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SCIENCE ALTERNATING CURRENT

Important Questions

Multiple Choice questions-
1. Alternating voltage (V) is represented by the equation

(@) V(t) = Vm et

(b) V(t) = Vm sin wt
(c) V(t) = Vm cot wt
(d) V(t) = Vm tan wt

2. The rms value of potential difference V shown in the figure is

| J:
! - i

(@) % (®) Vo @R @%

3. The phase relationship between current and voltage in a pure resistive circuit is best
represented by

p (0F
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4. In the case of an inductor
(a) voltage lags the current by &

(b) voltage leads the current by 3

(c) voltage leads the current by

(d) voltage leads the current by

5. Which of the following graphs represents the correct variation of inductive reactance X,
with frequency u?

(a) _XL; (b) %L

() X4 (d) X

U L

1

6. In a pure capacitive circuit if the frequency of ac source is doubled, then its capacitive
reactance will be
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(a) remains same
(b) doubled

(c) halved

(d) zero

7. Which of the following graphs represents the correct variation of capacitive reactance Xc
with frequency v u?

(a) % w}T
U : R
(o) Je () %
Ll ol

8. In an alternating current circuit consisting of elements in series, the current increases on
increasing the frequency of supply. Which of the following elements are likely to constitute
the circuit?

(a) Only resistor

(b) Resistor and inductor
(c) Resistor and capacitor
(d) Only inductor

9. In which of the following circuits the maximum power dissipation is observed?

(a) Pure capacitive circuit
(b) Pure inductive circuit
(c) Pure resistive circuit
(d) None of these

10. In series LCR circuit, the phase angle between supply voltage and current is

_ Xy -X = R
(a) tan ¢ = =L C (btang= X, —Xc
(c) tan ¢ = xjxc (d) tan¢=l{é-;r&
Very Short:
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1. The instantaneous current flowing from an ac source is | =5 sin 314 t. What is the rms
value of current?

2. The instantaneous emf of an ac source is given by E = 300 sin 314 t. What is the rms value
of emf?

3. Give the phase difference between the applied ac voltage and the current in an LCR circuit
at resonance.

4. What is the phase difference between the voltage across the inductor and the capacitor in
an LCR circuit?

5. What is the power factor of an LCR series circuit at resonance?

6. In India, the domestic power supply is at 220 V, 50 Hz, while in the USA itis 110V, 50 Hz.
Give one advantage and one disadvantage of 220 V supply over 110 V supply.

7. Define the term ‘wattles current’. (CBSE Delhi 2011)

8. In a series LCR circuit, VL. = Vc # Vr. What is the value of the power factor? (CBSE Al 2015)
9. Define capacitor reactance. Write its Sl units. (CBSE Delhi 2015)

10.Define quality factor in series LCR circuit. What is its Sl unit? (CBSE Delhi 2016)

Short Questions:

1. State the phase relationship between the current flowing and the voltage applied in an ac
circuit for (i) a pure resistor (ii) a pure inductor.

2. Alight bulb is in turn connected in a series (a) across an LR circuit, (b) across an RC circuit,
with an ac source. Explain, giving the necessary mathematical formula, the effect on the
brightness of the bulb in case (a) and (b), when the frequency of the ac source is
increased. (CBSE 2019C)

3. An air-core solenoid is connected to an ac source and a bulb. If an iron core is inserted in
the solenoid, how does the brightness of the bulb change? Give reasons for your answer.

4. A bulb and a capacitor are connected in series to an ac source of variable frequency. How
will the brightness of the bulb change on increasing the frequency of the ac source? Give
reason.

5. Anideal inductor is in turn put across 220 V, 50 Hz, and 220 V, 100 Hz supplies. Will the
current flowing through it in the two cases be the same or different?

6. State the condition under which the phenomenon of resonance occurs in a series LCR
circuit, plot a graph showing the variation of current with a frequency of ac source in a
series LCR circuit.

7. Give two advantages and two disadvantages of ac over dc.

8. In a series, LCR circuit connected to an ac source of variable frequency and voltage v=vm
sin wt, draw a plot showing the variation of current (l) with angular frequency (w) for two
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different values of resistance R1 and R2 (R1 > Rz). Write the condition under which the
phenomenon of resonance occurs. For which value of the resistance out of the two
curves, a sharper resonance is produced? Define the Q-factor of the circuit and give its
significance. (CBSE Delhi 2013C)

Long Questions:

1. Prove mathematically that the average power over a complete cycle of alternating current
through an Ideal inductor is zero.

2. Draw the phasor diagram of a series LCR connected across an ac source V=V, sin wt. Hence,
derive the expression for the impedance of the circuit. Obtain the conditions for the phase
angle under which the current is

(i) maximum and
(i)  minimum. (CBSE Al 2019)

Assertion and Reason Question:

1. For two statements are given-one labelled Assertion (A) and the other labelled Reason (R).
Select the correct answer to these questions from the codes (a), (b), (c) and (d) as given below.

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) Aistrue but R is false.

d) Ais false and R is also false.

Assertion: A bulb connected in series with a solenoid is connected to A.C. source. If a soft
iron core is introduced in the solenoid, the bulb will glow brighter.

Reason: On introducing soft iron core in the solenoid, the inductance decreases.

2. For two statements are given-one labelled Assertion (A) and the other labelled Reason (R).
Select the correct answer to these questions from the codes (a), (b), (c) and (d) as given below.

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) Aistrue butRis false.

d) Ais false and R is also false.
Assertion: An alternating current shows magnetic effect.

Reason: Magnitude of alternating current varies with time.

Case Study Questions:

1. Step-down transformers are used to decrease or step-down voltages. These are used when
voltages need to be lowered for use in homes and factories. A small town with a demand of
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800kW of electric power at 220V is situated 15km away from an electric plant generating power
at 440V. The resistance of the two wire line carrying power is 0.5Q per km. The town gets
power from the line through a 4000 - 220V step-down transformer at a sub-station in the town.

Core

v

N
. p
Primary
L

Secondary

(i) The value of total resistance of the wires is:

a) 250
b) 30Q
c) 350
d) 150

(ii) The line power loss in the form of heat is:

a) 550kw
b) 650kW
c) 600kwW
d) 700kw

(iliJHow much power must the plant supply, assuming there is negligible power loss due to

leakage?
a) 600kw

b) 1600kW

c) 500W

d) 1400kW

(iv)The voltage drop in the power line is:

a) 1700V
b) 3000V
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c) 2000V
d) 2800V

(v) The total value of voltage transmitted from the plant is:

a) 500V
b) 4000V
c) 3000V
d) 7000V

2. When the frequency of ac supply is such that the inductive reactance and capacitive
reactance become equal, the impedance of the series LCR circuit is equal to the ohmic
resistance in the circuit. Such a series LCR circuit is known as resonant series LCR circuit and the
frequency of the ac supply is known as resonant frequency. Resonance phenomenon is
exhibited by a circuit only if both Land Care present in the circuit. We cannot have resonance in
a RL or RC circuit.

A series LCR circuit with L = 0.12H, C = 480nF, R=23Q is connected to a 230V variable
frequency supply.

—— OO0 A —
0.12H 480 nF 23 Q

()
\_/
230V

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

a) 222.32Hz
b) 550.52Hz
c) 663.48Hz
d) 770Hz

(ii) The value of maximum current is:

a) 14.14A
b) 22.52A
c) 50.25A
d) 47.41A

(iii) The value of maximum power is:

a) 2200W
b) 2299.3W
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c) 5500W
d) 4700W

(iv) What is the Q-factor of the given circuit?

a) 25

b) 42.21
c) 35.42
d) 21.74

(v) At resonance which of the following physical quantity is maximum?

a) Impedance

b) Current

c) Both (a) and (b)
d) Neither (a) nor (b)

v_ Answer Key:

Multiple Choice Answers-
Answer: b

Answer: c
Answer: b
Answer: b
Answer: b
Answer: c
Answer: c

Answer: c

© ® N o U B W DN PR

Answer: c

10.Answer: a

Very Short Answers:

1. Answer:

el

3. Answer:

The applied ac voltage and the current in an LCR circuit at resonance are in phase.
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Hence phase difference = 0.

Answer: The phase difference is 180°.

Answer: The power factor is one.

Answer:

Advantage: less power loses

Disadvantage: more fatal.

Answer: It is the current at which no power is consumed.
Answer: One.

Answer: It is the opposition offered to the flow of current by a capacitor. It is measured in
ohm.

10.Answer: The quality factor is defined as the ratio of the voltage developed across the

capacitor or inductor to the applied voltage. It does not have any unit.

Short Questions Answers:

1.

2.

3.

4,

Answer:

(i) Electric current and voltage applied in a pure resistor are in same phase, i.e. ® =0°

(ii) Applied voltage leads electric current flowing through pure-inductor in an ac circuit by
phase angle of i/2.

Answer:

a) The current in LR circuit is given by

—_—
VR w22

When the frequency of ac source w increases, | decreases, and hence brightness
decreases.

(b) The current in RC circuit is given by

When the frequency of ac source w increases, | increases, and hence brightness increases.

Answer: Insertion of an iron core in the solenoid increases its inductance. This in turn
increases the value of inductive reactance. This decreases the current and hence the
brightness of the bulb.

Answer:

ey of the ac 1s Increased VI =
< eguci Jie al 1o INcicasc

V2 + (1/2mfC)2. As aresult, the current and hence the brightness of the bulb will increase

nen the frequer

(8]
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5. Answer:

current through the inductc = e current is inv
’ ° X, — 2x/L

ronians . - iarl 2
LA WA Ly c

6. Answer: The phenomenon occurs when the inductive reactance becomes equal to the
capacitive reactance., i.e., X, - Xc

7. Answer:
Advantages of ac:
(a) The generation and transmission of ac are more economical than dc.

(b) The alternating voltage may be easily stepped up or down as per need by using
suitable transformers.

Disadvantages of ac:

(a) It is more fatal than dc.

(b) It cannot be used for electrolysis.
8. Answer:

The plot is as shown.

N i) O

: /AR
/

T Lty 1
W —e

O

Resonance occurs in an LCR circuit when
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XL = Xc.

The smaller the value of R sharper is the resonance. Therefore, the curve will be sharper
for R2. It determines the sharpness of the resonance. The larger the value of Q sharper is
the resonance.

Long Questions Answers:
1. Answer:

Let the instantaneous value of voltage and current in the ac circuit containing a pure
inductor are

V =Vn, sin wt and
| = Im sin (wt —1/2) = — Im cos wt

where /2 is the phase angle by which voltage Leads currently when ac flows through an
inductor. Suppose the voltage and current remain constant for a small-time dt. Therefore,
the electrical energy consumed in the small-time dt is

dW =V Idt

The total electrical energy consumed in one time period of ac is given by

T T
W = jw dt = —fVmsinmr. I, cosmtdt
0 0
I
= - Vmimfsinmt coswmtdt
0

or W=HI_"'E'.=1

7 2sinot coswt dt

2 e, =

|v. T
or W=--miﬂfsin2mtdt
1]

or W=-

LWVo[ cosot)] g
2 2@ N

0

Therefore, the total electrical energy consumed in an ac circuit by a pure inductoris W =0

Now average power is defined as the ratio of the total electrical energy consumed over
the entire cycle to the time period of the cycle, therefore

o W _ A

e, = — =

T U

Hence, the average power consumed in an ac circuit by a pure inductor is Pay =0
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Thus, a pure inductor does not consume any power when ac flows through it. Whatever
energy is used in building up current is returned during the decay of current.

2. Answer:

The voltages across the various elements are drawn as shown in the figure below.

F 3
Vi
| ]
I
W= Vc Ve :
I
¢ "
Ve Vi [
L

From the diagram, we observe that the vector sum of the voltage amplitudes Vg, Vi, and
Vc equals a phasor whose length is the maximum applied voltage Vi, where the phasor
Vm makes an angle ¢ with the current phasor Im. Since the voltage phasors, V. and Vc are
in opposite direction, therefore, a difference phasor (V. - V¢) is drawn which is
perpendicular to the phasor Vg. Adding vectorially we have

Vn = Jvﬂl +(v "Vc)z
= R + (X, = X )

1
or V=1, JR2+(X_-X¢)

where X, = w Land Xc =1/ w C, therefore, we can express the maximum current as
V,

| 2 y
VR (X Xe)!

m =

_ ) W . 2
The impedance Z of the circuitisidefined as Z = \/Ri’ + (X1 — Xc¢)

For maximum Im, Z should be minimum (Z=R) or Xc=X.=0and ® =0

E o} B o0

For (Im)min @ — 90° (|X¢ = X | >> R) Z

—

Assertion and Reason Answers:
1. (d) Ais false and R is also false.
Explanation:

On introducing soft iron core, the bulb will glow dimmer. This is because on introducing soft
iron core in the solenoid, its inductance L increases, the inductive reactance, X.= W\ increases
and hence the current through the bulb decreases.
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2. (b) Both A and R are true but R is not the correct explanation of A.

Explanation:

Like direct current, an alternating current also produces magnetic field. But the magnitude and
direction of the field goes on changing continuously with lime.

Case Study Answers:

1. Answer :
(i) (d) 150

Explanation:

Q

Resistance of the two wire lines carrying power = 0.5 E

Total resistance = (15 + 15)0.5 = 150
(ii) (c) 600kW

Explanation:

Line power loss = I°R

RMS current in the coil,

P __ 800x10® __

=~ Power loss = (200)% x 15 = 600kW
(iii) (d) 1400kW
Explanation:
Assuming that the power loss is negligible due to the leakage of the current.
The total power supplied by the plant,
= 800kW + 600kW = 1400kW
(iv) (b) 3000V
Explanation:
Voltage drop in the power line = IR
=200 x 15 = 3000V
(v) (d) 7000V
Explanation:
Total voltage transmitted from the plant,
= 3000V + 4000V = 7000V
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2. Answer :

i. (c) 663.48Hz
Explanation:
Here, L = 0.12H, e = 480nF = 480 X 10°F

R = 23€), v = 230v

Vo = v/2 x 230 = 325.22V
Vo

Ip = :

\/R?i (wL- %)'

i —
At resonance, WL < 0

A [ 1 - ; -1
W= = = WXTRTT | — 4166.67 rad s

4166.67

ii. (a) 14.14A

Explanation:

A"/
Current, Io = fﬂ = 3225:','22 = 14.14A

iii. (b) 2299.3W

Explanation:

Maximum power, Pmax = %(Io)zR

= 1 x (14.14)% x 23 =2299.3W
iv. (d) 21.74
Explanation:

X We
Quality factor, Q = TR — “JT.L

__ 4166.67x0.12 __
= A0SO oy

V. (b) Current

www.swottersacademy.com



