CLASS -12
181
WORKSHEET- ALTERNATING CURRENT

A. RMS AND AVERAGE VALUES OF ALTERNATING CURRENT EMF & POWER

(1 Mark Questions)

1.

ADnS.

Sol.

Sol.

The instantaneous current and voltage of an ac circuit are given by: i = 10 sin 314t A and
v =50 sin 314t V. What is the power dissipation in the circuit?

50;(10 cos0° = 250W.

Vol
av=%cosc|) =

If the rms current in a 50 Hz ac circuit is 5 A, the value of the current 1/300 seconds after
its value becomes zero is

(a) 52 A (b)5 3/2A (c) 5/6 A (d) 5/ V2 A
(b)
As given that v = 50Hz, Iims = 5A, t = 1/300s

As we know that lms = lo/v/2
lo = peak value = V2.Iims = V2 x5 = 5v2A

At t = 1/300sec, | = Ig sinot = 5v/2 sin 21 x50 x 1/300

| = 5v2 sinn/3 = 5v2 x V/3/2 = 5v/(3/2) Amp (Since sinn/3 = v3/2)

1=53/2

Can the instantaneous power output of an ac source ever be negative? Can the average
power output be negative?

Yes, the instantaneous power output of an ac source can be negative. No, the average
power output cannot be negative.

(2 Marks Questions)

4.

Sol.

The electric mains in a house are marked 220V, 50Hz. Write down the equation for
instantaneous voltage.

Here ems = 220V, f = 50Hz

Instantaneous voltage is given by

& = g0sin ot = V2 emssin 2nft = 1.414 x 220 sin(2 x 3.14 x 50t) = 311 sin314t volt.

Calculate the rms value of the alternating current shown in figure.
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Sol.

Sol.

2A 182

-2A

12+12+I2 22+(-2)%+22
Irms \[ 3 ( 3) = 2A.

Define peak value and root mean value of an alternating current. Derive an expression for
the root mean square value of alternating current.

Rot mean square value of an alternating current: It is defined as that value of a steady
voltage that produces the same amount of heat in a given resistance as is produced by the
given alternating emf when applied to the same resistance for the same time. It is also
called virtual or effective value of the alternating emf. It is denoted by &ms OF &eff OF &v.
Relation:

€ = gosSin ot

2 2
Heat produced in a small time dt will be dH = %dtz%" sinZwtdt

so fT (1- cosZoot) dt = so [t sm2wt]

=£—°[(T—O)—i|sm—t| ]
=R [T — —sm(41‘t — smO)]
OrH—— [T—0] = 820;

If &rms IS the root mean value of the alternating current then the amount of heat produced

2
by it in the same resistance R in time T will be —S"EST

2 2
From the above two equations we get st — ZoT

R 2R
Or &ms = % =0.707¢,

(a) The peak voltage of an ac supply is 300 V. What is the rms voltage?
(b) The rms value of current in an ac circuit is 10 A. What is the peak current?

[Ans. 212.1 V, 141.14A]
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8.

Explain the significance of phasor diagram.

(3 Marks Questions)

9.

Derive the average power in ac circuit and explain the term power factor.

B. RESISTIVE CIRCUIT

(1 Mark Questions)

1.

Sol.

What is the maximum value of power factor? When does it occur?
One. For a purely resistive circuit, ¢ = 0. Therefore power factor, cos ¢ = cos 0 = 1.

(2 Marks Questions)

2.

Sol.

Sol.

An alternating voltage given by V = 140 sin314t is connected across a pure resistor of
50Q2. Find (i) the frequency of the source (ii) the rms current through the resistor.
(i) 2mv =314 rad s* = v = 50Hz

o s Vims _V _ 140
(i) irms = E where Vrms—ﬁ_ﬁxso

=1.98A = 2A.

The peak value of an alternating voltage applied to a 50Q2 resistance is 10V. Find the rms
current, if the voltage frequency is 100Hz, write the equation for the instantaneous
current.

Here R =500, g0 = 10V, f=100Hz
lo=2=2=1A=200mA
R 50 5
Iims = 0.707 10 = 0.707 x 200 = 141.4 mA
The instantaneous current is given by | = losin 2xft = 200 sin 200 it mA.

Physics Master Academy, Delhi. (www.PhysicsMasterAcademy.com)

183



Sol.

A 100 Q resistor is connected to a 220 V, 50 Hz ac supply.
(a) What is the rms value of current in the circuit?
(b) What is the net power consumed over a full cycle?

(a) Irms Erms = 220 2 20A

R 100

(b) Pav = &mslims = 220 x 2.2 = 484W

(3 Marks Questions)

5.

Sol.

(a) For a given ac, i = im sin ot, show that the average power dissipated in a resistor R
over a complete cycle is % i?mR. (b) A light bulb is rated at 100W for a 220V ac supply.
Calculate the resistance of the bulb.

f V1

(a) Average power in one cycle, P =% =

- where current and voltage are in same

0
phase across resistance R.

If i = im Sinwt then V = VSinmt
Vinim f(;r sinwtdt
fOTdt

:Vmim T(l—cosZwt)
P=="0 - dt

P= M[det— fTCOSZwtdt]
p=Tmm[T — 0] = Tmm

Also, |m = Vn/R

So, p = R

(MP-l

100

Hence, P =

100 = = 484Q).

(5 Marks Questions)

6.

Sol.

A resistance of 40Q2 is connected to an ac source of 220V, 50Hz. Find (i) the rms current
(i) the maximum instantaneous current in the resistor and (iii) the time taken by the
current to change from its maximum value to the rms value.

(i) ems = 220V, R = 40W

Therefore lms = Sr—l‘{“ = 4— =5.5A

(i) Maximum instantaneous current, lo = V2 lyms = 1.414 x 505 = 7.8A.
(iii) Let the alternating current be given by I = Io sin wt
Le the ac take its maximum and rms value at instants t; and t> respectively. Then
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lo = lo sin wt1, which implies that ot: = ©/2 and Iims= lo/V2 = o sin wtz, which implies that
otz = /2 + n/4.

1
Thereforet, —t; = — = = =—5=25ms.
40 4x21f 4%X2TX50 400

i i

C. CAPACITIVE CIRCUIT

(1 Mark Questions)

1.

Sol.

Sol.

Sol.

Sol.

What is the impedance of a capacitor of capacitance C in an ac circuit using source of
frequency v Hz?

Impedance of a capacitor, Z =X¢ = — = ——

, Where n is the frequency of source.
wC 2mnC

Define capacitive reactance. Write its Sl units.
Capacitive reactance is the resistance offered by a capacitor to the flow of ac through it. It
is denoted by Xc.

Mathematically, X¢ = ﬁwhere v = frequency of the source, C = capacitance of the
capacitor. Ohm (Q) is the SI unit of capacitive reactance.

What is the minimum value of power factor? When does it occur?
Zero. For a purely inductive or capacitive circuit, ¢ = +n/2. Therefore power factor, cos ¢
=cos (+ n/2) = 0.

How much average power, over a complete cycle, does an a.c. source supply to a
capacitor?
Pav = Vrmslrmscos (‘ TC/Z) =0.

(2 Marks Questions)

5.

Sol.

An ac source of emf VV = Vg sin ot is connected to a capacitor of capacitance C, Deduce
the expression for the current (I) flowing in it. Plot the graph of (i) V vs wt, and (ii) | vs
ot.

V = Vosinwt

C =q/V, q = CVosinot
i_dq _ d .
1= =% (CV, sin wt)

_ . _ Vo
= oCvoSinmt = wC

coswt

i= Esin (oot + E) orl= iosin(oot + E)
Xc 2 2
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In pure capacitive circuit current leads voltage by n/2.

(i) 186
C
|
Il
(=)
Ay
(ii)

o0
6. What is the inductive reactance of a coil if current through it is 800mA and the voltage
across it is 40V?
Sol. X == 0 __—50Q,

lefg ~ 800%x1073

7. A 60 uF capacitor is connected to a 110 V, 60 Hz ac supply. Determine the rms value of
the current in the circuit.
Sol.  &ms =110V, f=60Hz
1

" 1
Capacitive reactance, Xc = = — = 44.2Q
o 2mfC 2x3.14X60X60X107°
—&ms __ 11 -
rms — XC - 44'_2 249A

D. INDUCTIVE CIRCUIT
(1 Mark Questions)

1. When an ac source is connected across an inductor, show on graph, the nature of
variation of the voltage and the current over one complete cycle.
Sol.  V =Vosin ot

=13
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Voltage leads
current by
\/ 90 in phase

"

Define Inductive Reactance.

Draw the variation of Inductive Reactance with frequency of EMF source.

(2 Marks Questions)

4.

Sol.

5.

Sol.

Prove that an ideal inductor does not dissipate power to an ac circuit.
Average power associated with an inductor: When ac is supplied to an ideal inductor,
current lags behind the voltage in phase by ©/2 radian. So we can write the instantaneous

values of voltage and current as follows: V = V==sinwt and | = lgsin (wt - g) =
. s _
—Iysin (E - wt) = - lp CcOS mt
Work done in small time dt is dW = P dt =- Vol sin ot cos ot dt = — ?sinwtdt
0

The average power dissipated per cycle in the inductor is
w 1 (T
Pav = T = ¥fo dw

_ Vo (T
NS J, sin2wtdt

=+

Volo I:COSZ(J)t]T _ Volo [ 4Tt t]
2T | 20 1y 4T

= Yolo [Cos4m — cos0] = 22
4Tw

=0
Thus the average power dissipated per cycle in an inductor is zero.

A 44 mH inductor is connected to 220 V, 50 Hz ac supply. Determine the rms value of
the current in the circuit.
Here L = 44mH = 44 x 10°3H, gms = 220V, f = 50Hz
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Reactance, X, = 2nfL = 2t x 50 x 44 x 102 Q

— €rms 220

Current, lyms = = =15.9A

Xy 2TX50%X44x1073

(5 Marks Questions)

6.

Sol.

Sol.

Show that an ideal inductor does not dissipate power in an ac circuit.

Lamp

AS Pav = VinmslmsCOSé
In ideal inductor, current Irms lags behind applied voltage Vims by 7t/2
Therefore ¢ = 1/2 50, Pav = VimslimsC0S /2 Or Pay = Vimslims X 0 or Pay = 0.

Show that in an ac circuit containing a pure inductor, the voltage is ahead of current by
7/2 in phase.

The instantaneous ac potential difference across the ends of an inductor of inductance L
isV = Vosin ot ...(1)

If I is the instantaneous current through L at instant, V = L% ordl = %sinwtdt

———— 000000000000
L

N
7
V=V, sin ot

—cosoot]t

Integrating both sides, | = %fot sinwtdt = %[

o 0

-V Vo .
Orl=—2coswtor] =2 sm(oot — E)
wL wL 2

| = losin(wt —2) ...(ii)
Where o = % is the amplitude of the current

From equations (i) and (ii) it is clear that in an ac circuit, containing inductance, current
lags voltage by =/2.
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189
,E. SERIES LCR CIRCUIT AND RESONANCE

(1 Mark Questions)

1. The selectivity of a series LCR a.c. current is large, when
(a) L is large and R is large (b) L is small and R is small
(c) Lis large and R is small (d) LR
Sol.  (c)
2. The power factor of a series LCR circuit at resonance will be
(a) 1 (b) 0 (c) % (d) 1/\2
Sol. (a)
3. Answer the following questions. [1 mark each]

(a) In any ac circuit, is the applied instantaneous voltage equal to the algebraic sum of the
instantaneous voltages across the series elements of the circuit? Is the same true for rms
voltage?

Sol. (i) Yes, because the voltage variations across each element will follow the variations of
the supply voltage oat all instants. (ii) No, the same is not true for rms voltage because
voltages across different elements may not be in phase.

(b) A capacitor is used in the primary circuit of an induction coil.
Sol.  When the primary circuit of the induction coil is broken, high voltage is induced which
gets used in charging the capacitor. This avoids sparking in the circuit.

(c) An applied voltage signal consists of a superposition of a dc voltage and an ac voltage
of high frequency. The circuit consists of an inductor and a capacitor in series. Show that
the dc signal will appear across C and the ac signal across L.

Sol.  Inductive reactance, X_ = 2rnfL i.e. X < f
Conductive reactance Xc = 1/2=fC i.e. Xc = 1/F
For dc, f = 0, reactance of L is zero and that of C is infinite, so the dc signal appears
across C. For high frequency ac, reactance of L is high and that of C is low. So the ac
signal appears across L.

(d) A choke coil in series with a lamp is connected to a dc line. The lamp is seen to shine
brightly. Insertion of an iron core in the choke causes no change in the lamp’s brightness.
Predict the corresponding observations if the connection is to an ac line.

Sol.  For adc, XL =0. Inductance L has no effect even if it is increased by inserting iron core.
But for ac, the lamp will shine dimly because of the impedance offered by the choke.
When the iron core is inserted, impedance of the choke further increases and the lamp
will dim further.
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(e) Why is choke coil needed in the use of fluorescent tubes with ac mains? Why can we 190
not use an ordinary resistor instead of the choke coil?
Sol. If a fluorescent tube is connected directly across a 220V source, it would draw large

current which would damage the tube. With the use of choke coil, the voltage is reduced
to an appropriate value, without wasting any power. A resistor would waste a large
amount of electrical energy as heat. So an ordinary resistor cannot be used instead of a
choke coil.

(2 Marks Questions)

4. Explain the term ‘sharpness of resonance’ in ac circuit.

Sol.  Sharpness of resonance: It is defined as the ratio of the voltage developed across the
inductance (L) or capacitor (C) at resonance to the voltage developed across the
resistance (R).

=1L
Q=1 [t
It may also be defined as the ratio o resonant angular frequency to the bandwidth of the
circuit.

5. A capacitor, ‘C’, a variable resistor ‘R” and a bulb ‘B’ are connected in series to the ac
mains in circuits as shown. The bulb glows with some brightness.

T S

Main

How will the glow of the bulb change if (i) a dielectric slab is introduced between the
plates of the capacitor, keeping resistance R to be the same; (ii) the resistance R is
increased keeping the same capacitance?

Sol.  For the RC circuit, Impedance, Z = \/r(mic)z

Current 1 == ...(i)

() When a dielectric slab is introduced between the plates of the capacitor, its
capacitance increases. Hence, from equation (i), impedance of the circuit is decreased and
the current through it is increased. So, brightness of the bulb will increase.

(i) When the resistance R is increased and capacitance is same, then from equation (i),
impedance of the circuit is increased and the current flowing through it is decreased. SO
brightness of the bulb will decrease.
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Sol.

Sol.

The figure shows a series LCR circuit connected to a variable frequency 200V source 191

with L = 50mH, C = 80 uF and R = 40Q). Determine
R

(1) the source frequency which derives the circuit in resonance; (ii) the quality factor (Q)
of the circuit.
(i) L=50x 10° H, C =80 x 10°F, R = 40Q,

1 1
NW=—=

VLC  V/50x10-3x80x10=6

103 _ 500
(D:T= 500 rads 1 =U=;:8OHZ

- _1 |L__ 1 [50x1073 1 _
(iQ= R\ﬁ =0 /80X10_6 =20 % 625 = 0.625

A series LCR circuit is connected to an ac source (200V, 50Hz). The voltages across the
resistor, capacitor and inductor are respectively 200V, 250V and 250V.

(1) The algebraic sum of the voltages across the three elements is greater than the voltage
of the source. How is this paradox resolved? (ii) Given the value of the resistance of R is
40Q, calculate the current in the circuit.

(i)

(200V, 50Hz)

From the parameter, Vr = 200V, VL =250V and V¢ = 250V

Ver should be given as Vest = Vr + VL + Ve = 200V + 250V + 250V = 700V

However Vet > 200V of the ac source. This paradox can be solved only using phasor
diagram as given below:

Ve

(Verr) = v/V& + (Vi — V)2
Since VL = V¢
(i) Given R =40€2, so current in the LCR circuit,
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Vet __ 200 _ _ _
lett = — - 0 = 5A[XL=XcorZ=R] 192

8. In a series LCR circuit, Vi = Vc # Vr. What is the value of power factor for this circuit?
R
Sol.  Power factor, cos ¢ = Z
SinceVL=Vc=> XL =Xc,80,Z=R=cosp=1

9. Voltage across L and C in series are 180° out of phase. Comment.

10.  The hot wire ammeter in Fig (a) shows some deflection but not in fig (b). Why?

:

11.  Obtain the resonant frequency o of a series LCR circuit with L = 2.0H, C=32 pF and R
=10 Q. What is the Q-value of this circuit?
Sol. HereL=2.0H,C=32uF= 32 x 10" 6F R = 10Q.

_ 1000 _ 1
Resonant frequency, o= \/_ —— =125rads
125%2.0
Q value= &L = 22X22 = 75
R 10

12. A charged 30 pF capacitor is connected to a 27 mH inductor. What is the angular
frequency of free oscillations of the circuit?

Sol. Here C=30x10°F, L =27 x 10°H
The angular frequency of free oscnlatlons of the LC circuit is

:— :_X 4 1— X 3
®©=Jc = Vzrxio- 3><3o><10 6 10* rad s* = 1.1 x 10° rad s*

13. Suppose the initial charge on the capacitor in Question 12 is 6 uC. What is the total
energy stored in the circuit initially? What is the total energy at a later time?
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Sol. Here C=30x 10°F, qo =6 x 10°C
Total energy stored in the inductor initially,

1q2 1 (6x1073)2 36
Us=pper = 2% 22 OO0 ) - 20206
2C 2 30x10 60

(3 Marks Questions)

14. (i) When an AC source is connected to an ideal inductor show that the average power
supplied by the source over a complete cycle is zero.
(if) A lamp is connected in series with an inductor and an AC source. What happen in the
brightness of the lamp when the key is plugged in and an iron rod is inserted inside the
inductor? Explain.

Lamp

Sol. (i) As Pav = VinmslrmsCOS®
In ideal inductor, current Ims lags behind applied voltage Vims by /2
Therefore ¢ = 1t/2 50, Pav = VimslimsC0S /2 Or Pay = Vimslims X 0 or Pay = 0.
(i) Brightness of the lamp decreases. It is because when iron rod is inserted inside the
inductor, its inductance L increases, thereby increasing its inductive resistance X. and
hence impedance Z of the circuit. As Ims = Vims/Z, so this decreases the current Ims. In
the circuit and hence the brightness of the lamp.

15.  Arresistor R and an inductor L are connected in series to a source V = Vosin wt. Find the
(a) peak value of the voltage drops across R and across L. (b) phase difference between
the applied voltage and current. Which of them is ahead?

Sol.  (a) (i) Peak voltage across R, Vr = IoR.

\Y
VR = 2R
[R2+x2
I C R
(<)
—/
£ = g sin ot
VoXy,

(ii) Peak value across L, Vi =

2
/R2+xL
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(b)
Ve 194

Phase difference ¢ = tan'l(z—;) = tan™ (XTRL)

16.  The figure shows a series LCR circuit with L = 10.0H, C = 40 uF, R =60Q connected to
a variable frequency 240V source, calculate (i) the angular frequency of the source which
derives the circuit at resonance. (ii) the current at the resonating frequency, (iii) the rms
potential drop across the inductor at resonance.

R
AN

N 1
(=) - C

Sol.  Here L =10.0Hm, C =40 pF = 40 x 10°F, R = 60Q, Vims = 240V
(1) At resonance the angular frequency v of the source is wr =

50 rads™.
(i) At resonating frequency, Impedance Z = R ( since XL = Xc¢)
The rms current at resonance

1 1

J(10.0)(40x10-6)  2x10~2 =

\% \% 240V
Therefore lyms = 22 = 2 = = 4A

Z R 600
(iii) The inductive reactance is XL = oL = 50x10.0 = 500Q. The rms potential drop

across inductor at resonace, (Vs = Irms X XL = (4A)(500€2) = 2000V

17. A voltage V = Vosinwt is applied to a series LCR circuit. Derive the expression for the
average power dissipated over a cycle. Under what condition is (i) no power dissipated
even though the current flows through the circuit (ii) maximum power dissipated in the
circuit?

Sol.  The rate at which electric energy in consumed in an electric circuit is called its power.
Suppose in an ac circuit, voltage and current are having a phase difference ¢.
V = Vosin wt, | = lesin(ot — ¢)
Work done by source of emnf in a small time dt with negligible change in current,
dW = Vidt
dW = Volosinet sin(wt — ¢)dt where sin(wt — ¢) = sin ot cosp — cos ot sind.
dW = Volo[sin?wt cosf — sinmt cos ot sing]dt

dW = Volo [(Z—COSZwt

sin2wt

)coscl) - sincl)] dt
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18.

Sol.

19.

Sol.

20.

Sol.

Volo

Now total work done in a complete cycle W = 5

X [fOT cosdpdt — cos fOT cos2wtdt —
sing f(;r sinZwtdt]

We can solve fOT cos2wtdt = fOT sin2otdt = 0

W = %f: cosdpdt = %% cospT

Thus power consumed over a cycle, P = W/T = Vimslims COS
(1) Minimum power: IN an ac circuit containing pure L only, current | lags behind the
applied voltage V by phase angle ©/2. So average power consumed by pure inductor L in
complete cycle of ac is then given by, P = Vimslimscos /2 = 0.
(i) Maximum power: IN ac circuit containing R only, both applied voltage V and current
| are in same phase, os average power consumed by resistor R in complete cycle is then

2
Vrms

given by P = Vimslrms€0S0° = Vimslims OF P = =

A bulb of resistance 10Q2 connected to an inductor of inductance L, is in series with an ac
source marked 100V, 50Hz. If the phase angle between the voltage and current is /4
radian, calculate the value of L.

Here R = 10Q2, f=50Hz, ¢ = /4 rad

X, _ 2mfl
Astand):EL:“T

Rtan¢ __ 10Xxtanm/4
2nf  2x3.142X50

Therefore L = = 0.0318H.

A circuit of a resistance of 10Q2 and a capacitance of 0.1 uF. If an alternating emf of
100V, 50Hz is applied, find the current in the circuit.

L ! = 3.2x10%Q.

= 2mfC = 2%3.14X50%0.1X10~6
Z=+/R2 + X2 =+/100 + 10.24 x 108 = 3.2x10*Q.
=fms 100 _314%x103A=3.14mA

Mms = 7 = 32x10%

Xc

A resistor of 50 ohm, an inductor of (20/rt) H and a capacitor of (5/7)uF are connected in
series to a voltage source 230V, 50Hz. Find the impedance of the circuit.

Here R =500, L ==H, C =2 uF, F = = x10°F, &er = 230V, f = 50HZ
Xu = 2nf = Zx2x7x50 = 20000

Xe=——= ! = 20000

cx2mf %x10‘6x2xn><50

Z =R + (X, — X¢)? = +/(50)% + (2000 — 2000)2 = +/2500Q = 50Q.

Physics Master Academy, Delhi. (www.PhysicsMasterAcademy.com)

195



21.

Sol.

22.

Sol.

23.

Figure (a), (b) and (c) show three a.c. circuits in which equal currents are flowing. If the
frequency of emf be increased, how will the current be affected in these circuits? Give
reasons for your answer.
=
AN
=TT |

PR“J) E . 5 _iyE

—

(a) R is not affected by frequency. So current does not change on increasing f.
(b) Inductive reactance, X. = 2n fL. When the frequency f is increased, X, increases and
hence current in the circuit decreases.

i

. 1 .
(c) Capacitive reactance Xc = Py As the frequency f increased, Xc decreases and hence
current in the circuit increases.

In the circuit shown in fig, R represents an electric bulb. If the frequency of the supply is
doubled, how should the values of C and L be changed so that the glow in the bulb
remains unchanged?

(~N
N7
Current in the LCR circuit is given by

Eeff

letr = =
Jm@mﬁ)

When the frequency f of the supply is doubled, both the values of L and C should be

halved, so that the resistance (anL — ﬁ) remains unchanged and hence current n the
circuit remains the same. Then the glow of the bulbs will remain unchanged.

An inductor ‘L’ of reactance X, is connected in series with a bulb ‘B’ to an a.c. source as

shown in figure.
L Bulb

M

A.Q. Soyrce
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Sol.

24,

Sol.

25.

Sol.

26.

Sol.

Briefly explain how does the brightness of the bulb change, when (i) number of turns of
the inductor is reduced and (ii) a capacitor of reactance Xc = X is included in series in
the same circuit.

(1) When the number of turns in the inductor is reduced, its resistance X decreases. The
current in the circuit increases and hence brightness of the bulb increases.

(i) With capacitor of reactance Xc = X. the impedance Z = /R + (X, —X¢)2 = R
becomes minimum. The current in the circuit becomes maximum. The bulb glows with
maximum brightness.

A series LCR circuit with R =20 Q, L = 1.5 H and C = 35 uF is connected to a variable-
frequency 200 V ac supply. When the frequency of the supply equals the natural
frequency of the circuit, what is the average power transferred to the circuit in one
complete cycle?

When the frequency of the ac source equals the natural frequency of the circuit, the
impedance is Z = R = 20Q

ol - s%ms s%ms (200)2 —
The average power dissipated per cycle, Pay = 2\ A7 o= 2000W.

A radio can tune over the frequency range of a portion of MW broadcast band: (800 kHz
to 1200 kHz). If its LC circuit has an effective inductance of 200 puH, what must be the
range of its variable capacitor?
For tuning, the frequency of free LC oscillations should be equal to the frequency of the
radio-wave. The value of this frequency is f =
(i) For f =800 kHz = 800 x 10°Hz

- 1 — 12 — ; — 1012
C= X (800X 109)2X200 X106 197.8 x 10*°F = 198pF [since 1pF = 10*°F]
(ii) For f=1200 kHz = 1200 x 10% Hz

— 1 - 12F —
C= 472X (1200%103)2Xx200X10~6 87.9 x 10°F = 88pF
Thus the variable capacitor should have a range of about 88pF to 198pF.

L or C =
2nVLIC T oam2f2l

A coil of inductance 0.50 H and resistance 100 Q is connected to a 240 V. 50 Hz ac
supply.

(a) What is the maximum current in the coil?

(b) What is the time lag between the voltage maximum and the current maximum?

For an LR circuit, if V = Vp cos ot, then | =

\"% wL

————cos(wt — where tan ¢ = —.

AT ( ) b=
Vo _ Vo

VRZ+w212  RZ+4m2£212

(a) Maximum current in the coil is lo =

Given L = 0.50H, R = 1009, Veff = 240V and f = 50 Hz

_ \2x240 . _
S0, lo = J1002+472+(50)2%(0.50)2 A [Since Verr = VolV2)
1414x240 _ 1.414X240

= = =1.82A
V10000+24674 186.2
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27.

Sol.

28.

Sol.

29.

Sol.

(b) V is maximum at t = 0, | is maximum at t = % (i.e when ot — ¢ = 0). If ¢ is positive, 198

this means current maximum lags behind voltage maximum by time lag,
ar=2
- w

Now tan ¢ - 2nfL — 27'L'><15000><0.5 = 1571

Therefore ¢ = tan™(1.571) = 57.5° = 517:0”rad

Time lag, At = 2=—3"3" =319 x 103 = 3.2 ms.
w 180%X2mTX50

Obtain the answers (a) and (b) in Q. 26, if the circuit is connected to a high frequency
supply (240 V, 10 kHz). Hence, explain the statement that at very high frequency, an
inductor in a circuit nearly amounts to an open circuit. How does an inductor behave in a
dc circuit after the steady state?
Here f = 10kHz = 10*Hz, ® = 2nf = 2 x 10% rad s, erms = 240V

€ 2X240 -
lo= \/Rz:nsz - \/104><:1/1'_t2><108><0.52 = 1.08x107A.
Here the contribution of resistance R is negligible as compared to the reactance wL.

4
Also, tan ¢ = %L = W = 1007 which is very large. So ¢ is nearly equal to 7/2 rad.
Thus we see that lo= is much smaller (1.08x102A) than its value (1.82A) at high frequency. At high
frequency, L nearly amounts to an open circuit, i.e., it offers very large resistance. In an dc

circuit (after attaining steady state) m = 0, so I, acts like a pure conductor.

A 100 pF capacitor in series with a 40 Q resistance is connected to a 110 V, 60 Hz supply.
(a) What is the maximum current in the circuit?
(b) What is the time lag between the current maximum and the voltage maximum?

1

For a CR circuit, if V = Vg cos ot, then | = Lc:os(oot + ¢) wheretan ¢ =—
R2++c2 wCR
Here Vet = 110V, o = 2nf = 21 x 60 rad s, R = 40Q2, C = 100uF = 10°F

. . . i V 2V, 1.44%10
(a) Maximum current in the circuit is lo = —2—= = Vert

2, 1 2, 1 402+;
\/R " w2c2 \/R " w2c2 \/ (2mx60x10—%)2

1.414X110 _ 155.54

= Tievorozez ~ as oA ) )

(b) The phase angle ¢ is given by tan ¢ = R T rreoniotias 0.6631
Therefore ¢ = 33.5° = %rad

Time lag, At =2 =—3°" -1 55x 108 = 1.55 ms

w 180 ><21t><_60
Hence the voltage lags behind the current or the current leads the voltage.

Obtain the answer to (a) and (b) in Q.28 if the circuit is connected to a 110 V, 12 kHz
supply? Hence, explain the statement that a capacitor is a conductor at very high
frequencies. Compare this behaviour with that of a capacitor in a dc circuit after the steady
state.

Here R = 40Q), C = 100pF = 10 F, &ms = 110V, f= 12 kHz = 12 x 10°Hz
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(@) Xe = 2mfC ~ 2mx12x103x10~% 0.1330 199

€ 110
ms = ————= = J207+(0.133)2 = 2.75A
2 ;
JR2+XC

Therefore lo = V2 lims = 1.414%2.75= 3.89A

—Xc _ 0133
(b) tan¢—?— o = 0.0033

Or$=0.2°=0°

Now in the absence of capacitor, lms= Sr;“s = %: 2.75A

Hence at very high frequency (12 kHz) the current in the circuit is same both in the
presence or absence of the capacitor. It follows that at high frequency capacitor acts like a

conductor.

For adc supply, f=0, so Xc = ﬁ =

Hence in dc circuit, a capacitor amounts to an open circuit, i.e. it offers a very high
resistance.

(5 Marks Questions)

30.  The variation of inductive resistance (X.) of an inductor with the frequency (f) of the ac
source of 100V and variable frequency is shown in the fig.

(X Q) a

(S0 e,
QO = -

O = =

I
I
y I

100 200 300
f(in Hz)
(1) Calculate the self inductance of the inductor.
(i) When this inductor is used in series with a capacitor of unknown value and a resistor

of 10Q at 300s?, maximum power dissipation occurs in the circuit. Calculate the
capacitance of the capacitor.
Sol. (i) We know that X = oL = 2xnfL

SpL=__ 20 \-00318H=31.8mH
21F 2%X3.14%x100

(i) For maximum power dissipation, X, = Xc

271f|:2L:>2><3.14><300><31.8><10-3 = !

tfc T 2x3.14X300C

= C=8.8x10°F =8.8uF.

31. (a) What do you understand by ‘sharpness of resonance’ for a series LCR resonant
circuit? How it is related with the quality factor ‘Q’ of the circuit? Using the graphs given
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Sol.

in the diagram, explain the factors which affect it. For which graph is the resistance (R)
minimum?
R,

[

—

i
=, i —=

(b) A 2uF capacitor, 100Q resistor and 8H inductor are connected in series with an ac
source. Find the frequency of the ac source for which the current drawn in the circuit is
maximum. If the peak value of emf of the source is 200V, calculate the (i) maximum
current and, (ii) inductive and capacitive resistance of the circuit at resonance.

(a) Sharpness of resonance: It is defined as the ratio of the voltage developed across the
inductance (L) or capacitor (C) at resonance to the voltage developed across the
resistance (R).

1 |L
Q= E\E
It may also be defined as the ratio o resonant angular frequency to the bandwidth of the
circuit.
Circuit becomes more selective of 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.

Figure shows the variation of im with ® in a LCR series circuit for tow values of resistnce
Riand Rz (R1 > Ry).
I\

I

NG
IV
VARN

—

o

e |

— iy
oy, Mradls, —*

The condition for resonance in the LCR circuit is X = Xc = oL = wi = Wy =

1
oC VT
When see that the current amplitude is maximum at the resonant frequency, Since im =
Vm/R at resonance, the current amplitude for case R: is sharper to that for case Ru.
Quiality factor or simply the Q factor of resonant LCR circuit is defined as the ratio of

voltage drop across the resistance at resonance.
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32.
Sol

33.

\% wL - 1 |L
Q :V—; =~ Thus finally Q = E\/;
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. At resonance, current in an ac series LCR circuit is maximum, and depends
only on the ohmic resistance R of the circuit. Thus if the ohmic resistance R of series
LCR circuit is low, then large current flows in circuit at resonance. So graph C i.e.,
resistance Ry has minimum value.
(b) To draw maximum current from a series LCR circuit, the circuit at particular

frequency X. = Xc.

1 —
2x3.14V8x2x10-6 39.80 Hz
This frequency is known as the seris resonance frequency.

(i) lo = Eo/R = 200/100 = 2A

(ii) Inductive reactance X = oL = 2oL = 2x3.14x39.80x8 = 200002

.. 1 1 1
Capacitive reactance, Xc = — = = — = 2000Q
wC  2muC 2X%3.14X39.80X2x10~6

The frequency of the series will be v =

Explain (i) Resistance (ii) Reactance and (iii) Impedance (iv) Admittance.

(i) Resistance: The property due to which a conductor resists the flow of electrons
through it, is called ersistance of the conductor. It is measured by the ratio of potential
difference between the ends of the conductor to the current flowing through it. If an
alternating current is passed through a resistor, the current and voltage are in the same
phase.

(i) Reactance: The opposition offered by an inductor or a capacitor or both to the flow of

ac through it, is called reactance. It is of two types:

. ) _ 1 _ 1 1
(a) Capacitive reactance (Xc): Xc = T e Xc ,

(b) Inductive reactance (X.): XL = oL = ool [Here v - frequency of ac, L — inductance
of the inductor]

So, XL X v

(iii) Impedance: The total opposition offered by LCR circuit to the flow of alternating

current is called impedance. It is denoted by Z and is given by Z = \/RZ + (X, — X¢)?
The impedance of an ac circuit plays the same role as resistance in dc circuit.

(iv) Admittance: Admittance is a measure of how easily a circuit or device will allow a
current to flow. It is defined as the reciprocal of impedance, analogous to
how conductance &  resistance are  defined. The Slunit of admittance s
the siemens (symbol S)

A resistance of 2ohms, a coil of inductance 0.01H are connected in series with a
capacitor, and put across a 200volt, 50Hz supply. Calculate: (i) the capacitance of the
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capacitor so that the circuit resonates. (ii) the current and voltage across the capacitor at
resonance (take © = 3) 202
Sol.  Here R=2Q, L =0.01H, & = 200V, f =50 Hz

. _ 1
(1) Resonance frequency, f = Py
So,C=— : : =L

4m2f2L  4x(3)2x(50)2x(0.01)  4X9%2500%X0.01 900

= 0.0011F = 11 x 10*F.

(ii) lerr = %2 = 22 = 100A

1 1 __100x10*
2mfC  2x3X50x11x10~% 3300

Therefore, Vc = lest Xc = left =303.03V

34.  Aninductor 200mH, capacitor 500 pF, resistor 10Q2 are connected in series with a 100V,
variable frequency a.c. source. Calculate the (i) frequency at which the power factor of
the circuit is unity. (ii) current amplitude at this frequency, (iii) Q factor.

Sol. (i) Power dissipated will be unity at resonance, because then Z=Rand cos ¢ = R/Z =1

1 1 50
= —Hz
TT

Therefore f, = 2mVIC  2nv200x10-3X500x10-6 Hz = 2mx10~2

(ii) 1o = g0 _ V2&rms _ 1.414X100 _ 14.14A

R R 10

1 |L 1 [200%x1073 20

(iii) Q factor== == — —==—=2
RA4/C 104/ 500%x10~6 10

35. (i) Draw the graphs showing variation of inductive reactance and capacitive reactance
with frequency of applied ac source (ii) 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.

Sol. (i) Inductive reactance X. = 2xnf L i.e.,, XL < f. As shown in figure (a), graph of X,
against f is a straight line with a positive slope. As f increases, X, also increases.

X Xc

i 1

F(frequenc; >
(ireq /) Frequency (f) ——

(@ )

Capacitive reactance, Xc = —je Xeo< Uf
27tfC

Figure (b) show the variation of Xc with f. As f increases, X decreases.
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(i) Yes the voltage drop across the inductor or the capacitor in a series circuit can be
greater than the applied voltage. These two voltages ae not in same phase, hence they 203
cannot be added like ordinary numbers.

36.  Derive an expression for the impedance of an ac circuit with an inductor L and a resistor
R in series. Also obtain the expression for average power in the circuit.

Sol.  AC circuit containing L and R in series: As shown in figure, consider a resistance R and
inductance L connected in series to a source of alternating emf € given by & = goSinat.

1 0> vR \ L

Let I be the current through the series circuit at any instant. Then

1. Voltage Vr = RI across the resistance R will be in phase with current I. So phasors Vr
and I are in same direction. The amplitude of Vr is V& = I,R

2. Voltage V. = X1 across the inductance L is ahead of current I in phase by /2 rad. So

phasor VL lies n/2 rad anticlockwise w.r.t. the phasor I lts amplitude is Vi = 1,X,, where
Xv is the inductive reactance.

By parallelogram law of vector addition, Vet Vi=2

Using Pythagorean theorem, we get €3 = (V&) + (V§)? — (I,R)? + (1oX)? = 13(R? +
Xt)
Orlp=

€0

[R2 +X2

Clearly, \/R% + X? is the effective resitane of the series LR circuit which opposes or
impedes the flow of ac through it. It is called impedance and is denoted by Z. Thus

Z =/R% + X2 =vR? + w212 [since XL = olL]

The phase angle ¢ between the resultant voltage and current is given by

IoX _ X _ oL
LR R R
It is obvious from the phasor diagram that the current lags behind the emf of phase angle

¢ so the instantaneous value of current is given by | = losin (ot — ¢).

VL
tand):v—%:

Pav = €rms.lrms X = 8rms-|rms-L-
Z VRZ+w2L2

37. A series LCR circuit is connected to an ac source having voltage V = Vmsin wt. Derive
the expression for the instantaneous current | and its phase relationship to the applied
voltage. Obtain the condition for resonance to occur. Define ‘power factor’. State the
conditions under which it is (i) maximum and (ii) minimum.
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38.

39.

204

Figure below shows a series LCR circuit connected to a variable frequency 230 V source.
L=5.0H, C=80uF, R=40 Q.

A

R C L
T

&
(~)
=/
(a) Determine the source frequency which drives the circuit in resonance.

(b) Obtain the impedance of the circuit and the amplitude of current at the resonating
frequency.

(c) Determine the RMS potential drops across the three elements of the circuit. Show that
the potential drop across the LC combination is zero at the resonating frequency.

[Ans. (a)50 rad s%,(b) 4002, 8.1A, (c) 230V]

An LC circuit contains a 20 mH inductor and a 50 puF capacitor with initial charge of 10
mC. The resistance of the circuit in negligible. Let the instant the circuit is closed be t = 0.
() What is the total energy stored initially? Is it conserved during LC oscillations?
(b) What is the natural frequency of the circuit?

(c) At what time is the energy stored
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Sol.

completely electrical (i.e., stored in the capacitor)?
completely magnetic (i.e., stored in the inductor)? 205
(d) At what times is the total energy shared equally between the inductor and capacitor?
(e) If a resistor is inserted in the circuit, how much energy is eventually dissipated as heat?
Her L = 20mH = 20 x 10°H, C = 50uF = 50 x 10°°F, Initial charge on capacitor, qo =
10mC =10 x 10°%C

_ 4§ _ _(0™»? J=1J

(a) Total energy stored initially= = Txsomio=c

Yes, the total energy is conserved in LC oscillations because the resistance of the LC

circuit is negligible.

(b) The natural frequency of the circuit is f =
1

Orf= m = 159.2 = 159 Hz.
(c) The charge of a capacitor at any instant during LC oscillations is g = go c0os ot = Qo C0S

2mt

1 1 Hz
2mVLC  2x3.14xV20x10~3x50x10~6

T
(i) The energy stored wil be completely electrical when

g= *qo
or COS%: +1

271t . .
or T = Nm, where nis an mteger
T 3T
ort==-Tort=0,-,T,=, ...
2 2 2

(i) The energy stored is completely magnetic when the electrical energy is zero or when q
= (oCOS wt = qocos% =0

21t

Or - = (2n+1) =/2

Ort=(2n +1)§ort:§,%,%,

In both cases, T = 1/f = 1/159s = 6.28 x= 6.3ms.
2
(d) Total energy = %%

Let g be the charge on the capacitor at the instants when the energy of capacitor becomes

2
half of the total energy. At these instants energy of the capacitor = %%

1q2_1(1q6) — 1 %
o4 ==(=20 =+
2C 2\2¢C orq —2

2Tt

But g = go cos ot = goC0S o

Jo 2Tt
R g L -
+ 7> = (oC0S
27t 1
Or cos=— = + —
T V2

27t 3
Oor<==nn+ (Eor —n)
T 4 4

Ort=(4n +1)zor (4n +3)

T T 31
= 4+cos— = coS—O0r cos—
4 4 4

g’8'g’g’™"
(e) R camps out the LC oscillations eventually. The whole of the initial energy = 1J is

finally lost as heat.
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40.  Acircuit containing a 80 mH inductor and a 60 pF capacitor in series is connected to a 230
V, 50 Hz supply. The resistance of the circuit is negligible. 206
(a) Obtain the current amplitude and rms values.
(b) Obtain the rms values of potential drops across each element.
(c) What is the average power transferred to the inductor?
(d) What is the average power transferred to the capacitor.
(e) What is the total average power absorbed by the circuit? [‘Average ’implies’ averaged
over one cycle’].
Sol. Here L =80mH =80 x 10°H, C = 60uF = 60 x 10°F, Vims = 230V, f =50 Hz

(a) Reactance of the circuit = |ooL - ﬁ| = |2nfL — ——

2nfC
_ 1
:|2T[X50X80X10 d
2TX50X60Xx1076

= |25.13 - 53.05|Q = 27.92Q
Vims 230 A _ gogA

Reactance - 27.92

Current amplitude, lo = V2 Irms = 1.414 x 8.24 = 11.653 = 11.7A

(b) Potential drop across L is Vi,s = Iims X oL = 8.24x25.13 = 207V

Potential drop across C isVS,s = Ims X 1/wC = 8.24 x 53.05 = 437V

(c) In an inductor voltage leads the current by =/2, therefore average power transferred to
the inductor per cycle is Pav = Vimslims €0S 71/2 =0

(d) In the capacitor, voltage lags behind the current by n/2, therefore, average power

transferred to the capacitor per cycle is Pay = Vimslims cos(— g) =0
(e) Total average poer absorbed = 0.

Irms =

41. Suppose the circuit in previous question has a resistance of 15 Q. Obtain the average
power transferred to each element of the circuit and the total power absorbed.

Sol. Here R=15Q,

2
- |R2 -1
Therefore Impedance, Z = \/R + (wL wc)

1 2
= 152+ (2 x 50 x 80 x 103 — — L)
21TX50X60X10
=225+ 779.5 = V1004.5= 31.7Q

_ Vims 230

Therefore lims = = —=17.255A

Z 31.7
Average power transferred to L = Vel efs cosg =0

Average power transferred to C = VeffleffCOS(— g) =0
Average power transferred to R = 13, = (7.255)? x 15 = 789.5W

F. TRANSFORMER
(1 Mark Questions)

1. Laminated iron sheets are used to minimize currents in the core of a transformer.
Ans. Laminated iron sheets are used to minimize eddy currents in the core of a transformer.
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2. What is the function of a step up transformer?
Sol. A step up transformer is used to convert a low voltage at high current into a high voltage 207
at low current.

3. The output of a step-down transformer is measured to be 24 V when connected to a 12
watt light bulb. The value of the peak current is
(a) 1/ \2 A. (b) V2 A. (c) 2 A. d2+2 A

Sol. (a)

As given that, secondary voltage (Vs) is Vs = 24 volt
Power associated with secondary is Ps = 12 watt

As we know that Ps = Vsls

Is = Ps/Vs =12/24 =% A =0.5 Amp

Peak value of the current in the secondary

lo = 1sV2 = 0.5V2 = 5/10. V2 [lo = 1/7/2 Amp]

(2 Marks Questions)

4. 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?

Sol. A transformer is based on 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.

Electric power generated at the power station is stepped up to very high voltages by
means of a step up transformer and transmitted to a distinct place. At receiving end, it is
stepped down by a step down transformer.

5. A transformer has 300 primary turns and 2400 secondary turns. If the primary supply
voltage is 230V, what is the secondary voltage?

Sol.  ep=22.g =2%y 230 = 1840V = 1.84kV.
N1 300
6. What are the various energy losses in a transformer? How can they be reduced?

Sol.  The main causes for energy loss in transformers are as follows:
1. Copper loss: Some energy is lost due to heating of copper wires used in the primary
and secondary windings. The power loss (= I?R) can be minimized by using thick copper
wires of low resistance.
2. Eddy current loss: The alternating magnetic flux induces eddy currents in the iron core
which leads to some energy loss in the form of heat. Thus loss can be reduced by using
laminated iron core.
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3. Hysteresis loss: The alternating current carries the iron core through cycles of
magnetization and demagnetization. Work is done in each of these cycles and is lost as
heat. This is called hysteresis loss and can be minimized by using core material having
narrow hysteresis loop.

4. Flux leakage: The magnetic flux produced by the primary may not fully pass through
the secondary. Some of the flux may leak into air. This los can be minimized by winding
the primary and secondary coils over one another.

5. Humming loss: As the transformer works, the core lengthens and shortens each cycle
of the alternating voltage due to a phenomenon called magnetostriction. This gives rise to
a humming sound. So, some of the electrical energy is lost in the form of humming
sound.

(3 Marks Questions)

7.

Sol.

Sol.

Sol.

Give two disadvantages of transmitting a.c. over long distances at low voltage and high
current.

Following are the two disadvantages of transmitting electrical power at low voltage:

(1) Large lengths of transmission cables have sufficient resistance. Hence a large amount
of energy (12Rt) will be lost as heat during transmission.

(2) Large voltage drop (IR) occurs along the line wire. Hence the voltage at the receiving
station will be much smaller than that at the generating station.

A power transmission line feeds input power at 2300 V to a step down transformer with
its primary windings having 4000 turns. What should be the number of turns in the
secondary in order to get output power at 230 V?

Here g1 = 2300V, N1 = 4000, &2 = 230V, N2 =?

Asz =Nz
€1 N4
Therefore, N» = N122 = 4000 x =22 = 400 turns
£ 2300

At a hydroelectric power plant, the water pressure head is at a height of 300 m and the
water flow available is 100 m3s. If the turbine generator efficiency is 60%, estimate the

electric power available from the plant (g = 9.8 ms™).

Work __ forcexdistance

Hydroelectric power = —— = , = Pressure x area x velocity
Time Time

=hpgxAxv=hpgxp

Where 3 = Av = volume of wter flowing per second across a cross section.
Electric power available = 60% of total hydroelectric power = 0.6 hpgp3

= 0.6x300%10%x9.8x100W = 176.4x10°W = 176 MW

(5 Marks Questions)
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10.  With the help of a labeled diagram, explain the working of a step up transformer. Give
reasons to explain the following: (i) the core of the transformers is laminated (ii) thick 209
copper wire is used in windings.

Sol.

SOFT IRON Lan'niimeo CORE

INPUT
AC.

Step-up tronsformer
Step up transformer (or transformer) is based on the principle of mutual induction.
An alternating potential (Vp) when applied to the primary coil induced an emf in it.

- _ N2
Ep — dit
. . . - . d
If resistance of primary coil is low, Vp = g, i.e Vp = - di—f

At the same flux is linked with the secondary coil with the help of soft iron core due to
mutual induction, emf is induced in it

do
= NG
Es Sdt

If output circuit is open Vs = &s
d
Vs =- Nsd_i>
Thus = = Xs
p Np
For an ideal transformer, Pout = Pin= 1sVs = 1pVp
Vs _ T _Ns

Vp  Is  Np

For step up transformer, % >1
p

In case of dc voltage, flux does not change. Thus no emf is induced in the circuit.

(1) The core of the transformer is laminated to reduce eddy current losses.

(i) Thick copper wire is used in windings of transformers because of its low resistivity
i.e. low resistance.

11.  (a) Draw a labeled diagram of a step up transformer. Obtain the ratio of secondary to
primary voltage in terms of number of turns and currents in the two coils. (b) A power
transmission line feeds input power at 2200V to a step down transformer with its primary
windings having 3000 turns. Find the number of turns in the secondary to get the power
output to 220V.

Sol. (a) SameasQ 11
(b) Np = 3000, Vp = 2200V, Vs = 220V, Ns = ?

NpVS 3000x220

AsYs — Ns g N, = - = 300.

Vp Np Vp 2200
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G. CASE STUDY

1.

(i)

Ans,

(i)

AnS.

(i)

Ans.

1. In essence of the simplest tuned radio frequency receiver is a simple crystal set.
Desired frequency is tuned by a tuned coil/ capacitor combination, and then the signal is
presented to a simple crystal or diode detector where the amplitude modulated signal, is
demodulated. This is then passed straight to the headphones or speaker. In radio set there
is an LC oscillator comprising of a variable capacitor (or sometimes a variable coupling
coil) with a knob on the front panel to tune the receiver.

Capacitors used in old radio sets is gang capacitor. It consists of two sets of parallel
circular plats one of which can rotate manually by means of a knob. The rotation causes
overlapping areas of plats to change, thus changing its capacitance. Air gap between
plates acts as dielectric.

The capacitor has to be tuned in tandem corresponding to the frequency of a station so
that the LC combination of the radio set resonates at the frequency of the desired station.

When capacitive resistance (Xc) is equal to the inductive reactance (X.), then the

. o 1 .
resonance occurs and the resonant frequency is given by wo = T current amplitude

becomes maximum at the resonant frequency. It is important to note that resonance
phenomenon is exhibited by a circuit only if both L and C are present in the circuit. Only
then do the voltages across L and C cancel each other (both being out of phase) and the

Current amplitude is V?m, the total source voltage appearing across R.

This means that we cannot have resonance in a RL or RC circuit.

Name the phenomenon involved in the tuning a radio set to a particular radio station.

(a) Stabilization (b) Rectification (c) Resonance (d) Reflection

(c)

Phenomenon involved in tuning a radio set to a particular radio station is resonance. The
capacitor has to be tuned in tandem corresponding to the frequency of a station. So, that
the LC combination of the radio set resonance at the frequency of the desired station.
Resonance may occur in

(a) RL circuit (b) RC circuit (c) LC circuit (d) circuit having resistor only
(c)

A simple radio receiver is a simple crystal set with a coil and capacitor combination.
Desired frequency is tuned by tuning the coil capacitor combination. Tuning means to
make capacitive reactance (Xc) equal to the inductance reactance (X.), so that the
resonance occurs.

Resonance frequency is equal to

1 1 L ¢
(a) = (b) = © ﬁ (@) &
(b)
The resonant frequency is given by wo = %
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(iv)

Ans.

v)

ADnS.

Resonance occurs only when

(@ Xc=R (b) XL =R (c) XL =Xc (d) Xc> XL

(c)

At resonance, capacitive reactance (Xc) is equal to the inductive reactance (X.). Circuit is
totally resistive and the current amplitude becomes maximum.

Capacitor used in radio set for tuning is a

(a) parallel plate capacitor (b) spherical capacitor
(c) paper capacitor (d) electrolytic capacitor
(a)

Capacitors used in old radio sets is gang capacitor. It consists of two sets of parallel
circular plats one of which can rotate manually by means of a knob. The rotation causes
overlapping areas of plats to change, thus changing its capacitance.

At power plant, a transformer increases eh voltage of generated power by thousands of
volts so that it can be sent of long distances through high voltage transmission power
lines. Transmission lines are bundles of wires that carry electric power from power plants
to distant substations.

At substations, transformers lower the voltage of incoming power to make it acceptable
for high volume delivery to nearby end users.

Electricity is sent at extremely high voltage because it limits so called line losses, Very
good conductors of electricity also offer some resistance and this resistance becomes
considerable over long distances causing considerable loss.

At generating station, normally voltage is stepped up to around thousands of volts. Power
losses increase with the square of current. Therefore, keeping voltage high current
becomes low and the loss is minimized.

Another option of minimizing loss is the use of wires of super conducting material. Super
conducting materials are capable of conducting without resistance, they must be kept
extremely cold, nearly absolute zero, and this requirement makes standard super
conducting materials impractical to use. However, recent advances in super conducting
matrials have decreased cooling requirement. In Germany recently 1knm super
conducting cable have been installed connecting the generating station and the
destination. It has eliminated the line loss and the cable is capable of sending five times
more electricity than conventional cable. Using super conducting cables Germany has
also get rid of the need of costly transformers.

Transformers generate waste heat when they are in operation and oil is the coolant of
choice. It transfers the heat through convection to the transformer housing, which has
cooling fins or radiator similar to heat exchangers on the outside.

Flush point is a very important parameter of transformer oil. Flash point of an oil is the
temperature at which the coil ignites spontaneously. This must be as high as possible (not
less than 160°C from the point of safety).
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(i)

AnSs,

(i)

Ans,

(iv)

AnS.

v)

Fire point is the temperature at which the oil flashes and continuously burns. This must
be very high for the chosen oil (not less than 200°C).

Which of the following statement is true for long distance transmission of electricity?

(a) Step down transformer is used at generating station and step up transformer is used at
destination substation.

(b) Step down transformers are used at generating station and destination substation.

(c) Step up transformers are sued at generating station and destination substation.

(d) None of the above.

(d)

At power plant, a transformer increases eh voltage of generated power by thousands of
volts so that it can be sent of long distances through high voltage transmission power
lines.

At substations, transformers lower the voltage of incoming power to make it acceptable
for high volume delivery to nearby end users.

Super conducting transmission line has the following disadvantages:

(a) Resistance being zero, there in not PR loss.

(b) There is no requirement of costly step up and step down transformers.

(c) Cable is capable of sending more electricity.

(d) All of the above.

(d)

Super conducting materials are capable of conducting without resistance. So, this
eliminates the line loss and the cable is capable of sending more electricity than
conventional cable. Using super conducting cables, one can get rid of the need of costly
transformers

Why does stepping up voltages reduce power loss?

(a) Since resistance of conductor decreases with increase in voltage.

(b) Since current decreases with increase of voltage

(c) Both of the above (d) None of the above

(b)

At generating station, normally voltage is stepped up to around thousands of volts. Power
losses increase with the square of current. Therefore, keeping voltage high current
becomes low and the loss is minimized.

Oil transfers heat from transformer winding by the process of

(a) convection (b) conduction (c) radiation (d) all of these

(a)

Transformers generate waste heat when they are in operation and oil is the coolant of
choice. It transfers the heat through convection to the transformer housing.

Flush point of an oil is

(a) the temperature at which the oil flashes and continuously biurns.

(b) The temperature at which the oil ignites spontaneously
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Ans.

H.

(c) the temperature at which the oil starts boiling.

(d) the temperature at which the oil forms fumes.

(b)

Flush point is a very important parameter of transformer oil. Flash point of an oil is the
temperature at which the coil ignites spontaneously. This must be as high as possible (not
less than 160°C from the point of safety).

ASSERTION REASON TYPE QUESTIONS:

(a) If both assertion and reason are true and reason is the correct explanation of assertion.
(b) If both assertion and reason are true but reason is not the correct explanation of

assertion.

(c) If assertion is true but reason is false (d) If both assertion and reason are false
(e) If assertion is false but reason is true.

1.

ADnS.

AnSs,

AnS.

Ans.

Assertion: An electric lamp connected in series with a variable capacitor and A.C. source,
its brightness increases with increase in capacitance.

Reason: Capacitive resistance decreases with increase in capacitance of capacitor.

(a) Both assertion and reason are true and reason is the correct explanation of assertion.

Capacitive resistance Xc== — When capacitance (C) increases, the capacitive reactance
decreases. Due to decrease in its values, the current in the circuit will increase (I =

E . . . .
ﬁ) and hence brightness of source (or electric lamp) will also increases.

Assertion: Choke coil is preferred over a resistor to adjust current in an A.C. circuit.
Reason: Power factor for inductance is zero.

(a) Both assertion and reason are true and reason is the correct explanation of assertion.

If resistor is used in controlling AC supply, electric energy will be wasted in the form of
heat energy across the resistance wire. However, AC supply can be controlled with choke
without any wastage of energy. This is because power factor (cos 6) for resistance is one
an it is zero for an inductance.

Assertion: The core of transformer is made laminated in order to increase the eddy
currents.

Reason: The sensitivity of transformer increases with increase in eddy current.

(d) Both assertion and reason are false.

Eddy currents is produced in the iron core due to induced emf since resistance of the iron
core is quite small, the magnitude of eddy currents is quite large. As a result, large
amount of heat is produced. To avoid it a laminated core is used in transformer. In
laminated core iron stripes are quite thin and each strip possesses very large resistance,
the magnitude of eddy currents produced is quite small and hence only a small amount of
heat is produced.

Assertion: The working of dynamo is based on the principle of self induction.

Reason: Self induction of a coil is numerically equal to the magnetic flux linked to the
coil, when a unit current flow through it.

(e) Assertion is false but reason is true.
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In a dynamo, a a coil is rotated with a fixed frequency in a given magnetic field. As a
result of this, magnetic flux linked with the coil changes continuously with respect to 214
time at a constant rate and therefore induced current is produced continuously in the coil.
The dynamo is based on the principle of electromagnetic induction.

5. Assertion: A capacitor suitable capacitance can be used in an A.C. circuit in place of the
choke coil.
Reason: A capacitor blocks D.C. and allows A.C. only.
Ans. (b) Both assertion and reason are true but reason is not the correct explanation of
assertion.
We can use a capacitor of suitable capacitance as a choke coil, because average power
consumed in an ideal capacitor is zero. Therefore, like a choke coil, a condenser can
reduce A.C. without power dissipation.

I. CHALLENGING PROBLEMS

1. Keeping the source frequency equal to the resonating frequency of the series LCR circuit,
if the three elements, L, C and R are arranged in parallel, show that the total current in the
parallel LCR circuit is minimum at this frequency. Obtain the current rms value in each
branch of the circuit for the elements of frequency. Source has emf 230V and L =5.0 H,
C =80 pF, ff=40 Q.

Sol.  The effective impedance of the parallel LCR combination is given by

1 1 1 1
2 RV T T
jwC
1 . 1
Or——E+](wC—a)
1 1
Or__ 2
VA 1
1zl RZ+(wC-—-)

Where |Z| is the modulus of the complex impedance Z. Obviously 1/|Z| is minimum when
® = or when oc = 1/wl’, so that |Z| is minimum and the total current amplitude is
minimum. Hence at resonance the current in the parallel LCXR circuit is minimum.

At resonance, Z = R, for total current in the circuit, lms = % = % = 5.75A

The rms current in the R branch is lIims® = % = % = 5.75A

. . \% 230
The rms current in the L branch is I;ms- = =28 = 2 = 0.92A
Wy, 50%5.0

The rms current in the C branch is IS, = ™ = VX @, = 230x50x80x10CA =

I/wrc
0.92A
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Sol.

Sol.

(d) The Q factor of the circuit is, Q = ‘”TFL =

Not the a the total current in the circuit is the same as that in the R branch. This is
because the currents in L and C branches are 180° out of phase and add up to zero at
every instant of the cycle.

Obtain the resonant frequency and Q-factor of a series LCR circuit with L = 3.0 H, C= 27
uF, and R = 7.4 fl. It is desired to improve the sharpness of the resonance of the circuit by
reducing its ‘full width at half maximum’ by a factor of 2. Suggest a suitable way.
Here L=3.0H,C=27 uF=27x10°F, R=7.4Q

-1 _ 1 — -1
Resonant frequency, or = N AR Y TP 111 rads

actor of the circuit, Q = —=— = — =
Q factor of th t, Q “’RL “f" 45

To improve sharpness of resonance by a factor of 2, Q should be doubled. To double Q
without changing @r, R should be reduced to half i.e. to 3.7Q.

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

(a) What is the source frequency for which current amplitude is maximum? Obtain this
maximum value.

(b) What is the source frequency for which average power absorbed by the circuit is
maximum? Obtain the value of this maximum power.

(c) For which frequencies of the source is the power transferred to the circuit half the
power at resonant frequency? What is the current amplitude at these frequencies?

(d) What is the Q-factor of the given circuit?

Here L = 0.12H, C = 480nF = 480 x 10°F, R = 23Q, Vims = 230V

@ Current amplltude IS maximum at resonant angular frequency

1_
or = \/_ mrads 4167 rad s
f—ﬂ_eeaHz

Resonant frequency f, = -

The maximum value of current amplitude is 15" = % = \/% = 1.41A

(b) The power absorbed in maximum at the same resonant frequency (663Hz) for which
lo is maximum.

2
Therefore Pax = (ImaX)ZR = ;VR” = %(\/’zxz%o) = 2300W
(c) The two angular frequencies for which the power transferred to the circuit is half the

power at the resonant frequency, are ® = or + A® = r i%
The corresponding frequencies will be f=f, + Af =1, + 2—:

Now 22 = — x — = — x = 15.25Hz = 15 Hz
21 2L 2T 2x0.12
Therefore required values of f = 663 + 15 648 Hz or 678 Hz
At these frequencies, power absorbed = % Pmax. As P o |2, the current amplitude oat these
half power points = %I{}“X =1 % =9.97TA=10A
4167x0.12
23

=21.7.
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4, A small town with a demand of 800 kW of 1 electric power at 220 V is situated 15 km
away from an electric plant generating power at 440V. The resistance of the two wire line 216
carrying power is 0.5 Q per km. The town gets 1 power from the line through a 4000-220
V step- down transformer at a sub station in the town.

(a) Estimate the line power loss in the form of heat.

(b) How much power must the plant supply, assuming there is negligible power loss due
to leakage?

(c) Characterize the step up transformer at the plant.

Sol.  Line resistance = Length of two wire line x Resistance per unit length
=2 x 15km x 0.5 Q km* = 15Q
Voltage at which power is sent through the line = 4000V
Power supplied to town substation = 800 kW = 800 x 10°W

) ] P 800x103
So rms value of current in the line = ——°C = 229X A = 200A
Voltage 4000

(a) Line power loss = I?R = (200)? x 15W = 600 kW
(b) Power supplied by the plant = Power received at substation + line power loss
= 800+ 600 = 1400 kW
(c) Voltage drop on the line = IR = 200 x 15 = 3000V
Voltage output of the step up transformer at the plant = 4000+ 3000 = 7000V
Hence the step up transformer at the plant is 440 — 7000 V

5. Repeat the same exercise as in the previous question with the replacement of the earlier
transformer by a 40,000-220 V step down transformer. (Neglect, as before, leakage losses
through this may not be a good assumption any longer because of the very high voltage

transmission involved). Hence, explain why high voltage transmission is preferred?

) ) . 800x103W
Sol.  The rms current in the two wire line = ~roo0ov 20A

(a) Line power loss = I? R = (20)? x 15 = 6000W = 6 kW

(b) Power supplied by the plant = 800 + 6 = 806 kW

(c) Voltage drop on the line = IR =20 x 15 = 300V

Voltage output of the step up transformer at the plant = 40,000 + 300 = 40, 300V
Therefore, the step up transformer at the plane is 440V — 40,300V.

Power loss in last question = % X 100 = 43%

Power loss in this question, %ﬁ x 100 =0.74%

Thus the percentage power loss is greatly reduced by high voltage transmission. At high
voltage transmission, a small current flows and hence power loss is less (P « 1?).
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