DCAM closses 2. T‘he q‘u‘?lity factor (Q) of re§onance in series L-C-R
circuit is defined as the ratio of voltage drop
across inductor (or capacitor) to the applied
voltage,
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ie. inz

It is an indicator of sharpness of the resonance.
Quality factor has no unit. (1/2)

3. Power factor, cos¢ = 0.5
cos® = cos60° = ¢ = 60°
Phase difference between voltage and current of
the circuit is 60°. 4]

4. Capacitor reactance is the resistance offered by a
capacitor, when it is connected to an AC circuit. It
is given by X =1/0C =1/2nfC (1/2)
where, ® = angular frequency of the source
and C = capacitance of the capacitor.
The SI unit of capacitor reactance is Ohm (Q). (1/2)

5. Variation of capacitive reactance with the change
in the frequency of the AC source with graph is
given below

! !

Xoe< ? i
0 f—> m
6. AC voltage is preferred over DC voltage because of
the following reasons
(i) The loss of energy in transmitting the AC
voltage over long distances with the help of
step-up transformers is negligible as compared
. to DC voltage. (1/2)
Z Explunutlons (ii) AC voltage can be stepped up and stepped
down as per the requirement by using a
transformer. (1/2)
7= ‘\/Rg (X, - X = \/Rg g (mL B l_T 7. For an AC circuit having inductor, the current
oC (1/2) and voltage equation are shown below
V =V,sinw! (1/2)
I =1I,sin(wt - 1n/2)
The graphical variation of voltage and current are
71 1 given below.

1. Impedance of a series L-C-R circuit is given as

So, the graph between impedance and angular
frequency (@) of the circuit is as shown

Voltage

N~ Current

21

VorI |—+
’ 0 /m/2 m\3m/2", ol—
0 W, ®»— ‘.
(Resonant frequency)

(1/2)



8. E, =peak value of emf in a complete cycle,
(i) rms value (E,) = E, /2 (1/2)
(ii) average value (E) = zero (1/2)
9. Given, current flowing through the inductor,
I =15cos 300¢
Comparing with I = I, sin ot
Here, peak value of current,

I, =15A
(i) For complete cycle, rms value of current
L=l 15
V2 2
(ii) For complete cycle, average value of current is
Zero
ie. I, =0 (1/2x2=1)

70. Wattless Current The current in an AC circuit
when average power consumption in AC circuit is
zero, is referred as wattless current. m

71. (i) In case of pure capacitive circuit, the current
leads in phase by m/2 with respect to the
applied voltage. So, the element will be a
capacitor. (1/2)

(ii) In case of pure inductive circuit, the current
lags in phase by ©t/2 with respect to the
applied voltage. So, the element will be an
inductor. (1/2)

12. It is defined as the value of Alternating Current
(AC) over a complete cycle which would generate
same amount of heat in a given resistor that is
generated by steady current in the same resistor
and in the same time during a complete cycle.It is
also called virtual value or effective value of AC.

Let the peak value of the current be I,

Lps =22
ms \/E
where, I, = peak value of AC. m

13. Given, instantaneous voltage, V =V, sin w!
As in both cases, the voltage and current differ by

T o
a phase of =. So, ¢ = —.
. 4 ¢ 4

(a) Average power dissipated,
IU

V,
Pav = VrmsIIms COSEI) = Toz X '\E X cos ¢
_ Yolo L Volo
2 4 22 m

(b) As R, L and C are in series, therefore at any
instant through the three elements, AC has
the same amplitude and phase, i.e.
instantaneous current, I = I sin wt. m

14. (i) As, the dielectric slab is introduced between
the plates of the capacitor, its capacitance will
increase. Hence, the potential drop across the
capacitor will decrease, i.e. V = % As a result,
the potential drop across the bulb will increase
as they are connected in series.Thus, its
brightness will increase. (1

(ii) As the resistance R is increased, the potential
drop across the resistor will increase. As a
result, the potential drop across the bulb will
decrease as they are connected in series. Thus,
its brightness will decrease. q)]

15. Given, L = 50 mH = 50x10 °H
C =80 UF = 80 x10™°F
R=40Q,V =250V
(i) In the L-C-R, the resonant angular frequency is
given by
1 1

Q)O — =
VLC  \[50%1072 x80x107°

.. The actual/source frequency is given by

=500 rad/s

0)
w=2nvy = v=—

2n
= v=@—@=79.61=80Hz
2n m (1'2)
-3
(ii) Quality factor, Q = QoL = 300X50X10 " _, cr5
R 40
(172)
16. Refer to Sol. 15 on page 206.
[(1)500 rad/s, (ii) 0.4] (2)
17. Refer to Sol. 15 on page 206.
[(i) 500 rad/s, (ii) 0.6] (2

18. Let us consider a capacitor C connected to an AC
source as shown below

Let the AC voltage applied is

V =V, sinot

and voltage across capacitor, V = g
C
Applying Kirchhoff’s loop rule, we have
V,,sinwt = % =g = CV,, sinwt
Also, I= dq =1I= EC(Vm sinmi)
dt dt
I =wCV,, coswt ..(1)



We know that, cos of = sin(wf + 7/2) ... (i)
In the circuit, M
I
v,=1,X.=1,— =1,=V oC ... (iii)
oC
Substituting the values of Eqs. (ii) and (iii) in
Eq. (i), we get

: T
I=1, sm(u)r + E]

The phase diagram which shows the current lead the
voltage in phase by 90° is given below

7

Im sin (ot + 1/2)

19. (i) The impedance of a series L-C-R circuit is

2
given by Z = \/R2 + (u)L - L]
oC
Z will be minimum when wL =1/m0C, i.e. when
the circuit is under resonance. Hence, in this
condition Z will be minimum and equal to R.

(M

(ii) Average power dissipated through a series
L-C-R circuit is given by
P, =Eylycosd
where, E;, =rms value of alternating voltage
I, = rms value of alternating current
and ¢ = phase difference between
current and voltage

For wattless current, the power dissipated
through the circuit should be zero.

ie. cosdp=0
i
= CosSp =cos—
2

T

= -

2

Hence, the condition for wattless current is

that the circuit is purely inductive or purely

capacitive in which the voltage and current

b

2 m

20. (i) From given parameter Vp = 200V, V, = 250V
and V. = 250 V. V4 should be given as

Vg =V +V +V;

[

differ by a phase angle of E, ie.dp==
2

=200V + 250V + 250V =700V

250V

250 V 200V

()

Y
(200 V, 50 Hz) m

However, V_g > 200V of the AC source. This
paradox can be solved only by using phasor
diagram, as given below

Ve =A/Va + (V= V)?

€

Vi
Veff -
—)
VH VC

Since, V; =V,
So, Vi =Vz =200V

(ii) Given, R =40 Q, so current in the L-C-R
circuit.

[X;, = X.or Z = R]
R 40 Leoe M

21. (i) In R-L series combination, voltage leads the
current by phase ¢ = T It means element X is
4
an inductor (with reactance equal to R). In R-C
series combination, voltage lags behind the

current by phase ¢ = g So, element Y is a

capacitor (with reactance equal to R). (1

(ii) If both elements X and Y are connected in
series with R, then power dissipation in the
combination can be given as

S

P = Vins * Lyms - €OS
R _ R
Z R+t - x,)?
Here, X; = X, =R. So, cosp =1
Hence, P =V [, (Maximum) q)]

costh =

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

Z= R+ X, XY

And voltage, V = Vg + (V; - V,)? m



As, V. and V; are the voltages applied across
capacitor C and inductor L. V- or V; may be
greater than V.

The situation may be shown in figure, where V. > V.
Vil 74
ry

(1

23. (i) We know that, capacitive reactance

24,

25,

1 1 ’ .
X-=—=—— Hence, on increasing

oC 2nfC

capacitance, X will decrease and hence

current will increase, therefore brightness of

bulb will increase. As capacitance increases,

capacitive reactance (X, =1/wC) decreases,

impedance Z decreases, hence current

increases i.e. brightness of bulb will increase.
()

(ii) For DC source, frequency, f = 0.
- X becomes infinite, So, there will no flow of
current and hence, bulb will not glow. 4}

Given, L=20H

C=2uF=2x10°F, R=10Q

Now, Q—factor:L\/z=i #
RVC 10\2x10"°
1 1

= = =100
—3 —2
10 x10 10 m

Quuality factor is also defined as
Q=2nfx Energy stored
Power loss
So, higher the value of Q means the energy loss is
at lower rate relative to the energy stored, i.e. the
oscillations will die slowly and damping would be
less. 4)

Given, V =140sin 3147, R=50 Q
Comparing it with V =V, sin ot
(i) Here, ® = 314 rad/s (1/2)
ie. 2nv =314 [vo=2rV]
= v=314/2n
i A 50 Hz

C2x3.14

Frequency of AC, v=50Hz (1/2)
.. v V.
(ii) As, I __=-ms and V__=-0
Tms R ms \5 (1/2)

Here, V, =140V
140 _ 42

V. =" xX2 =702V
ms '\/E '\fi
Irms - 7_0‘\/5 = _70J§ =19Aor2A
R 50 (1/2)

26. Refer to Sol. 25 on page 208.

(25Hz,495 A) (2)

27. Refer to Sol. 25 on page 208.

(50 Hz,1.98 A) @

28. (i) P=150W,V =220V

2
Resistance of the bulb, R = VF

(172)

R= AN 20 322.7Q
150 (1/2)

(ii) AS, Ly = 2ms = 220y _y —230v)
R 322.7
= I, =068A m
29. Since, average power consumption in an AC
circuit is given by

P, =V X I X cos ¢ m

But in pure capacitive circuit, phase difference
between voltage and current is given by
o=m/2

T
P, = Ve X I X COs —
2

= P,=0 ( cos X = 0]
2

Thus, no power is consumed in pure capacitive

AC circuit. (1

30. (i) From graph (I), it is clear that resistance

(opposition to current) is not changing with
frequency, i.e. resistance does not depend on
frequency of applied source, so the circuit
element here is pure resistance (R).

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

Inductive resistance, X; = 2nfL

= X, o< f (M

(ii) Impedance offered by the series combination
of resistance R and inductor I.



31.

Z=\R"+ X}
= JR? + (2nfL)*

In L-R circuit, the applied voltage leads the
current in phase by m/2. Q)]

(i) Let at any instant, the current and voltage in
an L-C-R series AC circuit is given by
V=V,sinol andI =1, sin (o + )
The instantaneous power is given by
P=VI =1, sin (& + ¢) V,, sin ot

P= Vm_;m [2sin ofsin (@ + ¢)]

P=VI = V’"—zf’" [cos ¢ — cos 2wt + ¢)] ...(1)

[r2sin A sin B =cos (A — B) — cos (A + B)]
Work done for a very small time interval df is
given by

dW = Pdt = dW = VIdt

. Total work done over T, a complete cycle is
, T
given by, W = .[0 Vidt ar2)

But P, =

av

w | v
g5 "y
'[OT VIdt

s s

= P,

_l b lem o

—;IO N [cos & — cos (2wi + ¢)] df
lem
2T

= Von L [cos ¢ [I]g — 0] (By trigonometry)

or P, =

T T
D“ cos O df — jo cos (2wf + 0) dr]

(1/2)

This is the required expression.
(ii) .~ Power factor, cos ¢ = s
4

where, R = resistance and Z = impedance.
Low power factor (cos ¢) implies lower ohmic

. . L
resistance and higher power loss as P,, < —in
R

power system (transmission line). M

32. When AC source is connected, the capacitor

offers capacitive reactance X, = L L

oC 2nvC
The current flows in the circuit and the lamp
glows. M

(i) On reducing capacitance C, X. increases so
current in the circuit reduces. Therefore, the
brightness of the bulb reduces.

(ii) On reducing frequency v, X increases so
current in the circuit reduces. Therefore, the
brightness of the bulb reduces. (M

33. Given, L =100 mH =100x10"H,

C=2uF =2x10°F, ®=1000rad/s and
R =400 Q

[U)L - )
. . oC
(i) For phase difference, tan ¢ = N A

[where, ¢ is phase difference
between current and voltage]

"+ ©=1000 =L =1000 x 100 X 10~ =100 Q
1 1 ol

oC 1000% 2x10° 2x107

100 — 500 _ —400 _

400 400
= d=tan"'(-1) = ¢p=135°

=500 Q

= tan ¢ = — 1

(Jl)L<L or X; < X,
oC

Since,

Therefore, current is leading in phase by a
phase angle 135°.
(ii) For unit power factor cos ¢ =1
= E =1
Z

(1%2)

= R =

2
R+|or -1
oG

where, C, is the total capacitance.

2
= RM[mL—L] = R2

oG,

= u)jtzL = 100 = L

oC, 1000C,
1 -5
' 10°

Additional capacitance C’ required in parallel
=(C —-C=10pF-2pF =8uF (1v2)



34. (i) As, P =V _ 1 __coso

rTav Ims Tms

In ideal inducter, current I, . lags behind
applied voltage V. by w/ 2.
0=m/2
s0, P, = Vo L COSTL/2
or P, =V I ..x0
or P,=0 m

(ii) Brightness of the lamp decreases. It is because
when iron rod is inserted inside the inductor,
its inductance L increases, thereby its
inductive reactance X; will also increase and
hence, impedance Z of the circuit will increase.
As, I =V, ./Z so this decreases the current
I in the circuit and hence, the brightness of

lamp will decrease. (2)

35. For unity power factor,

X, = X,
ol =1/nC’
where, C'=C+ C”
il 1
¢ =3 " 2 3
w’L  (1000)> Xx100x10
=10 F =10 uF

As C'=C+C"
C"=C"-C=10-2=8uF
So, required capacitor is 8 uF which is added in

parallel with the given capacitor. (3)
36. (i) Here, L = 80mH, C = 250mF, ® =100rad/s
Vs = 240V
Impedance, Z =|X; — X.| = ‘wL b
wC (2)
: |

=|100><80><10‘3— .
100 x 250 %1072

‘8—1 =7.96

25

I, = Jms - 240 _ 3458

Reactance 7.96

(ii) Since, resistance of the circuit is negligible,
hence given AC circuit is L-C circuit. For L-C

G . LT
circuit, phase difference is —, hence the total
2

average power consumed by circuit is zero. (1)
37. (i) Applied AC voltage,
V =V, sinwt (1)
Phasor diagram for given R-C circuit is shown.

From diagram, by parallelogram law of vector
addition, Vp, + V., =V §))

Using pythagorean theorem, we get
VE=Vi+ Vi = (IR + (IX,)*
=  VI=IR*+ X))

I=V/\JR*+X};=V/Z

where, Z = \/R2 + X% = \/Rz +1/w’C?

Z = impedance.
(ii) The phase angle ¢ between resultant voltage
and current is given by

tan¢| = E = &
Ve IR
_Xc _loC_ 1
R R ORC (2)
38. (i) Consider the given figure,
R=400 Q
V=Vsin(1000f+0) ——C=2uF
L=100 mH

Since, the alternating emf in the above L-C-R
series circuit would be represented by

V =V,sin(l000¢ + ¢) = w=1000Hz

Given, R=400Q, C =2 uF, L =100mH

.. 1
-+ Capacitive reactance, X, = —

oC
1
= X T a—
1000 x 2% 10~
3
o XC=£
2
= Xo=500Q m

~» Inductive reactance, X; = oL
= XL=1000><100><10‘3= X; =100Q

So, we can see that X > X;
= lan ¢ is negative.



(ii)

Hence, the voltage lags behind the current by a
phase angle ¢. The AC circuit is capacitance
dominated circuit.

Phase difference, tan¢ = el it
R

100 - 500 —400

tanp=——— = tan¢=—— tanp=-1
400

T T

= tan¢p=—-tan| — | = o=-—

[4) 4

This is the required value of the phase
difference between the current and the voltage
in the given series L-C-R circuit. m
Suppose, new capacitance of the circuit is C”.
Thus, to have power factor unity

R

I, S XY

cosdp’=1=

= R*=R’+ (X, - X,)°

= X, =X,.= : or L= !
oC’ wC’
- af=1 or (1000)° =l (> @ =1000)
r LC}
. 1 1

= C — —

L x10° 100x10~ x10°

100 1 .

=_— _=_—__=1{)
104 10°

= C'=10°F=10x10"°F =10uF

As, C"> C. Hence, we have to add an additional
capacitor of capacitance 8 uF (10uF — 2uF) in
parallel with previous capacitor. m

39. The inductive reactance (X;) @L

where, ® =angular frequency of AC source

and

L =inductance of the inductor.

|4—VH=FU—H4—V;_ =I‘XL—>|

——VWWA——— 50—
R L
Vi
—’,[
—_— VH TE/Q
I
(~)
S
gq sin wf

Series [-R circuit

The net resistance of the circuit is given by

Z=+X>+F

where, R =resistance of the bulb.

(i)

We known that, if the number of turns in the
inductor decreases, then inductance L
decreases.

(ii)

(iii)

(i)

(ii)

So, the net resistance of the circuit decreases
and hence, the current through the circuit
increases, increasing the brightness of the
bulb. m
If the soft iron rod is inserted in the inductor,
then the inductance L increases. Therefore, the
current through the bulb will decrease,
decreasing the brightness of the bulb.
rms . ﬁ
%93 m

If the capacitor of reactance, X, = X; is
connected in series with the circuit, then

Z=X;, - X)* + B

= Z=R [~X, =X.]
This is a case of resonance. In this case, the
maximum current will flow through the
circuit. Hence, the brightness of the bulb will
increase to maximum. (1

40. Refer to Sol. 31 (i) on page 209. (m

If = 90°, then no power is dissipated even

though the current flows through the circuit.
B, =0

This current is called wattless current. The

resistance of the circuit is zero which is shown
below.

tan ¢ = (M]

R
= tan¢= M =e (. tan90° = oo)

R (m
= R=0

If ¢ = 0°, then maximum power is dissipated in
the circuit.

P, =maximum

XL_XCZO

tan¢ = ("-tan0° = 0)

= X, = X, (Resonance) )

41. Figure shows the variation of I,, withwin a L-C-R

series circuit for two values of resistance R, and

Ry(R, > R,),
T i
< A Ry
I J/I\%
/ N\
—-—'"""/ 0y B e
o (rad/s) — (1)



The condition for resonance in the L-C-R circuit is

X =X,
= wyL =L
®,C

|
= (DO =—R

We see that the current amplitude is maximum at

the resonant frequency. Since I, =V, /R at

resonance, the current amplitude for case R, is

sharper to that for case R;.

Quality factor or simply the Q-factor of a resonant

L-C-R circuit is defined as the ratio of voltage drop

across the resistance at resonance.

Q=V,/Vg =wL/R

Thus finally, Q = 1/R,/L/C

The Q-factor determines the sharpness at

resonance as for higher value of Q-factor the

tuning of the circuit and its sensitivity to accept

resonating frequency signals will be much higher.

(2)

42. (i) The average power dissipated,

P = (I’R) = (I4Rsin’wf) = I2R(sin’wi)

* sin‘of = 15 (1 — cos 2m1)

. 1 1
-~ (sinf) = — 1 — (cos 2mf)] = =
2 2
(. cos 2wt = 0)
P= I_Ij;R
2 (2)
(ii) Power of the bulb, P =100W and voltage,
V=220V
The resistance of the bulb is given as
2 2
g=Y €29 4o
P 100 m

43. (i) When a source of AC is connected to a
capacitor of capacitance C, the charge on it
grows from zero to maximum steady value Q,.

The energy stored in a capacitor is, E = lC’VO2
2

where, V, is maximum potential difference
across the plates of the capacitor.

The alternating voltage applied is

V = Vg sinw!
and the current leads the emf by a phase angle
of m/2

I=1, sin(mr + EJ: I, coswt
2

.. Work done over a complete cycle is

W = It = [ (vqsinot)(I, cosar)dt
= Jov = Jﬂ (v sinwt) (I, coswt)
T
=Yolo Iy I 2sinmf coswt dt
2 0

T
W = MI sin2aw ¢ dt
2 0

T
W= Vo I, l_cosZ(ﬂt] i
2 20 ], (1%)

(ii) When DC source is connected, the condenser
is charged but no current flows in the circuit.
Therefore, the lamp does not glow. No change
occurs even when capacitance of capacitor is
reduced.

When AC source is connected, the capacitor
offers capacitive reactance X =1/wC. The
current flows in the circuit and the lamp glows.
On reducing C,, X, increases. Therefore, the
glowing of the bulb reduces. 1%)
44. Given, L=10H, C =40uF,
R=60Q,V =240V
(i) Resonating angular frequency,
1

1
w, = =
" JIC flox40x10°C
1

0 S O 50rad/s
20x 10 a
(ii) Current at resonating frequency,
Irms = Vrms = h (*-Atresonance, Z = R)
4 R
=240/60=4 A ™

(iii) Inductive reactance, X; = oL

At resonance, X; =m,L =50 x10=500Q
Potential drop across to inductor,

Vs = Lims X X; = 4 X 500 = 2000V (M

45. Assuming X, > X, = V>V,

Net voltage, V = /VZ + (V; — V)’

where, V;, V- and V; are potential difference across
L, C and R respectively.

— Ve=RI —t— V=X J —t— Ve=XcI—
AW ——TUTVTIT—» 1
R

L C
_] /2
LE/2 |
V
R '] Ve
()

o~

V=Vpsinwt



(2
But, V= IRV, =IX,,
Ve = IX,

V= \](ﬂi’)2 + {iX; — IXC)Z

== R - xg?

Impedance of L-C-R circuit,

z=$=\/1{-z+()g—)(c)2

Bandwidth
= 2Am

I
I
I
I
I
I
I
I
I
I
|
W Wz

m

46. Given, V,,  =220V,L =20mH =2x107H,

R=110Q,
C=@uF=8_O2O><10"3F

n? T

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

resonance.
Resonant frequency,
1 1
-_—— = V==
" JIC ° " ondLIC
2 ]
o \/2>< 102 x 300 w106
2
T
vy = e OO
2% 4
VO =125 S_1 [11/2]

. _ Ve
(ii) As, I = o i 2A
Z=R=110Q
- Maximum current amplitude,
IO =fm15\/§=2‘\/§.A [11/2]

47. Due to change in flux, the emf is induced in the
coil. The rate of change of flux will give the value
of emf.

(i) Let an alternating voltage, V =V, sin wf is
applied across pure inductor of inductance L.
The magnitude of induced emf is given by

e=Ldl/dt (1
For the circuit,
Magnitude of induced emf = Applied voltage

ie. L i Vo sinwtf  or
dt

On integrating both sides, we get

=% J'sinu)r dt
F

dl = E sin wt dt
L

W (— cosmt)
L ® q)]
or [=- Y cos wf
ol
= —ﬁsin(z—mr)
ol 2
I=V°sin(u)t—n) (i)
X 2
where, X; =L =inducting reactance
[=1,sin (mr—f) ...(ii)
2
where, I, =peak value of AC
But, V =V, sin ot ...(iii)
(ii) From Egs. (ii) and (iii), it is clear that current
lags behind the voltage by phase /2. (1

48. (i) Let alternating voltage, V = V,, sin ot is applied
across a capacitor . At any instant, the
potential difference across the capacitor is

equal to applied voltage. (1
11C
I
)
V =V, sin ot (1)

.. V = Potential difference across the capacitor

=4
C



= ¢qg=CV or g=CV,sinwt
x4 =wCV,coswt or [= Yo cos
dt (L /@C)
. T i
or I= Iosm(mt+—] ...(i1)
2
where, I, = Vo %o
/o) X
Capacitive reactance, X, = L
wC m

(ii) From Egs. (i) and (ii), current leads the

voltage by phase m/2.

V.1
%
Vo t—-
1
!0 \\ \;Vr’
0 \ /2 /oen
" nw ol
Y
VE-——————- Vo
lo ===
2
ot
. 0O X ()
49. (i) As average power, P, = V[ COSO

In ideal inductor, current I, lags behind
applied voltage V. by m/2.

ie. o0=m/2
P, =V I cosm/2
or P, =V lm X0
or P,=0
Thus, an ideal inductor does not dissipate
power in an AC circuit. (2)

(ii) (a) As we know,

Inductive reactance, X; = (2rf)L (1)
where, L is the self-inductance of the

inductor.

Since, the above equation is in the form,
y= mx

where, y=X;, x= fand m= 2nlL.

So, from the given graph, we get

Slope of the X, versus f graph, m = &y
Ax

(60— 40) _ 20 _

= 2" -7 =02
(300 — 200) 100

= m=2nL =0.2

or 1=22_00318H
2

(b) Let the capacitance of a capacitor be C.
Since, the given circuit will become a series
L-C-R circuit. So, its power dissipation is
maximum, if ¢=0.

= [anq):wzo
R
["tan0° = 0]
= a)L=l_
oC
- el L
o'l (2L

Given, f =300s"

Substituting the values of f and L in the
above equation, we get

1
(21 x 300)2 x 0.0318
=8859%x10°F
= 886 UF (3)
50. (i) Refer to Sol. 45 on pages 212 and 213.
7 4
© XC>XL:XL>XC
e i
o ]
g ]
@ ]
Q 1
g I

(i)

(i)

fo

Variation of Impedance with frequency

f(frequency}
(1

At resonance, X; = X,

At resonance, voltage across inductor is equal
to voltage across capacitor in magnitude only
but both are in opposite polarities.

Hence, phase difference between V, and V. is
180°. (2)
As in case of DC supply, the current is
independent of frequency. So, the value of
current is 1 A but in AC supply, the current is
0.5 A as the value of impedence increases and
hence value of current decreases.



7Z =+ R* + 0’2

=400 = J(200)2 +47%(502 > [ro=2nfl]
= 160000 = 40000 + 47> x 2500 1>

= | A =\/l_2 (2)
or L=1101H

51. (i) Given, V =V, sinwt

I=1I, sin((nr + E)
2

As it is clear that, the current leads the voltage
by a phase angle %

.. The device X is a capacitor. m
(ll) V1f " I
Vo k- X(_,ﬁ
Iol7 T ,’, i
. /,’, 2n :
(1)

(iii) The reactance of the capacitance is given as

1
D, il
‘" wc
where, o =angular frequency

and C = capacitance of capacitor.
1

2nvC

Xe =

where, v = frequency of AC or X o< z
\Y

..The graphical representation between reactance
of capacitance and frequency is given as

!

Xe

v — (2)
(iv) Phasor diagram

~ V
o V ___________ 0

1 |
E . SR I :
£ /2 Vo sin oty
c | of, |
%) L |
< t— m

52. (i) Device X is a capacitor.

As, the current is leading voltage by m/2rad. (1)
(ii) Curve A represents power,

Curve B represents voltage and

Curve C represents current.

As, V =V, sinwt

Current, I=1[,coswt

As, in the case of capacitor,

I=1, sin(mH E) [current is leading voltage]
2

Average power, P=V,  XI . Xcoshp= e
(2)

where, o= phase difference

(iii) As, X, = capacitive reactance
1
Co Xe
where, o is angular
frequency. o) ®

So, reactance or impedance decreases with
increase in frequency.

Graph of X versus @is shown below, [
(iv) For a capacitor fed with an AC supply

V:%or qg=CV = CV, sinwt

7 =ﬁzhsin[mr+ %)

dr Xc m

53. If I is the current in the circuit containing

inductor of inductance L, capacitor of
capacitance C and resistor of resistance R in series,
then the voltage drop across the inductor is

V., =1IxX,

—Vp=RI—te—V, =X; [ ——-1+—V=Xp[—>

AMN——e IR ® 1
R £ C
7] 1
/2
_b_j
A
&
V=Vgsinot

which leads current I by phase angle of n/2, and
voltage drop across the capacitoris V, = I X X,. (1)
which lags behind current I by phase angle of w/2,
and voltage drop across the resistor is

Ve = IR which is in phase with current I. So, the
net voltage E across the circuit is (using phasor
diagram)



VLJ

El

V-V E

Ve I Vg
Phasor diagram

V=Vg + (V= Vo)?
= V=L R+(X,-X)? =2 V=1IZ

where, Z = \/RZ + (X, — X)* is known as

impedance. Phase angle between voltage and
VL - VC == XI_ - XC

Ve R
A series L-C-R circuit has its natural angular

current is given by tan¢ =

1
frequency, w = —

JLC

and natural (resonating) frequency, v = -

2ny/LC
When the applied AC in the circuit has this
frequency, the series L-C-R circuit offers minimum
impedance i.e. only R and current at this frequency
flows maximum. In the case of resonance, voltage
and current are in same phase.

Above mentioned condition is known as condition

of resonance. In this condition m
(i) Inductive and capacitive reactances are equal
1 1
X, =X D2>0L=— = 0O=—
B oC JLC
[-o=2nV]

1
2n/LC

(ii) Potential drop across inductor and capacitor
are equal, V; =V,

(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, X; =R
Power factor, P, = cos¢
R R 1

- JR2+XE TR+ R _E
For L-C-R circuit, as C is put in series with L-R
circuit and X; = X
Power factor, P, = cos¢
R R

VR + (X -x0" B+ (X - X))’
Required ratio = P, /P, =1:4/2 (3)

:E:l
R

54, (i) To draw maximum current from a series L-C-R

circuit, the circuit at particular frequency
X; = X,. 4)]

] 1
V= = = 39.80Hz
2nVIC 2% 3144/8x 2x107

This frequency is known as the series
resonance frequency.

(]_]_) ID :K:@:ZA
100 §)]
(iii) i
g \R
[ t\ Land C fixed
IS g Ry >R,
< H
g :
8 /E.RI\
Freqdenc:y g m

(iv) Sharpness of resonance It is defined as the

ratio of the voltage developed across the
inductance (L) or capacitance (C) at resonance
to the voltage developed across the

resistance (R).

1 |L
Q=—_|=
R\NC m
It may also be defined as the ratio of
resonance angular frequency to the bandwidth

of the circuit, Q =, /2Aw

Circuit become more selective if the resonance
is more sharp, maximum current is more, the
circuit is close to resonance for smaller range
of (2Aw) of frequencies. Thus, the tuning of the
circuit will be good. (1

55. (i) Phasor diagram for L-C-R series circuit is given

as
7
When V) >V

V, Ve v |

N

Vc"

Resultant volgate, V =/ Vz + (V, — V,)?

= 1Z = IR+ (X, — X,)?

Z=\R+(X, - X,)°



.. Amplitude of current,

V, _ V42
IO = _Yd=-_"_"=
Z Z
2 2
V2R + (X, - X0)?)
IO=

VR + (X, - X0

From figure, tan ¢

=VL Ve _ X, —LXc _ X - X¢
Ve IR R (2)
(ii) Refer to Sol. 41 on pages 211 and 212. (3)
56. (i) Refer to Sol. 53 on pages 215 and 216. (2)

(ii) L = %H,V =50Hz, R=100Q, V =200V
T

X; =XcoroL=1/0C

11

o’l 4nV’xL
1

4m? x 50 x 50><i2

I

L = =2.5%107°F = 25uF

"~ 2500%16 40000

Z R 100 (3)
57. V=V, sinwfand I = I, sin wf
Work done in small df will be (2)
dW = P dt = VI dt = VI, sin’wt dt
= %(l —cos2wi) di

The average power dissipated per cycle in the

T
resistor willbe P, = it l-[dW
r T3 )
T

- Gl - cos200 = Volo[, _sin 20t ]
2T T [ 20 |,

2

=Yloyr_g-g =Yl %

T 2 2R

Vol V2 v,
P — 0-0 = V I = rms l:‘_' _0 = V :|
av ’\/E\/E rmsIms R ms

The average poweris P =V, I . cos¢. If cos ¢is

small, then current considerable increases when
voltage is constant. Power loss, is I°R. Hence,

power loss increases. m
Wattless current Refer to Sol. 10 on page 206. (1)
58. Refer to Sol. 45 on pages 212 and 213 (3)

The receiving antenna picks up the frequencies
transmitted by different stations and a number of
voltage appears in L- C-R circuit corresponding to
different frequencies. But maximum current
flows in circuit for that AC voltage which have
got the frequency is equal to resonant frequency
of circuit

_ 1
2nNLC

For higher quality factor resonance, the signal

received from other stations becomes weak due to

sharpness of resonance. Thus, signal of desired

frequency or program is tunned in. §)]
59. (i) Refer to Sol. 54 (iv) on page 216.

Q. factor Refer to Sol. 2 on page 205.
Voltage across L or C

i.e. v (1)

i.e. Quality factor, Q =

Applied voltage
0= @ LI
RI
[ -applied voltage = voltage across R]
Q=w,L/Ror Q= ik it .
RI RCw,
L . 1
Q= —— [using @, = —(—]
re._ L " JILc
LC
A \E
R\VC
or Q=1 S [usinga),,zl]
RC R AJLC
Thus, Q= 1k

R\NC (2)
This is the required expression.

(ii) Let initially I, current is flowing in all the
three circuits. If frequency of applied AC
source is increased, then the change in current
will occur in the following manner.

(a) Circuit containing resistance R
only There will not be any effect in the

current on changing the frequency of AC
source.

Current 7

I

f—



where, f; =initial frequency of AC source.

There is no effect on current with the
increase in frequency. m

(b) AC circuit containing inductance only
With the increase of frequency of AC
source inductive reactance increase as

— 1;q'ITlS — ‘/rms
X, 2mfL

For given circuit, J «<1/f

Current 1

Iy

f —

m
Current decreases with the increase of
frequency.

(c) AC circuit containing capacitor only

Xc=1/0C=1/2nfC
1

Current, [/ =V, Sl
2nfC

Ims

/XC = Vrms /
I =2nfCvV, .

For given circuit, I = f

Current increases with the increase of

frequency.

f— (1
60. Phase difference between voltage and current,
[anq;:XL‘XC ..(i)
R
and b= Yo _ Yo
Z  Jx; - X))+ R
Expression of AC, [ =/, sin (wf — ¢) (1

Conditions for resonance

(a) Inductive reactance must be equal to
capacitive reactance
Le. X; = X¢

(b) As, X, =X,

o, L= SW=sE— = 0 =—
o, C LC WLC
where, @, =resonant angular frequency. (m

(c) Impedance becomes minimum and equal to
ohmic resistance

Le. Z= Zmini.mum =R
(d) AC becomes maximum,
I - Vmax - Vmax
max
Zpn R U

(e) Voltage and current arrives in same phase.
Power factor

ie. cosd= Py _  True power
Vrrns 1 rms Apparent power
Also, cos ¢ = R_ 2 R :
z \/R + (X, — X¢) -

(i) The power factor is maximum,

i.e. cos ¢ =+ 1, in L-C-R series AC circuit
when circuit is in resonance.

(ii) The power factor is minimum when phase
angle between V and I is 90°, i.e. either pure
inductive circuit or pure capacitive
AC circuit. (m

61. To find the voltage across each circuit element,
steps to be followed are :

(i) To calculate the maximum current in circuit,
firstly find the (Z) impedance and rms value
of current.

(ii) It can be calculated with the help of formula
of phase difference.

As, applied voltage,
V =140sin100 mt

C=@;.LF=E><10—6P,
T T
b — E H'
i
R =400 Q
Comparing it with V' =V, sin o,
V, =140V, 0 =100 1t §)]

Inductive reactance, X; = ol
X, =100k x5/ m

=500 Q
Capacitive reactance,
x.= L
oC
X = : =200 Q

1007 x 22 107

T



Impedance of the AC circuit, M
A N

= /(400)? + (500 — 200)°

Z = /1600 + 900 = 500 Q m
Maximum current in the circuit, [, = E = @
Z 500
1 140
I ="%=_"" =02A
i \/i 500 x \/E m

V . acrossresistorR, Vp, = I R

=0.2x400=80V
across inductor, V, =1 X;
=0.2x 500 =100V

V.

rms

V... across capacitor,
VC = Irrns X XC
=0.2x200=40V (1
Here, V<V +V, +V,
Because V; and V; are not in same phase,
V=2 +(V, - V)




[/} Explanations

1. A choke coil is needed in the use of fluorescent
tubes with AC mains because it reduces the
voltage across the tube without wasting much
power. It is an inductor with large inductance to
reduce current in AC circuits without much loss

of energy.

m

2. The core of transformer is laminated to reduce the
energy losses due to eddy currents, for increasing

the efficiency.

4

3. The characteristic properties of the material
suitable for making core of a transformer are as

follow

(1) Low retentivity or coercivity.

(ii) Low hysteresis loss or high permeability and

susceptibility.

M

4. Step-up transformer converts low alternating
voltage into high alternating voltage. The secondary
coil of step-up transformer has a greater number of
turns than the primary coil (N, > N p). (4}

5. Given, input power (V,) = 2200 V

Number of turns (N,) = 3000
Output power (V) =220V

As, Moo Mg 200 =N,
vV, N, 2200 3000 o
- N = 220

5

——— X 3000= 300
2200

Number of turns in the secondary winding,

N, = 300 turns.

M

6. Principle of transformer A transformer is
based on the principle of mutual induction,
i.e. whenever the amount of magnetic flux linked
with a coil changes, an emf is induced in the
neighbouring coil. This changing flux sets up an
induced emf in the secondary coil, also self

induced emf in primary coil.

m

Electric power is transmitted over long distances
at high voltage. So, step-up transformers are used

at power stations to increase the voltage whereas a
series of step-down transformers at customer end
are used to decrease the voltage upto 220 V. (1)

7. V, = 2200V, I, =5A, N, = 4000

V,=220V,N, =21 =?
Y. . L _N,
“ LN 4)
220 _ 5 _ N,
2200 I; 4000
220 5 1 5
—_— e e
2200 I, 10 I,
= I, =50 A
=
I. 4000
= = = s = N, =400
50 4000 (1

8. For principle of working of transformer

Refer to Sol. 6 on page 222. (1

No, transformer cannot be used to change DC
voltage because DC voltage is constant and
cannot change flux linked with primary or
secondary coils. Due to low resistance of primary
winding, a heavy DC current will flow through it,
causing overheating in winding and finally
transformer will burn. (1

9. For energy losses in transformer are

(i) Eddy current loss (ii) Flux leakage
(iii) Copper loss

(v) Humming loss (2)

(iv) Hysteresis loss

710. Step-down transformer convert high voltage (low

current) into low voltage (high current). It works
on the principle of mutual induction. It is shown
below.

Laminated
iron sheets (core)

C input —b s

AC inpu

source 11— To load (output)

> — P
{ > AY
Primary coil

Secondary coll
[l

Step-down transformer

In step-down transformer, number of turns in
secondary coil is less than number of turns in
primary coil, hence voltage induced in secondary
coil is less than voltage given to primary coil.

Core to transformer is laminated to reduce eddy
current and thus, increase efficiency. )]



11. (a) Refer to text on pages 219 and 220.

(Transformer) (2'2)
(b) Given, power =1200 kW,
V = 220 V,resistance = 05 Q,
Vp =4000, V, = 220 V, distance = 20 km
Power = Ipr
1200 x1000 =1, x 4000 = I, =300 A
Power loss = (I,)* x R (2 lines)
=(300)* X 0.5% 20 x 2
=18 x10° W (2%%)
12. Refer to Sol. 10 on page 222. (2)
(ii) & /€, = N;/N, (1
(iii) For an ideal transformer, B, = P, (1)

&1, =€l =1,/I; =¢ /¢, =N,/N,

(iv) B, = Py =550 W = g,1, =550

2201, =550 =1, =550/220=5/2=25A (1)

13. (i) Transformer is a device which converts high

voltage AC into low voltage AC and vice-versa.
Refer to Sol. 6 on page 222.
For Diagram Refer to Sol. 15 (i) on page 22?2.]

There are number of enerqy losses in a transformer.

(a) Copper losses due to Joule’s heating
produced across the resistances of primary
and secondary coils. It can be reduced by
using copper wires.

(b) Hysteresis losses due to repeated
magnetisation and demagnetization of the
core of transformer. It is minimised by
using soft iron core, as area of hysteresis
loop for soft iron is small and hence energy
loss also becomes small.

(c) Iron losses due to eddy currents produced
in soft iron core. It is minimised by using
laminated iron core.

(d) Flux losses due to flux leakage or
incomplete flux linkage and can be
minimised by proper coupling of primary

and secondary coils. 4]
(ii) Here, N, =100, N;/N, =100
€ =220V, B, =1100 W
(a) N, =100
- N, =10000

(b) IP = Pin/ap =1100/220=5A
(c) & =N/N, xg, =100x 220 = 22000 V

P 1100 _ 1
(d)I:D_“tz—:_ ('.‘P :P)
* g 22000 20 =

(¢) P, =P, =B, =1100 W @

14. (i)

(ii)

The schematic arrangement of a transformer is

shown as below m

° N |
E{;‘-—# e

g +—= e

£ g1 5

o S D

. 522 @

Principle of transformer

Refer to Sol. 6 on page 222. (2)
Working When an alternating current is
passed through the primary, the magnetic flux
through the iron core changes, which does
two things, produces emf in the primary and
an induced emf is set up in the secondary. If
we assume that the resistance of primary is
negligible, then the back emf will be equal to
the voltage applied to the primary.

d
@ V=N

and V, = - Nzﬂ
dt
where, N, and N, are number of turns in
the primary and the secondary coils
respectively while ¥} and V, are their
voltages respectively.
(b) But for ideal transformers, V, I, =V, 1,

VIV, = I/l

(iii) Main assumptions

(a) The primary resistance and current are small.

(b) The flux linked with primary and
secondary coil is same. There is no leakage
of flux from the core.

(c) secondary current is small.

(iv) Refer to text on pages 219 and 220.

AC
source

(Energy losses in a transformer) (2

]— Laminated cores

(3)



N, >N,
Refer to Sol. 6 on page 222.

(ii) Refer to Sol. 13 (i) on page 223. (2)
16. (i) Refer to Sol. 6 on page 222. (3)
(ii) Refer to Sol. 13 (i) on page 223. ()]

(iii) No, it does not violate the law of conservation
of energy because voltage increase is
accompanied by decrease in current.

In step-up transformer the current decreases
by the same proportion as the voltage
increases. When voltage increases » times, the
current reduce 1/n times. (m

17. Refer to Sol. 13 and 14 on page 223. (3)
Step-up transformers are used at generating
stations so as to transmit the power at high voltage
to minimise the loss in the form of heat, whereas
series of step-down transformers are used at
receiving ends. (2)

18. Given, input voltages, V,, = 2.5x10°V 3)

Input current, [, =204

Also, N,/N; =10/1

= Ng/N, =1/10 (1) (/2

Percentage efficiency = CHERI powey %100

Input power
90 _ Output power
100 V.1,

=

. 90
(i) Output power =—x(V,1,)
100 77

=20 2 5%10%x20
100
=4.5x10*W -
= V, =N;/N, xV,
- (1/2)
(iii) V, I, = 45x10*W
4 4
Current, I, = 4.5x10° _4.5x10
Vs 250
= I, =180A as2)
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