Short Answer Questions — Il (PYQ)

Q. 1. Show that the current leads the voltage in phase by 11/2 in an ac circuit
containing an ideal capacitor. [CBSE (F) 2014]

Ans. The instantaneous voltage,
V = Vo sin wt ... (i)

Let g be the charge on capacitor and I, the current in the circuit at any instant, then
instantaneous potential difference,

V= % ... (1)
From (1) and (1)

%:‘[{] sinwt = ¢=CVjp sin wt

\Z/
‘U’ = "hl'rﬂ S|r| o
The instantaneous current,
dq
I B - i 1 — : ] ¥
d (CVo sin wi) CVo dt( sin wt) = CVow cos wt
W
= 1ot cos wt

I =1 sin (mﬁ—%)

Hence, the current leads the applied voltage in phase by 11/2



Q. 2. In a series LCR circuit, obtain the conditions under which [CBSE (F) 2014]

(i) The impedance of the circuit is minimum, and
(ii) Wattless current flows in the circuit.

Ans. (i) Impedance of series LCR circuit is given by

Z= \‘/RE‘F[/XL—X{_?F

For the impedance, Z to be minimum
X = Xr

(i)
Power P= V. I, cos @

When ¢ :%"

Power = VimsIrms CDS% =10

Therefore, wattless current flows when the impedance of the circuit is purely inductive
or purely capacitive.

In another way we can say,
For wattless current to flow, circuit should not have any ohmic resistance (R=0)

Q. 3. State the underlying principle of a transformer. How is the large scale
transmission of electric energy over long distances done with the use of
transformers?

[CBSE (Al) 2012]

Ans. The principle of transformer is based upon the principle of mutual induction which
states that due to continuous change in the current in the primary coil an emf gets
induced across the secondary coil. At the power generating station, the step up
transformers step up the output voltage which reduces the current through the cables
and hence reduce resistive power loss. Then, at the consumer end, a step down
transformer steps down the voltage.



Hence, the large scale transmission of electric energy over long distances is done by
stepping up the voltage at the generating station to minimise the power loss in the
transmission cables.

Q. 4. An electric lamp connected in series with a capacitor and an ac source is
glowing with of certain brightness. How does the brightness of the lamp change

on reducing the
(i) Capacitance and

Lamp

C
| |
I

S
Source

(if) Frequency? [CBSE Delhi 2010, (North) 2016]

Ans. (i)
When capacitance is reduced, capacitive reactance X¢ = —= Increases, hence impedance of
circuit

Z—,|R+X§

increases and so current I = I—g decreases. As a result the brightness of the bulb is reduced.

. " 1 .
(i) When frequency decreases; capacitive reactance Xc = >-oo Increases and hence
Tvc

impedance of circuit increases, so current decreases. As a result brightness of bulb is
reduced.

Q. 5. State the principle of working of a transformer. Can a transformer be used to
step up or step down a d.c. voltage? Justify your answer. [CBSE (Al) 2011]

Ans. Working of a transformer is based on the principle of mutual induction.
Transformer cannot step up or step down a dc voltage.

Reason: No change in magnetic flux.



Explanation: When dc voltage source is applied across a primary coil of a transformer,
the current in primary coil remains same, so there is no change in magnetic flux
associated with it and hence no voltage is induced across the secondary coil.

Q. 6. A resistor of 100 Q and a capacitor of 100/7t yF are connected in series to a
220V, 50 Hz a.c. supply.

(i) Calculate the current in the circuit.

(ii) Calculate the (rms) voltage across the resistor and the capacitor. Do you find
the algebraic sum of these voltages more than the source voltage? If yes, how do

you resolve the paradox? [CBSE Chennai 2015]
Ans. (i)
100
=—— uF
R=100Q C n "
A A A A | |
11
(=)
/
Ems =220V
v =200 Hz
Capacitive reactance Xo= ﬁ = hic

1
— ——— = 1000
2mx50x — pF

Impedance of the circuit, Z = V"IRE + X2,

= /(1002 + (100 = 100 /2

- . . . E_ . 220
Current in the circuit Jpe = =5 = 1
TS Z 100 /2

o
Iy |
.

(if) Voltage across resistor, VR = Ims R
=1.55 x 100 = 155V
Voltage across capacitor, VC = Irms x C =1.55 x 100V = 155 V



The algebraic sum of voltages across the combination is
Vims = VR + Vc =155V + 155V = 310V

While Vrms of the source is 220 V. Yes, the voltages across the combination is more
than the voltage of the source. The voltage across the resistor and capacitor are not in
phase.

This paradox can be resolved as when the current passes through the capacitor, it
leads the voltage Vc by phase % So, voltage of the source can be given as

- 372 | 172
rms %,."'II’ ;32 i L%

1554,/2 =220V

Q. 7. A capacitor of unknown capacitance, a resistor of 100 Q and an inductor of
. 4 . :
self-inductance L = (ﬁ) henry are connected in series to an ac source of 200 V

and 50 Hz. Calculate the value of the capacitance and impedance of the circuit
when the current is in phase with the voltage. Calculate the power dissipated in
the circuit.

[CBSE South 2016]

Ans.

g T, 1
Capacitance, C = T

1 1 ? 5
- l{ﬂﬁxal}ngz mmﬂF=2.5 < 107F
2

Since Vand [are in same phase

Impedance = Resistance = 1000

2 2
Power dissipated = E;“ = {ElﬂE?E;J W = 400W

Q. 8. The figure shows a series LCR circuitwithL=5.0H,C=80yF,R=40Q
connected to a variable frequency 240V source. Calculate.



(i) The angular frequency of the source which drives the circuit at resonance.
(i) The current at the resonating frequency.
(iii) The rms potential drop across the capacitor at resonance. [CBSE Delhi 2012]

Ans. (i) We know

: 1
W, = Angular frequency at resonance = —— = ——— =50 rad /s
r © : vLC v 5x80x10°° /

(i)
Current at resonance, JIyps = _R_ = =

(iif) Vims across capacitor

G100
L = I X = 6 ! - _—=1500 V
TS rms-C 50 %80 1075 4x10°

Q. 9. Given the value of the resistance of R is 40Q, calculate the current in the
circuit.
[CBSE (F) 2013]

Ans. Given R =40Q, so current in the LCR circuit.

Lo — =& (X,=Xc or Z-R|

-2 o5



Ve

Q. 10. (i) Find the value of the phase difference between the current and the
voltage in the series LCR circuit shown below. Which one leads in phase: current
or voltage?

(i) Without making any other change, find the value of the additional capacitor,
Ci1, to be connected in parallel with the capacitor C, in order to make the power
factor of the circuit unity. [CBSE Delhi 2017]

L=100mH ¢C=2pF R = 4002

— ] ——

(~2)
Ny

V =Vj sin (1000t + f)

Ans.



1. Inductive reactance,
X, = WL = (1000 x 100 x 107)Q = 100Q
Capacitive reactance,
S — i == ; — K
X =6 (mmxzxm g )Q 5002
Phase angle,
X — X¢
R

100 - 500 __
200

tanp =
tang =
w=- %As Xc > Xj, (phase angle is negative), hence current leads voltage.

ii. To make power factor unity

Xe=X] (where C = net capacitance of parallel combination)
1 =100
w(
C'=10x107°F
C = 10pF
C=0C+ (G
= IU=2+C] :’C]=8.|.1F

Q. 11. Answer the following question :

(i) For a given ac, i = im sin wt, show that the average power dissipated in a

1-2 R
. . —lmdil.
resistor R over a complete cycleis 2

(i) A light bulb is rated at 100 W for a 220 V ac supply. Calculate the resistance of
the bulb. [CBSE (Al) 2013]

Ans. (i) Average power consumed in resistor R over a complete cycle



1 T.
P, = o fo ©°R dt
o

.2 R
— 1’"T fDT sin? wt dt

iZR AT
— o= [o (1— cos2 wt) dt

1:2
= -E'; [ﬁ]Tdt — fgcos2 wt dt} (1)
i2 R iZR
= o [T- 0=
A
T ’
J;E
0 T
2 t —
(ii)
In case of ac
Vies Vi
Po=-7 =7

2
R= 1= = 20220 — 484()



Q. 12. Determine the current quality factor at resonance for a series LCR circuit
with L =1.00 mH, C=1.00 nF and R=100Q connected to an ac source having peak
voltage of 100 V. [CBSE (F) 2011]

Ans.
Iv=2Q =?

L=1.00 mH = 1 x10™ H, C = 1.00 nF = 1x10™" F, R=100Q, E, = 100 V

7 E, E, {at resonance wl = %}
0= 57
VIRQ-'_(WL %) Hence Z = R
v 100
I'=x ="
Iy 1 vZ 144 : A
IL=—=—=x5 =5 =0707A oIy = 1A
v V2 ‘ U J
Q= 1 /L _ 1 [f1ox10® _ 1 « 10% = 10
T RY € TV 1pxw0® 100 o

Q. 13. A circuit is set up by connecting inductance L =100 mH, resistor R =100 Q
and a capacitor of reactance 200 Q in series. An alternating emf of 150 /2 V,
500/ Hz is applied across this series combination. Calculate the power
dissipated in the resistor.

[CBSE (F) 2014]

Ans.



Here, L = 100 x10™" H, R=100 Q, X =200Q, V. =150 /2 V

" rms
500
= - Hz .
[Inductive reactance X; = WL = 2TIVL

— 2728 %100 x 10 = 100.

Impedance of circuit

J = X/RE +(XQ—XL)2

= \/(100)2 +(200-100 % = /20000 = 100+/2

I _ Vms 18042 3
FHs Z 100,27~ 2

Power dissipated (Irms)? R = g x 100 = 225W

Q. 14. (a) Determine the value of phase difference between the current and the
voltage in the given series LCR circuit.

(b) Calculate the value of the additional capacitor which may be joined suitably to
the capacitor C that would make the power factor of the circuit unity.
[CBSE Allahabad 2015]

R =400 Q

v=vﬂsin(1nom+¢}@ —— C=2uF

BN C11111118
L =100 mH

Ans. (a) From phasor diagrams,




Vi—Ve OR X — Xe
@' . @'
Vi eff R

Xi—-Xeo
Phase angle, tan @ = _LR_F

Xp=WL=1000x 100 x 10~ = 100 ohm
Xe =32 = Toomaos ~ T~ 000 ohm
tanga’zmi;m@=1 = (' =45°
The phase angle between the current and applied voltage is
of__m
45° (=7)

b. If power factor of the circuit is unity. It means the series LCR would be in

resonance. It is possible, if another capacitor C is used in the circuit.

So, X=X = % = wlL
- L f— 1 f—t o - ’:
= C'=—== 100010010 10°F = C’'=10 pF

Since C > C, so an additional capacitor of 8 pF would be connected in parallel to

the capacitor of C= 2 pF

Q. 15. The primary coil of an ideal step up transformer has 100 turns and
transformation ratio is also 100. The input voltage and power are 220 V and 1100
W respectively. Calculate

(&) The number of turns in the secondary coil.

(b) The current in the primary coil.

(c) The voltage across the secondary coil.

(d) The current in the secondary coil.

(e) The power in the secondary coil. [CBSE Delhi 2016]

Ans.



d.

a. Transtormation ratio r=

Number of turns in secondary coil (N,)

Number of turns in primary coil (Np)
Given JH\FIFI.UU. r= 100

% Number of turns in secondary coil, Ng = rNp= 100 x 100 = 10,000
[nput voltage Vp = 220V, Input power P;, = 1100 W

Current in primary coil I, = & = 55 = A

. Voltage across secondary coil (V) is given by

_ W
"=

= Vg=rV, =100 x 220 = 22,000 V = 22kV
Current in secondary coil is given by
_Ir s _Ir 5 __ [
Power in secondary coil, P, = Vs Ig= 22 x10° x 0.05 = 1100 W
Obviously power in secondary coil is same as power in primary. This means that the

transformer is ideal, ie. there are no energy losses.

Q. 16. An inductor L of reactance XL is connected in series with a bulb B to an ac
source as shown in figure. Explain briefly how does the brightness of the bulb
change when (i) number of turns of the inductor is reduced (ii) an iron rod is
inserted in the inductor and (iii) a capacitor of reactance Xc = X. is included in the
circuit.

[CBSE Delhi 2014, 2015]

— I

L Bulb

A-C_. Sc:yrce

Ans. Brightness of the bulb depends on square of the Irms (i.e., 1%ms)

Impedance of the circuit, £ = \/R2 + (wL P

and Current in the circuit, I =

=



(i) When the number of turns in the inductor is reduced, the self-inductance of the coil

. . . o (1=Z
decreases; so impedance of circuit reduces and so current in the circuit ( 'Z)
increases. Thus the brightness of the bulb increases.

(i) When iron (being a ferromagnetic substance) rod is inserted in the coll, its
inductance increases and in turn, impedance of the circuit increases. As a result, a
larger fraction of the applied ac voltage appears across the inductor, leaving less
voltage across the bulb. Hence, brightness of the bulb decreases.

(iif) When capacitor of reactance Xc = Xv is introduced, the net reactance of circuit
becomes zero, so impedance of circuit decreases; it becomes Z = R; so current in
circuit increases; hence brightness of bulb increases. Thus brightness of bulb in both
cases increases.

Q. 17. You are given three circuit elements X, Y and Z. When the element X is
connected across an a.c. source of a given voltage, the current and the voltage
are in the same phase. When the element Y is connected in series with X across
the source, voltage is ahead of the current in phase by /4. But the current is
ahead of the voltage in phase by /4 when Z is connected in series with X across
the source. Identify the circuit elements X, Y and Z.

When all the three elements are connected in series across the same source,
determine the impedance of the circuit.

Draw a plot of the current versus the frequency of applied source and mention
the significance of this plot. [CBSE Panchkula 2015]

Ans.
Ilill'rEﬁ’
A
chf
Tefi | —>- = leff
()
Ly

Since the phase angle between the current. lest and voltage drop Ve is zero. Hence, the
element X is a resistor.



= [off

(~)
p—y

The voltage drop across the combination X and Y is ahead of the current flow. Hence,
the element Y is an inductor.

X z

"feﬁ

Vz
Veﬂ

(~)
N

The voltage drop across the combination X and Z lags behind the current flow. Hence,
the element Z is a capacitor.

X Y Z
WA OO0 (|
%% Vy V7
(~)
!Eff_-' o
E = Ep sin wf

Let lerf be the current flows through each element X, Y and Z. The voltage Vx, Vv and Vz
drop across the elements. However,

Vx + Vy + Vz > Eetr.

It is not possible. So, on plotting phasor diagram, we have

E 3




|Eestl® = v} + (VL — Vo f (1)

EI.’.‘E — I{\[f \v,-"llle + [/_XL_ _.-'YCF

Since E.p= 1

o JIII

Z (2)

The impedance of the circuit can be given

Z— /Rt (X Xo P

The flow of the current in series LCR circuit varies as a function of frequency of a.c
source is shown in figure.

. , . ) . Vesr
Current amplitude is maximum at resonant frequency Wy and can be given as Imax = .

[t is possible at Z =R (01' wp = %)

ol w (m rad/s)
—

Significance:

The resonance phenomenon is exhibit by the circuit only when both L and C are present
in the circuit. When voltages across L and C cancel each other (on being out of phase).

Ve
The current in the circuit reaches to its maximum value and can be given as R So, we
cannot have resonance in a R.L. or R.C. circuits.

Short Answer Questions -l (OIQ)

Q. 1. Given below are two electrical circuits A and B. Calculate the ratio of power
factor of circuit B to the power factor of circuit A.



Ans.

Power factor, cos ¢ = %

Impedance of circuit A,Z,4 = \/Rz + X3

(a) (b)
Impedance of circuit B,Zp = /R* + (X — X¢ P

Ratio of power factor of circuit B to that of A is

(cosg)y,  R/Zp _ Z, yE + X}

(cosg), R/Z, Zsn B m

\/Rﬁ—(aﬂj? .
‘/ [R"'*+1, [(3R)-(R) VB

Q. 2. Prove that the power dissipated in an ideal resistor connected to an ac

. Vi/R.
source is et/

Ans.

V2




Power in ac circuit, P= V,,, 1., cos @
As rms values of current and voltage are also called effective values ie.
P=V.sl.5cos @ - (1)
R
But cos p = power factor = =
[n a purely resistive circuit £ = R, cos @ = 1

and Toff = - =T

Substituting these values in (1), we get
2

r V
PZL‘Eff.—EEX]_Z—ﬁf—E.

Q. 3. An inductor 200 mH, a capacitor 100 pF and a resistor 10Q are connected in
series to an a.c. source of 100 V, having variable frequency.

(i) At what frequency of the applied voltage will the power factor of the circuit be
1?

(i) What will be the current amplitude at this frequency?

(iii) Calculate the Q-factor of the circuit.

Ans. (i) Since the power factor ¢ =1 it means the phase difference between voltage and
the current is zero.

This is possible when

1
wL = —=
2 1 _ 1 __ar
w _ﬁz}l}_ﬂmjﬁ = 35.58 Hz
(if)
Current Amplitude, I = l::;'— = 1‘;’;". = ilﬂlg =10 A (~ Z=R)

(iii)



Quality factor, @ = -11;; 1/ % = 4.47

Q. 4. An AC voltage V = Vm is applied across a:

(i) Series RC circuit in which capacitive reactance is ‘a’ times the resistance in the
circuit.

(ii) Series RL circuit in which inductive reactance is ‘b’ times the resistance in the
circuit.

Find the value of power factor of the circuit in each case.

Ans.

Power factor cos ¢ = gj when Z = ,/R?+ X2

i X=Xc=aR,
Z=/R*+(aR } = Ry/1+a?
e o R 1
cos ¥ Ry/1+a? v/ 1+a?
ii. X=X} = bR, Z =/R*+ (bR P = R\/1+1?
. e R 1
Cos @Y= -
RV1+4b 1+b

Q. 5. Figure shows a light bulb (B) and iron cored inductor connected to a dc
battery through a switch (S).

Mg 1) 111010

i

(i) What will one observe when switch (S) is closed?




(i) How will the glow of the bulb change when the battery is replaced by an ac
source of rms voltage equal to the voltage of dc battery? Justify your answer in
each case.

Ans. When switch S is closed, the bulb will give full brightness slowly, because inductor

: . o . . L
opposes the rise of current in the circuit depending on the value of ratio =

(L = inductance, R = resistance of bulb).

(i) When battery is replaced by an ac source, the inductor offers reactance (wL) so
impedance of circuit increases and the bulb will glow with less brightness.

Q. 6. In the circuit shown below R represents an electric bulb. If the frequency v =
(%) of the supply is doubled, how should the values of C and L be changed, so
that the glow of bulb remains unchanged?

R C L

0000 ——

)
@ (1]

Ans. For same current value, the total impedance

Vf’R2 + (v + )

must remain same.

— - 1 . - . —
Therefore, wl — —5 must remain same. As frequency (W) is doubled, L and € must both be halved
W “ E

simultaneously.

Q. 7. When a circuit element ‘X’ is connected across an a.c. source, a current of

V2 A flows through it and this current is in phase with the applied voltage. When
another element ‘Y’ is connected across the same a.c. source, the same current

flows in the circuit but it leads the voltage by g radians.

(i) Name the circuit element X and Y.

(it) Find the current that flows in the circuit when the series combination of X and
Y is connected across the same a.c. voltage.

(iii) Net impedance



Ans. (i) When circuit element is X, the current is in phase with the applied emf, this
implies that X is pure resistance.

When circuit element Y is connected, the current leads the voltage by g so Y is pure
capacitance.

(i)
Resistance of X = R, [ = % or 2= g (1)
Reactance of ¥, X¢ = %, I = X_l; = /20 = A—‘; (ii}

This implies X-= R
When R and C are connected in series across same voltage source, then

Impedance Z =,/R2+X2 =.,/R?2+R? = V2R (1)

.i,-'r
V2R

X 4/2=14

bl =

Current in circuit I =

=2, . I=

From (1),

ol =
sl

(iii)
/ 2
Z = 4..'|."IR2 + (%)
i.e., impedance decreases with increase of angular frequency w.

Whenw =0,Z =
When w ==, Z=R.

The graph of impedance Z versus w is shown in fig.



N—p

o —7

Q. 8. A device ‘X’ is connected to an a.c. source. The variation of voltage, current
and power in one complete cycle is shown in the figure.

A

vi P——»

f—

(i) Which curve shows power consumption over a full cycle?
(i) What is the average power consumption over a cycle?
(iii) Identify the device ‘X’. [NCERT Exemplar]

Ans. (i) A

(it) Zero

(i) Lor CorLC

Q. 9. Answer the following question:



(i) Draw the graphs showing variation of inductive reactance and capacitive
reactance with frequency of applied a.c. source.

(if) Can the voltage drop across the inductor or the capacitor in a series LCR
circuit be greater than the applied voltage of the a.c. source? Justify your answer.

Ans. (i)

a. Xj=wjp = 2TIVL; graph X; of fand fis a straight line

b. Xo = % = ,JWL_,._. , graph of XC and f is a rectangular hyperbola as shown in figs.
X X
f— f —
(a) (b)

(i) Yes; because

As Vc and VL have opposite faces, Vc or VL may be greater than V. The situation may
be as shown in figure where Vc >V

vV

&
L

Vi




