ALTERNATING CURRENT

PRACTICE QUESTION ( Pg No.9)

1) Alight bulb is rated 150 W for 220 VV AC supply of 60 Hz. Calculate
(a) the resistance of the bulb
(b) the rms current through the bulb. [All India 2012]

SOL: (a) P =150 W, V =220V,

2
Resistance of the bulb R = V— = M =322.7Q
P 150
Vv 220
(b) [s=—2=——xo (V_ . =V=220V)

R 3227 rms

e =0.68 Q

2) Distinguish between the terms 'average value' and 'rms value' of an alternating current. The
instantaneous current from an AC source is | = 5 sin 314t A. What are the average and rms
values of the current? [Delhi 2007][All India 2010C]

SOL: The rms value of alternating current is equal to that value of DC( Steady current ) which

produces same amount of heat in a given resistance as produced by the given AC, when passed for

|
the same time (T). |, = —~

V2

where, |, = peak value of AC.
Average value: The average or mean value of AC is equal to that direct current which sends the
same charge in a circuit in the same time as is sent by the given AC in the same circuit in its half time
=g l,=0.637 I,

T
Givenl=5sin 314t A

Comparing with | = I, sin ot
IO =5 ’

=g l,=0.6371,=0.637x5=3.185A

T

lo _ 5 _0707x5-3.353A

_ o _

Irms \/E \/E

3) Distinguish between the terms "effective value' and 'peak value' of an alternating current.
An alternating current from a source is represented by | =10 sin 314t A. Write the
corresponding values of

(a) its 'effective value'.

(b)  frequency of the source. [Delhi 2007]

SOL: Effective value Effective value of alternating current is also known as rms value for which is as

period. |

av

Iav

The rms value of alternating current is equal to that value of DC which produces same amount of
heat in a given resistance as produced by the given AC, when passed for the same time (T).
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I
s = TOZ where, |, = peak value of AC.

Peak value The maximum value of an alternating current is termed as peak value of an AC.

(@ Given, [=10sin(3141)
Comparing with

I =1, sin(mt)
= ;{, =10 A
3']4
rms value | 10
rms ‘\/— \/2
Effective value =1, = 10, ££ =52 A
V2 V2
(b) - =314
. 2nf =314
where f = frequency of AC.
_314_ 314 _ 314 %100 = 50
2n  2x3.14 2x314
f=50Hz

4) The current flowing through a pure inductance 2 mH is | = 15 cos 300t A. What is the (a)

rms and (b) average value of current for a complete cycle? [Foreign 2011]

SOL: Current flowing through the inductor | =15 cos (300t)
Comparing with | =y sin ot
Here, peak value of current lh,=15A
} 15
(@) fme = —2=

V2 2

(b) For complete cycle, average value of current is zero |, =

27

5) An AC current, | = Iy sinw t, produces a certain heat H, in a resistor R, over atime T = —.

[

Write the value of the DC current that would produce the same heat, in the same resistor, in

the same time. [All India 2009C]

SOL: The required current as asked in the question is i and given by I, =
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PRACTICE QUESTION ( Pg. No 11)

Example-5

The electric main in a house is marked 220V-50 Hz. Write down the equation for instantaneous
voltage. Ans: V = 311sin 100 it

SOL: The equation for the alternating voltage is

V=Vysinor = Vysin2nfr,
where V' is instantaneous voltage and V; the peak value of the voltage.
Here rms (virtual) voltage is V,,, = 220V .
S Vo=N2V,, = 1414 x 220V = 311 V.
Alsof = 50 Hz."Substituting values of Vyand f in eq. (i), we get
V =311sin 100t ¢.

PRACTICE QUESTION (Pg. No. 13)

1) A 100-Q resistor is connected to 220 V - 50 Hz a.c. supply. Find rms value of current in the
circuit and the net power consumed for a complete cycle.

SOL: Given : V,,, =220V.

The average power consumed for a complete cycle is P=i2 R= (2.20A)* x100Q = 484W

rms
2) A sinusoidal voltage V = 200 sin 314 t is applied to a 10Q resistor. Find (a) the frequency of
the supply, (b) peak voltage, (c) rms voltage, (d) rms current and (e) power dissipated as
heat.

SOL:
Comparing the given voltage equation with V =V, sin @1, we have
Vo =200V and ® = 3145 .

3145
(a) supply frequency, f = % = ?S_M' = S50Hz. (b) Peak voltage, V, = 200V .
Vi
(c) mms voltage, V,,, = Tg = 2'1—%0% = 1414V,
Vims 1414V

R = 100 = 14-14 A. (e) The power is dissipated in resistance only.

P = (i) R=(1414A)" x 10Q = 2000 W .

(d) rmscurrent, i, =

3) An alternating voltage given by V = 280 sin 50 7 t is connected across a pure resistor of 40Q.
Find
a) the frequency of the source.
b) the rms current through the resistor. [All India 2012]
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SOL: V=280sin50 7t , R=40Q,
Comparing with V=V,sinw t

’

(a) w=50 7rad/s

2zt =507 (cro=2xf)
f=50—ﬂ=25Hz
2r
V, 280
(b) V,,.:—0=—
RN
| =Vrms:
™R V2 x40
B 280
1.414 % 40

4) An alternating voltage given by V = 70 sin 100 7 t is connected across a pure resistor of 25

Q. Find

a) the frequency of the source.
b) the rms current through the resistor. [All India 2012]

SOL:V=70sin1007xt

Comparing with V=V,sinw t

’

(a) w=100 7 rad/s

2z f =1007 (ro=2xT)
¢ 21997 _5op,
T
Vi 70
(b} Vis = —% = =
rms ’\/E \/E
L= Vims
rms R
_(70/42)
25
__ 70
1.414% 25
=1.98 A
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PRACTICE QUESTIONS ( Pg. No.29)

1) An electric bulb is designed to consume 55 W when operated at 110 volt. It is connected to a
220V, 50 Hz line through a choke coil in series. What should be the inductance of the coil
for which the bulb gets correct voltage?

SOL: 55 W and 110V are DC values

VZ 110 x110

= Q=
R P e 220 Q
55 1
Current through the bulb = — A=—-A
110 2 in DC supply.
InAC:
1_ 220
Now, 2 [R? 1 o212
or R? + 0?12 = 440 x 440
or L2 x 10%n2 = 440 x 440 — 220 x 220
or 12 = 220 >; 2202>< 3
10" x =
or L= —220—— J3H=12H
100 x 3.14

2) Can a capacitor of suitable capacitance replace a choke coil in an a.c. circuit ?

Ans. Yes, because the average power consumed in a capacitor is also zero. Hence, like a choke coil, a

capacitor can reduce current in a.c. circuit without power dissipation.

3) (i) A choke coil and a bulb are connected in series to a d.c. source. If an iron core is inserted
in the choke coil, is there any change in the brightness of the bulb ?

(ii) What if the choke coil and the bulb are connected to an a.c. source ?

Ans: No, the reactance X, (=@ L=2nf L) of the choke coil is zero for d.c. Hence any change in L does
not effect d.c. and the bulb continues to shine as brightly as before.

(ii)In this case, the brightness of the bulb decreases because the choke coil offers reactance @ L
to a.c. When an iron core is inserted in the coil, the inductance L of the coil and hence its reactance
of L increases. Therefore, the current in the bulb further decreases and now it shines with less

brightness.

4) An ac voltage of 100 V, 50 Hz is connected across a 20 Q resistor and 2 mH inductor in

series. Calculate (i) impedance of the circuit (ii) rms current in the circuit.[CBSE 2007]
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soL: (i) 2= VR +@?L? =R? + 472 212

r f - T a
or Z= /400 + 4 x 9.88 x 2500 x (2x 10" %)? Q

= 20.01 Q
(i) 1,,, =me = 29 A 5
Z 20.01

5) When an inductor L and a resistor R in series are connected across a 12 V, 50 Hz supply, a
current of 0.5 A flows in the circuit. The current differs in phase from applied voltage by 7/3
radian. Calculate the value of R. [CBSE 2006]

SOL:
I d \Trms 2
, L= Ths =240
mpedance I.. 05
Al s$0= R
s cos O = 7

T 1
Rchos¢:24cos§=34X§=12Q

6) In the given circuit, the potential difference across the inductor L and resistor R are 200 V
and 150 V respectively and the rms value of current is 5 A. Calculate (i) the impedance of

the circuit and (ii) the phase angle between the voltage and the current. [CBSE 2004]

SOL:V, =200V, Vg=150V, l;ns=5A

L R
— 0000 ——AAN—

Vems =V +V2 =1/200% +150% = 250V

(~ )
(i) Irms — Vrms -Z =Vrms — 250 =50Q @

Z Irms 5
_ VL _ 200
(ii) tan ¢ = Ve 150 - 1.3333

® = tan™! (1.3333) = 53.13°

7) A 100V, 50 Hz ac source is connected to a series combination of an inductance of 100 mH
and a resistance of 25 () Calculate the magnitude and phase of the current.[CBSE 1991]

SOL:
X, =ol=2x3.14 x 50 x 100 x 103 Q

=314 Q
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Z =\JR? +X,? =25 +-314% = 40.140

s = & =2.49A
40.14
X; 314
= — = = 12
tan ¢ R o5 50,

¢ = tan™! (1.256) = 51.47°.

8) A bulb of resistance 10 () connected to an inductor of inductance L is in series with an ac

source marked 100 V, 50 Hz. If the phase angle between voltage and current is % radian,
calculate the value of L. [CBSE]

SOL:

R R R

I R tan ¢
T onf
Now,$p=45°%tan ¢ =1,f=50Hz, R=10Q
10 x1x7

L= m H=0.032H

9) An inductance coil has a reactance of 100 Q. When ac signal of frequency 1000 Hz is applied
to the coil, the applied voltage leads the current by 45°. Calculate the self-inductance of the

coil. [CBSE 1998 S]

Ans. It is clear from the given data that the inductance is not pure inductance. The given coil behaves

as a series combination of L and R.

tan ¢ = %,tan45°= —% or R=X -

Now, Z=R?+X.?
or 100 = X 2+ X, 2 =2 X,

X 100 Q=7070Q

or = = 0="170.

. L ﬁ

or oL =70.7 or 2rfL =707

or L= — 077  _412x102H.
2 % 22 x 1000
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10) An AC voltage of 100 V, 20 Hz is connected across a 20Q resistor and 2 mH inductor in
series. Calculate (a) impedance of the circuit, (b) rms current in the circuit. [All India 2007]

SOL:

V., .=100V, f =20 Hz
R=209Q,L=2%x10"H

X, =2nfl=2mx20%x2x10" H

(@) Impedance of the circuit Z = JRz + X/

= {(20)? + 80T x 107%)?

=20 x |1+ (41 x 1072

Impedance Z = 20 Q nearly

V, 100
(b) rms current I = ? =5 = 5A

11) A 60-V, 10-W lamp is to be used on a.c. source of 100 V, 60 Hz. Calculate the inductance of
the choke coil required to be put in series to run the lamp. How much pure resistance should

be used in place of the choke coil, so that the lamp may run on its rated voltage ?

SOL: 60-V, 10-W is DC values

. mow 1
The current taken by lampis I=—=——==—A
V. 60V 6
and the resistance of its filament is
% o0 vV
R=-—= —-— =13 )
i (1/6) A 60 2

If the lamp is to run on 100 V-60 Hz a.c. mains, a choke-coil should be placed in series with it so that its
effective resistance (impedance) is increased and the current through it does not exceed (1/6) A. Let L be

the inductance of the required choke. Then, the impedance of the lamp-choke combination is
Z=VR + x> =R + o'’ = VR + Qnf)} L

= VE60) + (2 x 314 x 60)° L7 = V3602 + 377L)° .
Now, current = voltage/impedance . Thus,

I 100

Yy

6 N360) + (377 L)
(360)° + (377 L)° = (600)°

(377 1)" =(600) - (360)" = 2304
377 L = 480
180
L=7, = 127H.

Let R’ be the resistance of the circuit for which the current in the lamp would be (1/6)A. Then

— Vrms

Irms R 1
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IO(,) or R’ = 600Q.

R ,

The resistance R of the lamp itself is 360 Q. Therefore, the additional resistance required for the circuit is
R’ — R =600 — 360 = 240 Q.

This will, however, result in waste of electrical energy as heat in the additional resistance.

=

or

12) A choke coil is needed to operate an arc lamp at 160 V (rms) and 50 Hz. The arc lamp has
an effective resistance of 52 when running at 10 A (rms). Calculate the inductance of the
choke coil. If the same arc lamp is to be operated at 160 V (dc), what additional resistance is

required. Compare the power losses in both cases.

SOL: The current (rms) in an L - R circuit is given by
VTJII.Y

flmi.u = T 5
VR + (0 L)’

Herei,, = 10A, V,,, =160V, R=5Q and © = 2nf=2x314x50 = 3145 ".

10 = 160
V(57 + (314 LY
or ' 314 L)* = (16)* = (5)* = 231
_N23 12 2
or L= 34 = 314 = 484x10 “H.
Let R, be the additional resistance required in dc circuit. Then
i ‘ . vd(‘
T R¥R, -
160 V
or S T
or R..\ = 11 Q.
The power loss in ac circuit is given by
P(l(' = ‘/I'I"S x inn.s' x COS¢ *
5Q 5
For L R circuit, cos ¢ = 5 R = = — ¥
R+ (L)’ \/ ] 153 ¥ 16
(5Q) +(3l.4s XWH]
P, = 160V x 10A X ~= = 500 W.

16
The power loss in dc circuit is
Pd( = Vd‘. X idr = 160VX10A =1600 W .

Thus P.:P;,=500:1600 =5:16.

13) A student connects a long air-cored coil of manganin wire to a 100-V d.c. source and records
a current of 1.5 A. When the same coil is connected across 100 V-50 Hz a.c. source, the

current reduces to 1.0 A. Why ? Calculate the reactance of the coil.
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.V
SOL: For DC, we have I, = R ()

. - Vims "
While in A , we have Irms = W ....(II)

Where X, is the reactance of the coil . Here V=100V and also Vs = 100V

From eq. (i), we have R = l = @ =66.67Q2

Idc

From eq. (ii) , we have

V2o, (100v)’

X2 =-m _R®= ~—(66.67)° = (100)* - (66.67)” = 55550Q2*
i (1.5A)
X, =74.53Q

14) A virtual current of 4 A flows in a coil when it is connected in a circuit having a.c. of
frequency 50 Hz. The power consumed in the coil is 240 W. Calculate the inductance of the
coil if the virtual p.d . across it is 100 V.

SOL: Let L be the inductance, R the resistance and Z the impedance of the coil. The power is

consumed in R only. Thus, the average poweris P = (i, .)?R
R=—" 20 150
(Irms) 4
‘/P'nlY IOOV
= —ms 22X 05Q)
Now, Z P AA 25
Again, Z = VR* + ((;.)JL)2
or (L)} =27 - R = (25Q)° - (15Q)" = 400Q°
or oL =20Q.
Herew = 27 f = 2 X314 X 50 = 3l4rads .
_20Q 200

L = 0-0637H.

®  3l4rads’

15) An a.c. circuit having an inductor and a resistor in series draws a power of 560 W from an
a.c. source marked 210 V-60 Hz. The power factor of the circuit is 0.8. Calculate the

impedance of the circuit and the inductance of the inductor.
SOL: The average power over complete cycle is given by P =V, x| XCOS@ , where COS¢ is

power factor
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P 560W 10

[ = =
™V __xcosg 210V x08 3

Vv
The impedence of the circuit Z =™ =63Q

rms

The power is consumed in R only. Therefore

P = (i) R
A%
or R = P2= 2600 = 504 Q.
(ims)’ (10,
3
Now, the impedance of an L - R circuit is
Z=\R*+L).

s (L) = Z2-R = (63Q)°— (504 Q)
(63 + 50-4) Q x (63 —504) Q
= 1134Q x 126Q = 142884 Q

Il

or oL = V142884 = 378Q.
378Q 378 Q

= 0-1H.

2nf 2 x 314 x 60s '

16) An alternating voltage E = 200 sin 300t is applied across a series combination of R = 10Q)
and L = 800 mH. Calculate (i) the impedance of the circuit (ii) the peak current in the circuit
and (iii) the power factor of the circuit. [ CBSE 1994 ]

Ans. Comparing the given equation with E = Ep sin @ t,we get @ =300 rad st

Now, X, = oL = 300 x 800 x 10~ Q = 240 Q

(i) Impedence Z = \[R? + X ? =107 +240° = 240.2Q

(ii)Peak current, |, = \i = ﬂ =0.83A
Z 240.2
(iii) Power factor, cos ¢ = R = 10 = 0.0416.
Z 240.2

17) When 100 volt dc is applied across a coil, a current of one ampere flows through it. When
100 volt ac of 50 cycle per second is applied to the same coil, only 0.5 ampere flows.
Calculate (i) resistance of coil (ii) impedance of coil (iii) inductive reactance of coil (iv)
inductance of coil. [CBSE 1997]

Ans: ()V=100V,1=1A,R=?

Ohmic resistance , R = \IL = % =100Q2

(i) Vems = 100V, =505, , l;ms = 0.5 A

Impedence of coil Z = \ﬁ = @
0.5A

rms

=200Q2
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(iii) Z2 =R%+ X2; X, =+Z? —R? =+/200? ~100? =100x1.732 =173.2Q2

(wy X =2rfL

L= X, __ 1732 =0.55 H.
2nf  2x314 x50

PRACTICE QUESTIONS (Pg . No.36)

7) A 100 pF capacitor in series with a 40Q resistance is connected to a 100 V, 60 Hz supply.
Calculate (i) the reactance (ii) the impedance, and (iii) maximum current in the
circuit.[CBSE 2005 S]

1

2nf C

_ 7

2% 22x60x100x 1078

(i) Impecdence Z = JRZ + Xé
= J40% + 2652 QL =47.98 Q

Vo _ V2V _1.414x100 A—WGEA
z  Z 47.98

8) An alternating current of 1.5 mA and angular frequency 300 radian s flows through a 10

SOL: (i) Reactance X =

Q =26.5Q

(iii)1, =

lent resistor and a 0.50 uF capacitor in series. Find the rms voltage across the capacitor and
impedance of the circuit. [CBSE 1993]

6
1 1 10 _1ooox103,:?x103Q

oC _ 300x0.50x10° 150 150

Impedence, Z= «/Rz + Xé = f108><g><108 =1.2x10*Q

Rms voltage across the capacitor = s Xc=1.5x107° x 2_3? x10° =10V

soL: X, =

9) A 100 4 F capacitor is in series with a 40Q resistor and is connected to a 100 V, 50 Hz AC

source. Calculate the following
a) Maximum current in the circuit.
b) Time lag between current maximum and voltage maximum. [Foreign 2008]
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SOL: Given , V,ms =100V, C = 100pF = 100x10°F, R=400Q

()
R+ oC

. . A [
Total impedance of the circuit = VRz + X2 =

o

- R +
2E1C

— 2
= [(40)* + |- L _6]
2 x3.14x50 x100 x 10
=51.13Q
Current in the circuit | _ Vo :ﬂzl.QBA
Z 5112

Maximum Current |, = Irms\/§=1.95\/§: 2.76A

T
(b) For pure capacitor, phase difference ¢ =

2
1
. . T . 50 7
Time difference = — x Phase difference = =—X—=—-5
2 2r 2 200
Time lag between current maximum and voltage maximum = ——S.

200
10) A resistor of 200Q2 and a capacitor of 40 uF are connected in series to 220 V AC source
with angular frequency (@) = 300 Hz. Calculate the voltages (rms) across the resistor and the
capacitor. Why is the algebraic sum of these voltages more than the source voltage? How do
you resolve this paradox?[Foreign 2007]

SOL:

R =200 Q, C =40 uF, Vi =220V,
o =300 Hz

Inductive reactance

1 1

Xe=—=— —
wC  300x40x10

= 83_.33 Q
Impedance Z = N/Rz + X2

= /200)? + (83.33)?

=216.6 Q (nearly)
Voo 220
rms Z 216.6

Rms voltage across the R is
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V, =1, .R=1.02x200 =204V
Across capacitor V. =1, . X. =1.02x83.33=85V
Vo #Ve +Ve

Because V¢ and V; are not in same phase, there is why

vV, leads V- by phase%
Vrms = \] “RZ +VC2

11) When an alternating voltage of 220 V is applied across a device X , a current of 0.5 A flows
through the circuit and is in phase with the applied voltage. When the same voltage is
applied across another device Y, again the same current flows but it leads the voltage by
12 . (a) Name the devices X and Y . (b) Compute the current in the circuit when the same

voltage in applied across the series combination of X and Y . [CBSE]

SOL:

(a) X is aresistor and Y is a capacitor.
(b) The resistance of X and the reactance of Y are

o ()
N/ N~/
v, =220V v, =220V
V 220

R=-—"0=—=440Q
I 0.5

rms

R =X, =440Q
When R and C are in series, then

— Vrms — Vrms

™z RPH(X.)

220V 220V
i = 035 .
0-3536 A

|
<
—
£ |l
;Ii“'
@
p—
r3|
+_|
f_\;l
_m.
Bl
= |
R
r\)l

|
Ia
L
-
=
r\‘)l
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PRACTICE QUESTIONS (Pg.No. 43)

Example 5:

An inductor 200 mH, a capacitor C and a resistor 10Q are connected in series with a 100 V,
50sAC source. If the current and voltage are in phase with each other, calculate the
capacitance of the capacitor. [All India 2006C] Ans: 50 uF

SOL: Current and voltage are in same phase it implies that the circuit is in resonance.

. Resonating frequency

1
Q] —
N/TS
1 1
C=—r=—
wil  4n’fL

1
CAx i x (502 %2 %107
=50 x 107° F(nearly)
=50 UF

PRACTICE QUESTION (Pg. No. -75)

1) Show that power dissipated at resonance in L-C-R circuit is maximum.

SOL:
The power dissipated in an L-C-R circuit is given by
P = Vi X s X COSO.

R . .
The power factorcos ¢ | = ——————— ~-— |1s maximum at resonance (= 1). Hence the

\/R2+£mL~?ﬂ—%JZ

power dissipated is maximum at reson

nce.

2) An AC source, of voltage V =V, sin ot, is applied across a

(a) series RC circuit in which the capacitative impedance is a times the resistance in the circuit.
(b) series RL circuit in which the inductive impedance is b times the resistance in the circuit.
Calculate the value of the power factor of the circuit in each case. [All India 2008C]

SOL:
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Power factor cos ¢ = g

where, ¢ = phase difference between V and Z
R = ohmic resistance
Z = impedance.

(@ Given, X-=aR

Impedance Z = m
= R? + a’R? =R1+ a°
R _ 1
R \/1 + a? \/1 +a’

1
1+ a?

cos ¢ =

Power factor =

(b) Given, X, =bR
7= \/Rz + X}

= \/Rz +b*R* =R \/1+ b?
Power factor cos ¢ = —;-

R __ 1
R\1+b2 14 b

Power factor = -

1
J1+b?

3) Given below are two electric circuits A and B . Calculate the ratio of power factor of the

circuit B to the power factor of circuit A .

X, =3R R X; =3R

a
)

2(®
& Cb

SOL: The power factor of the circuit A is

coshg = R = R S
AT Ry x2 T VR + Ry Y10

Similarly, the power factor of the circuit B is
R R 1

R A Ty S ()
ratio of power factor of the circuit B to the circuit A is
cosdg 15 3
cospy  1/N1O T~ 7
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4) A circuit draws a power of 550 W from a 220 V-50 Hz source. The power factor of the

circuit is 0.8. A current in the circuit lags behind the voltage. Show that a capacitor of about

421 x 1072 F will have to be connected in the circuit to bring its power factor to unity.
T
[CBSE 1992 S]
soL: | .= P = 550 A=3.125A
V,sCosg 220x0.8
R=— =20 _g630
I (3.125)

Now using tan ¢ = m_; , we get oL =42 Q

Again, oL = L or C= !
wC o(wL)
1 1

= F =
10071 x 42 421

5) A capacitor of capacitance 100 uF and a coil of resistance 50 () and inductance 0.5 H are
connected in series with a 110 VV-50 Hz source. Calculate the rms value of current in the
circuit.[CBSE 1998]

Ans. X =wl=2x3.14 x50x0.5 Q=157Q

1 1
= - Q
Xe= o 2 %314 x50 %100 x107°
_ 1000 5150
T o814 7T 7T

Impedance, Z = JRZ +(Xp - Xe )2

= \/2500+ (157 —3185)> Q=134.77Q

| =Yme 10 4 _gg16a
Z 13477

6) A capacitor, resistor of 5Q and an inductor of 50mH are in series with an ac source marked
100V, 50 Hz. It is found that the voltage is in phase with the current. Calculate the
capacitance of the capacitor and the impedance of the .circuit. [CBSE 1999]
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Ans: Since the voltage is in phase with the current, therefore, it is a case of resonance. The circuit is

purely resistive. So, impedance, Z=R=5 Q.

1 1
Again, f= —— C=——5—=
gain, f= 5 e O UT e
49

or C= 3 F

4 x 484 x50 x107" x50 x50
4 F_202x10“F.

4 x 484 x 125

7) The figure shows a series L-C-R circuit with L =10.0 H, C =40, F, R = 60Q connected to a
variable frequency 240 V source, calculate

(a) the angular frequency of the source which drives the circuit at resonance.
(b) the current at the resonating frequency.

(c) the rms potential drop across the inductor at resonance.  [Delhi 2012]

SOL:

Given, [=10H, C=40uF, R=60QQ,
Vims =240V ’
(@) ()

Resonating angular frequency

L ‘
! 1 L =50rad /s

a): = =
°JLC  \10x40x10° 20x10°

(b) Current at resonating frequency

Irms _ Vrms :Vrms h 240 =4A (... At resonance Zmin — R)
Z.i R 60

min

(©) .. Inductive reactance X; = oL

At resonance
X, =0yl =50 x10 =500 Q

Potential drop to across inductor

Vrms = j|rrn:s x XL
=4 x 500
V. 0s = 2000 V

8) A 25.0 u ,F capacitor, a 0.10 H inductor and a 25.0 Q resistor are connected in series with

an a.c. source of emf E = 310 sin 314 t. Find (i) the frequency of the emf, (ii) the reactance of

SIROHI CLASSES PH-9810252244 [ 9810272244 Page 18



the circuit, (iii) the impedance of the circuit, (iv) the current in the circuit and (v) the phase

angle. Also find the effective voltages across the capacitor, inductor and resistor.

SOL:
(i) The given emf is E = 310sin314¢.
Comparing it with £ = E, sin wr ,we have
® = 314rads .
W 314
f= o= T x31a - Mz

(ii) The inductive reactance is

X, =oL=314s ' x 0-10H = 314Q.
The capacitive reactance is

T
Xe=——o—r ] —— = 1274Q.
0C 3145 x (250 x 10°°F)

*. net reactance of the circuit is
X — X, = 12740 - 3114Q =96 Q.
Since X¢ > X, ,the net reactance is capacitive.
(iii) The impedance of the circuit is
7=VR + Xc - X1)' = V250Q) + (96 Q)" = 992Q.
(iv) The current in the circuit is

ll’f‘.!?l'\ = Erm\/z .
Here E,,, = Eo/N2 = 310/1:414 = 219:2V.
4 2192V _ 5500
Ly = 992 Q - ’ .

(v) The phase angle ¢ is given by
_ Xe= X _96Q
an¢ = " T35 T
o0 =tan ' (384) = 754"
The effective (rms) voltages across the capacitor, inductor and resistor are

' Ve = g X Xe = 221 A X 1274Q = 2816V,

Vi = ipms X X, = 221 A X 314Q = 694V

and Ve = bome X R = 221 A x 25:0Q = 553V.

3-84.

9) An inductor L a capacitor of 20 uF and a resistor of 10Q are connected in series with an a.c.

source of frequency 50 Hz. if the current is in phase with the voltage, calculate the
inductance of the inductor.

[ANS: 0.51H]

SoL: w =@, =27x50=1007 =314 rad /s

In a LCR circuit, the current and the voltage are in phase (¢ = 0), when
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Here =27 f=2x314x50s ' = 3145’ and C=20pF = 20 x 10" °F.

L = ! ———— = (-51 H.

(3145 )% x (20 x 10 °F)

10) A capacitor, a 15-Q resistor and a 80-mH inductor are in series with a 50-Hz a.c. source.

Calculate the capacitance if the current is in phase with the voltage?

SOL: In a LCR circuit, the current and the voltage are in phase (¢ = 0), when

ol
1)
tang=——2"=0
¢ R
w,L =

@y
c-—

w, L

Here =2 n f

—2%314x50s '=314s ' and L=80mH = 80x 107 " H.

_ ‘ —— =127 x 10°*F = 127F.
(3145 )2 x (80 x 107" H)

11) A series L-C circuit has L = 0.405 H and C = 25 u F. The resistance R is zero. Find the

natural frequency.

SOL: The natural frequency of the L-C series circuit is given by

! = ! = 50 Hz
F=20VLC T 2 x 31440405 H x (25 x 10 °F) | |
The resonance in the circuit occurs when an a.c. voltage of frequency equal to its natural frequency s
applied. Thus, the frequency of resonance is 50 Hz.

12) In a series L-C-R circuit connected to a variable frequency 220-V source; we have L = 4.0 H,

C =100 xF, R=40 Q. Calculate (i) the resonant frequency of the circuit (ii) the impedance

of the circuit and the amplitude of current at resonating frequency and (iii) the rim

potential drop across L.
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SOL: (i) The resonant frequency is given by
1 ! = 7.96 Hz.

fo=27VLC = 3 x 314 x V40 H x (100 x 10°°F)

(ii) The impedance of the circuit is given by
2
‘\] 2 1 _
= - =R=40Q,
Z R™ + [u)L ©C

Znin = R=400Q
1

Because at resonance, o L= -
0
@,C

The amplitude of currentis |, = Vo = 22072 =55J2A
Zmin 40Q
(iii) The rms potential drop across L is
Vi = igs X @L,where@ = 27 f

=20V (2 x 314 x 7965 x 40H) = 1100 V.
40 Q

13) A series L-C-R circuit is made by taking R =100Q , L = 2/z H and C = 100/z pF. This series
combination is connected across an a.c. source of 220 V, 50 Hz. Calculate (i) the impedance
of the circuit and (ii) the peak value of the current flowing in the circuit. Calculate the

power factor of this circuit and compare this value with the one at its resonance frequency.
[All India 2008 C]  [ANS: (i)100v2Q (ii) 2.2A (iii)1]

SOL: The inductive reactance of the circuit is
X; =al=2xr x 50) x % =200Q.

The capacitive reactance of the circuit is

1 I

Xc = = = 1009Q.
®C (2x x 50) x '—29

(i) the impedance of the circuit is
7= VR 4 (X, - Xo) 2 = V100)® + (200 - 100)* = 10082 Q.

V 2V 2x220
(i) The Peak value of currentis | =0 \/_ s — J—X =2.2A
z  Z 1002
- _R 100 1
(iii) Power factor of the circuit, cos¢ = Z = Toov2 - V3
In case of resonance, Z =R
.. power factor, cosd = % =1.
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14) An inductor 200 mH, capacitor 500puF, resistor 10Q are connected in series with a 100 V,
variable frequency a.c. source. Calculate (i) the frequency at which power factor of the

circuit is unity.(ii) Current amplitude at this frequency and (iii) Q-factor.

SOL:
(i) The power factor of the circuit is
R
COs = =1
*=Rs X, — X0
R+ (X, - Xc)Y =R
or XL = XC
2 f,L= L
2z f,C
o 1
° 2zJLC
I _ 100

" 2x 314V02H x (5 x 10°F) 628
f,= 15.92 = 16 Hz

Y Y, 100

(ii) Current amplitude, Iy = =
P i R 10

I A[L ! 02
(i) Q-factor = 2 N¢ =1 S_x;()“"““

_1,‘/ 1 _ I
10 Y25 x 107 10 x 5 x 1072

=10A

15) An LCR series circuit with 100 Q resistance is connected to an a.c. source of 200 V and
angular frequency 300 rad/s . When only the capacitance is removed, the current lags
behind the voltage by 60°. When only the inductance is removed, the current leads the

voltage by 60°. Calculate the current and the power dissipated in the LCR circuit.

SOL:

Given : tan 60° = (D_; and tan 60 = l_’L;;)C
|
LWl o= N

=
Z = '\[R: + (U)L - I] = R.
w

The impedance of the circuit is

The current in the circuit is

SIROHI CLASSES PH-9810252244 [ 9810272244 Page 22



Irms — VI’IT]S =Vrms — 200 — 2A
z R

Power dispatched in the circuit P =V, x1  xC0S¢

where cos ¢ is the power factor.

oL - —

Now tan¢$ = ©C
’ R

o B _R _

co:-,(p—z—R—l

P =200V x2Ax1=400W

16) A resistor of 12 (), a capacitor of reactance 14() and a pure inductor of inductance 0.1 H are

joined in series and placed across 200 V, 50 Hz ac supply. Calculate (i) the current in the
circuit (ii) phase angle between current and voltage. Take 7 = 3.[CBSE 1993]
SOL:

R=120Q,X, =14 Q,

X, =oL=2x3x50x01Q=30Q
X =14 Q,

Impedance, Z = \/Rz +(Xp, - Xe)?

J122 +(30-142 @ =20 Q.
E, 200
‘. I = == = 1
(0 =7 T A=104
X; - X - 14
(i) tan ¢ = —L - c_ 3012 _ 13333
6 =tan! (1.3333) = 53.13°

i1 =Yme 2000 40p
Z 20

(i) tang = X, ;XC _30-14 ) 3333

¢ =tan(1.3333) =53.13°

17) An inductor 200 mH, capacitor 500 ., F, resistor 10Q are connected in series with a 100 V,
variable frequency AC source. Calculate the

(a) frequency at which the power factor of the circuit is unity.
(b) current amplitude at this frequency.

(c) Q-factor. [Delhi 2008]
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SOL: (a) When power factor COS¢ =1 ; @
L-C-R circuit is in resonance.

0 ;

1 1
W, = m = x/2><10’1><5><10*4 =100 rad /sec
O s = Vins _ \ﬁ(at resonance Z,. = R)
Z.. R
100
ST
=10 A
Amplitude of maximum current /, = ers\/i

=102 A

~ ] }
fact - =
(€ Q-factor ¢

18) In a series LCR circuit, the voltage across an inductor, a capacitor and a resistor are 30 V,
30 V and 60 V respectively. What is phase difference between the applied voltage and the
current in the circuit?  (CBSE 2007, 05)

Ans:tan ¢ = Vi—Ve
R

19) In a series LCR circuit, the voltage across an inductor, a capacitor and a resistor are 30 V,
30V and 60 V respectively. What is phase difference between the applied voltage and the

current in the circuit ?
ANS. Zero.

20) When a series LCR a.c. circuit is brought into resonance, the current has a large value. why?

1 2
Ans. The impedance is Z = \/R2 +(X_ - Xc)2 =\/R2 J{Q)L_E)

At resonance (X, = Xc)or(w L=1/w C), the impedance decreases to R and so the current

increases.
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21) In a series L-C-R circuit, define the quality factor (Q) at resonance. Illustrate its significance
by giving one example.

22) 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.

Ans. For resonance, the frequency of the a.c. source showed be equal to the natural frequency of

1
the circuit in the absence of resistance ( f = ——==) The graph is plotted in Fig(a).
274 LC

i‘h'la,oc __________

AN

e, ————

ey

23) An alternating voltage of frequency f is applied across a series L-C-R circuit. Let f, be the
resonance frequency for the circuit. Will be current in the circuit lag, lead or remain in

phase with the applied voltage when (i)f > f, (ii) f < f,? Explain your answer in each case.

SOL: (i) Given f > f,

The resonance frequency f, equals the natural frequency of the circuit (in the absence of R) which is

,Thus

1
27 LC

[o=271]
_ (XL_XC) _

w* > —
LC

a)L>i
oC

X, > X¢
That is , there is net inductive reactance in the circuit . Hence current will lag behind the applied

voltage.

(i) f< f
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1
w < w=2rf

JLC [ : (X, = X.)

tang=-—-—"CS2=—ve

a)2<i ¢ R

'-lc X, > X,
ol <—

LC
X, < Xe

That is, there is net capacitive reactance in the circuit . Hence current will lead the applied voltage.

24) Can the voltage drop across the inductor or the capacitor in a series L-C-R circuit be

greater than the applied voltage of the a.c. source ? Justify your answer.

Ans: Yes, in series resonance circuit (wL = 1 /wC), the potential differences available across the

inductor and across the capacitor may be much more than the applied a.c. voltage.

25) What is the phase difference between the voltage drops across L and C in a series L-C-R
circuit connected to an a.c. source ?
Ans. 180°.

26) When are the voltage and current in an L-C-R series a.c. circuit in phase ?

1 , L
Ans. When the frequency of the applied voltage is f = 2— E = Resonating frequency.
Vs

27) Give the phase difference between the applied voltage and current in an L-C-R circuit at
resonance.

Ans. Zero.

28) An inductor 200 mH, a capacitor C and a resistor 10 ohm are connected in series with a 100

V, 50 s ac source. If the current and voltage are in phase with each other, calculate the

capacitance of the capacitor. [CBSE 2006 S]
Sol: As current and voltage are in phase,
XL = Xc
2 nflL = =
2 fC
1 1

T 422l 4x987x (5002 x 200 x 107
= 50.6 x 105 F = 50.6 pF

29) A 100 mH inductor, a 25 uF capacitor and a 15 € resistor are connected in series to a 120 V,
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50 Hz ac source. Calculate (i) impedance of the circuit at resonance (ii) current at resonance and
(i) resonant frequency. [CBSE 2000]

SOL: (i) At resonance, the LCR circuit is purely resistive. Z,, = R=15Q

(1) Current at b 8A
if) Current at resonance = —-"o- =

1
(zii) Resonant frequency, f= ———
2n VL

7

= Hz
2 x 22 x /100 x 10~ x 25 x 1075

= il Hz = 100.7 Hz
0316

30) In the following circuit, calculate (i) the capacitance 'C' of the capacitor, if the power factor
of the circuit is unity, and (ii) also calculate the Q-factor of the circuit. =~ [CBSE 2006 S]

200 mH 100
C
S
50s "
SOL:
_ R
(1) Power factor, cos ¢ = 7= 1 or Z=R
X, or = =2mL
XC =4y Or 2nfC
1 1
or C= =

4n?f2L 4% 987 % (50)% x 200 x 10~
=5x10°F = 50 uF

( 200 x 1073
(it) Q-Factor = R 10\ 5x10° = 6.32

31) A series L-C-R circuit is connected to a 220 V variable frequency AC supply. If

L=20mH, C=(800/r’) uF and R=110 Q.

(a) Find the frequency of the source, for which average power absorbed by the circuit is maximum.
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(b) Calculate the value of maximum current amplitude. [Delhi 2010C]

SOL:

R=110Q,
=290 -8 0 F
T -

(a) Average power observed by L-C-R series AC circuit is maximum when circuit is in resonance.

-~ Resonant frequency

1
W, = ——
e
2zNLe 272'\/2><10_2x8020><10_6 g
T
(b) I — rms :Vrms — 220 :2A

Maximum current amplitude

lo=1..v2=22 A
32) What is the significance of a Q factor in a series LCR resonant circuit.
ANS. It describes quantitatively the sharpness of resonance of the circuit.

33) A capacitor of capacitance 100 uF and a coil of resistance 50Q and inductance 0.5 H are
connected in series with a 110 V - 50 Hz source. Calculate the rms value of the current in the

circuit.
ANS: 0.816A

34) A 100-mH inductor, 2041F capacitor and 10-() resistor are connected in series to a 100 V-50
Hz a.c. source. Calculate(i) impedance of the circuit at resonance, (ii) current at resonance,

and (iii) resonant frequency.
ANS: (i) 10Q, (ii) 10 A, (iii) 112.6 Hz

35) An inductor of unknown value, a capacitor of 100pF and a resistance of 10 ) are connected
is seres to a 200 V, 50 Hz a.c. source. It is found that the power factor of the circuit is unity.

Calculate the inductance of the inductor and the current amplitude.

ANS. 0.101H, 20 A.
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PRACTICE QUESTIONS Transformer (Pg. No. - 94 )

EXAMPLES

1)
2)

3)

4)

5)

6)

7)

8)

9)

Draw a labelled diagram of a step-up transformer and explain briefly its working. Deduce
the expressions for the secondary voltage and secondary current in terms of the number of
turns of primary and secondary windings. How is the power transmission and distribution
over long distances done with the use of transformers?  [CBSE 2009]

Explain with the help of a diagram; the principle, construction and working of a step-up
transformer. Give two causes of power loss in it. Why is its core laminated ?

Explain with the help of a labelled diagram the underlying principle and working of a step-
up transformer. Why cannot such a device be used to step up d.c. voltage ?

Describe briefly, with the help of a labelled diagram, working of a step-up transformer. A
step up transformer converts low voltage in to high voltage. Does it not violate the principle
of conservation of energy ? Explain.

(a) With the help of labelled diagram, describe briefly the underlying principle and

working of a step-up transformer.

(b) Describe briefly and two energy losses, giving the reasons for their occurrence in actual
transformers. [Foreign 2012]

(c) A step-up transformer converts a low input voltage into a high output voltage. Does it
violate law of conservation of energy? Explain. [Delhi 2011]

Explain with the help of a necessary diagram, the working of a step-up transformer and

. . . I, V. N
obtain the expression for the transformer equation =—2 = —5 = —S where the symbols have
S P P

their usual meaning.

What are the two main assumptions made to derive the above relations? Mention two
important reasons due to which energy losses occur in actual transformer. [All India 2009C]

Draw a schematic diagram of a step-up transformer. Explain its working principle.

Deduce the expression for the secondary to primary voltage in terms of the number of turns in
the two coils. In an ideal transformer, how is this relation related to the currents in the two
coils?

How is the transformer used in large scale transmission and distribution of electrical energy
over long distance? [All India 2010]

The ratio of the number of turns in the primary and the secondary coil of a step-up

transformer is 1 : 200. It is connected to A-C mains of 200 V. Calculate the voltage
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developed in the secondary. Determine the current in the secondary, when a current of 2.0 A
flows through the primary.

SOL:

If N, and N, be the number of turns in the primary and the secondary coils respectively. and
V, and V, be the primary and the voltages, then we have
Ve N,
Vo Ny

N,
V=V, x R; =200V x 200 = 40,000 V.
f’

Suppose, the currents through the primary and the secondary are i, and i, respectively. Then, assuming
that the transformer s ‘ideal’, we have

V, x 1, =V, xi,.

v, 200 V
=i, x L =20A x ' = 001A.
Xy 40,000 V

10) A transformer of 100% efficiency has 200 turns in the primary and 40000 turns in the

secondary. It is connected to a 220-V main supply and the secondary feeds to a 100 k Q2

resistance. Calculate the output potential difference per turn and the power delivered to the

load.
SOL:
N, = 200, N, = 40000,V, = 220V, R, = 100kQ = 10° Q. V, = ? Now.
Vo _ N,
Vi N
or V, =¥ xﬁ1—2°OVx40000—44000v
! "N, - 200 '
The output potential difference per turn is
Ve _ 44000V _
N, = a0000 - MV

The power delivered by the ‘ideal’ (100% efficiency) transformer to the load is

R.V R =5 - = 19360 W = 19-36 kW .

11) A step-down transformer drops the main supply voltage of 220 V to 10 V. The primary

draws a current of 5 A and the current induced in the secondary is 100 A. Calculate the
efficiency of the transformer.

SOL:
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V, =220V, V, = 10V,i, = 5A,i; = 100 A. Now,
powerinput= V, x i, = 220 x 5 = 1100 W
power output = V. x i, = 10 x 100 = 1000 W .

power output 1000 W

power input 1100 W = 091 = 91%.

efficiency =

12) Calculate the current drawn by the primary of a transformer which steps down 200 V to 20

V to operate a device of resistance 20 . Assume the efficiency of transformer to be 80%.
[ANS: 0.125A]

SOL:

V, =200V, V, =20V,i,= >~=2--==1A.i, =
The efficiency of the transformer is

_ powerouput _ Yy X 1
X

n= power input b X
Here 1 = 80% = 08
20V x I
08 = 00V x
. _ 20V x 1A
or = 500V x 08 =0125A.

13) An alternating emf of 120 V is applied to the primary of a step-up transformer. The current
in the primary is 1.85 A while that induced in the secondary is 150 mA. Find the voltage

across the secondary, assuming 95 % efficiency.

SOL:
V,=120V,i, = 185A,i, = 150mA = 0-15A,1=95% = 095, V, =
Now. _ power output _ Vs X i\ ‘
power input V, x i,
V, X i 120V X 185 A
- £ P — 95 x == = 1406 V.
Vemmx o =095 X s A

14) 11 KW of electric power can be transmitted to a distant station at (i) 220 V or (ii) 22000 V.

Which of the two modes of transmission should be preferred and why ? Support your answer

with possible calculations. [CBSE 1998]

SOL:

P 00w
. (i) Current, I, = Vl %ﬁ-— =50 A

Power loss - II2R =50 x 50 x R watt = 2500 R watt
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P 11000
V, 22000

Powerloss  =1,2R=0.5x 0.5 x R watt = 0.25 R watt

(i1) Current, I, = A=05A

or 10*times more in the first case.

The power loss is clearly
So, second mode of transmission should be preferred.

15) A step-down transformer operated on a 2.5 kV line. It supplies a load with 20 A. The
of the primary winding to the secondary is 10 : 1. If the transformer is 90%o efficient,
calculate
a) the power output,

b) the voltage, and
c) the currentin the secondary. [Foreign 2010]

SOL:

Input voltage V, = 2.5 x10° V

input current/, =20 A

N
Also, T _10
N, 1
N, 1
= —l =
N, 10
Percentage efficiency = Output power x 100
Input power
90 _ Output power
100 Vil,

(@) Output power = 190% X (Vpl,)

=90 25x10%) % (20 A)
100
=4.5x10" W
V. N
(b) - VAR
VP NFJ
= \/5: II-\L'—XVP

P

Voltage V, = % x2.5%10° V=250 V

(© V,I,=45x10* W
4.5 x10* _ 4.5x10"
v, 250

5

=180 A

Current [ =

ratio
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