Alternating Current

Case Study Based Questions

Case Study 1

Let a source of alternating emf £ = E sinot be
connected to a capacitor of capacitance C. If
‘I’ is the instantaneous value of current in the

ircuit as instant ¢, then 7 Eq Sin(mt+n)
circuit as mstant 7, cn = — .
1/ oC 2

The capacitive reactance limits the amplitude of

current in a purely capacitive circuit and it is given
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Read the given passage carefully and give the answer of the following questions:
Q1. What is the unit of capacitive reactance?

a. Farad b. Ampere

¢. Ohm d. Ohm-

Q2. The capacitive reactance of a 5uF capacitor for a frequency of 10° Hz is:
a.0.032Q b.2.52Q

c.1.25Q d.451Q

Q3. In a capacitive circuit, resistance to the flow of current is offered by:

a. resistor b. capacitor

C. inductor d. frequency

Q4. In a capacitive circuit, by what value of phase angle does alternating current leads
the emf?

a. 45° b. 90°
c. 75° d. 60°



Q5. One microfarad capacitor is joined to a 200 V, 50 Hz alternator. The rms current
through capacitor is:

a.6.28 x 102 A b.7.5x10*A
€. 10.52x 102 A d. 15.25x 102 A
Solutions

1. (c) Ohm

Ohm is the unit of capacitive reactance.
2.(a)0.032Q

Capacitive reactance,

L

oC 2nvC
) 1
 27x10°x5x10°°

Xc

=0.0320

3. (b) capacitor

In capacitive circuit, resistance to the flow of current is offered by the capacitor.
4. (b) 90°

5.(a) 6.28 x 102 A

C =y b 2rvC)E
urrent, V_XC_1/ZTCVC = (2nvQ)E,,

ly=2x314x50x1x107° x 200 = 6.28 x 107°A

Case Study 2
Step-up Step-down
transformer transformer
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The large-scale transmission and distribution of electrical energy over long distances
is done with the use of transformers. The voltage output of the generator is stepped-



up. Itis then transmitted over long distances to an area sub-station near the
consumers. Then the voltage is stepped-down. It is further stepped-down at
distributing sub-stations and utility poles before a power supply of 240 V reaches our
homes. (CBSE SQP 2021 Term-1)

Read the given passage carefully and give the answer of the following questions:

Q1. Which of the following statement is true?

a. Energy is created when a transformer steps-up the voltage

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

C. Step-up transformer increases the power for transmission

d. Step-down transformer decreases the AC voltage

Q2. If the secondary coil has a greater number of turns than the primary:

a. the voltage is stepped-up (Vs > Vp) and arrangement is called a step-up transformer

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

C. the current is stepped-up (Is > I,) and arrangement is called a step-up transformer

d. the current is stepped-down (Is < l,) and arrangement is called a step-down
transformer

Q3. We need to step-up the voltage for power transmission, so that:
a. the current is reduced and consequently, the I°R loss is cut down
b. the voltage is increased the power losses are also increased

C. the power is increased before transmission is done

d. the voltage is decreased so V?/R losses are reduced

Q4. A power transmission line feeds input power at 2300 V to a step-down
transformer with its primary windings having 4000 turns. The number of turns in the
secondary in order to get output power at 230V are:

a. 4 b. 40
c. 400 d. 4000

Solutions



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

2. (a) the voltage is stepped-up (Vs > Vp) and the arrangement is called a step-up
transformer.

If number of turns in secondary coil (Ns) are greater than number of turns in primary
(Np), then voltage is increased or stepped-up in secondary, so the arrangement is
called step-up transformer,

3. (a) The current is reduced and consequently, the I°R loss is cut down.
4. (c) 400
Given, E;=2300V

E, =230V
Np = 4000
NSZ ?
We know, 5:%
0 NS
2300 4000
230 NS
N¢ =400

Number of turns in secondary coil, Ns = 400

Case Study 3

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 800 kW of electric power at 220 V is situated 15 km
away from an electric plant generating power at 440 V. The resistance of the two wire
line carrying power is 0.5 Q per km. The town gets power from the line through a
4000-220 V step-down transformer at a sub-station in the town.



Core

Np
= c/)
Primary C/ D Secondary
») ~
L1
S Ns

Read the given passage carefully and give the answer of the following questions:
Q1. The value of total resistance of the wire is:

a.25Q b.30Q

¢.35Q d.15Q

Q2. The line power loss in the form of heat is:

a. 550 kW b. 650 kW

c. 600 kW d. 700 kW

Q3. How much power must the plant supply, assuming there is negligible power loss
due to leakage?

a. 600 kW b. 1600 kW
c. 500 W d. 1400 kW
Q4. The voltage drop in the power line is:

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

Q5. The total value of voltage transmitted from the plant is:

a.500Vv b. 4000V
c. 3000V d. 7000V
Solutions
1.(d)15Q

Resistance of the two wire lines carrying power = 0.5 Q /km

Total resistance = (15+15) 0.5=15Q



2. (c) 600 kW
Line power loss = I°R
rms current in the coil,

,_ P _800x10°
V. 4000

I

=200A

=~ Power loss = (200)% x 15 = 600 kW

3. (d) 1400 kW

Assuming that the power loss is negligible due to the leakage of the current.
The total power supplied by the plant = 800 kW + 600 kW 1400 kW

4. (b) 3000V

Voltage drop in the power line = IR =200 x 15 =3000 V

5.(d) 7000 V

Total voltage transmitted from the plant =3000 V + 4000 V = 7000 V

Case Study 4

An LC circuit also called a resonant circuit or tank circuit or tuned circuit, is an electric
circuit consisting of an inductor represented by the letter L and a capacitor,
represented by the letter C connected together. An LC circuit is an idealised model
since it assumes there is no dissipation of energy due to resistance.

An LC circuit contains a 20 mH inductor and a 50 pF capacitor with an initial charge of
10 mC. The resistance of the circuit is negligible. Let the instant of circuit is closed be t
=0.

Read the given passage carefully and give the answer of the following questions:
Q1. What will be the total energy stored initially?
Q2. What will be the natural frequency of the circuit?



Q3. At what time is the energy stored completely electrical?
Q4. At what time is the energy stored completely magnetic?
Q5. Calculate the value of X..

Solutions

2 -3\2
1. Energy E :10_:—(10><10 )y _

=1
2C 2x50x10°°

1 1
2. Frequency, v ="—F— =
20VLC 572041073 x 504107

3
_107 155.24Hz
2n
3. Total time period,
LI 6.28 ms
v 169.24
Total charge on capacitor at time, t
Q' :Qcosét
T

For energy stored in electrical, we can write Q' = +Q.
Hence, energy stored in the capacitor is completely
T 3T

electricalatt=0, —, T, =—, ...
2 2

4. Magnetic energy is maximum when electrical energy
is equal to zero.

Hence, t=232-‘rj ..... :
5. X, =ol=2nvl
—2x314x15924 x 20 x 107
= X =20Q
Case Study 5

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.

—EESe——]

012H 480nF 230

Fo

—~

230V

Resonance phenomenon is exhibited by a circuit only if both L and C are present in
the circuit. We cannot have resonance in an RL or RC circuit. A series LCR circuit with L
=0.12 H, C=480 nF, R=23 Qs connected to a 230V variable frequency supply.

Read the given passage carefully and give the answer of the following questions:
Q1. Find the value of source frequency for which current amplitude is maximum.
Q2. Calculate the value of maximum current.
Q3. Calculate the value of maximum power.
Q4. At resonance, which physical quantity is maximum?
Solutions
1. Here, L =012 H, C=480nF =480 x 10°F
R=230Q, V=230V
Vo= 42 x230=325.22V

[ Yo
0 1 5
R2 4| ol ———
+[co coCJ
At resonance, mL—L:O
(6))
1 1

m= =
JLC  Jo12x480x107°

— 416667 rad s

 4166.67

Vo= > <314 =663.48 Hz (v o =2nvg)



4

2. Current, ,=-—L-= 32522 _ 1414 A
R 23

3. Maximum power, P__ = %(ID)ZR

_ % x (14142 x 23= 22993 W

4. Atresonance, current is maximum. A circuit in which
inductance L, capacitance C and resistance R are
connected and the circuit admits maximum current
corresponding to a given frequency of AC is called
resonance circuit.

Solutions for Questions 6 to 15 are Given Below

Case Study 6
LCR Circuit

When a pure resistance R, pure inductor L and an ideal capacitor of capacitance C is
connected in series to a source of alternating e.m.f,, then current at any instant through
the three elements has the same amplitude and is represented as I = I sinwt. However,
voltage across each element has a different phase relationship with the current as shown
in graph.

The effective resistance of RLC circuit is called impedance (Z) of the circuit and the
voltage leads the current by a phase angle ¢.

Y

Ll
#T s

A resistor of 12 Q, a capacitor of reactance 14 Q and a pure inductor of inductance 0.1 H
are joined in series and placed across 200 V, 50 Hz a.c. supply.

(i) The value of inductive reactance is

(a) 15Q (b) 314Q (c) 20Q (d) 30Q
(ii) The value of impedance is

(a) 20Q (b) 150 (c) 300 (d) 21.13Q

(iii) What is the value of current in the circuit?
(a) 5A (b) 15A (c) 10A (d) 9.46 A
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Solutions for Questions 6 to 15 are Given Below


(iv) What is the value of the phase angle between current and voltage?

(a) 53°9 (b) 63°9 (c) 55°4 (d) 50°
(v) From graph, which one is true from following?
Case Study 7

AC Voltage Applied to a Capacitor

Let a source of alternating e.m.f. E = E sinnt be connected to a capacitor of capacitance C. If °I" is

Ey

1/oC

T
the instantaneous value of current in the circuit at instant ¢, then I= sin[mt +§J The capacitive

reactance limits the amplitude of current in a purely capacitive circuit and it is given by X = L

wC
C
|l
[
()
Ny
(i) What is the unit of capacitive reactance?
(a) farad (b) ampere (c) ohm (d) ohm™
(ii) The capacitive reactance of a 5 uF capacitor for a frequency of 10° Hz is
(a) 0.032Q (b) 2.52Q (c) 1.25Q (d) 4510
(iii) In a capacitive circuit, resistance to the flow of current is offered by
(a) resistor (b) capacitor (c) inductor (d) frequency
(iv) In a capacitive circuit, by what value of phase angle does alternating current leads the e.m.f?
(a) 45° (b) 90° (c) 75° (d) e0°
(v) One microfarad capacitor is joined to a 200 V, 50 Hz alternator. The rms current through capacitor is
(a) 6.28x107A (b) 75x10* A (c) 1052x 107 A (d) 15.25x 107 A
Case Study 8

AC Voltage Applied to an Inductor

Let a source of alternating e.m.f. E = Esinwmt be connected to a circuit containing a pure inductance L. If I is
the value of instantaneous current in the circuit, then = I sin (mt - EJ The inductive reactance limits the
current in a purely inductive circuit and is given by X; = L. -

L
T

N
N



(i) A 100 hertz a.c. is flowing in a 14 mH coil. The reactance is
(a) 150 (b) 7.5Q (c) 8802 (d) 102

(i) In a pure inductive circuit, resistance to the flow of current is offered by

(a) resistor (b) inductor (c) capacitor (d) resistor and inductor

(iii) In a inductive circuit, by what value of phase angle does alternating current lags behind e.m.f.?
(a) 45° (b) 90° (c) 120° (d) 75°

(iv) How much inductance should be connected to 200 V, 50 Hz a.c. supply so that a maximum current of 0.9 A

flows through it?
(a) 5H (b) 1H (c) 10H (d) 45H

(v) The maximum value of current when inductance of 2 H is connected to 150 volt, 50 Hz supply is
(a) 0.337A (b) 0.721 A (c) 1.521A (d) 2.522A

Case Study 9

Average Power Associated with an Inductor and Capacitor

The power averaged over one full cycle of a.c. is known as average power. It is also known as true power.

Vol
P.=V ndims €05 0= %C«DS{I}.

Root mean square or simply rms watts refer to continuous power.
A circuit containing a 80 mH inductor and a 60 uF capacitor in series is connected to a 230 V, 50 Hz supply. The

resistance of the circuit is negligible.

G000 — |
80 mH &0 uF
230V, 50 Hz
(i) The value of current amplitude is
(a) 15A (b) 11.63 A (c) 17.65A (d) 6.33A
(ii) Find rms value.
(a) 6A (b) 525 A (c) 823 A (d) 7.52A

(iii) The average power transferred to inductor is
(a) zero (b)) 7W (c) 25W (d) 5W

(iv) The average power transferred to the capacitor is
fa) 5W (b) zero (c) 11W (d) 15W

(v) What is the total average power absorbed by the circuit?
(a) zero (b) 10W (c) 25W (d) 15W



Case Study 10

Transformer

A transformer is essentially an a.c. device. It cannot work on d.c. It changes alternating voltages or currents.
It does not affect the frequency of a.c. It is based on the phenomenon of mutual induction. A transformer
essentially consists of two coils of insulated copper wire having different number of turns and wound on the
same soft iron core.

The number of turns in the primary and secondary coils of an ideal transformer are 2000 and 50 respectively.
The primary coil is connected to a main supply of 120 V and secondary coil is connected to a bulb of resistance
0.6 €.

(i) The value of voltage across the secondary coil is

(a) 5V (b) 2V (c) 3V (d) 10V
(ii) The value of current in the bulb is

(a) 7A (b) 15A (c) 3A (d) 5A
(iii) The value of current in primary coil is

(a) 0.125A (b) 2.52A () 151A (d) 3.52A
(iv) Power in primary coil is

(a) 20W (b) 5W (c) 10W (d) 15W
(v) Power in secondary coil is

(a) 15W (b) 20 W () 7W (d) 8W
Case Study 11

Resonant Series LCR Circuit

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 L and C are present in the circuit. We cannot have
resonance in a RL or RC circuit.

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

OO0 —— =y
012H 480nF 23Q

)

—_—

Y
230V

(i) Find the value of source frequency for which current amplitude is maximum.
(a) 222.32 Hz (b) 550.52 Hz (c) 663.48 Hz (d) 770 Hz

(ii) The value of maximum current is
(a) 1414 A (b) 2252 A (c) 5025 A (d) 4741 A



(iii) The value of maximum power is

(a) 2200W (b) 22993 W (c) 5500W (d) 4700 W
(iv) What is the Q-factor of the given circuit?
(a) 25 (b) 42.21 (c) 3542 (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)
Case Study 12
LC Circuit

An LC circuit also called a resonant circuit, tank circuit or tuned circuit is an electric circuit consisting of an
inductor represented by the letter L and a capacitor, represented by the letter C connected together. An LC circuit
is an idealized model since it assumes there is no dissipation of energy due to resistance.

An LC circuit contains a 20 mH inductor and a 50 uF capacitor with an initial charge of 10 mC. The resistance

of the circuit is negligible. Let the instant the circuit is closed be = 0.

I

LY
e

E: o

(i) The total energy stored initially is

(a) 5] (b) 3] (c) 10] (d) 1]
(ii) The natural frequency of the circuit is
(a) 159.24 Hz (b) 200.12 Hz (c) 110.25Hz (d) 95 Hz
(iii) At what time is the energy stored completely electrical?
T .. 3T
(a) T,5T,9T by L T 3T (c) 0,T,2T,3T @ 0T, =
27272 22
(iv) At what time is the energy stored completely magnetic?
T 3T T T T T T 3T 5T
(a) > 5 (b) 39 12 (c) 0,2T,3T (d) T
(v) The value of X is
(a) 20Q (b) 40Q (c) 60Q (d) 50Q

Case Study 13

Step-down Transformer in the Transmission of Electric Power

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 800 kW of electric power at 220 V is situated 15 km away from an electric plant
generating power at 440 V. The resistance of the two wire line carrying power is 0.5 Q per km. The town gets
power from the line through a 4000 - 220 V step-down transformer at a sub-station in the town.
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(i) The value of total resistance of the wires is
(a) 250 (b) 30Q (c) 35Q (d) 159
(ii) The line power loss in the form of heat is
(a) 550 kW (b) 650 kW (c) 600 kW (d) 700 kW

(iii) How much power must the plant supply, assuming there is negligible power loss due to leakage?
(a) 600 kKW (b) 1600 kW (c) 500W (d) 1400 kW

(iv) The voltage drop in the power line is
(a) 1700V (b) 3000V (c) 2000V (d) 2800V

(v) The total value of voltage transmitted from the plant is
(a) 500V (b) 4000V (c) 3000V (d) 7000V

Case Study 14

Power Associated with LCR Circuit

In an a.c. circuit, values of voltage and current change every instant. Therefore, power of an a.c. circuit at any
instant is the product of instantaneous voltage (E) and instantaneous current (I). The average power supplied to
a pure resistance R over a complete cycle of a.c. is P = E_ I, . When circuit is inductive, average power per cycle is
E I coso.

0000 —— =
600 mH S0UF 108

(=)
N/
230V, 60 Hz

In an a.c. circuit, 600 mH inductor and a 50 pF capacitor are connected in series with 10 Q resistance. The a.c.

supply to the circuit is 230 V, 60 Hz.

(i) The average power transferred per cycle to resistance is
(a) 1042W (b) 15.25W (c) 17.42W (d) 13.45W

(ii) The average power transferred per cycle to capacitor is
(a) zero (b) 1042W (c) 17.42W (d) 15W

(iii) The average power transferred per cycle to inductor is
(a) 25'W (b) 17.42W (c) 16.52W (d) zero



(iv) The total power transferred per cycle by all the three circuit elements is

(a) 1742W (b) 1045W (c) 12.45W (d) zero
(v) The electrical energy spend in running the circuit for one hour is
(a) 7.5 10° Joule (b) 10 x 10° Joule (c) 9.4 % 10° Joule (d) 6.2 x 10* Joule

Case Study 15

Transformer

A transformer is an electrical device which is used for changing the a.c. voltages. It is based on the phenomenon
of mutual induction ie. whenever the amount of magnetic flux linked with a coil changes, an e.m.f. is induced
in the neighbouring coil. For an ideal transformer, the resistances of the primary and secondary windings are
negligible.

e (Mo, of turns, Ns]

(Mo, of turns, NI,]

Input Hﬁ;ﬂuipui
ac I

Primary 3
i ¥ J i;lc]andary

Soft iron core

It can be shown that £ = I—p =
E p I n,

where the symbols have their standard meanings.

For a step up transformer, n_> y E > EP; k>1; o 1< Ip

For a step down transformer, n_< My E < Ep; k<1

The above relations are on the assumptions that efficiency of transformer is 100%.

output power _ E_I;

intput power E pI p

=k

Infact, efficiency n=

(i) Which of the following quantity remains constant in an ideal transformer?

(a) Current (b) Voltage (c) Power (d) All of these
(ii) Transformer is used to

(a) convert ac to dc voltage (b) convert dc to ac voltage

(c) obtain desired dc power (d) obtain desired ac voltage and current

(iii) The number of turns in primary coil of a transformer is 20 and the number of turns in a secondary is 10.
If the voltage across the primary is 220 ac V, what is the voltage across the secondary?

(a) 100acV (b) 120acV (c) 110acV (d) 220acV

(iv) In a transformer the number of primary turns is four times that of the secondary turns. Its primary is
connected to an a.c. source of voltage V. Then

(a) current through its secondary is about four times that of the current through its primary.
(b) wvoltage across its secondary is about four times that of the voltage across its primary.
(c) voltage across its secondary is about two times that of the voltage across its primary.

1
(d) voltage across its secondary is about 5 5 times that of the voltage across its primary.

(v) A transformer is used to light 100 W-110 V lamp from 220 V mains. If the main current is 0.5 A, the
efficiency of the transformer is

(a) 95% (b) 99% (c) 90% (d) 96%



L HINTS & EXPLANATIONS )

"

6. (b):Given: R=12Q,X,=14Q,L=0.1H
X, =L =210l =2x3.14 x 50 x 0.1 = 31.4 Q

(ii) (d): Impedance, z:JR2 +(Xp, - X{;JI

= J12)? + (314 - 14)? =21.13Q

L 200V
() (@) 1, = 2 = =22 0,46 A

X, -Xe 314-14

i : = =
(iv) (¢): tand P »

1.45

6= tan '(1.45) = 55°4’

(v) (c)
7. (i) (¢) :Ohm is the unit of capacitive reactance.

1
wC  2muC
=0.032 &2

(ii) (a): Capacitive reactance, X =
_ 1
2nx10% x5%107°

(iii) (b): In capacitive circuit, resistance to the flow of
current is offered by the capacitor.

(iv) (b)

(v) (a):Current, Ivziz Ey
Xe  1/2muC

I,=2x3.14x50 x 10°x 200 =628 x 102 A

=(2ruC)E,

8. (i) (¢) : Inductive reactance,
X, =oL=2mul=2nx 100 x 14 x 10~
X;=88Q

(ii) (b)

(iii) (b): In an inductor voltage leads the current by g

or current lags the voltage by g :

(iv) (b): The current in the inductor coil is given by

_Ey _~2E,
7 X, " 2muL
V2E, 1.414 X 200

L= = =
2mul, 2% 3.14 %50 x0.9

(v) (a): Inductive reactance,
X;=oL=2mol=2x3.14x50x 2 =628 Q
E,

J2xE, J2x150
y=—-=1)= =
X X 628
9. (i) (b):Inductance, L = 80 mH =80 x 10" H
Capacitance, C=60 uF =60 x 10 °F, V=230V
Frequency, v = 50 Hz
@=2mu=100m rad s

Peak voltage, V;, = vi2=230{2 v

=0.337 A

Maximum current is given by, I, = Yo
[o+-ce)
wC
. 2302
0=
100 X80 X 107" — : —
1007 % 60 X 10
_ BN

b=
[3::— 1uuu)
61

Amplitude of maximum current, I, = 11.63 A



(ii) (c):rms value of current,

I:I—U: —11.63

V2o 2

1
MNegative sien appears aswlL < —.
8 gn app oC

=—823A

(iii) (a): Average power consumed by the inductor is

. n
zero because of phase difference of — between voltage
and current through inductor.

(iv) (b): Average power consumed by the capacitor is

. T
zero because of phase difference of — between voltage
and current through capacitor.

(v) (a)
E
10. (i) (¢):As —= =5 - ES:EF.E
E, n, p
_120%50
T 2000
E 3
ii dI:_S=:,I:_:5A
W) (d): 1, R 06

I, E
(iii) (a): As L =—=
I, E,
E, 3
= I,=—x] =—x5=0.125A
PE 12

P
(iv) (d): Power in primary, PP = EP b IP =120 %= 0.125
=15W

(v) (a):Power in secondary coil, P.=E x [ =3 x5
=15W

11. (i) (c):Here, L=0.12H, C=480 nF =480 x 10°F

R=230,V=230V

Vy =42 X230=32522V

Vo

)

At resonance, ml, — L =0

Iy =

oC
1 1 4
= = =4166.67 rad s
VLC J-:Ilz % 480 % 10°
4166.67
Vg = =663.48 Hz
2x%3.14
V, .
(i) (a): Current, I, = Eﬂ 23022 a4

(iii) (b): Maximum power, P, :%(ID]ER

- % X (14.14)> X 23 =2299.3 W

(iv) (d): Quality factor Q = X—f; = m;'

_ 4166.67 X 0.12
B 23

=21.74

(v) (b)
(10x107)
2%50%107°

12. (i) (d):Energy, E= 1]

1@
2 C
1

2n/LC

1 3
= 10 =159.24 Hz

M 20107 x50 x10° 27

(ii) (a):Frequency, v=

(iii) (d): Total time period, T = r__r =6.28 ms

v 159.24

Total charge on capacitor at time f, Q" = Qcos E_Jl:t

For energy stored is electrical, we can write Q"' = + Q.
Hence, energy stored in the capacitor is completely

T T
electrical at, t=0,—,T,—,.....
2 2

(iv) (d): Magnetic energy is maximum when electrical
energy is equal to zero.

T 3T 5T
Hence t=— — — ...
4’47 4
(v) (a):X; =oL=2muL=2x3.14 x159.24 x 20
x 1073
= X;=20Q

13. (i) (d):Resistance of the two wire lines carrying
power = 0.5 Q/km
Total resistance = (15 + 15)0.5=15Q

(ii) (c):Line power loss = R
RMS current in the coil,

P 800x10°
= = —200A
Vi

Power loss = (200)2 x 15 = 600 kW

(iii) (d): Assuming that the power loss is negligible
due to the leakage of the current.
The total power supplied by the plant

= 800 kW + 600 kW = 1400 kW



(iv) (b): Voltage drop in the power line = IR
=200 x 15= 3000V

(d): Total voltage transmitted from the plant
= 3000V + 4000 V =7000 V

(v)

14.
resistance is P-,- =1 ER

(i) (c): Average power transferred per cycle to

As X; =wL=2mulL = Exgxﬁﬂxﬂ_ﬁ:ﬂﬁ.zaﬁ

oo L _ 1 _ 7
“T0C 2MC  2%22/7 X 60 x50 X10~°
=53.03Q

= J{m}? +(226.28 — 53.03)% =173.53Q
E, 230

. = =1.32A
Z 17353

P,=17R=(132*x10=1742W

(ii) (a): P-=E I cos¢

In a capacitor, phase difference, 0= 90°
P; = E I cos90° = zero

(iii) (d): P = E, I,cos0

In an inductor, phase ditference, ¢ = 90°

P; = E I cos90° = zero

(iv) (a): Total power absorbed per cycle
P=Py+Pc+P;=1742+0+0=1742W

(v) (d): Energy spent = power x time
=17.42x 60 x 60 = 6.2 x 10" Joule

15, (i) (c):In an ideal transformer, there is no power
loss. The efficiency of an ideal transformer isn =1 (i.e
100%) i.e. input power = output power.

(ii) (d): Transformer is used to obtain desired ac
voltage and current.

(iii) (c) : For a transformer, === m
fel
where N denotes number of turns and V = voltage.
v, _10

220 20

SV, =110ac V

(iv) (a): In a transformer the primary and secondary
currents are related by

r“'N ™
IL=|-L|r
\, N5 4
and the voltages are related by
/ N )
V.=|—= Vo
\Np )

P

where subscripts p and s refer to the primary and

secondary of the transformer.

N
oy,
N

5

1 Vv
and V, =[—)V=—
4 4

(v) (c): The efficiency of the transformer is
Cutput E
.. utput power (B, ;) 100
Input power(F, )

100W, P, = (220 V)(0.5A) =110 W

T n

Here, VF =V, I.= 4IP

Here, P

out =

_100W
7 Tow

% 100 = 90%
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