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Q1. The alternating current in a circuit is described by the graph shown in figure. Show r.m.s.
current in this graph.
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Q2. Ifa LCcircuitis considered analogous to a harmonically oscillating spring block system,
which energy of the LC circuit would be analogous to potential energy and.which one

analogous to kinetic energy?

Q3. Draw the effective equivalent circuit of the circuit shown in figure, at very high frequencies
and find the effective impedance.
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Q4. How does the sign of the phase angle ¢, by whichithe supply voltage leads the currentin
an LCR series circuit, change as the supply frequency is gradually increased from very
low to very high values.

Q5. Inseries LCR circuit, the plotof I . vs ®is shown in figure. Findthe-bandwidth and mark
in the figure.
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Q6. Study the circuits(a) and (b) shown in figure.and answer the following questions.
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(a) Under which conditions would the r.m.s. currents in the two circuits be the same?

(b) Can the r.m.s. currentin circuit (b) be larger than that in (a)?
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Q7. Can the instantaneous power output of an ac source ever be negative? Can the average
power output be negative?

Q8. Both alternating current and direct current are measured in amperes. But how is the
ampere defined for an alternating current?

Q9. Adevice ‘X’ is connected to an a.c source. The variation of A
voltage, current and power in one complete cycle is shown :LT B
c

in figure. =

(a) Which curve shows power consumption over a full cycle?
(b) Whatis the average power consumption over a cycle?
(c) Identify the device ‘X".

Q10. Explain why the reactance offered by an inductor increases with increasing frequency of
an alternating voltage.

Q11. A60W load is connected to the secondary of a transformer whose primary draws line
voltage. If a current of 0.54 A flows in the load, what is the current in the primary coil?
Comment on the type of transformer being used.

Q12. Acoil of 0.01 henry inductance and 1 ohm resistance is connected to 200 volt, 50 Hz A.C.
supply. Find the impedance of the circuit and time lag between max. alternating voltage
and current.

Q13. Explain why the reactance provided by a capacitor to an alternating current decreases
with increasing frequency.

Q14. Consider the LCR circuit shown in figure. Find the net current I and the phase of I. Show

that I = % Find the impedance Z for this circuit.
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Q15. An electrical device draws 2 kW power fromA.C. mains (veltage 223V (r.m.s.) = ,/50,000 V).

The current differs (lags).in phase by q)[tan (0 =—4—] as compared to voltage. Find (a) R,

(b) X, - X|, and (c) I,. Another device has twice the values for R, X. and X,. How are the
answers affected?

Q16. 1 MW power is to.be delivered from a power station to a town 10 km away. One uses a pair
of Cu wires of radius 0.5 cm for this purpose. Calculate the fraction of ohmic losses to
power transmitted if

(a) power is transmitted at 220 V. Comment on the feasibility of doing this.

(b) a step-up transformer is used to boost the voltage to 11000 V, power transmitted,
then a step-down transformer is used to bring voltage to 220 V. (p., = 1.7 x 10-2 Sl unit)
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Q17. For an LCRircuit driven at frequency o, the equation reads L %f +RI +% =V; =V, sin of

(a) Multiply the equation by I and simplify where possible.
(b) Interpret each term physically.
(c) Cast the equation in the form of a conservation of energy statement.

(d) Integrate the equation over one cycle to find that the phase difference between vand
i must be acute.

Q18. In the LCR circuit shown in figure, the A.C. driving voltage is V=V _ sin ot.

(a) Write down the equation of motion for g({). ’_/_‘
(b) Att=t,the voltage source stops and Ris short circuited. R L |
Now write down how much energy is stored in each of L c
and C. T
)
1\

(c) Describe subsequent motion of charges.

Add.: 855, Nitikhand-I, Indirapuram, Gzb. | Ph.: 7292077839, 7292047839 | www.smartachievers.in | info@smartachievers.in Page 3



ACHAEVERS Nurturing Success...

PHYSICS - XII | Alternating Current BSQs-Solution

Date: 21/10/2021

2 2
S1. Ir,m.s. = [1"+2 = \/E = 1.6A
\/ 2 2

S$2. |f we consider a L-C circuit analogous to a harmonically oscillating spring block system. The
electrostatic energy — CV/? is analogous to potential energy and energy associated with moving

charges (current) that is magnetic energy (% LI 2) is analogous to kinetic'energy.

S$3. We know that inductive reactance

X, = 2rnfL
- 1
and capacitive reactance X, =
2nfC

For very high frequencies (f — =), X, -~ and X, — 0

When reactance of a circuit is infinite it will be considered as open circuit. VWhen reactance of a
circuit is zero it will be considered as short circuited.

So, C,, C, - shorted and L,, L, = opened.

So, effective impedance = R, = R, + R,.

S4. The phase angle (¢) by which voltageleads the current in LCR series circuit is given by

2nvl — 1

tan o = XL’;XC _ RZnVC

tan ¢ =0 (for v <v,)
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S5.

S6.

S7.

Bandwidth corresponds to frequencies at which I =—L

It is shown in the Fig.

tan$=0 (forv>v,)

tanop=0

2 Imax

An=12-08=0.4rad/s

[For V=V,

~0.71, .

Let, (I, ms)@=rm.s. current in circuit (a)
(I, ,¢) b = rm.s. current in circuit (b)
V. %
(Ir,m,s,) as= RS = E
"4 %4
(Ir_m_s_) a= r;.s. = > >
JR?+ (X, - Xc)
(a) When Ins)a=W. )b
R= JR*+ (X, - X,
= X, =X, resonance condition
(b) AsZ=R
= (Ir.m.s.)a - JR2+ (XL B Xc)2
(Lims )b R
= = Z >1
R

No, the rm.s. current in circuit (b), .cannot be larger than that in.(a).

Let the applied e.m.f.

and current developed is

E= E, sin (of)

I'=1,sin (ot x ¢)

Instantaneous power output of the A.C. source

P = EL=YE, sin i)

="Eyl, sin ot - sin (of + 9)

1

2n\/LC

|

[1, sin (of + ¢)]
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= EOZIU [cos ¢ — cos (2wt + §)] .. (i)
Average power P, = i A cos ¢
av \/5 \/5
= Vr.m.s. Ir.m,s. cos q) (”)
where ¢ is the phase difference.
Clearly, from Eq. (i)
when cos ¢ < cos (2wt + ¢)

P<0

Yes, the instantaneous power output of an A.C. source can be negative
From Eq. (ii) P,,>0

Because cos ¢ = ; >0

No, the average power output of an A.C. source cannot be negative.

$8. An A.C. current changes direction with the source frequency and the“attractive force would
average to zero. Thus, the A.C. ampere must be defined in terms.of some property that is
independent of the direction of current. Joule’s heating effect is'sueh property and hence it is
used to define rm.s. value of A.C.

S§9. (a) Weknow that Power=P= VI

that is curve of power will be having maximum. amplitude, equals to muliiplication of
amplitudes of voltage (V) and current (I) curve, So, the curve will be represented by A.

(b) As shown by shaded area in the diagram, the full cycle of the graph
consists of one positive and one negative symmetrical area.

Hence, average power over a cycle is'zero.

(c) Asthe average power is zero, hence the device may be inductor (L) or
capacitor (C) or the series'combination of L and C.

$10. An inductor opposes flow of current through it by developing a back e.m.f. according to Lenz’s
law. The induced voltage has a polarity so as to maintain the current at its present value. If the
current is decreasing, the polarity of the induced'e:m.f. will be so as to increase the current and
vice versa. Since the induced e.m.f. is proportional to the rate of change of current, it will provide
greater reactanceto the flow of current if,the rate of change is faster, i.e., if the frequency is
higher. The reactance of an inductor, therefore, is proportional to the frequency, being given

by wL.
S11. P,=60W, I,=0.54A
60 .
V,= —— =110V. N
L 054 W
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Voltage in the secondary (E) is less than voltage in the primary (E ).
Hence, the transformer is step down transformer.

Since, the transformation ratio

r= i = I_p
p Jrs
110V I
. . = p
Substituting the values. 220V 0544
On solving I,=027A
$12. X, = oL =2nfL [X, = Inductive reactance]

=3.140Q

Z=JR? + [
= /(314 + (12 = J10.86: 3.3Q

tan ¢ = (’J—L =3.14
R

o=tan"'(3.14) 72° 12X Trag
180
Timelag At=i= 72 x4 = 1 S.
© 180x2rx50 250

$13. A capacitor does not allow flow of direct.current through it as the resistance across the gap is
infinite. When an alternating voltage.is applied across the capacitor plates, the plates are
alternately charged and discharged. The current through the capaecitor is a result of this changing
voltage (or charge). Thus, a capaeitor will pass more currentthrough it if the voltage is changing
at a faster rate, i.e., if the frequency of supply is higher. This implies that the reactance offered
by a capacitor is less with increasing frequency; it is given'by 1/wC.

$14. In the given figure I js the total current from the source. It is divided into two parts I, through R
and I, through serieés combination of C and L.
So, we can write I.= I, + I,
As VvV, sin ot = RI,
7= V., sin ot

1 R . ()
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If g, is charge on the capacitor at any time t, then for series combination of Cand L.

Applying KVL in the circuit as shown in figure

%, LTy inet =0
ot

... (i)

... (i)

C
= L) %9, - V_ sin of
C 2 m

Let g, = g, Sin (of + ¢)

% = q,,® cos (ot + ¢) mfzv\

dt 1A
daq; 2 o _}'_H o
=q. o sin (of + 2C L

dt? m ( 2 IA O

Now, putting these values in Eq. (ii), we geet S,

T (1 - L@;F] sin (ot + ¢) = V,, sin ot

C
1
qm=71 Vi ;. 0=0; 6_0]2L>0
— — Lo?
C
VR=V—’”, 0=0; ol -4>0
;_(,)2_1 ¢

I, = % =wq,, cos(of+ ¢)

I, and I, are out of phase. Let us assume % = 0L >0

. .4V, sinot %
I+ iy= ’”R o ’”1
0}

Now, A sin ot +B.cos ot = C sin (of + ¢)

Ccosd=A, Csino=8; C= A?+B?

1

Theref e Vi 2 (ot + 0)
ereforey + =l=—4+———- sIn(ol +
Tz 2 (ot —1oCP ¢

o= tan”’ [LJ
X =X

1/2
1 1 1
— Sy =t .
Z {R‘? (Lm—‘l/mC)z}
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$15. Given, power drawn = P = 2kW = 2000 W

3
~5 W= h=2 R=2 X=X,

V.. =V=223V

rm.s.

tan ¢

V2
Z
V2
-

_ 90,000 _ 250
2000

(a) Power P=

Z°= R+ (X,— X, =625

tanq): M:_g
R 4
3 V¥ 25
625=R*+|-ZR| ==
4 16

RP=400 = R=20Q

() X.—X, = -15Q
'(C) I= Kzﬁ =90A.
Z 25

I,=2x9=126A.

If R, X, X, are all doubled, tan ¢ does not change.
Zis doubled, current is halfed.
Power drawn is halfed.

$16. (a) Resistance of Cu wires, R

_8 -
= p%:1.7><10 X20000=4Q

1 2
ﬂX[E] X10_4
10°

Tat220V " VI=10°W: 1= —=045x10*A
220

RI? = Power loss

= 4 % (0.45)* x 10°W
> 10°W.

This method cannot be used for transmission

[Z = Impedence of the circuit]
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(b) VI’ = 10°W = 11000 I”
1

I's —x10?
1.1
RI?= 1« 4x10* =3.3x10* W
21
4
Fraction of power loss = % =3.3%.

$17. Consider the LCR circuit. Applying KVL for the loop, we can write

dl g .
L] —+=+IR = V,_ sin of (i
= of C+ (0] ()

Multiplying both sides by I, we get

LId—I+gI+IzR =(V,,I)sin ot =V _ sin ot ... (i)

dt C

g, df{q*)|_ A

where, — I =— | —— | = Rate of change of energy stored in an inductor.
C dt | 2C
RI? = Joule heating loss
dI d 2) _ . :
LI E me: LI = Rate of change of energy-stored in the capacitor.

V, = rate at which driving force pours in energy. It gees into (i) ohmic loss and (ii) increase of
stored energy.

Hence, Eq. (ii) is in the form of conservation of energy statement. Integrating both sides of
Eq. (ii) with respect to time over one full.cycle (0 — T) we may write

L C R

LT d(1,p2,9 dt+L RI%dt = L VIdt i
dt | 2 2C
AT I
. N

= 0+ (+ve)= [VIgdt ~
0 =/

V=V, sin ot

.
= _[VI dt =0 if phase difference between V and I is constant and acute angle.
0

s18. (a) 1 9% . gdq , g = V_sin of
dt? dt C
Let, q = q,, sin (of + ¢) = —q,, cos (ot + ¢)
I'=1_sin(oft+ )= q,osin (of+ )
Im= V_m: Vm : ¢=tan_1[uJ
Z  JR?+(Xo - X R
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(b) U, = Tir=1y i sin®(ofy + ¢)
2 2| JR? +(Xo - X2
1¢2 _ 1 Vv 1,
U= == = — = — cos”(wly + ¢)
C 2 C ZC _\/R2+(XC_XL)2]0\)2 0

(c) Lefttoitself,itis an LC oscillator. The capacitor will go on discharging and all energy will go
to L and back and forth.
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