= My

2Am

39. (a) AC source, V=V sinwt

&

i Ve
. Using Pythagorean theorem,
m @& www.studentbro.in



equal. P V2=V (V -V

: F
Vi=Ve V2= PR24P(X, - X 3
(iii) The series resonant circuit is also called an acceptor : 2= PR+ (X, - X)7] ‘ (X, - X
circuit because when a number of different frequency Vg Vy e
currents are fed into the crcuit. the circuit offers s lg= = =7 o R A
minimum impedance to natural frequency current. H +{XI_-KE}2
where, .'¢'=1,.|'IR2 +|:XL-XC}2 is called its impedance. Using I =_IQ.=1EA
i . & i T 2 J2
impedance triangle the phase angle can be given as s
X =X V= —=x20 =V, =10042
t = i ¥rms rms
R |
(b) Resonance condition of a series LCR-circuit : A series | Powerlossinonce cycle P= V., |- cosf
LCR-circuit is said to be in the resonance condition when : =100+2 }-:Ecns[]“ — 1000W
the current through it has its maximum value. 2
The current amplitude [; for a series LCR-circuit is given 44. Power factor, cos & =0.5: cos o = cos 60° = ¢ = 60°
by . Phase difference = 60°
L= Vo ¢ 45 (i) AC can be transmitted with much lower energy
1 losses as compared to do
R2+(ml_-E (i) AC voltage can be adjusted (stepped up or stepped
i down) as per requirement.
Clearly, [; becomes zero both for w — O and w — ==, V Vit
The value of Iy is maximum when i 46. ) Current{!}=_=%
gk ﬂrm=?1_ JRE (X =Xe)
Lc ¢ Instanteous power dissipation (P) = PR
P —— : ; 2 .
Then impedance, Z=yVR? +{oL-ol) =R p=[vﬂ5'"mt] xn=vﬂ5'r; ™
] z i
Clearly, the impedance is T Rz ; Lo g
minimum. The current and Awragezﬁmr dissipated in a cycle
voltage are in the same phase t Moderate R : jﬂ Pdt VR 2nie
and the current in the circuit | : P == > anto (1-cos(2mt))dt
is maximum. This condition i | o
:,;the LER-C!FEFI.I_JI is called S s E PreV ol cos (6)
onance condition. W=y W— | R R, e S5 =z i
i (ii} Instanteous value of current in circuit,
The Q-factor of a series resonant circuit is defined as @ | =, sinfwt + ¢)
the ratio of the resonant frequency to the difference @ _, . ; v
i atinstanteous val ftime, t=0 J=—
in two frequencies taken on both sides of the resonant : :' I;E_a"iw bt st = R
frequency such that at each frequency, the current : a5i00 8
amplitude becomes % times the value at resonant 47. Power factor, Eﬂs¢=E
frequency. N Since, Vi =V = X=X .. Z=R = cosg=1
40. (d):AS, E= Egsingt 1= ,nsin[w+%] ; ¢=§ . 48. (i) The impedance of a series LCR circuit is given by

2 2
- 7o (2 +(mt-i]
Average power, P = Eglcosd =Eglgcos E=D i ¥ mC

b . 1 -
41. (b): Three electric bulbs of power 200 W, 100W and | £ Will be minimum when ol =— Le, when the circuit
50 W connected in series. : is under resonance. Hence, for this condition, Z will be
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We know that, P v or R 1
' R P

maximum for 50 W bulbs.
Resistance of bulbs = 50W = 100 W = 200'W.

will be different.

option (b} is correct.
42. [a): Power factor, m5¢=;=1 ;

43. Analternating current | = (10 A) sin {100xt)
Here lp= 10 Amp, a=0R=200
V. =l_xR

49. =14 sin (100 nt)
R=300, L=5iHﬁ.l"I_i=L4
i

= =3

Compare with | = I sinut
Iy=14 A w=100nrad/s

Jf,_ =l =100m = —-2—-= 4003
5m

Vo =l xZ
Z=JR?+12 =30 + 402 =500

Iy 14
(i) =0 __"__10a
II‘I"I'Is _JE 14

Now, Vg=I_. xR=10%x30=300V
V= los % X, = 10 % 40 = 400 V
30 3

: R
i} Power factor, cosp=—=—=—
(i) er factor, i g

50. (a) R
Wy —>a—

o

—

st

For the circuit, V and | are in phase in case of resistance :
while voltage lead current by % across inductor. Thus for

R-L circuit

L= .‘,'R2+J{2 and tan¢-—

Voltage lead current by E

s " VL‘\1/.UR
I
!

'U'l nf —= wt |
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minimum and will be equal to R.

i (i) Awerage power dissipated through a series LCR
As we know that, P = R. In a series circuit, the current ErmE'E given by
remain same for all three electric bulbs, but resistance is | '@~ cos(o) .
i where E = rms value of alternating voltage

I = rms value of alternating current

_ e = : ! = phase difference between current and voltage
| es circuit potential diffe g ac ach bulb ey
L@ SRhEe LTI Pt rene ross E 4 ! For wattless current, the power dissipated through the

[t is not correct explanation of the assertion. Hence, Celt should be 2er0 L2,
: coslg) =0

n

2

¢ Hence, the condition for wattless current is that the
i phase difference between the current and voltage
¢ should be n/2 and the circuit is purely inductive or purely
i capacitive.

o ] :
A H

So, phasor diagram:

51. Here, acircuit having circuit element X and Y.
We know that the current is ahead of the voltage in

hase E.
p by A

X v

] X=100 O
=
E = Eg Sin ot

{a) As current is ahead then circuit is capacitive.
i Hence, Y is a capacitor.

=

E —ED.$II‘I upl

© (b} Now, we know that V., = 141V

Impedance of circuit ()= -,ﬁu'lﬂ2 +K,E-

R=100 £

EL=Unn

R 4

Xe=R=1000
———y

| So, Z=+1007+100° = 10042

'me 141

s == = 0.597 A

10042

for I =1A

(c) If source current is replaced by a dc source, there is
no flow of electric current.

: 52. To make power factor of the circuit unity,

P X=X
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Across B Across L Acrass R-L
(b) We know that,1=10A, Vg =160V,V, = 120V
V=160V =IR = n-li“-imn
120

1-"‘_=1ﬁﬂ U:Ix[ = XL=—1—=12{]£1
2 12
Epet =y Vi +V]
= J[140)% +{120)° = /25600 + 14400 =200V
Impedance LE]=-.,I'R2 +XE

2 =4/(160) +(120)
2 = 255600+ 14400 = /40000 = 20002

(€} In case of dc across circuit, inductor will act as a

for intermediate time. But for the transition time there { ..

will be current drop across inductor.

(i) PBrightness of the lamp decreases. It is because when
iron rod is inserted inside the inductor, its inductance L :
increases, thereby increasing its inductive reactance X;

and hence impedance 7 of the circuit. As[_, = E?i , S0

this decreases the current |,
brightness of lamp.

54. (i) Here, L = B0 mH, C = 250 mF,
w = 100 rad/sec, V.= 240V

e o

~limxaax1u4 ST I
1mx25r::xm-3
F ~‘ 7.96
Vims _ 240

[ =—7T" =30.15A
™~ Reactance  7.96

55. The rate at which electrical
energy is consumed in an electric
circuit is called its power.

Suppose in an ac circuit, voltage

or C+(Cy= i

v : : ) Vol i ni i
plane wire and potential drop will occur at E[l.e..l=Fn] i W.ideal Inductor, Qurment k.

. In ideal inductor, current I,

in the circuit and hence the ‘fm ity

for Po= Vi b

| 57. For LR circuit, X, = R
i Power factor, Py =cos ¢

R
(i} The total average power consumed by circuit is zero. Rediire fatho = |:|_2 = :E

and current are having a phase

difference o.
V= Vg sin wt
=l sin (ot - @)
Work done by source of emf in a small time dt w:ih

negligible change in current.
dW = VI dt

W=\, sim ot

e @)

=2uF

C
L=100mH R=4000

F e
=
W= Vg sin {1000t + o)

1 1
—_ =100 S
@(C+Cy) = 1000(C+Cy)

=100

10°

for C=105-C=10%5-02x105=08x 105

i = C,=BuF

So required capacitor is 8 uF which is added in parallel
with the given capacitor.

53. (i) AsPa= Ve lms COSH
lags behind applied voltage

i Vi by /2
=2 so, P, =Vl oos /2
ior Po=V,  l.x00r P, =0.
: Vs
or PVl o0s0 =V, .l or P= R
i 56. AsP_ =V, .l cost

lags behind applied voltage

p=m/2 50, Pp=Vimslmoosw/2

x0 or P, =0.

— R — ._R, = =d1_—
1,,||I'R2"|'a":‘id1 ‘-'IIRE+R2 V2

For LCR circuit, as Cis put in series with LR circuit
: and, X, =X
: Power factor, Pz =cos ¢

R R -E-fl.

\;'IRE +X =X F y'lﬂz (X =X, F K
;i |

: 58, (d):To reduce the eddy currents, the core of a

L c R H
-
o i

Angular resonant frequency = wy

transformer is laminated.
59. Laminated iron sheets are used to minimize eddy
currents in the core of the transformer.

&0. (0 In an LCR circuit,

applied voltage frequency = w
o < cag)
X=X

X —-X

i: tam;:_-Jl R
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dW = Vil sin wt sin (ot - ¢)dt
where sinfwt - ¢) = sin wf cos ¢ - cos wt sin &
dW = Vl, [sin®mt cos ¢ - sin wt cos mt sin ¢]dt

dW =Vl [[ % }ﬂs.p_ 5!":” sinq:]dt

Mow total work done in a complete cycle

W—%ﬂx[ I;cm&dt—cnSbJ;caszmtdt-simI;s-inzmtdt]

T T
we can solve J msinﬂdt:_[ sin2mtdt=0

——ﬂ'hj-ncusﬁdt- |'_.u.'_

Thus power consumed over a cycle,

P=E=V I cosd

T’ NS s

m5¢T

(i) Minimum power : In an ac circuit containing pure L
only, current | lags behind the applied voltage V by phase
angle n/2. S0 average power consumed by pure inductor

'L" in complete cycle of ac is then given by
P=Vmlmoosmf2=0

(i) Maximum power : In ac circuit containing R only, :
both applied voltage V and current | are in same phase, so
average power consumed by resistor R in complete cycle

of ac is then given by

Core
W, 'L
Primi-l"i’l::- B :%mwﬂ
| Fam
4r N,
2 B

An alternating potential (V) when applied to the primary

coil induced an emf in it
di
Zp =—NPE
If resistance of primary coil is low V, = ¢,

, dd
ie. 'I.-"'lfI =-N”Ei"

induced in it.
g, ==N— dd’
dt
If output circuit is open WV, = &,
diy
WV, ==N,—
* dt
M N
Vo Ny
For an ideal transformer, P, = P,
= LV,=L\V

Thus,
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: For an ideal transformer, P:=P

e @)

: When X, > X, tan ¢ is negative. Therefore, ¢ is
i negative. Hence, current leads the voltage by a phase
i angle &. The ac circuit is capacitor dominated circuit.

: (i) When a dc voltage is applied to a primary coil of
i transformer, the current in primary coil remains constant.
i So, there is no change in magnetic flux linked with
secondary coil. Therefore, voltage across the secondary
is zero. Hence, we can not step up a dc voltage using a
i transformer.

(iii} Metal detector is work on the principle of
i electromagnetic induction.

&1. (a) Ina step up transformer, Ip = N’_
o

i e N
: For step-up transformation % |

: P

: S0, Ip (Input current) > I, (Output current)

(b) The iron core is laminated to minimise eddy current.
ic) In a ideal transformer, the power remains same
! but in practice power loss due to the heating of coils,

humming loss, magnetic flux leakage. hysteresis loss and
eddy current.

&2, Step-down transformer : S5tep down transformer is
i based on the principle of mutual induction.

i If output circuitisopen V, =g,

diy
in!';:—NsE'

V. N

| Thus 2=—%

Vo Ny

in

= LV, =1V,

I, N

‘a{ Ih{

i N
: For step-up transformer, —%>1

B

: In case of dc voltage, flux does not change. Thus no emfis
: induced in the circuit.

(i} The core of the transformer is laminated to reduce
As same flux is linked with the secondary coil with the

help of soft iron core due to mutual induction emf is (i) Thick copper wire is used in winding of transformers

: because of its low resistivity ie., low resistance.

eddy current losses.

&4, (a) Step down transformer (or transformer) :

Core

4

Primary

@ www.studentbro.in
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For step-down transformer ﬁ~-n:1 and thus lp < I and
Vs < Vp Np

The core of transformer laminate to reduce the eddy
current and its increase the efficiency of transformer.

3. Step-up transformer (or transformer) is based on
the principle of mutual induction.

[{Mo. of turns, Na) (Ma. of turns, Ny
Input R § output
ac 3
ErRy Secondary
coil o

Soft iron core

coil induced an emf in it.
diy
-N"I
If resistance of primary coil is low V, = g,.

ie, V, =-Np %

EF=

A= same flux is linked with the secondary coil with the :

help of soft iron core due to mutual induction, emf is where [, is the rms value of current.
Line power loss in the form of heat is,
¢ = (Ip)* x Resistance of wire line

: = (300)2 x 20 = 1800 kW

5. (a) Step-up transformer {or transformer) is based |
i on the principle of mutual iInduction.

induced in it.
d
£, ==N, d—T

on the principle of mutual induction.

[Mo. of turns, N {No. of turns, N,
Input R, E Output
ac 3
Primary Secondary
il catl

Soft iron core

An alternating potential (V) when applied to the primary :

coil induced an emf in it.
_ g o
EF_-NPE

If resistance of primary coil is low V, = g,

ey

il.-E'._ Vn - —Np E

| (i) P,=P.,=550W
' or &, l,= 550 or 220 x =550

¥

e @)

i Principle : When the current flowing through the primary
i coil changes, an emf is induced in the secondary coil due
: to the change in magnetic flux linked with it i.e., it works
¢ on the principle of mutual induction.

: There are number of energy losses in a transformer.

i (i) Copper losses due to Joule's heating produced
i across the resistances of primary and secondary coils. It
. can be reduced by using copper wires.

i (ii) Hysteresis losses due to repeated magnetization
¢ and demagnetization of the core of transformer. It is
minimized by using soft iron core, as area of hysteresis
i loop for soft iron is small and hence energy loss also
. becomes small.

(iii} lron losses due to eddy currents produced in soft
¢ iron core. It is minimized by using laminated iron core.
(iv) Flux losses due to flux leakage or incomplete flux
An alternating potential (V,) when applied to the primary linkage and can be n‘linl'_rnised by proper coupling of
i primary and secondary coils.

: (b) Power required, P= 1200 kW = 1200 x10° W

i Total resistance of two wire lines, R=2x20x05=200Q

{ E,=4000 volt

: As, P=E,/, .- 1200x10%=4000xI,
: 1200x10°

[ = \,=———=300A

to the change in magnetic flux linked with it Le., it works

N < Np

: Hence, e, <2,

i) oM

i £y Ny

¢ (iii) For anideal transformer, P, =P,
i |

for gl=el - e W

; l, g N,

550 5
=——=—=254
PN 2

| &7 (i) Step-up transformer (or transformer) is based on

As same flux is linked with the secondary coil with the | . principle of mutual induction.
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help of soft iron core due to mutual induction, emf is ‘

induced init.
dq:
g, ==N
Sdt
If output circuit is open V, =g,
v,=-n,2
dt
v, N
"J N
For an ideal transformer, Ppe = Py
= LV.=LV

Vo b N

Vo L Ny

Thus, =

N,
For step-up transformer, —=>1

induced in the circuit.

(il The core of the transformer is laminated to reduce

eddy current losses.

{ii) Thick copper wire is used in winding of transformers
because of its low resistivity i.e., low resistance.

(b) MN,=3000,V,=2200V,V,=220V,N,=?

AE, -E"=-r‘!i & NS =EP.1..II.I£

g Mo Vi

B 3000220 2

. 2200

&6, (i) Step down transformer :
Core
4
Nﬂ
La
:-D 1
. C_h:' M,

coil changes, an emf is induced in the secondary coil due

(a) Copper losses due to Joule's heating produced !
across the resistances of primary and secondary coils. It

can be reduced by using copper wires.

{b) Hysteresis losses due to repeated magnetization :
and demagnetization of the core of transformer. It is
minimized by using soft iron core, as area of hysteresis : For an ideal transformer, Poy = Pin = LV =1V,

loop for soft iron is small and hence energy loss also

becomes small.

{c) lron losses due to eddy currents produced in soft M
¢ For step-up transformer, ﬁ—‘—::-i

iron core. It is minimized by using laminated iron core.

(d) Flux losses due to flux leakage or incomplete flux :

L ie, V,==N

Ly
. Thus, ="

For an ideal transformer, P,

i N
¢ For step-up transformer, F‘-}i

e @)

(Mo, af turns, Ng) T (No. of turns, M)
Imput R,_; Chutput
ac -
P‘rlmar?' Secondary
ool H_, coll

Soft iron core

An alternating potential (V) when applied to the primary
i eoil induced an emf in it

N do

tF_ Pd’t

If resistance of primary coil is low V, = ..

diy
Pdt

As same flux is linked with the secondary coil with the
In case of dc voltage, flux does not change. Thus no emf is
¢ induced in it.

help of soft iron core due to mutual induction, emf is

di
By ==MN,—
S dt

If output circuit is open V, = g,

* dt

"f.‘

N
VD N.F'

=Py = LV =LV
L/

Vo k& N,

P

i Incase of de voltage, flux does not change. Thus no emf is
¢ induced in the circuit.

{iy The core of the transformer is laminated to reduce
i eddy current losses.

{iil Thick copper wire is used in winding of transformers
Principle : When the current flowing through the primary | because of its low resistivity i.e,, low resistance. There are
! number of energy losses in a transformer.

V, N,
Thus, S=—%
Us, v N

V. L N

{3
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linkage and can be minimised by proper coupling of
primary and secondary coils.

In case of de voltage, flux does not change. Thus no emfis

! induced in the circuit.

- N : (i) The core of the transformer is laminated to reduce
(i) Here Np=100, == =100 : eddy current losses.
e < i {ii) Thick copper wire is used in winding of transformers
eyt = IOV By 110_[} W i because of its low resistivity i.e, low resistance.
(@) Np=100 7. Ng=10000 i [c) The following three assumptions are involved
b) b= i:?ﬂ;ﬂ; i i) The primary resistance and current are small.
g 220 : (i) The same flux links both with the primary and
] M secondary windings as flux leakage from the core is
() &= E: x £p= 100 x 220 = 22000 V ' negligibly small
B 1400 1 : (iii} The terminals of the secondary are open or the
{d) ’5=_ﬂ=m=ﬁ (- Pa=P) . current taken from it is small.
es i id) [a) Copper losses due to Joule's heating produced
e} Ps=Py=P=1100W. across the resistances of primary and secondary coils. It
&8, (a) : can be reduced by using copper wires.
- {Mo. of turns, N} (b) Hysteresis losses due to repeated magnetization
{Mo. of turns, Np) = and demagnetization of the core of transformer. It is
£ ! minimized by using soft iron core, as area of hysteresis
Rz : A
InaF::"'t b Dt : loop for soft iron is small and hence energy loss also
Primary Secundary‘ becomes small.
tEIi| ’i!' l:l.‘.li:| - -
e _ _ CBSE Sample Questions
(b} Step-up transformer (or transformer) is based on 1. Here, | = 10sin314t i)
the principle of mutual induction. i We know, | = lpsinwt i)
(Nowof turns, Ny (No. of turns, Nl Cﬂmn!:re i'il:; (i} and (i), I = 10
| loy =—==—==7.07 A (1/2)
Input 5 R, % Output :I'E :I'E
o 1 P m=314=314 = 100 = 100=
Primary Secondary i
coil L enil =E=mi=5ﬂi_|z (1/2)
4 n
Soft iron core i i ) v |
An alternating potential (V,) when applied to the primary : & lelnpurecapiciton I=E
coil induced an emfin it. : »
oy db |=——=Vx2afC
&= Tt &
If resistance of primary coil is low V, = g, Zuft. f
do le=f (0.77)
II.E'., .I"Ip =—'Np-a-r'-' I q
i = gy sinmt ; C== ;g = Cegsinot }_
As same flux is linked with the secondary coil with the : RS £ 9 VRN
help of soft iron core due to mutual induction, emf is : ,=ﬂ=igcgﬂ5inm}=mcgﬂm5mf_
induced in it : dt dt
di _Epy .o Egy o n
':5=-N5:-j_t —IEUSMT. I—}%SIH[M"I‘EJ
If output circuit isopen V, = g, @C E = Eg Sinut
Get More Learning Materials Here : & m @& www.studentbro.in



T T
or 1 =is5sin)| ot + =
y { 2]

In pure capacitive circuit, current leads voltage by

(2

0 = current amplitude.

magnetic field is produced and it opposes the current
flow. When the iron coil is remowved, self<inductance of

and hence brightness of the bulb will increase. (1)
e 5042 '
3. la)k V.= & =50 _
V, = V2, -2 =(507 - (40 =30V (1) :
G. {E*:" JMM LY & L
A Ve F < Vi
||
L
20V AC
Vy = effective voltage across R
Ve=lgzxR
V, = effective voltage across L
Vi=laxL

S0, V= V2 + V2 = \IZR2 + 12,12

20=,12P+V? or (20P=(12)2+ V2
= 4m=144+1u'12 = V,_=~..'-t1m-144=~.125+5=1ﬁ"u"
7. (d): As, E = Egsinmt

T
[=lgsin| wt+—
gsm{m+3]

As | can lead the voltage in RC and LCR circuit, so it can be
0.77) :

RC or LCR circuit.

Get More Learning Materials Here : i

(1) ¢
4. |bl:When the current passes through the inductor, :
i From eqns (i) and (ii). it is clear that, in an ac circuit
! containing inductance, current lags applied voltage by
the coil decreases ie., the current flow will be increase !

q=CVDsinwE —
.. _da

: ————CV t

;rdt dtl: o Sinwt)

i = wCVgsinut

E W

e @)

If I is the instantaneous current through L at instant ¢,

i di : di L
H V=LE GTVUSII'IIIIE=LE THAT
o,
or di=—sinwtdt P,
H £ V= ":;_;lmu!
i Integrating both sides, £
i t
=u—n.[5inmldt= Vo —cosat
L L i
1]
; ar r—-—%msmt or i= 5|r:[mt —]
. ol =
izinsin[mt—g] (i)
: where, ;=0 Vo is the amplitude of the current. (2)
ool

'

(1)

L 10. (@) V=Vsinat
el

v

T“msmd.‘
wC

=—G5in[mi‘+E] or i=i, 5in[mt+£]
¢ 2 7

In pure capacitive circuit current leads voltage by g :
(0.77) :

V.

(2)
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1 1
E II; =_——
B. (bl Xe 5 —=

When angular frequency m
increased, then impedance of

circuit decreases and current

increases. 5o, the bulb will v
glow brighter.

5. Given that, applied ac

Voltage, V = Vg sin wt i)

(c) Adding resistance R the circuit will behave as RC !
L=2548 mH
E C= ?96 l'IF* Fiitrml:.?

: Power dissipated, P = IR

series ac circuit.

voltage Virm.s value).
Mow, V= IR and Vi = IX;

1
ZriC

where X¢ =
In AOAB,
V= Ve) + Ve P = IR + X )2
V=R +X2
v

YR+ X2

where, 7= (R% + X2

or I=

v
2]

V- IX E:
se angle, tand Vg R R

or ¢=tan‘1£':- (2)

R

©77)

i P=PR=(667PFx3=1335kW
12. |d): As primary coil made of thick copper wire has
The vector sum of two voltage drop is equal to the applied
: Rest all options are reasons for power losses in a

- (b) Given, V= Vg sin at
i then | = Iysin (wt + n/r)
Therefore, the phaser diagram is as shown below.

I A

Va

sk

X

(1)
11. (c):Here:V,=283V,f=50HzR=3%,

(0.77)

very low resistivity. Therefore power loss is negligible.

i transformer. (0.77)
: 13, (i) (d] : Step-down transformer decreases the AC
: voltage. (0.77)
s N, E

i (i) (@) F==2

: N, E,

. ie, number of turns of secondary coil are more than
number of turns in primary coil then voltage is increased
i or stepped-up in secondary coil. 5o, it is called step-up
¢ transformer.
i [iif}) (a):Current is reduced of voltage is stepped-up so
i corresponding I°R losses are cut down.

{iv) (c):Given, E;= 2300V, E; =230V, N, = 4000, N, =7

(0.77)

(0.77)

E N 2300 4000
E, N, 230 «x
= x =400 = N, = number of turns in the secondary coil
(0.77)
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