Alternating Current

Question1

In domestic electric mains supply, the voltage and the current are
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Options:

A. AC voltage and DC current
B. DC voltage and DC current
C. DC voltage and AC current
D. AC voltage and AC current

Answer: D

Solution:

Domestic mains use alternating voltage and thus also alternating current. That matches:

Option D: AC voltage and AC current.

Question2
A sinusoidal voltage produced by an AC generator at any instant t is

given by an equation V = 311sin 314 t. The rms value of voltage and
frequency are respectively
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Options:

A. 200V, 50 Hz
B. 220 V, 100 Hz
C. 220V, 50 Hz
D. 200 V,100 Hz

Answer: A

Solution:

The sinusoidal voltage from an AC generator at any instant is represented by the equation V' = 311 sin 314¢.

To determine the root mean square (rms) value of the voltage, we use the formula for the rms value of a
sinusoidal voltage:

Vims = & = 42 =220V

Here, Vy = 311V is the peak voltage.

To find the frequency, we use the relationship between angular frequency (w) and frequency (f):
w=2rf

Given w = 314, we set:

314 = 2xnf

Solving for f, we find:

f=32 ~50Hz

Thus, the rms value of the voltage is 220 V, and the frequency is 50 Hz.

Question3

A series LCR circuit containing an AC source of 100 V has an
inductor and a capacitor of reactances 24() and 162 respectively. If
a resistance of 6€) is connected in series, then the potential difference
across the series combination of inductor and capacitor only is
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Options:
A.80V
B. 400 V
C.8V
D. 40V

Answer: A

Solution:

100V

X = 240

X1 =169

R =6Q

7 = \/R2 + (Xo— X1)?

— /62 482

=100 = 1002

i:X:@:mA
Z 10

Net voltage across capacitor and inductor
=1i(Xc¢—Xp)

= 10(24 — 16)

=10(8)

=80V

Question4

Which of the following combinations should be selected for better
tuning of an L — C' — R circuit used for communication?
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Options:

A.R=20QL =15H,C =35uF
B. R =250L =25H,C =45y F
C.R=250,L=15H,C =45uF
D.R=150,L =3.5H,C =30u F
Answer: D

Solution:

For better tunning of an L — C' — R circuit used in for communication, quality factor ) must be high.

Q= %\/fracLC'

In option (d), R and C' is minimum and L is maximum.Thus, the value of R, L and C' given in option (d)
suitable for better communication.

Questions

In an L — C' — R series circuit, the value of only capacitance C'is
varied. The resulting variation of resonance frequency f, as a
function of C can be represented as
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Options:
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Answer: C

Solution:

Resonance frequency in L — C — R series circuit,

_ 1 1
fo= e = fox 5

i.e. fo decreases with C, hence graph shown in option (¢) is correct.

Question6

The figure shows variation of R, X; and X with frequency f in a
series L — C — R circuit. Then, for what frequency point is the
circuit capacitive?
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Options:

A.B

B.D

C.A

D.C

Answer: C

Solution:

For a capacitive circuit, Xo > X,

For the given diagram in question, the value X corresponding to point A is greater than the value of X7,.
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Question7

Total impedance of a series L-C-R circuit varies with angular
frequency of the AC source connected to it as shown in the graph.
The quality factor Q of the series L-C-R circuit is
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Options:
A.04

B.2.5

C.5

D. 1

Answer: B

Solution:

According to given diagram,

w1 = 400 rad/s;
wy = 600 rad/s
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Question8

In series LC R circuit at resonance, the phase difference between
voltage and current is
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Options:

A. Zero

B.

c.z
D. I

Answer: A

Solution:

In L-C-R series resonance circuit,

X =Xc¢
X, — X 0
'tanqs:L—C:_:O
R R
= ¢=0°
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Question9

An ideal transformer has a turns ratio of 10. When the primary is
connected to 220 V, 50 Hz as source, the power output is
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Options:

A. 10 times the power input
B. %th the power input

C. equal to power input

D. zero

Answer: C

Solution:

For ideal transformer, input power is equal to output power.

Question10

In a series LC'R circuit, R = 3001}, L = 0.9H, C = 2.0uF and
w = 1000 rad /s, then impedance of the circuit is
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Options:
A. 90012

B. 50012
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C. 40092
D. 130012
Answer: B

Solution:

Given, R = 3009, L = 0.9H, w = 1000rad/s
C=20uF=2x10%F

Impedance of given R-L-C circuit,

Z=\/R+ (X, - Xc)’

12 1
g 2 B — * e = —_—
\/R +<wL wC’) {,,XL wL and X wC’}

1 2
= \/(300)2 + (1000 x 0.9 — 6)
1000 x 2 x 10~

= /90000 + (900 — 500)?
— /90000 + 160000 = +/250000 = 5002

Questionll

A series resonant AC circuit contains a capacitance 10 % F and an
inductor of 10 *H. The frequency of electrical oscillations will be
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Options:
A.10 Hz

B. 12—07: Hz

C. 32 Hz

D. 10° Hz

Answer: B
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Solution:

Given, capacitance, C = 10 6 F
Inductance, L = 10™*H

Frequency of oscillation of L-C series resonant circuit,

1 1
f= -
2rvVILC  27/104 x 1079
1 10°
T omxi00  2m ¢
Question12

A fully charged capacitor C' with initial charge q¢ is connected to a
coil of self inductance L at ¢ = 0. The time at which the energy is
stored equally between the electric and the magnetic field is
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Options:

A.VLC
B. 7v LC
C. ZVIC

D. 27y LC

Answer: C

Solution:

In LC-oscillation, maximum stored energy in inductor coil L is %LI 2 and maximum stored energy in

capacitor (C) is %.

Since, energy is equally divided in L and C. Hence, total stored energy E — % X maximum stored energy in
either L or C

2
= P =1 xR == (L) =1=2
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We know that, I = I sin wt

= i—I in wt = si K 2—Tr t
\/5— 0 SIN w sm4-smT

N 71'_271' t:>t—T—27rVLC—7TVLC
4T 8 8 4

Question13

An alternating current is given by 7 = 7 sin wt + 75 cos wt. The rms
current is given by
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Options:

i1—is
A. 1\/5

2 | 2
17+15
2

&

C. 1%‘*‘_’%
V2

D. 11+1
V2

Answer: B

Solution:

Equation of alternating current,
1 = 21 sinwt + 79 cos wt

Leti; =Icos¢ ...(1)
andi = Ising ... (ii)
t = I cos ¢psinwt + I sin ¢ cos wi
= i = Isin(wt+ ¢)

.. rms value of 74,
frms = % ... (i)
From Egs. (i) and (ii), we get
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i2 +i2 = I?cos? ¢ + I?sin? ¢ = I* (cos2¢+sin2¢) =I?
= it+i3=1..(v)
From Egs. (ii1) and (iv), we get

. ii4i)
Z =
rms 2

Question14

What will be the reading in the voltmeter and ammeter of the circuit
shown?

N
&)

Xe =40 —— @) 90\;@
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Options:

A. 90V, 2A

B. 0, 2A
C.90V, 1A

D. 0, 1A
Answer: B

Solution:

Given, X1 = X¢o = 49
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.. Voltage across X¢ and X, is same in magnitude but opposite in direction. So, net voltage is

Vit =Ve—-VL =0

Since, the voltmeter is connected across the series connection of capacitor and inductor. So, the reading of

voltmeter is equal to V,; 1.e., zero. Current in the circuit,

v
|
Z
- v
VB2 + (X1 — Xo)’
90 90

2A

\/(45)5 + (4 — 4)? S5

Question15

LC-oscillations are similar and analogous to the mechanical
oscillations of a block attached to a spring. The electrical equivalent

of the force constant of the spring is
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Options:

A. reciprocal of capacitive reactance
B. capacitive reactance

C. reciprocal of capacitance

D. capacitance

Answer: C

Solution:

For LC-oscillations,
di q _
LG ++=0
Differentiating further it w.r.t £, we get

L+ L—0 ..(0)
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Similarly, for spring-block system,
2 .o

mLL +kr=0 ... (ii)

Comparing Egs. (1) and (i1), we get

mocLandkoc%

Questionl6

In an oscillating LC-circuit, L = 3mH and C' = 2.7uF. Att = 0, the
charge on the capacitor is zero and the current is 2 A. The
maximum charge that will appear on the capacitor will be
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Options:

A.1.8 x 107°5C
B.18 x 107°C
C.9x1075C
D. 90 x 107°C

Answer: B

Solution:

The charge is a function of time (¢), is given by
q=qopsinwt .... (1)

where, go = maximum charge,

and w = angular frequency.

Differentiating Eq. (i), we get

I= % = %(qo sin wt) = wqo cos wt

At, t=0,
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I = wgqg cos(0) = wqy

1 1
= orgqo=IVLC | w=——
= gore=ive | m]
—2v/3x2.7x10°6
— 18 x 107°C
Question17

In the given circuit the peak voltage across C, L and R are
30 V,110 V and 60 V, respectively. The rms value of the applied
voltage is

C L R
|

&JWQM

—30 V

110w 60 V——

(~)
—
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Options:

A. 100V
B.200V
C.70.7V

D. 141V
Answer: C

Solution:

Given, Vo =30V, V, =110Vand VR =60 V

The peak voltage across series L — C' — R circuit is given by
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Vo = /V2 + (Vi - Vo)’
— 1/(60)% + (110 - 30)2

= \/(60)2 +(80)2 =100V

.". Rms value of voltage, Vs = o _ 10 _ 77V

ViooVa

Questionl8

1

The power factor of R — L circuit is 7 If the inductive reactance is

2€). The value of resistance is
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Options:
A. 2Q)

B. V20
C. 0.50

1
D. ﬂQ

Answer: B

Solution:

L

Given, power factor = 7

Inductive reactance, X; = 212

The power factor in a R-L circuit is given by

power factor = Resistance _ R

Impedance /R X z

1 R
= —_ =
V3 R24+4

Squaring both sides, we get
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1 R?

3 RZ+4
= R34 4=3R = R=+20

Question19

In the given circuit, the resonant frequency is

0.5 mH — 20 pF
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Options:

A. 1592 Hz
B. 159.2 Hz

C. 1592 Hz

D. 15910 Hz

Answer: C

Solution:

Given, L = 0.5mH = 0.5 x 1073H
and C = 20uF =20 x 107 9 F

The resonant frequency of L — C circuit is
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1 1

2rvVLC  274/0.5 x 1073 x 20 x 106
1 10*

orx V10 x 10° 27

f

= 1592.3 ~ 1592 Hz

Question20

A 220 V AC supply is connected between points A and B as shown
in figure, what will be the potential difference V" across the

capacitor?
Ae D+

220V

AC
-
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Options:

A. 220V

B. 110V

C. zero
D.220v2V

Answer: D

Solution:

As p-n junction diode conducts electricity during only positive half-cycle (forward biased condition). So, the
potential difference across the capacitor is

V' = Peak value of input AC voltage

:‘/70:‘/1*ms><\/§
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Given, V,pe =220V

V =220V2V

Question21

The frequency of an alternating current is 50 Hz. What is the
minimum time taken by current to reach its peak value from rms
value?
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Options:
A.5x1073%s
B.2.5x107%s
C.0.02s

D.10 x 10 3s

Answer: B

Solution:

Given, Frequency of an alternating current, f = 50 Hz

If t; be the time at rms value of alternating current, then
. I .
I = Iysinwt; or — = Ijsinwt,
2

1 inwt; = sin & = sinwt; = #; = — (i)
— = SIN W Sl — — SINn w = —_— e |
7 1 1 1=t = 7o

Similarly, If ¢2 be time at peak value of alternating current, then Iy = I sin wts

1 = sinwt,

. T . T
sin 5 = sinwts = wity = E

t_7r
2_2w

.". Minimum time taken by current to reach its peak value from rms value
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—¢ t_7r T T
- 1_2w 4o  Adw

il —925x10%s

:4><2><7r><50:400

Question22

An inductor of inductance L and resistor R are joined together in
series and connected by a source of frequency w. The power
dissipated in the circuit is
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Options:

R2—|—w2L2

V2R
B. R24+w2L2

—_V__
C. R2 w2 L2

D V2R
" VRI4WIL?

Answer: B

Solution:

We know, power dissipated in an AC circuit. is givenby P = VIcos¢ ... (1)
(where, V' = rms voltage, I = rms current, ¢ = phase angle between r and I )
Now from Eq. (i) we get

We can draw the impedence triangle as shown below.
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From impedence triangle,

cos ¢ = 7

Vv R V2R V2R
P—V><7><7_

Z?  R?+wL?

(here, Z = impedence = 1/ R? + (L)?)

Question23

Which of the following, represents the variation of inductive
reactance (X ) with the frequency of voltage sources (v) ?
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Options:
A.

X, A
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Xi

Xi

Xi
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Answer: A

Solution:

Explanation

Inductive reactance, denoted as Xy, is given by the formula:

X1 =wL = 2nvlL
where:

w is the angular frequency,
L is the inductance,

v is the frequency of the voltage source.

This equation shows that the inductive reactance is directly proportional to the frequency (v) of the voltage
source. Therefore, as the frequency increases, the inductive reactance X, also increases linearly.

Thus, the relationship between X and v is linear, implying that when plotted on a graph, it should form a

straight line with a positive slope.

Question24

A 100 W bulb is connected to an AC source of 220 V, 50 Hz. Then,
the current flowing through the bulb is

KCET 2018

Options:

Answer: A
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Solution:

To find the current flowing through the bulb, we use the power formula for resistive loads:
P=1V,

where

P is the power (in watts),

1 is the current (in amperes),

V is the voltage (in volts).

Given:
P=100W,
V =220V.

We rearrange the equation to solve for I:

I =

<l

Substitute the given values:

_ 10 _ 10 _ 5
1_220_22_11A'

So, the current flowing through the bulb is 15—1 A, which corresponds to Option A.

Question25

In the series L. — C' — R circuit, the power dissipation is through

KCET 2018
Options:

A.R

B. L

C.C

D. Both L and C

Answer: A
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Solution:

In an ideal series L—-C—R circuit, only the resistor dissipates power as heat. The inductor (L) and capacitor (C)
store energy in their magnetic and electric fields, respectively, but do not dissipate it.

Here's a brief explanation:

The resistor (R) converts electrical energy into heat, and the power dissipated by it is given by
P=1°R

where I is the current through the resistor.

The inductor (L) and capacitor (C) temporarily store energy (in their magnetic and electric fields) and then
return it to the circuit. They do not cause any net loss of energy.

Thus, the power loss in the circuit is solely due to the resistor.
If the options are interpreted as follows:

Option A: R (power dissipated here)

Option B: L

Option C: C

Option D: Both L and C

Then the correct answer is Option A.

Question26

In Karnataka, the normal domestic power supply AC is
220 V, 50 Hz. Here, 220 V and 50 Hz refer to

KCET 2018
Options:
A. peak value of voltage and frequency

B. ms value of voltage and frequency
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C. mean value of voltage and frequency
D. peak value of voltage and angular frequency

Answer: B

Solution:

In domestic AC supplies like in Karnataka, the 220 V is not the peak voltage but the effective (or RMS: root
mean square) value of the voltage. Meanwhile, 50 Hz indicates that the AC voltage completes 50 cycles
every second. Let’s break it down:

Effective (RMS) Voltage:
For a sinusoidal voltage, the effective value is calculated from the peak value using the formula:

Vheak
o ea
Vrlns -

V2
Thus, a 220 V RMS value corresponds to a peak voltage of approximately 311 V.
The RMS value is used because it reflects the equivalent DC voltage in terms of the power delivered.
Frequency:

The 50 Hz means the AC voltage cycles 50 times per second.

It is simply the standard frequency of the alternating current and is not an angular frequency (which would be
measured in radians per second).

Considering the options:
Option A: Incorrect because 220 V is not the peak value.

Option B: Indicates "ms value of voltage and frequency". Here, "ms" is intended to represent the effective
(RMS) value. This is the correct interpretation.

Option C: Incorrect because the mean (or average) value of a pure AC sinusoid over a complete cycle is zero.
Option D: Incorrect because 220 V is not a peak value and 50 Hz is not an angular frequency.

Therefore, the correct choice is Option B.

Question27

A coil of inductive reactance 1/ v/3Q and resistance 1£) is connected
to a 200 V, 50 Hz AC supply. The time lag between maximum
voltage and current is

KCET 2017

Get More Learning Materials Here : & m @&\ www.studentbro.in



Options:
A. 555

B. = s
C. == s
D. -l s
Answer: D

Solution:

4
V3
between the maximum voltage and current when connected to a 200 V, 50 Hz AC supply.

The coil has an inductive reactance X = 2 and resistance R = 1 (2. We need to determine the time lag

To find this, we start by calculating the phase angle ¢ using the tangent of the phase angle:

tang = ¢ = 4 = %

Then, the phase angle ¢ is:
_ -1 (_1 \ _ o
é — tan ( \/5) — 30
Now, we convert the phase angle to radians to find the time lag:

wt =

=B

Solving for ¢:

= L — 1
6w 6x2mf

Simplifying further:
t= 137
Given the frequency f = 50 Hz:

11
t= 5550 = oo S

1

Therefore, the time lag between maximum voltage and current is 55 s.

Question28

In the A.C. circuit shown, keeping ' K ' pressed, if an iron rod
inserted into the coil, the bulb in the circuit,
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Raod
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D +
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KCET 2017

Options:

A. glows less brightly

B. glows with same brightness (as before the rod is inserted)
C. gets damaged

D. glows more brightly

Answer: A

Solution:

When a rod is inserted into the coil, than its inductance increases. Therefore, current through the bulb will
decreases and also brightness decreases.

Question29

The output of a step down transformers is measured to be 48 V
when connected to a 12 W bulb. The value of peak current is
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Options:

1
A.ﬂA
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B.vV2A

C A

1
T 2v2
D.7 A

Answer: C

Solution:

Given:

Output of the step-down transformer, V, = 48 V

Power associated with the secondary coil, P, = 12 W

To find the current in the secondary coil, use the formula:
=3 =%=1=025A

The amplitude of the current, I, is calculated as follows:

_ _ V2 o 1
Ii=I1V2=025x V2= = -4
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