CBSE Test Paper-04
Class - 12 Physics (Alternating Current)

1. A series circuit consists of an ac source of variable frequency, a 115.02 resistor, a 1.25
pF capacitor, and a 4.50-mH inductor. Impedance of this circuit when the angular
frequency of the ac source is adjusted to half the resonant angular frequency is

a. 156.0 €2

b. 166.0 €2
c. 176.0 Q
d. 146.0 Q2
2. For a parallel LC circuit the angular resonant frequency is
2
& —=
b, —L_
" VIC
c. L
" LC
d 1
" W2IC

3. A pure inductor of 20.0 mH is connected to a source of 230 V. Inductive reactance and
rms current in the circuit (if the frequency of the source is 50 Hz). are
a. 6.28(),36.6A
b. 6.28 {2, 46.6 A
c. 8.28(), 36.6 A
d. 9.28 €2,36.6 A

4. Phase difference between voltage and current in a capacitor in ac circuit is:

2 n T p

wly N O vy

5. An electric hair dryer is rated at 1500 W (the average power) at 120 V (the rms
voltage). Calculate (a) the resistance, (b) the rms current, and (c) the maximum
instantaneous power. Assume that the dryer is a pure resistor.

a. 8.6 €),11.5A, 3000 W
b. 9.6 €2,12.5 A, 3000 W
c. 10.6 2,13.5A, 3000 W
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d. 7.6 2,14.5 A, 3000 W

6. A 15.0uF capacitor is connected to 220 V, 50 Hz source. Find the capacitive reactance
and the rms current.

7. A 44 mH inductor is connected to 220 V, 50 Hz ac supply. Determine the rms value of
the current in the circuit.

8. What do you mean by power factor? On what factors does it depend?

9. State the condition under which the phenomenon of resonance occurs in a series LCR

circuit. Plot a graph showing variation of current with frequency of a.c. source in a
series LCR circuit.

10. i The graphs (I) and (II) represent the variation of the opposition offered by the
circuit element to the flow of alternating current with frequency of the applied
emf. Identify the circuit element corresponding to each graph.

Opposition
o currént —

)

Frequency —

()

o currenf —

Opposibion

Frequency —
ii. Write the expression for the impedance offered by the series combination of the
above two elements connected across the AC sources. Which will be ahead in

phase in this circuit, voltage or current?
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11. Write the expression for the impedance offered by the series combination of resistor,

inductor and capacitor connected to an AC source of voltage V = V, sin wt. Show on a

graph the variation of the voltage and the current with 'wt in the circuit.

12. What is iron loss in a transformer?

13. A LCR circuit has L = 10 mH, R = 3 ohm and C = 1uF’ connected in series to an a.c.
source of the voltage 15 V. Calculate current amplitude and the average power

dissipated per cycle at a frequency that is 10% lower than the resonant frequency.

14. The figure shows a series L-C-R circuit with L = 10 H, C= 40uF, R=600 connected to a
variable frequency 240 V source. Calculate

i. the angular frequency of the source which derives the circuit at resonance.
ii. the current at the resonating frequency.

iii. the rms potential drop across the inductor at resonance.

15. An AC source of voltage V =V sin wt is connected to a series combination of L, C and

R. Use the phasor diagram to obtain expressions for impedance of the circuit and
phase angle between voltage and current. Find the condition when current will be in
phase with the voltage. What is the circuit in the condition called?
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CBSE Test Paper-04
Class - 12 Physics (Alternating Current)

Answers

1. d. 146.0 Q2
Explanation: R = 1152
C =1.25uF =1.25 x 10°°F
L=45mH =45x103H

resonant angular frequency
1 _ 1 _ 1
VIC  /45x1073x1.25x10 6  7.5x10°°

given that the angular frequency of the ac source

wy =

— W _ —
w=F == 10 - = 6666.6rad/s
impedance
\/ % — wL)
12
+[( ;) — (6666.6 x 4.5 x 10°%)
6666. 6><1 25x10~6
14642
2. b. ﬁ
Explanation: in case of resonance X; = X¢
wol = wﬂ%
w? = 2o
_ 1
wo —m

3. a. 6.28(2,36.6 A
Explanation: L = 20mH = 20 x 10 3H
V =230 volt
f=50Hz
inductive reactance
X;, =wL=2rfxL=2x3.14 x50 x 20 x 1073 = 6.28Q
rms current

.V 230
i= 4 = 23 = 36.64

i
4, d. 3



Explanation: An ac voltage v = vy, sinwt applied to a capacitor drives a current

. . . . . . . . T
in the capacitor: i = iy, sin (wt + 11/2)7 = 2, SIn (wt + 5) .

Here, 2., = v—'”;, Xco = f—m is called capacitive reactance. The current through

the capacitor is % ahead of the applied voltage. As in the case of inductor, the

average power supplied to a capacitor over one complete cycle is zero.

. 9.6 2,12.5 A, 3000 W

Explanation: P = 1500W

Vims = 120V
2
p_ (on)

R
R = 120x120

R
: v,
irms = —2t = 22 = 12.54

maximum voltage Vo = Vyms X /2 = 1204/2
maximum current 49 = Irms X /2 = 12.54/2
maximum power Py = Vy x 79 = 120+4/2 x 12.54/2 = 1500 x 2 = 3000W

6. Given C = 15.0uF =15 x 10 °F
V=220V, f=50Hz

Capacitive reactance, X¢ =

or X¢o =

_1

2rf ¢
1

2%3.14x50x15%x106

105 1000000 — 212.310

~ 314x15 _V 4710 990
. Irms — ¥ — TTo a1 — 1.03A

Xo 21231

7. GivenL=44mH = 44 x 10 3H
f = 50 Hz, Epppg = 220V
X, =L-w=0L-2rf
— 44 x 1073 x 2% 3.14 x 50

Now, Irms =

ET‘mS
Xy,

220

- 44x1073x2x3.14x50
=159 A

8. The power factor is defined as the cosine of the phase angle between alternating
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e.m.f. and current in an a.c. circuit.

Power factor of a.c. circuit is given by
R

o+ lon-]

It depends upon the frequency of the a.c. source.

cos¢p =

9. Resonance occurs in a series of LCR circuit when
XL = XC
The graph showing the variations of current with frequency of a.c. source in a series

LCR circuit is given below.

-
y

{currant)

L J

frequency

10. i From graph (I), it is clear that resistance (opposition to current) is not changing
with frequency, and we know that resistance of a resistor does not depend on
frequency of applied source, so the circuit element here is a pure resistance (R).
i.e. the circuit is a pure resistive circuit.

From graph (II), it is clear that resistance increases linearly with frequency, so the
circuit element here is an inductor.

As we know that, inductive resistance, X7, = 2w fL

= X « f,fbeing frequency of the ac voltage or current.

ii. Impedance offered by the series combination of resistance R and inductor L.

Z = ,/R? + X2 = \/R? + (2rrfL)?, X1, being the inductive reactance of the

circuit.

In an L-R circuit, the applied ac voltage leads the ac current in phase by / 2

11. Impedance offered by series L-C-R circuit,

2= R+ (X~ Xp)2V = VR + (Ve V)2,
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V¢ or Vi, may be greater than V.

The situation may be shown in figure, where V.>Vy,

Vil

12. Itisloss of energy in the form of heat in iron core of a transformer.

There are two types of core or iron losses in a Transformer.

1. Hysteresis losses (Transformer Losses) : Each time the magnetic field is
reversed, a small amount of energy is lost due to hysteresis within the core. For a
given core material, the transformer losses are proportional to the frequency, and
is a function of the peak flux density to which it is subjected.

2. Eddy current Losses (Transformer Losses) : Ferromagnetic materials are also
good conductors, and a core made from such a material also constitutes a single
short-circuited turn throughout its entire length. Eddy currents therefore circulate
within the core in a plane normal to the flux, and are responsible for resistive
heating of the core material. The eddy current loss is a complex function of the
square of supply frequency and inverse square of the material thickness. Eddy
current losses can be reduced by making the core of a stack of plates electrically
insulated from each other, rather than a solid block; all transformers operating at

low frequencies using laminated or similar cores.

1
Nire,
Here, L =10 mH = 10 x 10 3 H

andC = 1uF =1 x 107°F

oy — 1 - 104
W = \/[(10><103)(1>< 10-6) 10%/second

Now, 10% less frequency will be

w=10* — 10% x 11—0% — 9 x 10° /second

At this frequency, X7, = wL = 9 x 10% x (10 x 107%) =90 ohm

13. Resonant frequency, w, =

719



14.

15.

— 1 _ 1 =
Xco = e G710 (13 10T) 111.11 ohm

7= \/[Rz + (X —XC)2]

::\/[Cﬂz—%(QO——111JJ)2}:21320hn1

Current amplitude,

_ B 15 _
Average power, P = %EOI 0COS @
_ R _ 3 _
Where COSQS =7z = m =0.141

P = 3 x 15 x 0.704 x 0.141 = 0.744 watt.

Given, L = 10H,C = 40uF
R = 60QV,,s = 240V

. 1 1
i w, = =
" VIC  \/10x40x10°
_ 1 _
Wr = 5= ; 50rad/s
i, Ty = 22 = L
=240/60 = 4A

iii. -.-inductive reactance, X7 = wlL
At resonance, X7, = wL = 50 x 10 = 5002
Potential drop across to inductor,
Vins = Ims X Xz, = 4 x 500 = 2000V
If I is the current in the circuit containing L,C and R in series, then the voltage drop
across the inductor is
Vi=1x X[,

bV = A — bV =X etV =X

e

Vi I
I [ e

i

| -©

Ve Vminad

which leads current I by phase angle of /2 and voltage drop across the capacitor is
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Vo = I x X..which lags behind current I by phase angle of 7r/2 and voltage E across
the circuit is

Vg = IR which is in phase with current I. So the net voltage E across the circuit is

(using phasor diagram)

Vi,
ViV E
b, k
Ve J Va
Phasar chagram

V = \/Vk2+(VL—VC)2
> V=L/R (X, -X)=>V=1Z

where, z = \/ R2+ (X —X 0)2 is known as impedance. Phase angle between
. V-V, X;—X
voltage and current is given by tan ¢ = LVR € =2 = <.

Above mentioned condition is known as the condition of resonance. In this condition

i. Inductive and capacitive reactances are equal

XL:XcéwL:wic,éw:ﬁ
[w = 27v]

_ 1
= V=9

ii. Potential drop across inductor and capacitor are equal, Vi, = VC

iii. The series resonant circuit is also called an acceptor circuit because when a
number of different frequency currents are into the circuit, the circuit offers
minimum impedance to natural frequency current.

For L-R circuit, X7, = R

Power factor, P; = cos ¢
R - R 1

Ry RF+R V2

For L-C-R circuit, as C is put in series with L-R circuit and X, =X

Power factor, P» = cos ¢

\/R2+(XL_XC)2 \/R2+($L—XL)2 R
Required ratio = P; /Py = 1/4/2
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