ALTERNATING CURRENT

1. AC AND DC CURRENT :

A current that changes its direction periodically is called alternating current (AC). If a current maintains
its direction constant it is called direct current (DC).

t t t t

constant dc periodic dc variable dc ac

If a function suppose current, varies with time as i = Imsin (ot+¢), it is called sinusoidally varying

function. Here Im is the peak current or maximum current and i is the instantaneous current. The factor
(ot+¢) is called phase. o is called the angular frequency, its unit rad/s. Also o =2x f where f is called the
frequency, its unit s or Hz. Also frequency f = 1/T where T is called the time period.

2. AVERAGE VALUE :
tp
[ fat t
Average value of a function, from t1 to tz, is defined as < f > = -“— . We can find the value of jfdt

2 t1 51

graphically if the graph is simple. It is the area of f-t graph from t1 to t2.

— Solued Example

Example 1. Find the average value of current shown graphically, fromt=0tot =2 sec.
(Arlnp)
10
of 1 2 —
t(sec)
. . 1
Solution : From the i — t graph, areafromt=0tot =2 sec :E x 2 x 10 =10 Amp. sec.
10
Average Current = > =5 Amp.
Example 2. Find the average value of current fromt=0tot = 2n if the current varies as i = Imsin ot.
(Q)
n 1
f I, sinwtdt Im(l— cos cosz |
Solution : <i>=2 =2 ®/ -o. +
E E /o 2o
® ® 0 t—
It can be seen graphically that the area of i —t -

graph of one cycle is zero.
. <i>inone cycle =0.



Example 3. Show graphically that the average of sinusoidally varying current in half cycle may or may not
be zero.
Solution : Figure shows two parts A and B, each half cycle.

In part A we can see that the net area is zero !

. <i>inpart Ais zero. /T\
In part B, 0 : ‘/:

area is positive hence in this part <i> = 0. .
I

+

t—

PartA Part B
. . . . b T, 3n
Example 4. Find the average value of current i = Imsin wt from () t=— 0tot= — (i)t=tot= —.
® 20 20
3n
n 20
Q . I, sinotdt
[T, sinotdt Im(1—cos mnj ol I
Solution : (i) <i> = 2 =2 ®) =L ()<i>=20 =,
R r T r
Q) ® (0]
Example 5. Current in an A.C. circuit is given by i = Zﬁsin(nt + n/4), then the average value of current

during timet=0tot=1secis:
1
[i dt . .
Solution : <i>=2 = 2\/E J.Sin(ﬂt-i-zj = — Ans.
1 0 4 T

3. ROOT MEAN SQUARE VALUE :

Root Mean Square Value of a function, from t1 to tz, is defined as fims =

— Solued Exvample

. 2n . : . :
Example 6. Find the rms value of current from t =0 to t = <7 if the current varies as i = Imsin ot.
(O]
21
[ 1, sin’ otdt =
Solution : ims = 4 *-—- = [ =m
2n 2 2
(O]
. . . . T, T 3n
Example 7. Find the rms value of current i = Imsin ot from () t=0tot= — (i) t= % tot :2— .
(O] (O] ()

ki
.ur
0

I, sin’ otdt =
Solution : (i) ims = 4| ——— = ,’L
T 2

Im
2

N

j I sin’ ot dt

20

T 2 2
Q)

(i) <i>=



Note: ® The r m s values for one cycle and half cycle (either positive half cycle or negative half cycle) is
same.
® From the above two examples note that for sinusoidal functions rms value (Also called effective
o) = peak value or | = I
N3 2
Example 8. Find the effective value of currenti =2 sin 100 nt + 2 cos (100 =t + 30°).
Solution : The equation can be written as i = 2 sin 100 «t + 2 sin (100 =t + 120°)
so phase difference ¢ = 120° L) s = \/Af +AZ+2A A, cos

= \/4+4+2x2x2(—%j = 2, so effective value or rms value = ZI\F = \EA

AC SINUSOIDAL SOURCE:
Figure shows a coil rotating in a magnetic field. The flux in the coil changes as ¢ = NBA cos (ot + ¢).

Emf induced in the coil, from Faraday’s law is _j—t(P: N B A o sin (ot + ¢). Thus the emf between the

points A and B will vary as E = Eo sin (ot +¢) .The potential difference between the points A and B will
also vary as V = Vo sin (ot + ¢). The symbolic notation of the above arrangement is A—x)—B. We do

not put any + or — sign on the AC source.

POWER CONSUMED OR SUPPLIED IN AN AC CIRCUIT:

Consider an electrical device which may be a source, a capacitor, a resistor, an inductor or any
combination of these. Let the potential difference be V = Va—Vs = Vm sin ot. Let the current through it be
i = Im sin(ot + ¢). Instantaneous power P consumed by the device = Vi = (Vm sin ot ) (Im sin(ot + ¢))

R ey W

device
2
[ Pat v
Average power consumed in a cycle = -2 =VmImcos ¢ = —= . == . €c0S ¢ = Vims Irms COS ¢.
2 NN A
®
Here cos ¢ is called power factor.
Note : Ising is called “wattless current”.
Icosd
Q

[
Ising



— Solved Examples

Example 9. When a voltage vs = 200+/2 sin (ot + 15°) is applied to an AC circuit the current in the circuit is
found to be i = 2 sin (ot + n/4) then average power consumed in the circuit is
(A) 200 watt (B) 400 /2 watt (C) 100 /6 watt (D) 200 /2 watt

2002 2

NN

Solution : Pav = Vims Irms COS ¢ = cos (30°) =100 /6 watt

[aR|
6.  SOME DEFINITIONS :

The factor cos ¢ is called Power factor.
Im sin ¢ is called wattless current.

Impedance Z is defined as Z = \I/—m = \I/’ms

m rms

oL is called inductive reactance and is denoted by XL v is called capacitive reactance and is denoted
®

by Xc.
7. PURELY RESISTIVE CIRCUIT:
Writing KVL along the circuit, V, 2V, sin ot
A
7
Vs— iR = 0
or —ﬁ—M—ImS”’] ot AW
R R R
= We see that the phase difference between potential difference across resistance, Vr and ir is 0.
2
Im= V—m = Ims= Vrms 7 <P>=VmsImsCOS ¢ = Vr&
R R R
8. PURELY CAPACITIVE CIRCUIT:
Writing KVL along the circuit, Vs — % =0 VSR/m sin ot
or j=da _ dCV) _ d(CV,sinot) 4
dt dt dt ' [
V vV [
= CVmoCOoS ot = —"—cos ot = x—”‘cos ot = In cOS ot. C
oC ¢
Xc = iC and is called capacitive reactance. Its unit is ohm Q.
(O]
From the graph of current versus time and voltage versus time y
N T
%, it is clear that current attains its peak value at a time NS¢

before the time at which voltage attains its peak value. i

Corresponding to } the phase difference —%

[

\%

m

Since ¢ =90°, < P > = Vrms ImsCOS ¢ =0



— Solved Examples

Example 10. An alternating voltage E = 200+/2 sin (100 t) V is connected to a 1uF capacitor through an ac
ammeter (it reads rms value). What will be the reading of the ammeter?

Solution : Comparing E = 200 J2 sin (200 t) with E = Eo sin ot we find that,

Eo=200v2V and o= 100 (rad/s)
So, Xe=—=— 1 __10'0
oC  100x10

And as ac instruments reads rms value, the reading of ammeter will be,

E
 =Ems_ B {as ErmS:—O}

rms Xc \/EXC \/E

ie. 1 =M=20mA Ans.

rms \EX104

9. PURELY INDUCTIVE CIRCUIT:
Writing KVL along the circuit,

di di V.=V, sin ot
V,—L— =0 = L=—Vmsin ot )
dt dt &
i
dei: _[Vmsincotdt: i:—V—m cosot+C I
© L
<i>=0 C=0
. i=—V—’“cos<nt = Im=V—m v :
oL X, N T

<

. . T .
From the graph of current versus time and voltage versus time 7 it

is clear that voltage attains its peak value at a time before the time at

s

e

which current attains its peak value. Corresponding to } the phase

difference = wAt =

Vi,
Diagrammatically (phasor diagram) it is represented as LI . iL lags behind v by n/2. Since ¢ =90°,

<P >=Vmslmscos ¢ =0

Summary :
AC source connected with [0 z Phasor Diagram
Vg isin
. same —_—
Pure Resistor 0 phase with R A
iR
Vi,
Pure Inductor n/2 V, leads i, X, T
L,
Im
Pure Capacitor /2 Ve lags ic Xc \I;
Vm




10.

RC SERIES CIRCUIT WITH AN AC SOURCE :
Leti=1Imsin (ot + ¢) = Vr=iR=InR sin (ot+d)

Ve= (Im Xc)sin (ot + ¢ —g) = Vs=Vr+ Vc

or Vi sin (ot+¢)= InR sin (ot + ¢) + In Xcsin (ot + ¢ — g)

Vin= \/(ImR)z + (1 Xe)” + 2(1,R) (1, Xc) cosg

V
OR [, =" = Z=+R?+ Xc?
\IRZ + Xc? ‘

Using phasor diagram also we can find the above result.

l\IR\m

[ Xc _ Xc
tan ¢= IR R [X. V. Vi
— Solved Examples
Example 11. In an RC series circuit, the rms voltage of source is 200V and its 200V,50HZ
. _ _ 100 . @
frequency is 50 Hz. If R =100 Q and C= — pF, find
s | |—'\/\/\,
(i) Impedance of the circuit (if) Power factor angle IC R
(iif) Power factor (iv) Current
(v) Maximum current (vi) voltage across R
(vii) voltage across C (viii) max voltage across R
(ixX) max voltage across C xX)<P>
(xi) <Pr> (xii) < Pc>
6
Solution : Xc= % =100 Q
—(2 50)

(i) Z=R? +Xc* =4/100% + (100)' = 1002 Q

(ii) tand):&: 1 oo =45°
R
(iiiy Power factor = cos¢ S
\F
(iv) Current Irms= Vins =2A
rms— =
z 100\/_

(v) Maximum current = Iims /2 = 2A

(vi) voltage across R = Vrms= ImsR :\E % 100 Volt
(vii) voltage across C = Vc,ims = ImsXc = J2 x 100 Volt
(viii) max voltage across R = '\EVR,rms = 200 Volt

(ix) max voltage across C =+/2 Vcms= 200 Volt

(X) <P> = VimslimsCOS$ = 200 x /2 x % = 200 Watt

(xi) <Pr>=1Ims’R =200 W
(xii) <Pc> = 0



Example 12.
Solution :

Example 13.

Solution :

In the above question if Vs(t) = 2202 sin (2r 50 t), find (a) i (t), (b) vk and (c) vc (t)

(@) i(t) = Im sin (ot + ¢) =2sin (2n 50 t + 45°)
(b) Vr =ir . R =i(t) R = 2x 100 sin (100 it + 45°)
(c) Vc (t) = icXc (with a phase lag of 90°) = 2x100 sin (100 «t + 45 — 90)

An ac source of angular frequency o is fed across a resistor R and a capacitor C in series. The
current registered is 1. If now the frequency of source is changed to »/3 (but maintaining the
same voltage), the current in the circuit is found to be halved. Calculate the ratio of reactance to

resistance at the original frequency .
According to given problem,

=y v __ @
Z R’ +@/Coy]

I \Y
and, —_——— L 2
2 [R*+(3/Cw)*]"? @)

Substituting the value of I from Equation (1) in (2),

1 9 . 1 3
4(R2+C2—0)2J = R2+%. l.e., w = ERZ
1/2
X (@/C (ZRZJ 3
So that, 2 = /€O _ S Ans.
R R R 5
11. LR SERIES CIRCUIT WITH AN AC SOURCE :
vsa/sincof IX
A LV V
I
T MIIR A)
L R —

From the phasor diagram V = \/(IR)Z +(IX) = I\/(R)2 +(XL)2 =1Z = tan¢ SIX X

— Solued Examples

Example 14.

Solution :

2_

IR

XL
R

A 9
100%

H inductor and a 12 ohm resistance are connected in series to a 225 V, 50 Hz ac

source. Calculate the current in the circuit and the phase angle between the current and the

source voltage.
9

Here XL = oL = 2nf L = 27 x 50 x =90
1007
So,Z= R2+ X = 122+9* =150
So (a)l=x=%=15A Ans.
Zz 15

and (b) ¢ =tan™?! X tan-! (ij =tan-! 3/4 = 37°
R 12

i.e., the current will lag the applied voltage by 37° in phase. Ans.



Example 15.

Solution :

Example 16.

Solution :

Example 17.

Solution :

When an inductor coil is connected to an ideal battery of emf 10 V, a constant current 2.5 A
flows. When the same inductor coil is connected to an AC source of 10 V and 50 Hz then the
current is 2A. Find out inductance of the coil.
When the coil is connected to dc source, the final current is decided by the resistance of the coil .
(=20 _4 g
25
When the coil is connected to ac source, the final current is decided by the impedance of the caoil.

Z:£:5Q
2

ButZ = \(r)" +(x.)’ X\2=52-42=9

Xi=3Q
oL=2xfL=3
2r50L =3 .. L=23/100x Henry

A bulb is rated at 100 V, 100 W, it can be treated as a resistor .Find out the inductance of an
inductor (called choke coil) that should be connected in series with the bulb to operate the bulb

at its rated power with the help of an ac source of 200 V and 50 Hz.
2

From the rating of the bulb , the resistance of the bulb is R= Vf%:loo Q

For the bulb to be operated at its rated value the rms current through it should be 1A

A b Vi, 200V 50 Hz
SO, rms= 7 — )
om0,
1007 + (2n50L)? n [ R=1000

A choke colil is needed to operate an arc lamp at 160 V (rms) and 50 Hz. The arc lamp has an
effective resistance of 5 Q when running of 10 A (rms). Calculate the inductance of the choke
coil. If the same arc lamp is to be operated on 160 V (dc), what additional resistance is
required? Compare the power losses in both cases.

As for lamp Vr = IR = 10 x 5 = 50 V, so when it is A"l‘ lamp
connected to 160 V ac source through a choke in D //_
series, L 7/@: R
V2 =VRr? + V2, —00000
VL =4/160%> -50* =152V Ve fe \
and as, VL = IXL = loL= 2xfLI
So, L= A/ 152 =4.84 x 102 H Ans. ~

2nfl  2xnx50x10 ~

V =V, sin ot
Now the lamp is to be operated at 160 V dc; instead of choke if additional resistance r is put in
series with it,
V=IR+r),ie., 160 =105 +r) ie., r=110 Ans.
In case of ac, as choke has no resistance, power loss in the choke will be zero while the bulb
will consume,
P=12R=10%2%x5=500 W
However, in case of dc as resistance r is to be used instead of choke, the power loss in the
resistance r will be.
PL=102x11=1100W
while the bulb will still consume 500 W, i.e., when the lamp is run on resistance r instead of
choke more than double the power consumed by the lamp is wasted by the resistance r.



12. LC SERIES CIRCUIT WITH AN AC SOURCE :

v,=Vsinet X, y
O lv o0 1
1
T |
L C IXc
From the phasor diagram V:I|(XL— Xc)| =1z ¢ =90°
13. RLC SERIES CIRCUIT WITH AN AC SOURCE :
1X I(X.—X)
Vs=Vsinet i i
O
|_
L R C IX,
From the phasor diagram
V= J(IR) +(IX-1Xe)' = IJ(R) +(X~Xe) =12Z= {(R) +(X—Xec)
tan ¢ = (XL— Xc) _ (XL— Xc)
IR R

13.1 Resonance:
Amplitude of current (and therefore Ims also) in an RLC series circuit is maximum for a given value of

Vm and R , if the impedance of the circuit is minimum, which will be when X.-Xc =0. This condition is

called resonance.
So at resonance: X.-Xc =0.
1

or obL=—— or o=
oC

 Selued Sxamples

Example 18. In the circuit shown in the figure, find : 200\4}5’ OHz
(a) the reactance of the circuit . 5 ~ F
2y ugn
(b) impedance of the circuit T AT
(c) the current HENIG
(d) readings of the ideal AC voltmeters @2 ‘
(these are hot wire instruments and read rms values). O
Solution : (&) XoL=2nfL =27 x50 x E: 200Q
Y
Xc= 1 . 100Q
2n 50@ 10°
T

The reactance of the circuit X = X(—Xc=200-100 = 100 Q
Since XL > Xc, the circuit is called inductive.



(b) impedance of the circuit Z = VR® + X* =/100% +100% =100Q

(d) readings of the ideal voltmeter
Vi: ImsXL= 200V2 Volt
Va: ImsR= 1002 Volt
Vs ImsXe=100V2 Volt

Va: Irms,fR2 +X,” =100+/10 Volt

Vs:  ImsZ = 200 Volt, which also happens to be the voltage of source.

13.2 Q VALUE (QUALITY FACTOR) OF LCR SERIES CIRCUIT (NOT IN IT SYLLABUS):

. . X . . . ™N\<«— more Q value
Q value is defined as ?L where X. is the inductive reactance I

4 1
of the circuit, at resonance. More Q value implies more i
sharpness of I v/s w curve.

X X
uality factor: Q = —-=2¢
Quality Q R "R

_ Resonancefreq. _oy _ f;

Q=

| less Q value
1
1

[0 () =—

Band width Ao -1,

where f1 & f2 are half power frequencies.

14. TRANSFORMER
A transformer changes an alternating potential difference from one value to another of greater or
smaller value using the principle of mutual induction. Two coils called the primary and secondary
windings, which are not connected to one another in any way, are wound on a complete soft iron core.
When an alternating voltage Ep is applied to the primary, the resulting current produces a large
alternating magnetic flux which links the secondary and induces an emf Es in it. It can be shown that for
an ideal transformer

5 & I_p . Mag||netic iron Core

Ep Np Is ' N . I
' . S

N ) .

—S = turns ratio of the transformer. . .

Ny E ] q_[Es

( LE— < : )

Es, N and I are the emf, number of turns and current in the s \" T

coils. Primary Secondary

Ns>Np = Es>Ep - step up transformer. coil coil

Ns<Np= Es<Ep - step down transformer.

Note : Phase difference between the primary and secondary voltage is =.



15.

15.1.

15.2.

15.3.

15.4.

—— Solved Example

ENERGY LOSSES IN TRANSFORMER

Although transformers are very efficient devices, small energy losses do occur in them due to four main

causes.
RESISTANCE OF THE WINDINGS :

The copper wire used for the windings has resistance and so I°R heat losses occur.

EDDY CURRENT :

Eddy current is induced in a conductor when it is placed in a changing magnetic field or when a
conductor is moved in a magnetic field and/or both. Any imagined circuit within the conductor will
change its magnetic flux linkage and the subsequent induced emf. will drive current around the circuit.
Thus the alternating magnetic flux induces eddy currents in the iron core and causes heating. The
effect is reduced by laminating the core, i.e., the core is made of this sheets of iron with insulating
sheets between them so that the circuits for the eddy currents are broken.

HYSTERESIS :

The magnetization of the core is repeatedly reversed by the alternating magnetic field. The resulting
expenditure of energy in the core appears as heat and is kept to a minimum by using a magnetic
material which has a low hysteresis loss.

FLUX LEAKAGE :

The flux due to the primary may not all link the secondary if the core is badly designed or has air gaps

in it .Very large transformers have to be oil cooled to prevent overheating.

Example 19. In a step-up transformer the turns ratio is 10. If the frequency of the current in the primary coil is

50 Hz then the frequency of the current in the secondary coil will b
(A) 500 Hz (B) 5 Hz (C) 60 Hz (D*) 50 Hz

Solution : Frequency of the current remains same, only magnitudes of current changes in a tranformer.

Example 20. A power transformer is used to step up an alternating emf of 220 volt to11 kv to transmit 4.4 kw

of power. If the primary coil has 1000 turns, what is the current in the secondary?

(A)4A (B)0.4 A (C)0.04 A (D) 0.2 A
Answer : ©
Solution : Is=PslVs = Is= % =04A Ans.
11x10
Example 21. In the circuit diagram shown, Xc = 100Q, XL = 200Q & R = 100Q. J—C
The effective current through the source is: 200V R %VL

(A 2 A (B) 22 A
(C)05A (D) V0.4 A



Solution :

Example 22.

Answer :
Solution :

Problem 1.

Solution :

Problem 2.

Solution :

Problem 3.

Solution :

lR= — = =— =2A
R~ 100

po V. _ 200
X —Xe 100

200V R

I= ,fIRerI'Z =22 Amp.

If for above circuit the capacitive reactance is two times of Inductive Reactance, and resistance

AAA

I

R is equal to Inductive Reactance then power factor of circuit is.

(A1

(D)
Xc=2XL=2R

1 1 (1 1Y
St
zZ R XL X

=

N3

z

HC

AAAAA

(B) Zero

1
© 3

1 1 1Y 5
_+ —_— =
R? |2R R) 4R?

Solved Nescellancons Problems

Power factor in parallel combination = cos6 =

Alternate solution:

I
A | 2
! COS = ————= = ——
1'AI2+E \/g
12 4

z
R

2
D) ==
()5

N

The peak voltage in a 220 V AC source is
(A) 220V (B) about 160 V
Vo= 2 Vims = 2 x220~330V

Ans. is (C)

An AC source is rated 220V, 50 Hz. The average voltage is calculated in a time interval of

0.01s. 1t

(A) must be zero
May be zero
Ans. is (B)

(B) may be zero

(C) about 310 V

(C) is never zero

Find the effective value of currenti=2 + 4 cos 100 rt.

0 T

2 1/2
. [IT(2+4003100nt) dt] 25

(D) 440 V

(D) is (2202)V



Problem 4.

Solution :

Problem 5.

Solution :

Problem 6.

Solution :

Problem 7.

Solution :

Problem 8.

Solution :

Problem 9.

Solution :

Problem 10.

Solution :

Problem 11.

Solution :

The peak value of an alternating current is 5 A and its frequency is 60 Hz. Find its rms value.
How long will the current take to reach the peak value starting from zero?
I
0 — i t= I =—8S
4

Ims = A,
rms \/5 \/5

An alternating current having peak value 14 A is used to heat a metal wire. To produce the
same heating effect, a constant current i can be used where i is

(A) 14 A (B) about 20 A O©7A (D) about 10 A
I 14

Irvs= == — ~ 10
Z -

Ans. is (D)

Find the average power concumed in the circuit if a voltage vs = 200\5 sin ot is applied to an
AC circuit and the current in the circuit is found to be i = 2 sin (ot + ©/4) .

2002 2
V2 2

A capacitor acts as an infinite resistance for

P = VRrwms Irms COS ¢ = X COS % =200 W

(A)DC (B) AC (C) DC as well as AC (D) neither AC nor DC
Xc = S for DC » = 0. S0, Xc = o

®C
Ans.is (A)

A 10 pF capacitor is connected with an ac source E = 200 \Esin (100 t) V through an ac

ammeter (it reads rms value). What will be the reading of the ammeter?

O_ﬁ :M;IRMS:I_OZZOOmA
X loC 2

Find the reactance of a capacitor (C = 200 pF) when it is connected to (a) 10 Hz AC source,
(b) a 50 Hz AC source and (c) a 500 Hz AC source.

(@) xc = L = 1 ~80Q for f = 10 Hz AC source,
oC 2nfC

(b) xc = L = 1 ~16Q for f = 50 Hz and
oC  2xfC

(C)Xc=— = 1 =~ 1.6Q for f= 500 Hz.
oC  2xfC

An inductor (L = 200mH) is connected to an AC source of peak current. What is the
instantaneous voltage of the source when the current is at its peak value?

Because phase difference between voltage and current is n/2 for pure inductor.

So, Ans.is zero

An AC source producing emf E = Eo[cos(100x s~1)t + cos(500 ns—1)t] is connected in series with
a capacitor and a resistor. The current in the circuit is found to be

i =i1c0s[(100 ns~1)t + @1] + iz cos[(500 ns~)t+ 1]

(A) i1 > 12 (B)i1=1i2 Cir<iz

(D) the information is insufficient to find the relation between i1 and iz

2
Impedence z is given by z = (ij +R?
oC

For higher o, z will be lower so current will be higher. Ans is (C)



Problem 12.

Solution :

Problem 13.

Answer :

Problem 14.

Solution :

An alternating voltage of 220 volt r.m.s. at a frequency of 40 cycles/sec is supplied to a circuit
containing a pure inductance of 0.01 H and a pure resistance of 6 ohms in series. Calculate
(i) the current, (ii) potential difference across the resistance, (iii) potential difference across the
inductance, (iv) the time lag, (v) power factor.

() z= (oL} +R? =/(2nx40x0.0) +6° =.[(42.4)

Irms = @ = 33.83 amp.
z

(i) Vims = Imsx R =202.98 volts (iii) oL x Ims = 96.83 volts
(iv) t= T2i =0.01579 sec (V) cos ¢ = ; =0.92
T

Which of the following plots may represents the reactance of a series LC combination ?

SA
{
N
.
B

reactance

| D frequency
(D)
A series AC circuit has resistance of 4Q and a reactance of 3Q. The impedance of the circuit is
(A) 5Q (B) 7Q (©) 12170 (D) 7/12 &

Z=+4+3"=5Q
Ans. is (A)



Il Exercise-1

. Marked Questions can be used as Revision Questions.

= faffed uea Sievm a7 ueE R

PART -1 : SUBJECTIVE QUESTIONS

T - | : fA9ATHH Y99 (SUBJECTIVE QUESTIONS)

Section (A) : Average, peak and RMS value
gus (A) : sia i qen e 1a 9=

A1,

Ans.
Sol.

Hindi

Ans:
Sol.

A-2,

Ans.

Sol.

Hindi
A-2,

Ans.

Sol.

The household supply of electricity is at 220 V rms value and 50 Hz .Calculate the peak voltage and the
minimum possible time in which the voltage can change from the rms value to zero.

220V2 V. 25ms
Vo = V2 Vs = 220 V2

V, V,

AV=—2 = 2 =Vosin et
V2 2

= 2111‘><t=—7t t=25ms

TR 220 V gD A AF d1 50 Hz @1 fagga omgeft @ ot @ o o fawa @ &1 qen fawa @
A g AF ¥ A d6 gRakid 89 H <Aa¥ fhae 99 e |

220V2 V. 25ms
Vo =2 Vs = 22072

V, V,

AV=—2 = & =Vosinoet
V2 2

= 2111‘><t=T7t t=25ms

In a LR circuit discharging current is given by I = Io e¥* where 1 is the time constant of the circuit find
the rms current for the periodt=0tot=r.

LR uRur & yarfed fFREeE aRT1 [ = 1, e " @ ad & Ol 8, S8l © URuY &1 999 fudie & a
t=0¥ t=13 foIg a7iHIEr a1 grT 10 IR |
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Sol.

Hindi
A-3.

Ans.

Sol.

A-4,

Ans.
Sol.

If a direct current of value ‘a’ ampere is superimposed on an alternating current I = b sin ot flowing
through a wire, what is the effective(rms) value of the resulting current in the circuit?

dc
4

iT a i ac
i1 A /\
CX) © O)| N/ ©
+

[, = az+1b2 "
eff 2

.
j (a+bsinot)dt

1 1/2
Irms = = Ieff =|a® +-b?
T 2

Th IR H yaTed JgmEadi gR11 = b sin ot W 'a' VR el fixe aRrT searRifug &) ot & o afRur |
RO aRT BT YN (TS ) A 9T R 2

dc
4
't a i ¢ \/‘\ ac /\
b
0,0 ,
(0,0) t— ( )| \/ t—
+
1 1/2
Iy = {az +Eb2}
1
;
j(a+bsin ot)? dt e
Irms =|° = Ieff =|a® +—b?
T 2

Find the average for the saw-tooth voltage of peak value Vo from t=0 to t=2T as shown in figure.
+V,

_V0

0
Fort=0tot = 2T here area under the curveiszeroso<V >=0



A-4,

Ans.
Sol.

o & qol, ¥ A Vo arel BeaR fava (eTRTem@) &1 t=09 t= 2T & oy a9+ 91 a1 —

+V,

-V,
0
t=0W t=2TT% I8l 9% ¥ ORI 9% LI & a@: <V >=0

Section (B) : Power consumed in an ac circuit

@us (B) : TEdl ORT UR9Y # wfdd =g

B-1.

Ans:

Sol.
Hindi

B-1.

Sol.

Ans:
Sol.
Hindi

Ans:

Sol.

B3.x»

Ans.

A bulb is designed to operate at 12 volts constant direct current. If this bulb is connected to an
alternating current source and gives same brightness. What would be the peak voltage of the source ?

122 volts
Vo = Vims xV2 =12+/2

TP fIgd 9 12 dlee 3R A 9RT Wd R BRI BRA1 2 | 39 9o DI TG Gid 4 Sired R I8 I
S TN gHS a1 © A Fid Pl Y fawa @1 gem?

Ans: 122 volts
Vo = Vims xV2 =12+/2

A resistor of resistance 100 Q is connected to an AC source ¢ = (12V) sin (250 n s ~")t. Find the power
consumed by the bulb.

0.72W
2

P =Vims Imscos ¢ = I2_ xR=Sms = 144 _ 75y
R 2x100

100 Q &1 TR ¢ = (12V) sin (250 1 s ~ ")t & FATacd ORT 910 9 G & | O 99 g1 AR wfdd =
PRI?
0.72W

2
P =Vims Imscos =12, xR=Sms = 144 _ 75y
R 2x100

In an ac circuit the instantaneous values of current and applied voltage are respectively i = 2(Amp) sin

(250 ts ™Mt and & = (10V) sin [(250 & st + g]. Find the instantaneous power drawn from the source at

t= %ms and its average value.

10W,5W



Sol.

Hindi
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Ans:

Sol.

P =ig=[2sin250 nt][10 sin (2500t + ©/3)]  att= %x 103 = P =10 watt

<P >=ims &ms COS ¢ = 2 x 10 x cosn/3

NN

gIEd gRT gRUY # gRT de ARG fava & arerfdres w1\ S i = 2(Amp) sin (250 ©s ~ ")t TerT € =
(10V) sin [(250ns—1)t+§]%| art= %ms I R GG §RT & S dretfOrs wfdd den st shd A

ST BT |
10W,5W

P=ig=[2sin250 nt][10 sin (2500t + ©/3)]  t= % x 10 W = P =10 watt

2 10
V2 2

<P >=ims &ms COS ¢ = x cosm/3

Section (C) : AC source with R, L, C connected in series

¥us (C) : R, L, C Avfishd & A1 YcATadi! §RT A

C-1.

Ans.

Sol.

Ans.:

Sol.

Ans.

Sol.

Hindi
C-2.

Ans.

The dielectric strength of air is 3.0 x 108 V/m. A parallel plate air capacitor has area 20 cm? and plate

separation V2 mm. Find the maximum rms voltage of an AC source which can be safely connected to
this capacitor .

3.0 kV
Vo=3x105x V2 x 103 Vs = Yo = 3Ky
J2

TP FATR a1 UGS WHIRS FT 8Ahel 20 cm? dl Wiel & " Y g2 mm ¥ | arg A widgd |
3.0 x 10°V/m 2| WerRa &I yamad oRT |d 9 Sed ) 9uiRE R w® 39a forg AC 9id &t
AfHTH T o fAva Fa B |

3.0kV

Vo=3x10°% V2 x 10 Vime= & =3kV

V2

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

2203 _y = T3
b 10
[(wL) irms]? + (110)? = (220)?
here o =2n x 50 and irms = ﬂ
110
L=12H

T fagd 968 W 110 diee ARG F=R1 W I8 55 W oI &9 &_a 21 39 220 V, 50 Hz & 9 a1
Fusel gRT Aofl # SireT S B | 99 W A€ fAva wrd v @ AU e &1 R fhaen g1 anfRy?

2.23 73

=12H= 22H
10

T
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Ans:

Sol.

Ans.

Sol.

Hindi
C-4.

Ans.

[(wL) ims]* + (110)% = (220)
STEf o = 21 % 50 q«ar ims = ——

L=12H

A resistor, a capacitor and an inductor (R = 300 Q, C = 20 yF, L = 1.0 henry) are connected in series

with an AC source of, Ems = 50 V and v =5—0 Hz. Find (a) the rms current in the circuit and (b) the rms
Y

potential differences across the capacitor, the resistor and the inductor.

(a) 0.1 A (b) 50 V, 30 V, 10 V (Note that the sum of the rms potential differences across the three
elements is greater than the rms voltage of the source.)

E 1Y
(@) Irms =—™ where Z = \/R2 +(mL——j
z ®C

(b) VRrms = Ims R = 30, VLms = Ims (0lL) = 10
1

V¢ ms = Ims (Ej =50

e gRuel § Ry, FemRa Td URoT gusell (R =300 Q, C =20 pF, L = 1.0 39 S01s6d § T gamadt
A, Ems = 50 V qo11 v=5—0Hz®q®3‘fﬁh(a)uﬁwﬁaﬂmwa§{waw (b) |emR=, ufoRre qor
T

REd & BRI R a1eg qot RQvarax a1 & |
(@) 0.1 A (b) 50 V, 30 V, 10 V (dre: M1 e@udl W aoied Jof AR &1 99 9id & aaee 9
el | 31f® BT )

E 1Y
(@) Irms = —™s where Z = \/R2 +(0)L ——j
z ®C

(b) VRrms = Ims R =30, VLms = Ims (0lL) = 10

1
V¢ ms = Ims (Ej =50

Consider the situation of the previous problem calculate the average electric field energy stored in the
capacitor and the average magnetic field energy stored in the inductor coil.
25 md, 5mJ

<Us>=0-2  =lcv2 =25my
2 T 2
1
<Ul>=— L2, =— x(1)x(0.12=5mJ
L>= 2 5 (1) = (0.1)

ST a2 § FaRT § Fufed iad fagyd &3 ol a0 IR0 gusdl § §ufed Aa gead &F Sl
I 1 |
25md, 5mJ



Sol. <Uc>= — -2 =%CV2 =25md

rms

I
I
—
—
N
I

<UL>

x (1) % (0.12=5mJ

C-5. A 20 volts 5 watt lamp (lamp to be treated as a resistor) is used on AC mains of 200 volts and 5_0m
Y

c.p.s. Calculate the (i) capacitance of the capacitor, or inductance of the inductor, to be put in series to
run the lamp. (ii) How much pure resistance should be included in place of the above device so that the
lamp can run on its rated voltage. (iii) which is more economical (the capacitor, the inductor or the
resistor).

Ans. (i) % pF or 2.4 H (ii) 720 Q (iii) It will be more economical to use inductance or capacitance in series

with the lamp to run it as it.It consumes no power while there would be dissipation of power when
resistance is inserted in series with the lamp.

2
Sol. (i) ixlrms + [20]% = [200]> where Ims = 2 g w=2nx 21
oC 20

T

or [(wL) Ims]? + (20)? = 2002
(II) Ims X R+ 20 = 200
(iii) does not loss in C and L.

Hindi
C-5. 200 dree don 2011 TR 9 A IMYRT B I FAET gRT § 20 dlee qA1 5 dic B I ST B
T

(o= g vhRidl aRuy @@ar 8) | @1 §1d BRI ? (i) o B SR aRA @ fog oofised 7 e wuiRE &
gTRAT, I FESAl HT WP, (i) ST SUGV & WH W a1 afRig sirel 97 9d o/ @9 &
difrd fava W &R FR T | (i) SWad H A A I (GuRA, R a1 ufeRkty) fAaef (@
ARTE) B |

Ans. (i)%pF AT 2.4 H (ii) 720 Q (jii) <79 & A1 AN HH H IRbd AT FERT B SNSHL STAT H oA
SuTeT fAae=) B wife sa8 BIE wfad e 1 81 AifhT S T & q1Y ufaRIY SirsT oar 8 o S9H
oIfa & BT 2 |

2
Sol. (i) ixlrms +[20]% =[200]? where Ims = 2 go=2nx 2011
oC 20 n

T [(wL) Ims]? + (20)? = 2002
(II) Ims X R+ 20 = 200
(iii) does not loss in C and L.

caemL ¥ B8 e B B

C-6. A circuit has a resistance of 50 ohms and an inductance of ghenry. It is connected in series with a
T

condenser of 40 uF and AC supply voltage of 200 V and 50 cycles/sec. Calculate [16JP120249]
Y

(i) the impedance of the circuit,
(ii) the p.d. across inductor coil and condenser.
(iii) Power factor
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Sol.

Hindi
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Ans.

Sol.

C-7.

Ans.

Sol.

Hindi

Ans.

Sol.

7= 5042 ohm, Ve = 5002 volt and Vi= 600+2 volt, ——

V2
N R
(z= \/R +(03L _oaCj

(i) Ve = (ol) x 220 = 600v2 and Ve = ——x220 = 500v2
Z oC Z

UH gRuy # 50 NH &1 UfoRig qen E%ﬂﬁiﬂﬂ@ﬁ%ﬂ% ﬂpFﬁﬂTﬁﬂﬁ@ﬂ 200 V, 50 Td@<
T

Y
[BHvs & gAE Sd & @l #oiEpd § §S ® a1 T0E R —

(i) aRuer @1 gfcraren

(ii) IROT FHreel! TAT WAIRT & RRT W fawar=R |

(iii) wfér T

Z = 5082 ohm, Ve = 50072 volt @@ Vi= 6002 volt, %

R S R

(z= \/R +(03L ij

(i) Vi = (ol) x 222 = 60042 and Vo= ——x220 - 5002
Z oC Z

= R = —50 :i

(iii) cos ¢ = Z 5002 2

A coil draws a current of 1.0 ampere and a power of 100 watt from an A.C. source of 110 volt and

522
T

hertz. Find the inductance and resistance of the coil.

/ﬂ H, 100 Q
22

2_xR=100 ... (1)
(12 xR =100 - R =100 Q
Vrms=IrmsZ 110=Irms Z 1M10=1x2= R2+(0)L)2 L= %H

TP FHosal 110 volt T 522 Bl dTel YATEd] URT G1d 9 1.0 Y9ER @1 g7 dorr 100 dfe wifdd ol

T

2| @ RIS BT Rbed qA YRR AT BRI 2

/ﬂ H, 100 Q
22

2_xR=100 ... 1)
(12 x R =100 - R =100 Q
Vrms=IrmsZ 110=Irms Z 1M10=1x2= R2+(0)L)2 L= ﬂH

22



C-8.= An inductor 2/r Henry, a capacitor 100/x= uF and a resistor 75 Q are connected in series across a
source of emf V = 10 sin 100 = t. Here t is in second. (a) find the impedance of the circuit.(b) find the
energy dissipated in the circuit in 20 minutes.

Ans. 125Q, 288 J

2
Sol. (a)Z=JR2+(mL—%j =125

o)

10/~/2
Z

2
(b)H=1r2mth={ } x R x 20 x 60 = 288

HINDI

C-8.» V =10sin 100 nt fAgd a8® 9o a1l A ¥ 2/n 3 IR, 100/n yF FIIRT T2 75 Q wfcRig oot &7
H IS & T8l tABTS | T A1 (a) IRUA I ufdaren §1a F1 (b) 20 e | uRuer # &l ot s w1 ?

Ans. 125Q, 288 J

Sol. (a)Z= \/RZ{(,)L—LJ =125

oC

2
} x R x 20 x 60 = 288

Section (D) : resonance
gus (D) : 3=

D-1. A series circuit consists of a resistance, inductance and capacitance. The applied voltage and the
current at any instant are given by
E = 141.4 cos (5000 t — 10°)
and I =5 cos (5000 t — 370°)
The inductance is 0.01 henry. Calculate the value of capacitance and resistance.

Ans. 4 uF,R= %Q

Sol. Here phase difference ¢ = 360° & » = 5000 at Resonance C = —; =;2><L
oL (5000)° 0.01
R= Yo _1414
I, 5
Hindi
D-1. e Hoft uRuy § gftRlY, RS don FgRT Is & | fHA &1 aRifa fawa den a/1 &1 1 gR1 e
PRI B

E =141.4 cos (5000 t — 10°)
e 1=5 cos (5000 t — 370°)

URbed 0.01 ) B A1 g1RdT &1 719 den ufaRig &1 919 <1 & |

Ans. 4 uF,R= %Q

1T 1 1

Sol. UEf AR ¢=360° SRIJFNE C= — =———x—— W o=500072]
¢ oL (50008 001 = °
no Vo _ 1414
L, 5



D-2.= An inductance of 2.0 H, a capacitance of 18 uF and a resistance of 10 kQ are connected to an AC
source of 20 V with adjustable frequency (a) What frequency should be chosen to maximise the
current(RMS) in the circuit? (b) What is the value of this maximum current (RMS) ?

250

Ans: (a) — Hz (b) 2 mA
3n

=2 mA.

Sol. (a)f=— 20_ 20
R

2nJLC (b) Ims (max) = 10x10°
Hindi
D-2.» T®H 2.0 H &1 IR&,18 uF &1 FenmRa q2m 10 kQ &1 9fRie |9EIfora mgfa (adjustable frequency) aTel
20 V& gAEdl gRT 90 ¥ 9 7 a1 (a) uRuY 7 Afdedd gr1 (RMS) varfed e+ & forq =afya smafa
BT A9 9T B AMRY? (b) AfFFHTH =T (RMS) &1 A9 RIT 8 2
250

Ans: (a) 3—Hz (b) 2 mA
T

Sol. (a)f=—1 20_ 20
R

b) Irms (Max) = =2 mA.
21JLC (b) Irms (max) 10x10°

D-3. An inductor-coil, a capacitor are connected in series with an AC source of rms voltage 24 V. When the
frequency of the source is varied a maximum rms current of 6.0 A is observed. If this inductor coil is

connected to a DC source of 12 V and having internal resistance 4.0 Q, what will be the current in
steady state?

Ans: 15A

Sol. R=ﬁ=4Q = I= 12 = 1.5 Amp.
6 414

Hindi

D-3. Ud IRV HUST Il Tdh HIRF Taraddt gRT G ¥ 9ot A A GS ' | ImEdt gRT 91d &1 qeeen qd
fova 24 V2| 99 9 @t mgfa gRafda @& St @ a1 ifdwaw afmen o o)1 6.0 A Ifard & STl 2 |
I UROT Fusell B 12V & RegRT S T2 4.0 Q =ik afiR1g arell 981 9 e faar o a1 <ers
3FaReAT RT T BIM?
Ans: 15A
24 12

Sol. R=—=4Q = I= = 1.5 Amp.
6 4+4

D-4. An electro magnetic wave of wavelength 300 metre can be transmitted by a transmission centre. A
condenser of capacity 2.5 uF is available. Calculate the inductance of the required coil for a resonant

circuit.Use n?=10.
Ans. 1x1078 henry

Sol. L= —— herew=2nf=2r 3X10 o 2 mx3x10°
’C A 300
HINDI
D-4. TP HaR b A 300 Hiex R« drell g g a7 GaRT B SRl 8 | 2.5 uF a1iRdr aren |amRa
SUAE © | AFAE URUA B Y Maedd Frsell BT IRd<d A BRI | 12=10 BT ITINT I |
Ans. 1x10°8 8T

8 8
Sol. L= — hereddl o=2rf=2r 210 o 2mx3x10
?C » 300




Section (E) : Transformer
@vs (E) : RIBHAR

E-1 A transformer has 50 turns in the primary and 100 turns in the secondary. If the primary is connected to
a 220 V DC supply, what will be the voltage across the secondary ?

Ans: zero

Sol.  Transfoormer does not work on D.C.

Hindi

E-1 TP CIOGIR & MRS Hosel § 50 8% do1 fgdfia® @usel § 100 9% © | Ife mafid gose 220 V &
feeart 9 @ I 81 @1 g greell & uRka: fawa @ g ?

Ans: I

Sol. gMBHR D.C. R PRl F& Hxal B

E-2. In a transformer ratio of secondary turns (N2) and primary turns (N1) i.e. % =4 . If the voltage applied
1

in primary is 200 V, 50 Hz, find (a) voltage induced in secondary (b) If current in primary is 1A, find the
current in secondary if the transformer is (i) ideal and (ii) 80% efficient and there is no flux leakage.

Ans. (a) 800V (b) (i) 0.25 A (ii) 0.2 A.

Sol. (@) 2 - N _y —  V2=200x4 =800
v, N,
b)) 2 - N1 ~  L=1-025A
I, N, 4 4
(i) I1 V1 x 0.80 = V2 I -~  [=08x025=02A
Hindi

E-2. UP gRBER ¥ fgfius gusell § o_i (N2) o1 mafie gusel § oRi (N1) BT U 3l %:4 g |

1

meIfe FHoeell ¥ ARG fawa 200 V, 50 Hz & dT (a) fgdiae greet # oRa fova 5@ &1 ? (b) IRk
merfie # gRT 1A, 81 A1 fgde Gusell § oRT 9d &1 ? Ife SWER (i) ameel 81 der (i) e 80%
B, PIS ToTdd & el ® |

Ans. () 800V (b) (i) 0.25 A (ii) 0.2 A.

Sol. (a) 2 - -2 =4 —  V2=200x4 =800
v, N,
by 2 - N1 ~  p=_=025A
I, N, 4 4
(ii) It V4 x 0.80 = V2 I —~  1,=0.8x025=02A

PART -1l : ONLY ONE OPTION CORRECT TYPE
R - Il : Badd U &l fddhed YHR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : Average, peak and RMS values and RMS values
Gus (A) : 3ira, oY qen R o w9

A-1. r.m.s.value of currenti =3+ 4 sin (ot + ©/3) is:

(A)5 A (B*) V17 A (C) % A (D) ——A




Sol.

Sol.

Sol.

Hindi

Sol.

Sol.

Hindi

Sol.

T

jiz dt T34 Asin(ot 4/ 3)E 12

o =D[ + sm(f,r) +mn/3)] dt} _A7.
0

gRT i =3 + 4 sin (ot + 1/3) T T ATA AH BFI—

(A)5 A ®%) V17 A (C) % A 0) A
}iz U aeasinetnap 1"
_lo _ + IN(ot+ 1T _
Irms = T —|:'£ T dt:| —\/ﬁ .

The peak value of an alternating e.m.f given by E = Eo cos wt, is 10 volt and frequency is 50 Hz. At time
t = (1/600) sec, the instantaneous value of em.fis:

(A) 10volt (B¥) 54/3 volt (C) 5volt (D) 1 volt

1
E =10 cos | 2rx 50 =53
( i XGOOJ

FaTaddt f3.a19e E = Eo cos ot &1 2 /19 10 volt @ amgfa 50 Hz 8 | ¥93 t = (1/600) sec R faaraa
BT ATEIOB A B

(A) 10 volt (B¥) 5+/3 volt (C) 5 volt (D) 1 volt

1
E =10 cos | 2rx 50 =53
( i XGOOJ

The voltage of an AC source varies with time according to the equation, V = 100 sin 100 rt t cos 100 r t.
Where tis in second and V is in volt. Then :
(A) the peak voltage of the source is 100 volt

(B) the peak voltage of the source is (100/\/E ) volt
(C*) the peak voltage of the source is 50 volt
(D) the frequency of the source is 50 Hz

V =100 sin100x t cos 100 rt t
V =50sin 200 &t t
here Vo=50 & »=200x f=100 Hz

Tl ORT Gd b ¥g |, 999 & 912 G401 V = 100 sin 100 = t cos 100 =t g1 ufRafda grar 7
STef t Yepvs a1 Vdlee 8 8 o :
(A) 91 &1 2N fawg 100 A B |

(B) @I @1 3 fawa (100/v2 ) diee ¥
(C*)ard &1 Y fawa 50 diee B |
(D) Hra @1 Jmgfy 50 Hz 2 |

V =100 sin100x t cos 100 wt t
V =50 sin 200 =t t
ST&f Vo = 50 & »=200x f=100 Hz



A-4.  An alternating voltage is given by : e = e1 sinot + e2 coswt. Then the root mean square value of
voltage is given by :

(A) JJel +e; (B) Je, e, () 91_292 DY) .[& ;ez

T i 2
Sol. Vs = I(e1 sinot + e, cosot)?dt
0

_ [et+e]
2

27
where o = —.
T

T

Hindi
T 9RT faMd ;e = e sinot + e2 coswt & @ fava &1 a3 7o A9 2 -

(A) JJel +e5 (B) Je, e, () 91_292 DY) .[& ;ez

T ' 2
Sol.  Vem =[{® S'”O)Hiz cos ot)*dt
0

_ [et+e]
2

A-5. An AC voltage is given by : E = Eo sin @

Then the mean value of voltage calculated over time interval of T/2 seconds :
(A) is always zero (B) is never zero (C) is (2Eo/m) always  (D*) may be zero

Sol.

ANV

\/ )

If net area of E —t curve is zero for given interval then average value will be zero.
Hindi

TH FEdt fava 1 gy e Siar @ —

E = Eo sin @
T

A T/2 Apvs FHIT=RTA & oIy 0T a_ & fava &1 ofad A

(A) B9 T B | (B) &t =1 =&l B8R | (C) e (2Eo/nr) B (D*) Y B Hhal R |
Sol.

Y

IfE E—t % 1 &loo Y 81 (RY T 3=RTad ¥) A1 E &1 39 919 Y 81 |




Sol.

Hindi

Sol.

An AC voltage of V = 220 V2 sin (1 00nt +gj is applied across a DC voltmeter, its reading will be:
(A) 22032 v (B) V2 (C)220V (D*) zero
D.C. Voltmeter measures Average value only

V = 2202 sin (100nt+%j Tl a1 g 1 e gRT diecdier IR N1 Sdl 8 | diecHIeR &l

qredic BN :

(A) 220 V2 v (B) V2V (C) 220 V (D*) I
D.C. dlec #HIex dad 3id fawarR |radr 2 |

Section (B) : Power consumed in an AC circuit

@us (B) : yEdT ORT URUY # ofda =g

B-1.

Hindi

Hindi

B-3.

Sol.

Hindi

Sol.

The average power delivered to a series AC circuit is given by (symbols have their usual meaning) :
(A) Erms Irms (B*) Erms Irms COS ¢ (C) Erms Irms Sin ¢ (D) zZero

soft gemacdt a1 gRuer w1 ) 1 ofa wfda Bkt B (SRt |avdl @1 oref | R) -
(A) Erms Irms (B*) Erms Irms COS ¢ (C) Erms Irms sin ¢ (D) NI

Energy dissipates in LCR circuit in :
(A) L only (B) C only (C*) Ronly (D) all of these

LCR uRuer # Suff &1fY 81t 2 -
(A)Ddaa L | (B) ®aet CH (C*)®aat R#H (D) SWRIF I

The potential difference V across and the current 1 flowing through an instrument in an AC circuit are
given by :
V =5 cos ot volt
I1=2sin ot Amp.
The power dissipated in the instrument is :
(A*) zero (B) 5 watt (C) 10 watt (D) 2.5 watt
Pav = Vims Irms COS ¢
Here ¢ = 90° so Pav =0

geaTge) gRT Ry # fel g3 & RRT R favgror V a2 yaied g1 1791 gr1 &3 oa 2 |

V =5 cos ot volt
I1=2sin ot Amp.
I H g efed B —
(A*) T (B) 5dfc (C)10die (D) 2.54dfc
Pav = Vims Irms COS ¢
8T ¢ = 90° 37d: Pav = 0



Sol.

Hindi

Sol.

Sol.

Sol.

B-7.=

Sol.

B-8.

Sol.

A direct current of 2 A and an alternating current having a maximum value of 2 A flow through two
identical resistances. The ratio of heat produced in the two resistances in the same time interval will be:

(A)1:1 (B)1:2 (C*)2:1 (D)4 : 1
Hoe _ 122R i
HA.C. IrmsR

T 9uH Rl | 2 A B A gRT 91 2 A Iifddad A9 arell URIadt ORT Yaifed @) S §
FHAM AHY RIS |, SFT IRRIE § ST HHRA PT AT 81T —

(A)1:1 (B)1:2 (C*)2:1 (D)4 : 1
Hoe _ 122R i
HA.C. IrmsR

A sinusoidal AC current flows through a resistor of resistance R. If the peak current is Ip, then average
power dissipated is :

TH gRIg R SUMaehly Umad) R ya1fad &1 & 1 afe oY ary [ 8 @ ofaa wifad <@g 8 —

1 4 1
(A) IZRcos@ (B) S 1R © ZIR (0) IR
2 2
<P>=IzrmsR= I_P =E
72 2

What is the rms value of an alternating current which when passed through a resistor produces heat,
which is thrice that produced by a D.C. current of 2 ampere in the same resistor in the same time
interval?

(A) 6 ampere (B) 2 ampere (CH 243 ampere (D) 0.65 ampere

UH IRRIg | JIEd 9RT Jared &) ol 8 A1 399 S &W, S IRy 9 2 VPR @ R ary

A FHI TP HaTed PR TR SO HHT B A9 Il § A1 JITad GRT $T IHEG Tl A9 a7 872
(A) 6 TRRIR (B) 2 TRRR (C*) 2J3 TR (D) 0.65 YR
P=PmsR=[(2?R]*3= Irms = 243 A

A resistor and a capacitor are connected to an AC supply of 200 volt, 50 Hz in series. The current in the
circuit is 2 ampere. If the power consumed in the circuit is 100 watt, then the resistance in the circuit is:

T URRIY qm HaTRa 200 volt, 50 Hz 3mafd & sumad! ar1T @& & |rer oofises 3 g3 8| uRuer #

2 YR it gRT yaTfRd @) <& | af} uRuy # @ wfdm 100 watt, 81 @ aRu # gfeRiyg grm | —
(A) 100 Q (B*) 25O (C) V125x75 Q (D) 400 Q
I’R =100
R=120= 10(2J - 25
r (2
The impedance of a series circuit consists of 3 ohm resistance and 4 ohm reactance. The power factor
of the circuit is :

T uRuer @ ufdaren § 3 9 ufiRiy o 4 30| ufoerd & @ uRuy &1 ofd oniss 2 -

(A)0.4 (B*) 0.6 (C)0.8 (D) 1.0
tan ¢ = i = i
R 3
=3
cos ¢ = 5 0.6



B-9.= A coil of inductance 5.0 mH and negligible resistance is connected to an alternating voltage

Sol.
Hindi

Sol.

B-10.

Sol.

V =10 sin (100t). The peak current in the circuit will be :
(A) 2 amp (B) 1 amp (C) 10 amp (D*) 20 amp
vV, 10

oL  100x5x107°

5.0 mH IR&@ Tl T9d AR arell gose V = 10 sin (100 t) a7l Jamac fawa & €1 & o1 gkue §
NICECI R

(A) 2 amp (B) 1 amp (C) 10 amp (D*) 20 amp

v, 10

ol 100x5x107

An electric bulb and a capacitor are connected in series with an AC source. On increasing the
frequency of the source, the brightness of the bulb :

(A*) increase (B) decreases

(C) remains unchanged (D) sometimes increases and sometimes decreases

T JTEdt gRT Wd ¥ faga 9@ qon w@eE, oofid § 9$ 2 | W9 @) omafd o™ W 9w @) 7

(A*) ST (B) =T

(C) suRRaffa <= (D) {B FHI TH d¢7M TN FB FHI dH T

Xc = A will decrease if we increase frequency then z will decrease so current will increase & intensity
®C

will increase.

A @ JmgRT ge™ # Xc = %m%aﬁ:zmma:wa%m
Q)

B-11.= By what percentage the impedance in an AC series circuit should be increased so that the power factor

Sol.

changes from (1/2) to (1/4) (when R is constant) ?

M oNd BT (1/2) § (1/4) T uRafdia a=+1 & forg goamadt gr1 aRuer @ afdamen § feaa afdea |
gfg Hx B (R 3R <@ T B)?

(A) 200% (B*) 100% (C) 50% (D) 400%
Ccoso = E

V4
% change =2—2 x 100 = 100% .

B-12.=. If the frequency of the source e.m.f. in an AC circuit is n, the power varies with a frequency :

Sol.

e FAEdl gRT gRYel § 9ia fAanas &1 amgfad ng o1 wfed frw emafd & uRafda 8 —
(A)n (B*)2n (C)n/2 (D) zero T

E E

ANVANYANES ANVANYA

> 37gfd 2n




Section (C) : AC source with R, L, C connected in series

C-1.

Sol.

C-2.

Sol.

C-3.

Sol.

R, L, C sofispd # yemaddt Rt 91d 9 93 8

A 0.21-H inductor and a 88-Q resistor are connected in series to a 220-V, 50-Hz AC source. The
current in the circuit and the phase angle between the current and the source voltage are respectively.
(Use = 22/7)

0.21-H &1 3R T 88-Q HT AfRIY 220-V q 50-Hz ITel IATad ORT A1 4 T 8 a1 aRues 3§ gR7

qT A faa Ud ORT & Heg HerTR HAS: B (n= 22/7 BT IYAT HN )

(A*) 2 A, tan™1 3/4 (B)14.4 A tan'7/8  (C)14.4A tan'8/7  (D)3.28 A, tan~"2/11
Irms = Vrms = Vrms = 2A

z R? + (oL)?
tan¢ = OJ_L = @ = E

R 8 4

A 100 volt AC source of angular frequency 500 rad/s is connected to a LCR circuit with L = 0.8 H,
C=5uF and R =10 Q, all connected in series. The potential difference across the resistance is

LCR gRuer & 100 dlee T2 500 ¥f$a+,/qFvs Mgfa &1 gamadi arT |id I @, oiei L=0.8H,C=5
uF ATR =10 Q |1 #ofispA H s 8 1 ufiRig & RRT R fva=R & —

(A) 100 volt (B*) 100 volt (C) 50 volt (D) 50/3

2

Vips _ 100

2
JRz{mL_q
oC

P.d. across resistance JfeR1g &1 fA¥arR = R Iims = 100 volt.

A pure resistive circuit element X when connected to an AC supply of peak voltage 200 V gives a peak
current of 5 A which is in phase with the voltage. A second circuit element Y, when connected to the
same AC supply also gives the same value of peak current but the current lags behind by 90°. If the
series combination of X and Y is connected to the same supply, what will be the rms value of current ?

e Yg IR aRuer s@ga X & e 200 V ¥ g aren gemedt aRT da g1 21 39 5 A i
gRT FaIfed 81 I8 B, W1 fA9a § |AF Herl § 3| T URUY (GFT Y BT I TG gRT GId ¥ e
W I & A gRT yarfed B B, WReg ¥8 9R190° uwE T B AR X qen Y & gSoft waem a1 Sl
I F s a1 S A1 9R1 $T aEed qo A9 F91 86 ?

(A) % amp (B) %amp (C*)g amp (D) 5 amp
R= %= % =40 Q (For circuit x) (aRuer x & farg)

0
XL = M _400 (For circuit y) (uRuer y & forg)




C-4.x

Sol.

C-5.

Sol.

C-6.=

Sol.

Sol.

In an AC circuit, a resistance of R ohm is connected in series with an inductance L. If phase angle
between voltage and current be 45°, the value of inductive reactance will be.

(A)R/4 (B) R/2

(CHR (D) cannot be found with the given data

gcaTad! gRT gRYel § URRIg R &9 |, IRded L& A1 4o 3§ §e1 & | afe fAwa don ar1 & #ed derr 1ol
45° 81 A1 IRGT wfoETd 89 —

(A)R/4 (B) R/2

(C*R (D) e T 3fiwer & AT a8 fbar A1 FH |

tan¢ = tan45° = m—L
R

XL=oL=R.

In an AC circuit the potential differences across an inductor and resistor joined in series are respectively
16 V and 20 V. The total potential difference across the circuit is

e FAEdt gRT aRuer § #ofishd § Je RS el IRy & Rk R fAvarR Haei 16 Vam 20 Ve @
aRuy & RRT &1 ot fwarR 2

(A) 20 V (B*) 25.6 V (C)31.9V (D) 53.5V

Viet = \JVZ + V2 = /(20 +(16)* = 25.6.

An AC voltage source V = 200 V2 sin 100t is connected across a circuit containing an AC ammeter (it
reads rms value) and capacitor of capacity 1 uF. The reading of ammeter is :

TP V = 200V2 sin 100t fawa & yearad! e @ & gemadt gRT efier (S daet ms A gedr ) e
1 uF &1 GRS FeT & A1 3HIex &1 Uredi® ©

(A) 10 mA (B*) 20 mA (C) 40 mA (D) 80 mA
1= M=200Xm0 = 20 mA.
(XC)X V2

When 100 V DC is applied across a solenoid, a steady current of 1 A flows in it. When 100 V AC is
applied across the same solenoid, the current drops to 0.5 A. If the frequency of the AC source is

150/ /3 & Hz, the impedance and inductance of the solenoid are :

(A)200 Q2 and 1/3H (B) 100 @ and 1/16 H
(CH200Qand1.0H (D) 1100 Q and 3/117 H
T gRAIfeTdT R 100 V &1 foe favg aRifdd 8, 398 1 A &1 ReR aRT vaifed &1 W& 81 afe s

gRIfIAT TR 100 V &1 JaTdd] URT Sid RIG & fear o a 398 arT 0.5 A T &9 8 Wl 2 |
Ify yaradt R AT B IRy 150/+/3 1 Hz & O aReiforer @ ufdamen o IRe ® —

(A) 200 Q 71T 1/3 H (B) 100 Q 71T 1/16 H
(C*) 200 Q T2 1.0 H (D) 1100 Q oI 3/117 H
R=$=1OOQ x = VZ* -R?
z=10 _5500 L=2=1H

0.5 )



C-8.

Sol.

If in a series LCR AC circuit, the rms voltage across L, C and R are V1, V2 and Vs respectively, then the
voltage of the source is always :

(A) equal to V1 + V2 + V3 (B) equal to V1 — V2 + V3

(C) more than Vi + V2 + V3 (D*) none of these is true

LCR #roft yeamacdt o=t aRuer § L, Cdan R & RRT WR fawa sae: Vq, Vo dean Vs g o1 Wid @ RRT R favg
FHI —

(A)Vi+V2+ Vs & F99 2 | (B)Vi—Vz2+ Vs & |94 2 |

(C)Vi+Va+ Vs & a1fdep | (D*) SRIFT H | BIs W I 7El 2 |

Voltage of source is always less than (V1 + V2 + V3), Vet = V2 + VZ + V2
I @ dieeal |9d (V14 + Vo + Va) o HH Bl B |

Section (D) : resonance 3Ig

D-1.

Sol.

Sol.

D-3.

Sol.

The value of power factor cos¢ in series LCR circuit at resonance is :

LCR #off uRuer # S/gAe R I oTid cosd T 19 & —

(A) zero g (B*) 1 (C)1/2 (D) 1/2 ohm
At resonance e &1 Rafd w® XL = Xc

So, g9ferg z=R, = cosp=1

A series LCR circuit containing a resistance of 120 ohm has angular resonance frequency
4 x 10° rad s™'. At resonance, the voltage across resistance and inductance are 60V and
40 V respectively. The values of L and C are respectively :

e S0 LCR uRuer § 120 3 &1 ARkRIg ST 8 91 39! Iofi A mgfa 4 x 103 If$a+1/3o B |
IR W IRRIY TAT RS & RRT R 39a HHA: 60V An40VE @ LA CH 9149 H9RE: T

(A*) 20 mH, 25/8 uF  (B) 2mH, 1/35 uF (C)20 mH, 1/40 WF (D) 2mH, 25/8 nF
60 1
Irm = —= —Am .
*= q20 27™MP

VL = Irms X (G)L)

40=%><(40><103)><L

L=20mH
At resonance 3T ™ Ve = lms (iJ =VL
©C
= 1 X 1 X i C= 2_5 MF
2 4x10° 40 8

In an LCR circuit, the capacitance is made one-fourth, when in resonance. Then what should be the
change in inductance, so that the circuit remains in resonance ?

LCR uRRuy # 3/g1e W &TRdT U @iemg &R & SRl & a1 gRuy # o/gaie 91 3@ & oy IR 4
foberT aRad= g1 =Ry 2

(A*) 4 times (B) 1/4 times (C) 8 times (D) 2 times
(A*) 4 T (B) 1/4 1 (C) 8 T (D) 2 =11
1
At resonance 3TJq W oL = —
»C
Lo l .

C



Sol.

D-5.=

Sol.

D-6.=

A resistor R, an inductor L and a capacitor C are connected in series to an oscillator of frequency v. If
the resonant frequency is vr, then the current lags behind voltage, when :

v IR AT Aferd | URRIY R, IRbw@ L T wenRa C 9ofisws § 99 7 | afk o) emafa ve gl , ar
g1 fovya | gz Bt 99

(A)v=0 (B) v <vur (C)v=vr (D*) v > vr
Current lags behind voltage. I o1 fawg & fo 8

Ifafe  X.>Xc

= 2nvl >

1 1
>V —
2nvC 2nyLC

Butas wvr= #
2n\LC

therefore, v> vr

A resistor R, an inductor L, a capacitor C and voltmeters V1, V2 and Vs are connected to an oscillator in
the circuit as shown in the adjoining diagram. When the frequency of the oscillator is increased, upto
resonance frequency, the voltmeter reading (at resonance frequency) is zero in the case of :

fRATgER 9fiRIY R, IRS@ L, GeR= C T2 arecHies Vi, Vo @1 Vs diferd & |1 FREmgar aRug 4 9
21 99 [ferd $1 AGRA AR Mg T Jerl Il & A fha dlecdle’y &1 uedid AR Mg W)

TR B —

R L C
(o] ot
©

©

(=

N\
(A) voltmeter V4 (B*¥) voltmeter V2
(C) voltmeter Vs (D) all the three voltmeters
(A) dreeHIeR Vi (B*) aiceHIex Va2
(C) dreeHiex Vs (D) AT dreeHer #

At resonance voltages across C and L are in opposite phase so net voltage will be zero.

arge @ Rafd § Cdan L w faws Ao ®en & 81 2
So, 31 V2 = 0.

In the series LCR circuit as shown in figure, the voltmeter and ammeter readings are :

AR LCR 2o uRuer #, dleeHier del oMiey & Uredis ©
4v 4v

(A*)V =100 volt,1=2 amp (B) V=100 volt,1=5amp
(C)V=1000volt, =2 amp (D) V =300 volt, I =1 amp



Sol.

At resonance 3T ™ (Ve = VL)
V= Irms % R
Vv .
= %XR (herez=R) (TEe1z=R)
V = Vms = 100 volt & Irms = % =2 Amp

Section (E) : Transformer SBFR

E-1.

Sol.

E-2.=

Sol.

E-3.»n

Sol.

A power transformer (step up) with an 1 : 8 turn ratio has 60 Hz, 120 V across the primary; the load in
the secondary is 10* Q. The current in the secondary is

e MR STABTR (STarl) § oRl &1 3rgurd 1: 8 71 39 Wdfie RRI W 60 Hz, 120 V den fgdas
R R dre gkl 10* Q Sirsd & a1 fgdfiae® gose d a1 8 —

(A) 96 A (B) 0.96 A (C)9.6 A (D*) 96 mA

|M<

A transformer is used to light a 140 watt, 24 volt lamp from 240 V AC mains. The current in the main
cable is 0.7 amp. The efficiency of the transformer is :

140 watt, 24 volt & <™ BT FHIRIT I & oIy TRAGFR B ITIRT B gU 240 VS I FATEc gRT
Hd W SIST Ol ¥ | g7 dedl (AR) F 9RT 0.7 amp ® A1 STABER &) Geram 2

(A) 48% (B) 63.8% (C*) 83.3% (D) 90%
n% = Z2lz x 1002140 400 = 83.3%.
E.l, 24007

In a step-up transformer the voltage in the primary is 220 V and the current is 5A. The secondary
voltage is found to be 22000 V. The current in the secondary (neglect losses) is

STarfl ZRABER B meifies gueel § fava den uRT & aRwr smeEer 220 V e 5A B | fadias gueed #
fawg 22000 V ur g1ar @ @ fgdias & a1 21 (@1l @1 9 og |/)

(A)5A (B) 50 A (C)500 A (D*)0.05 A
lHE1=12E2
o= ME 2 5X220 50
E, 22000
The core of a transformer is laminated to reduce
(A*) eddy current loss  (B) hysteresis loss (C) copper loss (D) magnetic loss
SABTHR P $IS BT Uceford axd fbadl o7 fhar S @
(A*) ¥ieR gRT It (B) ey it (C) ars grf=iat (D) gr@ BT+l

Section (F) : Miscellaneous fafae

F-1.

A capacitor is a perfect insulator for :
(A*) constant direct current (B) alternating current
(C) direct as well as alternating current (D) variable direct current



F-3.

F-5.

F-6.

F-7.

HR= gol sraTeld &1 AIER B —
(A*) 3R o a1 & forg | (B) yamadt aRT & forg |
(C) fae gRT T ymad aRT g1 & forg | (D) uRaft fewe o1 & forg |

A choke coil sould have :
(A) high inductance and high resistance (B) low inductance and low resistance
(C*) high inductance and low resistance (D) low inductance and high resistance

Th AH FoSll A B AMRY—

(A) ST IREBE T ITa UfeRIg (B) 1 IRwca e fr=1 ufeRe

(C*) 9= IR&b@ a1 = ufeRiy (D) 1 IR®@ qn 9= ufeRiy

A choke caoil is preferred to a rheostat in AC circuit as :

(A*) it consumes almost zero power (B) it increases current

(C) it increases power (D) it increases voltage

TATadl gRT gRuel § gRT 9% (Rheostat) @1 18 @16 $Hosell & MAfAdmar & Sl 8 ®Ifd —
(A*) 397 = wIfad o T R | (B) I URT B 9w 2 |

(C) 78 wIfad &I e 2 | (D) 7E fawa &) g 2 |

With increase in frequency of an AC supply, the inductive reactance :

(A) decreases (B*) increases directly proportional to frequency
(C) increases as square of frequency (D) decreases inversely with frequency

T ORT S @ AGRT 9gM W RS gfoemd —

(A) T | (B*) Amgfay & FHIURN 9 |
(C)3mafd & & & FAGURH IS | (D) 3MgfY & FHATIURIT TS |

With increase in frequency of an AC supply, the capacitive reactance :

(A*) varies inversely with frequency (B) varies directly with frequency

(C) varies directly as square of frequency (D) remains constant

T URT AAT8 B AGAT qgM W, TR gframa —
(A*) 3Trgfa & Al FohATGUTd! URafdd grdr & | (B) 3mgfa & Wl warqurdl uRafda grar 2
(C) amafy & o & WU uRaffad a1 81 (D) fFra <&an B |

An AC ammeter is used to measure current in a circuit. When a given direct constant current passes
through the circuit, the AC ammeter reads 3 ampere. When an alternating current passes through the
circuit, the AC ammeter reads 4 ampere. Then the reading of this ammeter if DC and AC flow through
the circuit simultaneously, is :

foe aRuer § oRT A9 @& o ymadt aRT 3fieR &1 SUANT fhar Sdr ® | o9 ufRu H SR AN @
fee grT yarfRd & S ® A1 orfier &1 uredis 3 VIR 2| O URUU | &Y WITEd] ORT aTRd &l
ST 8 o1 91 Ureaid 4 VAR B | Sfd YTacd] ORT a2 e aRT 191 B Ue |1 yarRa fear Sar @
ql e ®T UISdid BR —

(A)3 A (B)4 A (C)7A (D*) 5 A

In an a.c. circuit consisting of resistance R and inductance L, the voltage across R is 60 volt and that
across L is 80 volt. The total voltage across the combination is

T TAgel URT URUY H UfaRIg R 920 IRbed L 8 T 39 RRI W fayg %99 60 volt 92 80 volt & a1
FAH & RRY &1 o favg g -
(A) 140 V (B)20 V (C*) 100 V (D) 70 V



PART - Ill : MATCH THE COLUMN

AT - 1l : D BT FAferd PG (MATCH THE COLUMN )

Ans.

Sol.

Match the Physical quantities given in column-I with the parameters they depend on as given in
column-IL
Column 1 Column 11
A) Inductance of a coil ) Depends on resistivity
B) Capacitance ) Depends on shape
C) Impedance of a coil ) Depends on medium inserted
D) Reactance of a capacitor s) Depends on external AC voltage source

( (P
( (q
( (r
( (

-1 H ) TE Wi I B LA R W gl R R 9 R e @, 9 gafaa i |
wwI-1 wwI-11

A) U BT IRFE (p) ufeRIgdar R AR #=elt 71

) e (q) AMBR (shape) W R w2 |

C) Fuel &1 ufaaren (r) 5afRrd (inserted) Aread R AR Rt B |

D) JerRar & ufeema (s) 9eg AC diees dld R R el 7|

A)ar(B)ar(C)pars(D)ar,s
A) Inductance of a coil depends on its shape and magnetic properties of its core (medium inserted)
) Capacitance of capacitor depends on its shape and dielectric properties of medium inserted.

v3]

(
(
(
(
(
(
(B
(

C) Impedance of coil YR? + ®’L?> depends on resistivity (due to R), shape (for L), magnetic properties
of core inserted and also depends on angular frequency o of external voltage source.

(D) Reactance of capacitor = %depends on shape (for C), nature of dielectric medium (for C) and
Q)

external voltage source (due to ).

(A) T FHISA B IRPHT gD MBR AT T e (AR 7es #) & geapg o = R o= 2|
(B) HerR= ot TRaT 39a MR don YR Aregd & wiaga o i) iR et 2

(C) Frsetl @1 gfdamen JR? + 0?’l? URRIgSAT (R & HRUT), AHR (L & $HROT), TARE B & g™
o7 T o BT MRy & a8 dees Sd R A R #adt 8 |

(D)ﬁwﬁaaﬁuﬁﬂaﬁ=%w (C & fom), wrdega Aead @ Uafd (C & fofg) den 9 diees Sa
()
(0P HRUT) TR IR B 2 |




2w A steady current 4 A flows in an inductor coil when connected to a 12 V dc source as shown in figure 1.

If the same coil is connected to an ac source of 12 V, 50 rad/s,

a current of 2.4 A flows in the circuit as

shown in figure 2. Now after these observations, a capacitor of capacitance % F is connected in series

with the coil as shown in figure 3 with the same AC source :

T4 UH IRV HUSell Bl 12 dlee B A= dleedl @A A i 1 & gaR el Sl 8 A UROT Hosel ¥
AR 4 A9 Rl gR71 yarfzd exil 2 | It I8 a9 |usen 12V d 50 rad/s & gA@dT (AC) dreed
a9 72 3 FgaR SIS o 8 @ uRuY § 2.4 A 3 ORT yaifed BRit 2| 3/ 3 Vel & ueEn

iFW%ﬁaﬁaaﬁﬁwW%maWﬁﬁaﬁ@mmﬂwwﬁaﬁmwﬁﬁ

50
ST ST 2 |
— 000000 —000000 — — 500000 ]
I O O
12v 12V, 50rad/sec. 12V, 50rad/sec.
(Figure 1) (Figure 2) (Figure 3)
Column-| Column-ll (in S.I units) (S.I. ugfd #)
(A) The inductance of the coil (nearly) (p) 24
IR FISl BT IRdbed () —
(B) The resistance of the coil (9)3
FHosell B gRRIg—
(©) Average power (nearly) (r) 0.08
afraa wIfe (erm)

(D) Total reactance &e ufemd
Ans. (A) > (r), (B) > (q), (C) > (p), (D) — (a)

Sol. 1 to 2 : When connected with the DC source <9 o &g 9 SiTsT 9T & |

R = E =3Q
4
When connected to ac source Wd TATddl G A ST o1l 2 |
1= X
Z
24=__12 —  L=008H
3%+l
AV V2
Using 98 & P =1V, cos¢ % =cos ¢ = ms
R? ¢ (oL



Il Exercise-2

. Marked Questions can be used as Revision Questions.

= faffed ye= Sievm a7 ueE R

PART -1: ONLY ONE OPTION CORRECT TYPE

HRT -1: ®dd (& Hel fdded YHR (ONLY ONE OPTION CORRECT TYPE)

Section (B) : Power consumed in an ac circuit

Hug (B) : TATEd! URT uRu #§ wifdd =g

1.

Sol.

Hindi

Sol.

A coil has an inductance of EH and is joined in series with a resistance of 220 Q. When an
Y

alternating e.m.f. of 220 V at 50 c.p.s. is applied to it, then the wattless component of the rms current in
the circuit is

(A) 5 ampere (B*) 0.5 ampere(C) 0.7 ampere (D) 7 ampere
Wattless current = Iims sin ¢
Where tan ¢ = ol _ 2nfl =1
R R
and lrms = Vs~ Vims -1

z  R+(el)p 2

Th FIS BT IRDT EH%asﬂsﬁ2209$ma$wu§vﬁﬁaﬁ@w%|mmzzov
T

faarae, 50 Tadx Ul ddwvs MRy aTel TamEc Ad | SIST oAl & O gRuY § ey o ORT &
NIEHE L

(A) 5 YRR (B*) 0.5 YfFoeR (C) 0.7 YR (D) 7 ¥R
gm:f &RT = Irms SiN ¢
el tan ¢ = m—L = ﬂ =1
R
v 1
(—_[?q-l- Irms = ms ms -

Section (C) : AC source with R, L, C connected in series

¥ug (C) : R, L, C YA & A1 YATId! ST G

2,

Sol.

The current in a circuit containing a capacitance C and a resistance R in series leads over the applied
voltage of frequency 22 by. [REE - 91] [REE - 1991]
T

Te uRue § R C qen ukRy R ofips § O & a1 o walRa o, %mﬁmﬁmﬁﬁﬁﬂaﬁ
T
fopa=N o B |

(A*) tan™ (%} (B) tan™ (oCR) (C) tan‘*(m%} (D) cos™ (wCR)
()
_ X 1/ oc R
tang = R = = ¢ =tan CR



3=

Sol.

Sol.

An inductor | L =LH , a capacitor | C = L
1007 5

5 Fj and a resistance (3Q) is connected in series with
Y

an AC voltage source as shown in the figure. The voltage of the AC source is given as V = 10 cos(100
nt) volt. What will be the potential difference between A and B ?

TH Wb (L: L Hj,wv’uﬁa (C: L FJ o e gRE (3Q) REMER AC fava 9d |
1007 500~

2ofisd 9 J$ 21 AC |1 &1 fawa V = 10 cos(100 nt) diee & | AT B & #ed fawaraR 81m ?

f\% I—E—WM—

()
ZJ
(A) 8 cos(100 nt — 127°) volt (B) 8 cos(100 =t — 53°) volt
(C*) 8 cos(100 nt — 37°) volt (D) 8 cos(100 =t + 37°) volt

z= 37 +(5-17 =5Q

i =2 cos(100nt + 53°)
vag = 8 cos(100xnt + 53° — 90°) volt
vas = 8 cos(100nt — 37°) volt  Ans.

An ac voltage source V = Vp sin ot is connected across resistance R and capacitance C as shown in
figure. It is given that R = % . The peak current is Io . If the angular frequency of the voltage source is
Q)

(O]
J3
AR ufoRig R den a1Rar C & RRT R e gamEdl dieest V = Vo sin ot &1 91d SrST ST 8 | I8

QHTWT%%R=L%|WWIO%‘Wﬁa‘f@a@ﬁaﬁaﬁvﬁﬁmﬁfwﬂm%ﬁﬁrﬁﬁ%

changed to keeping R and C fixed, then the new peak current in the circuit is :

oC J3
(R C &l fd 3@d gd) a1 uRuy # 73 ReR or1 8rft —
Ao
V, sinot —o}

I 1 1 I
A) 0 B*) —% C) D) >
(A) 5 ( )JE ( )\/§ (D) 3
The peak value of the current is

gRT BT BER 99 & —

IO = VO = VO
R, ] V2 R
" ®’C?

when the angular frequency is changed to

Nl

maﬂvﬁumﬁraw%g‘fﬁrﬁﬁ%‘l

The new peak value is
YRT &1 a7 Brer 99 8—



Sol.

Sol.

1
Io' = 0 = =_Y Io' = _0_

\/R2+ 3 Jarz 2 V2

©*C?
For a LCR series circuit with an A.C. source of angular frequency o.

TH o B IMIRT & gt gRT S ¥ ¥6g & LCR 9ot aRur & forg

1 1
gRuer ke g afe o >
JLC JLC
1 1
o= 8 a1 gRuY WRag g8rm
JLC JLC
(C*) power factor of circuit will by unity if capacitive reactance equals inductive reactance

aRuer &1 wifad Tories T BN | If eTiReg ufiend, IRew ufred & SRR ©

(A) circuit will be capacitive if ® >

(B) circuit will be inductive if ® =

1 1
D) current will be leading voltage if o > gRT favg 9 s B Ife o >
) 9 voltag Jic Jic
1 1
C The circuit will have inductive nature if © > — | oL > — | .
© NES [ «/LCJ

Hence A is false. Also if circuit has inductive nature the current will lag behind voltage. Hence D is also
false.

If o =L ((oL = %j the circuit will have resistive nature. Hence B is false

JLC 0}
R

Power factor cos¢ = =1itolL = 1 . Hence C is true.

R2 (oL i °¢
oC

afe m>% [mL>%J g @ uRuy IRofiw ugfRy &1 B

I A o B | Al aRue IRoN® U@y &1 & A1 gRT dieesl 9 de 8Rl | o D ¥ 3T B |

uﬁm=L(mL=LJ g o gRu gRRIY U@l &1 81T | 3 B o9 B |
\/E oC

eIfdd IO cosg =

R =1it@L=iC.mazcw%|

R® + mL—iz ¢
oC

An LCR series circuit with 100 Q resistance is connected to an AC source of 200 V and
angular frequency 300 radians per second. When only the capacitance is removed, the current lags the
voltage by 60°. When only the inductance is removed, the current leads the voltage by 60°. Then the
current and power dissipated in LCR circuit are respectively

Ta LCR #ioft gRuer 100 Q afcRg & w1 200 V den 300 ¥f$a+ ufd d%ve &1 Hivig gfa arel geamacd|
gRT 9Id ¥ ST 8 | Od GRYY ¥ dad FETRF 8RN ST 8 A1 9R71 fawd 9 60° Teeril 81 ol 2 | o
B IR ST oAl & o 9RT fawa | 60° P & ot 8 df LCR uRuy # or1 don wfdd o™
HL: B

(A) 1A, 200 watt. (B) 1A, 400 watt. (C) 2A, 200 watt. (D*) 2A, 400 watt.



Sol.

Sol.

When all (L,C,R) are connected then net phase difference = 60 — 60 = 0. So, there will be resoance.
w9 |9 (L,C,R) s BT @1 V T2l [ H FHeAT<R 60 — 60 = 0 BT SR, 37d: 371G 81T |

I:X:ZA
R

& el P =12R =400 watt.

In an L-R series circuit (L = 11L15 mH and R = 12Q), a variable emf source (V = Vo sin ot) of
Vms = 1304/2 V and frequency 50 Hz is applied. The current amplitude in the circuit and phase of

current with respect to voltage are respectively(Use © = 22/7)

L-Rooft aRuer (L = 11L15mH e R = 12Q) 9§ uRad! fAarga @a (V = Vo sin of) ST 81 3961

Vims = 1302V @or amgfy 50 Hz & | aRuer # o1 orm den g7 &Y fwd & |t ol Her: 811 —
(n = 22/7 BT IYAT H)

(A)14.14A, 30° (B) 1032 A, tan” % (C) 10 A, tan" % (D) 20 A, tan” %
Io= \/E Irms =\/§_Vrms Io= _\/5 X130\/§
z JRZ + (L)

ol oL
tang =— =tan'| —|.
0=y (Rj

Section (D) : Resonance

GUS (D) : AT

8.

Sol.

In LCR circuit at resonance current in the circuit is10\/§A. If now frequency of the source is changed
such that now current lags by 45° than applied voltage in the circuit. Which of the following is correct :
9T W LCR TRuzr # ot 10vV2 A 2| s &ia ) omgfl 9 woR & aged & fp aRuy F e
ARG favarR & 45° FATHIT NS T 81, 1 DIl HUT Tl 8 |

(A¥) Frequency must be increased and current after the change is 10 A

amgfa = wu A T8 S =1fed der uRad+ & gwara ulRur § grT 10 A 81l |

(B) Frequency must be decreased and current after the change is 10 A

amgfa e wu A gers S a1y don gRads & uwand uikul § grT 10 A 81l |

(©) Frequency must be decreased and current is same as that of initial value

Igfa FREa wu ¥ gcg o a1fed don gRadd & ueard ORT RIS 919 & a-1eR 8 |
(D) The given information is insufficient to conclude anything

7o el & o & T8 THeRI 3 B |
At resonance 3l ™

XL =Xc
- Vrms - 10\/5 ;
Irms = = (I)
R
When current lags by %: SERCIN %@ e e ®
(R=X)
\ Vv

rms ms = 10A

I = ——ome
" RP 1 2R




Section (E) : Transformer

Yug (E) : SIABTHR

9. =

(i)

Sol.

(i)

Sol.

(iif)

Sol.

(iv)

Sol.

(v)

Sol.

(vi)

Sol.

The overall efficiency of a transformer is 90%. The transformer is rated for an output of 9000 watt. The
primary voltage is 1000 volt. The ratio of turns in the primary to the secondary coil is 5 : 1. The iron
losses at full load are 700 watt. The primary coil has a resistance of 1 ohm.

SRR ®1 q U9l q@l 90% © | 39d! T wfdd 9000 watt sifha 2 | wiefie gueedl R v
1000 dree B | wafie don fgdfias Gosell # oRi &1 ogud 5: 18| gof dls R dlg—a1+ai 700 watt & |
mfie Frse # ufRig 1309 8

The voltage in secondary coil is :

fahas goeeh # fava & —

(A) 1000 volt (B) 5000 volt (C*) 200 volt (D) zero volt
E, _ N, _1
E N 5

_ 1000

E2 =—— =200 volt.
5

In the above, the current in the primary coil is :
SWRIFT U2 4, ARG Hosell § gR1 8 —
(A) 9 amp (B*) 10 amp (C)1amp (D) 4.5 amp
Ea2lz = Eil1 X %
90

9000 = 1000 x Iy x
100

I+ =10 amp.
In the above, the copper loss in the primary coil is :
SRIFT T #, mfies guse § I wfal & —
(A*) 100 watt (B) 700 watt (C) 200 watt (D) 1000 watt
meIfie® HUSe § d™ BTl
=112 Ry = (10)? x 1= 100.
Bl gt =Eilh —E2l2
= 10,000 — 9000
=1000

In the above, the copper loss in the secondary coil is :

SRIF 7o #, fghas grseh & ams wfvai & —

(A) 100 watt (B) 700 watt (C*) 200 watt (D) 1000 watt
Cu losses in secondary coil ~ fgfa gusell # I™ 8

= (1000 — 700) — 100

= 200 watt.

In the above, the current in the secondary coil is :

SWRIF a2 ¥, fgdfia® Hosedl 4 gr1 8 —

(A) 45 amp (B*) 46 amp (C) 10 amp (D) 50 amp
(A) 45 YfFoeR (B*) 46 TR (C) 10 ¥R (D) 50 YRR
E2 I = 9000 + 200
= 29_45a

200

In the above, the resistance of the secondary coil is approximately :

SRIF W #, fFhas gueelt § ufoRiy o’ 2

(A)0.01Q (B*)0.1Q (©)0.2Q (D) 0.4 Q
1.2 = R2 =200
200

Re= = =0.0945.
(46)



10._ In the following circuit the current is in phase with the applied voltage. Therefore, the current in the
circuit and the frequency of the source voltage respectively, are

=1 aRuer 3 g1 oRIfG fAva @& |1y Tl # 7| SHfeg uRuY § o1 J2n &Id fa9a @1 Ry wwen: 2

L
C —
v
R
[Olympiad (Stage-1) 2017]
Vv, 1 1
A*) = and AT —— B) zero and 31 9T —
() R 2nyLC B) B JLC
C 2 C 2
C \/:vi and ef D) 4 and dqT—
©) T JiC D) 4R Jtc
Ans. (A)
1
Sol. f= ——— the circuit is in resonance with the applied voltage.
2ny/LC PP 9
1 .
f= aRuel RINT fava & e ogeTs # 7|
2n\JLC
i= Vi
R

PART -1l : SINGLE AND DOUBLE VALUE INTEGER TYPE
AN - Il : Yl Ud fg—quife A9 USHR (SINGLE AND DOUBLE VALUE INTEGER TYPE)

Section (A) : Average, peak and RMS value
Gus (A) : 3ir7a, o den TR @ W
0

\Y
1. The rms value for the saw-tooth voltage of peak value Vo from t=0 to t=2T as shown in figure is T
X

Find the value of x.

maﬂﬁﬂﬁvoaﬁﬁgwﬁmammwn@hoﬁt:ﬂzﬁm%?::‘fa*fxzmm-rr?rm
X
IR |

+V,




Sol.

general equation of V
V &1 G FHIGROT

V= Vo t —Vo= 2Vo t—Vo
T/2
1 1
T > T 2 2
[vedt j( Loty j dt y
Vims = 0 =2 =S x = 3 Ans.
T T \/5

Section (C) : AC source with R, L, C connected in series

¥ug (C) : R, L, C YA & 1 YATId! SIRT G

2.n

Ans.

Sol.

An inductor (xL = 2Q) a capacitor (xc = 8Q) and a resistance (8Q) is connected in series with an ac
source. The voltage output of A.C source is given by v = 10 cos 100mnt.

Tdh IS HUSA (xL = 2Q), Th WETRA (xc = 8Q) T U& UfcRIg (8Q) S0 %9 H THh YAEdl gRT Hd
A JS & I ORI S BRI U f3wd v = 10 cos 100nt © |

The instantaneous p.d. between A and B is equal to x x 10" volt, when it is half of the voltage output
from source at that instant Find out value of x .
ATATB & He¥ dreifor fava ua= x x 10~ volt B a1 x &1 A1 o1 BRI, IfS 39 &1 I8 fawg uda &=a

ERT g favg &1 3men 2 |
X =2Q X<

48 (b

impedance of circuit aRuer @ ufdaren = (R + (X, — X, )?
821 (8—27 =10Q
The current leads in phase by &IRT &l HIT | ¢ = 37° M (Xe>XL)

¢=37°
_ 10cos(1OZOnt+37 ) _ cos (100 r t + 37°)
N T T T T T2 |
' tan¢=X.-X =3
X.—X.=6 : R 4
I
4=37° !
R=8

The instantaneous potential difference across A B is

AB & RRT W fHeft efor fcramen
= Im (Xc — X1) cos (100xnt + 37° — 90°)
=6 cos (100 nt — 53°)
The instantaneous potential difference across A B is half of source voltage.
AB & RRI R emfies dlee &1 S dieedl &1 el 8 |
= 6 cos (100 tt—-53°)=5cos 100 =t
1 _ 24

1+(7/24) 25

solving we get &1 &= W cos 100 nt =

instantaneous potential difference &mfie fava=R = 5 x % = % volts =48 x 107V

x =48



|

Ans.

Sol.

i~

Ans.

Sol.

A 2000 Hz, 20 volt source is connected to a resistance of 20 ohm, an inductance of 0.125/r H and a
capacitance of 500/x nF all in series. Calculate the time (in seconds) in which the resistance (thermal
capacity = 100 joule/°C) will get heated by 10° C. (Assume no loss of heat)

20 Q wftRIg, 0.125/n H SR&<d T 500/x nF |eRE S0 9 § 2000 Hz, 20 volt & |10 & I 2|
foam awg # ufoRIg &1 a9 10°C SR ? (Ui @1 s arRkar = 100 J/°C ) (S 81 T /1f9g 1)
50

2

power ¥fd (P) =12 R P= xR

rmS 2
\/RZ +(O)L - 1}
nC

where STl @ = 2 x 1 x 2000

(ms)A6 _ 100x10
P P

AH=(ms)AO=P (At) = At= = 50 sec.

A series LCR circuit containing a resistance of 120 ohm has angular resonance frequency 4 x 10° rad
s'. At resonance, the voltage across resistance and inductance are 60V and 40 V respectively. At

frequency the current in the circuit lags the voltage by 45° is equal to x x 105 rad/sec. Find value of x.
[REE - 95]

g &oft LCR uRuer & 120 39 &1 URRIg 8 Je S9! SO ATl Jmgiy 4 x 10° rad s7' 8 | oA
W, JRRIT T IR W fAWaraR HH: 60V 40 V 21 x x 10° rad/sec Mgy w® uRuer # €y,

favarR W 45° NS B, T x BT A ST B ? [REE - 95]
8
=_1 i
®= e (1)
% x (oL) =40 (i)
% x R =V=60 ... (iif)
_40 -
mL—GO R ..(iv)
1 _ 4
1 4R V)
®C 60

From equation (i), (iv) & (v)
o (i), (iv) T2 (v) & forg

1

L=2x10"H; C= 5 MF

V, -V, 1 =
:VR
from phasor diagram, V. -Vc=Vr
BoR I ¥ VL - Ve = VR
= XL—Vc =R = ol — L =R
O ¢
2

= mZL—mR—%=O = o= RWRHAL/C VI;+L4L/C=8><10~‘3rac|/sec.

x=8



SECTION (D) : RESONANCE
GUS (D) : AT

5.

An LCR circuit has L = 10 mH, R =150 Q and C = 1 uF connected in series to a source of 150\/E cos
ot volt. At a frequency that is 50% of the resonant frequency, calculate the average power (in watt)
dissipated per cycle.

T% LCRURur § L =10 mH, R =150 Q g2 C = 1 pF Sofiee § 15oﬁcosoata‘f?d$m@rge%
afe Mgy |, AT Mgy @1 50% & a1 ufa 9% afa ofa wfda (@fe #) sma a1

Ans. 75
50 1 1 1
Sol. f= xfi fz —x——— =
° 100 22 mlc ®T 2 Jic
X = oL ——| = 150
®C
Io= ﬁ = M Pcw = lrms Vims cOs¢ = IOVO XE: 75W
Z JR? + x? 2 Z
6.= In the figure shown an ideal alternative current (A.C.) source of 10 Volt is connected. Find half of the
total average power (in watts) given by the cell to the circuit.
RATgER 10 dlee &1 & el yamadt orT (A.C.) SId gRue # §aifoia § | A gR1 aRu &1 & 18
T AT R (dfe H) HT M A AT DR |
X =4Q
| | R1:3Q
I
(~)
/
10V
Ans. 9
PART -1l : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE
YRT -1l : U I UPh 9 3Afd §8) fddcd UBRONE OR MORE THAN ONE OPTION

CORRECT TYPE)

Section (B) : Power consumed in an ac circuit

Hug (B) : TATEd! 9RT uRu #§ oifdd =g

1.

Sol.

Average power consumed in an A.C. series circuit is given by (symbols have their usual meaning) :

yaamEd gRT Sof gRuer # &fa wifed &g 9 gR1 ) oIt  (ST8T Adval &1 ord A ®) —

2 2
(A*) Exms Trms COSO (B*) (Ims)? R (C*) EmacR (D*) Ima 121 COSO
2( zl) 2
Pav = (A) = (B) = (C) = (D).
An AC source supplies a current of 10 A (rms) to a circuit, rms voltage of source is 100 V. The average
power delivered by the source :
(A) must be 1000 W (B*) may be less than 1000 W
(C) may be greater than 1000 W (D*) may be 1000 W

U FATEd] gRT A &1 f39d 100 V (@ATH) & 921 39 gRu # 10 A (TALHA) A9 & ORT Jaiid &
BT & A 910 gRT <& 78 ofraq wifaq

(A) 1000 W B =Ry | (B*) 1000 W & &H &1 dahdl 2|

(C) 1000 W & 31fd 81 el & | (D*) 1000 W & \heil B |



Sol.

Sol.

4.

Pavr = lrms Vrms COS ¢
cos ¢ can not be more than 1 so power can not be more than 1000.

cos ¢ UH ¥ 3Afdd & & |qehar 3 wfdd 1000 ¥ 3rfdd &) & FHhl 2|

Which of the following quantities have zero average value over a cycle. If an inductor coil having some
resistance is connected to a sinusoidal AC source.

(A*) induced emf in the inductor (B*) current

(C) joule heat (D) magnetic energy stored in the inductor

1 & @ s IRE &1 e g 9w & fou owd W9 3 21 IR §s uiRig arel IRUT @usel
SAEHIT FAT TRT A A S B |

(A*) IR% # IRT fAarsa (B*) &IRT

(C) S Ho (D) 3R # wufed g Sl

Joule heat 5[ ™1 IZms R

Energy in inducting coil IRT Hosell @ Jhell =% L1ms .

In a series LCR circuit with an AC source (Ems = 50 V and v = 50/r Hz), R = 300 Q2, C = 0.02 mF,
L = 1.0 H, Which of the following is correct

oft LCR uRuet # Jamadi gRT A (Erms = 50 V @1 v = 50/x Hz) ST & T2 R = 300 Q, C = 0.02 mF,
L=1.0H Je1 81 a1 /1 § &9 |8 2|

(A*) the rms current in the circuitis 0.1 A

aRuer # qeiATeT go aRT10.1 AR |

(B*) the rms potential difference across the capacitor is 50 V

HgRT & AR R aviwren g1 fAvaR 50 VE |

(C) the rms potential difference across the capacitor is 14.1V

HaiRE & RRI W a3 qa1 fAvaR 141V § |

(D) the rms current in the circuit is 0.14 A

aRRuer # qeiAeT go aRT 0.14 AR |

Section (C) : AC source with R, L, C connected in series

¥ug (C) : R, L, C YA & A1 YATId! ST G

5.

In an AC series circuit when the instantaneous source voltage is maximum, the instantaneous current is
zero. Connected to the source may be a

(A*) pure capacitor

(B*) pure inductor

(C*) combination of pure an inductor and pure capacitor

(D) pure resistor

geaTad! a1 Sl gRue # 59 derfOre fava sfftrea BT § 99 deeIfOre ORT T Bl & Al 91 9 oSl
& Ahdr & —

(A*) g |uTRA (B*) TF IRFE

(C*) I€ Rd<d T Yg AIRA BT FATOT (D) = ufRi™

A coil of inductance 5.0 mH and negligible resistance is connected to an oscillator giving an output
voltage E = (10V) sin ot. Which of the following is correct

(A*) for o = 100 s' peak current is 20 A(B*) for ® = 500 s™' peak current is 4 A

(C*) for @ = 1000 s~ peak current is 2 A(D) for ® = 1000 s~ peak current is 4 A

5.0 mH IR&<@ Tl 0 ARRIY aTell gusell TP Siferd 9 eI © | s9@ i fv@ E = (10V) sin
ot. B | 98 BT BT I BN |

(A*) o= 100s" & forqg ofif a1 20 A2 | (B*) o= 500s" & forg ofif amr 4 A R

(C*)w= 1000 s & fog =i a=T 2A | (D) o= 1000 s & forg ofif a1 4 AR |



Sol. =& =190
oL  ox5x107
7. A pure inductance of 1 henry is connected across a 110 V, 70Hz source. Then correct option are
(Use = 22/7):
(A*) reactance of the circuit is 440 Q (B*) current of the circuit is 0.25 A
(C) reactance of the circuit is 880 Q (D) current of the circuit is 0.5 A
12 BT Y§ b 110V, 70Hz W10 & A1 JST & O Al B2 & — (= 22/7):
(A*) 9Ruer &1 ufdemd 440 Q 2 | (B*) uRu2r # &RT 0.25 AR |
(C) uRuer &1 wfrarg 880 QR | (D) uRuer % gRT 0.5A R |

8.= In the circuit shown in figure, if both the bulbs B1 and Bz are identical :

fATgaR afe 9@ By den B IUf: ¥9H © dl :

C =500 pF B

L= 10mH s B,
220V, 50 Hz
)

~

A4

(A) their brightness will be the same

(B*) B2 will be brighter than B+

(C*) as frequency of supply voltage is increased the brightness of bulb B+ will increase and that of B2
will decrease.

(D) only B2 will glow because the capacitor has infinite impedance

A) ST THS A BRN |

(
(B*) B2 @I TAd B 1% 8RN |
(C*) afe &a fawa &1 g gg1 &1 S @1 B &1 996 990 Tl Bz @ g |
(D) ®ael Bz THd M Faifes | &) ufoamen e ¥ |

220

2
R? +(1J
®C
Brightness of B1=Ic?R
B1 @&l 99® = Ic2R
220
R? + (L)’
Brightness of B2 = 1.2 R
B, @ @& = 12 R

here I > Ic So, B2 will be brighter.
JEIL > Ic 3T, B2 JNfH TS |

Sol. Ic =

IL=



9. A circuit is set up by connecting L = 100 mH, C = 5 uF and R =100 Q in series. An alternating emf of

(150\/E ) volt, @Hz is applied across this series combination. Which of the following is correct
Y

tH uRuer | L=100mH,c=5pFaaTR=1oogs‘mﬁﬁq@_%ﬂ%vﬁﬁumaﬁ(woﬁ)am,

@szﬁWmﬁfﬁmaa@ﬁﬁﬁﬁ@ﬂm%aﬁﬁzﬁwwwaﬁ—

T
(A*) the impedance of the circuit is 141.4 O
aRuer & ufderen 141.4 Q7|

(B*) the average power dissipated across resistance 225 W
TfeRte @& RRT W =g g wifaed 225 W R |

(C*) the average power dissipated across inductor is zero.
Re & RRT W g ofed =g OW R |

(D*) the average power dissipated across capacitor is zero.

HJaRT & R R 29 sivaa wifad 9= 7|

2
Sol. Z= \/R2 +(mL—iCj = J(100)? + (100~ 200)% = 10052
o

V.

rms

lrms =

Pr= IrmszR
P.=0
Pc=0

10. In a series RC circuit with an AC source( peak voltage Eo = 50 V and f = 50 /r Hz), R = 300 Q,C = 25
F.Then:

gmﬁRCuﬁ'w YT IRT Ad | ST 2 | o787 (3 ateest Eo= 50 V denf= 50 /x Hz), R = 300 Q,C
=25puF § @ :
(A*) the peak currentis 0.1 A (
(C*) the average power dissipated is 1.5 W (
(A*) ¥ gRT 0.1 AR | (
(C*) ara oifdd T 1.5W R | (

B) the peak currentis 0.7 A
D) the average power dissipated is 3 W
B) 3fif &RT 0.7 AR

D) 3fraa wifed @@ 3 W & |

SECTION (D) : RESONANCE
Gus (D) : AT

11.= In the AC circuit shown below, the supply voltage has constant rms value V but variable frequency f. At
resonance, the circuit :

R

1 1
;uF ;H

Vf
~
1O

A*) has a current I given by I = %

B*) has a resonance frequency 500 Hz
C*) has a voltage across the capacitor which is 180° out of phase with that across the inductor

(
(
(
(

D) has a current given by I =



Sol.

e T yamEdt arT uRuy # Ed fva &1 aen ga w9 V e @ den emgfa f uRafd & ar uRuy #
e B Reafd R —

(A*)tlﬁtr‘aﬁ%ﬂ?rl=%§l

(B*) gRuer &Y AT 3mgfy 500 Hz 2 |
(C*) uRur # HenRa & RRT W Iva IReb@ W R fava | 180° R &R 2 |

(D) uRuer # gRT 1= i
R? +(1 +1J
T T
1 1
Resonance frequency 3T Ry f= ——— =500 Hz
g y o 2n \JLC
At resonance 3% WX
Z=R

&dAgTl = V v

z R

L & C are in out of phase. L @211 C fauRa el & 810 2|

Section (E) : Transformer

EI“@'(E) TTABTHR

13.»

14,

A town situated 20 km away from a power house at 440 V, requires 600 KW of electric power at 220 V.
The resistance of transmission line carrying power is 0.4 Q per km. The town gets power from the line
through a 3000 V-220 V step-down transformer at a substation in the town. Which of the following
is/are correct

(A*) The loss in the form of heat is 640 kW (B) The loss in the form of heat is 1240 kW
(C*) Plant should supply 1240 kW (D) Plant should supply 640 kW

440 V fag@ oIfdd weH 9 U& ¥} 20 km 3 Reafd 8 14 220 V ©R 600 Kw faga wifda =nfey | fagga
YqT8 A dlell IR aTsd &I TRy 0.4 Q U4 fhflo B ¥ER &I GR aE9 §RT Uh H—<IE W
arfl TRAWER (step-down) 3000 V-220 V ¥ 2ifad a8 2 | /1 § & $I9 S w8t 8/87 —
(A*) ST & B H & 640 kW B | (B) &™T & ®YT H & 1240 kW ® |

(C*) a3 BT 1240 kW mYfdd o=+ =1fy | (D) |§FF BT 640 kW Mgt T A1flRy |

11 KW of electric power can be transmitted to a distant station at (i) 220 V or (ii) 22000 V. Which of the
following is correct

(i) 220 V 37 (ji) 22000 V ™R 11 kW &1 fagld oIfda gRed e &R 9ol ol g O 771 9 9 |81 doei &
TG PRI |

(A\) first mode of transmission consumes less power JTROT BT FH BN HH AT T B |

(B*) second mode of transmission consumes less power SaRYT &1 g a®T HF wIfdd T R |

(C) first mode of transmission draws less current HaRUT &1 UM TRIBT HH GRT TATRT B |

(D*) second mode of transmission draws less current @Rl &1 fgfia TRIBT HF ORI YaTlRT B |

Power factor may be equal to 1 for:
1 | e afdd qoie whie & dhd 8 —
(A) pure inductor (B) pure capacitor (C*) pure resistor (D*) An LCR circuit

(A) & RS (B) g wuR= (C*) I& wfoRry (D*) T& LCR uRu



Sol.

15._

Ans.

Sol.

Ccoso = E = R =1
z \/R2 +(x, _Xc)2
Because ®ifd XL = Xc

In a series R-C circuit the supply voltage (Vs) is kept constant at 2V and the frequency f of the
sinusoidal voltage is varied from 500 Hz to 2000 Hz. The voltage across the resistance
R = 1000 ohm is measured each time as Vr. For the determination of the C a student wants to draw a

linear graph and try to get C from the slope. Then she may draw a graph of [Olympiad (Stage-1) 2017]
1 V2 1 1 V,
(A) f2 against V2 (B*) — against — (C*) = against —  (D*) f against ——
" f Va f? Va JVZ V2

R-C 2o aRRuer 3 fawa @t amgfd (Vs) @1 2V wR o < & den samas fawa &1 smafkt f &1 500
Hz & 2000 Hz 9% dgoid 81 R = 1000 39 ufeRig & uiRd fava ux® 98a VR A101 ol 81 C &
e & fog e fenedt ve I 9% i aEd @ 1 o7 | C B T BRA B BIPRT HRA & a9
78 1 @ 99 9% di= gadl B 1

5 2 o 1 V2 o ] 1 N Vi
A) f2 g V, B*) — qeI S (C* & T — (D*) f o —=—
R 2 2 2 2
f Vi f Vi V2 -2
(BCD)
VR
VR =

YR
2 2
\JVS — VR

vsi2 is also straight line
VR

Graph between f & is a straight line.

2



PART - IV : COMPREHENSION

HRT - IV : 3TJTS (COMPREHENSION)

Comprehension -1

Sol.

Sol.

A voltage source V = Vo sin (100 t) is connected to a black box in which there can be either one element
out of L, C, R or any two of them connected in series.

V = Vo sin (100 t) &1 fava &1d, T @1t 999 (black box) & ST g3 & | 39 99 # LLC,R# d &I (&
AT B DT B AT 3T (aId AN HH H B Fhd & |

Black Box CAIECIER]

() ()
\— v=V,sin(100t) \— v=V,sin(100t)

At steady state. the variation of current in the circuit and the source voltage are plotted together with
time, using an oscilloscope, as shown

TS AT H URT TAT AId & A9d BT I & A1 URIT aIferd & dergar o uei¥fd 21

Vii
source voltage
iy = \/’2‘A’ A =i fawa
rff}(rent in R
<« theeircuit \ Y(sec.)
n uRuel § gRT
—Se(.
400
The element(s) present in black box is/are : BTl IR § SURT fagq B/ ¢
(A)only C (B)Land C (C)Land R (D*)Rand C
(A) Faa C (B) L 2 C (C)L @ R (D*) R@erm C

As current is leading the source voltage, so circuit should be capacitive in nature and as phase

. . m . . .
difference is not 5 it must contain resistor also.

q%wﬁwvﬁﬁwﬁm%mqﬁquﬁmwﬁuﬂﬁgﬁawwgﬂé‘i%mﬁ:
saH 7B URRY SuRed 2 |

Values of the parameters of the elements, present in the black box are -

(A*) R=50Q, C = 200 uf (B)R=50Q ,L=2mp
(C)R=400Q,C=50puf (D) None of these
Bcl dfT H SURIT 3fayd & WiaTell & A 8 —
(A*) R=50Q, C = 200 uf (B)R=50Q ,L=2mp
(C)R=400Q,C=50pf (D) S8 ¥ B3 TR
Time delay fder &g = LA = ==

® 00 4



2
R? + (1J
oC

V2=_10 Rros00

JR? +R?
and qer C = ;= 200 pF
50x100
3. If AC source is removed, the circuit is shorted for some time so that capacitor is fully discharged and

then a battery of constant EMF is connected across the black box, at t = 0. The current in the circuit will

(A) increase exponentially with time constant = 0.02 sec.
(B*) decrease exponentially with time constant = 0.01 sec.
(C) oscillate with angular frequency 20 rad/sec

(D) first increase and then decrease

g afe AC Wi g1 fear oy @ uRuyr @5 9w & fog agufda & onar & aifd werRy gofa: ARl
B OV iR daaeend & faa fga e 9a @ 981 $Tal 9fad (black box) § t = 0 999 W SiIGl SRl
21 a1 uRuy # grT —

(A) TR TTadH ©U A 9 fadaie = 0.02 sec. & 1T 9 |

(B*) I7a fAudie = 0.01 sec. & WY TR TG HY A TS |

(C) v Jmgfa 20 rad/sec | e BN |

(D) ugel g TqeAT 91§ H T |

Sol. For DC circuit
DC uRuer & forw

t
i=io® "¢ anddar RC=0.01 sec.

>t

Comprehension-2
An ac generator G with an adjustable frequency of oscillation is used in the circuit, as shown.

FARIRNTT SIferd MR a1l T Jargel! Sifa G &1 W UeiRia uRuer # fan S 2 |

R=100Q
L,=1.6mH
C,=2.5uF
G(S) C,=3uF = c T = :
45,F
L,=2.4mH
——000000 ~
4. Current drawn from the ac source will be maximum if its angular frequency is -

TG WId | ol TR GRT AfYBan BN I s dioig AT ® -
(A) 10° rad/s (B) 10* rad/s (C*) 5000 rad/s (D) 500 rad/s



Sol.

Sol.

Sol.

Sol.

Sol.

Current drawn is maximum at resonant angular frequency. Leq = 4 mH Ceq = 10 pF

AMAFHAH GgRT AT mgfay o Reafy # e 21
Leq=4mHCeq=10MF

o= L = 5000 rad/s

JLc

To increase resonant frequency of the circuit, some of the changes in the circuit are carried out. Which
change(s) would certainly result in the increase in resonant frequency ?

(A) Ris increased.

(B) L1 is increased and C1 is decreased.

(C) Lz is decreased and C: is increased.

(D*) Cs is removed from the circuit.

Ryl @ I gy ggM @ forg uRuy # §® uRadd o=a ugd | HF uRad</aRad+r &

IRUTRGHY AT 3Mgfa 98 S |
A) R9g™ = (B) L1 9™ WR dAT Cq TEM W
C) C2 9gM W oI L2 oM W (D*) gRUY | Cs &M W

D) Ceq decreases thereby increasing resonant frequency.

D) Ceq Tl & HRUT AT AMIRT g et

If the ac source G is of 100 V rating at resonant frequency of the circuit, then average power supplied
by the source is -

I IR W G &1 AR Mg W urgai® 100 V@ a1 91 §RT &1 T8 3fred efad 8l -

(
(
(
(

(A) 50 W (B*) 100 W (C) 500 W (D) 1000 W
At resonance IS W ims = % =1A

Power supplied & 7§ IR = Vims Iims cos ¢ (¢ = 0 at resonance 3148 W ¢=0 1) P=100W

Average energy stored by the inductor L2 (Source is at resonance frequency) is equal to

WREHE L2 §RT Gfrd S d Sott 8 (I AT *mafy R R)

(A) zero (B*) 1.2 mJ (C) 2.4 mJ (D) 4 mJ
Average energy stored Sifed aiga ot = % LiZ .

1
2

(24x10°H) . (1A2 =1.2mJ

Thermal energy produced by the resistance R in time duration 1 ps, using the source at resonant
condition, is

(A)oJ (B)1ud

(C)100 nd (D*) not possible to calculate from the given
information

1 us, SRR H URRIY R §RT S0 S SHoll 811, (A @l gl Rafd w) -

(A)oJ (B)1ud

(C) 100 pJ (D*) & TS AT | O HHT FTET B |

As 1us time duration is very less than time period T at resonance, thermal energy produced is not
possible to calculate without information about start of the given time duration.
1ps FHIATRRTE, FFAE B RAT H omad &1 T A 987 B9 8, 3 39 AHIRIA B IR 8 Bl Gl

P UG H S S FHoll P 0T F9G T8 B |




Comprehension-3»n

3133@_6{-3 n

9. =

10.=

1M1=

Sol.

In the LCR circuit shown in figure unknown resistance and alternating voltage source are connected.

When switch 'S' is closed then there is a phase difference of % between current and applied voltage

and voltage accross resister is %V. When switch is open current and applied voltage are in same

phase. Neglecting resistance of connecting wire answer the following questions :

frm & =iy LCR uRue # e ufeRig den gamafd dies &1 9 8¢ © | o9 doll 'S' &1 95 fean
m%‘,aﬁwamﬁfﬁaﬁwﬁw%%ﬁawuﬁﬁawﬁw @v%|ma§3ﬁaﬁsﬁm%

V2
gRT AT IRINT g F99 Sl § 2 | F99 AR $T YRY 707 A4 Y 77 U1 & IR QoY
/'S
1 1
H
25m 1007

©
Peak voltage of applied voltage sources is :
IRt favma & &1 ¥ dreear @
(A) 2002 v (B) 100 V (C* 100v2 v (D) @V
V2
Resonance frequency of circuit is :
aRRuey 1 AR AGRT ©
(A) 50 Hz (B*) 25 Hz
(C) 75 Hz (D) Data insufficient for caculation 0T & fory eidws Mala
2
Average power consumption in the circuit when 'S' is open :
T9 'S' gell 3,9 gRu # ofwa wfdd Iudi 2
(A) 2500 W (B) 3000 W (C*) 5000 W (D) 1250 W
When switch is closed 5@ @i 45 8
10
N
2 100V
450 S m
“J2

Vrms (applied) = 100 volts

Vpeak (applied) = 100\/E .
When switch is open a8 %1 ell &



150

271 i>< 1
\ 257 1007
Resistance TfeR1g R = XL = X¢ = 2rfL = 2Q

2
Average power consumption 3i7d Ifad SUHIT = (120j 2= 10200 = 5000 W.

f= = 25Hz




N

. Marked Questions can be used as Revision Questions.

= faffed ye= Sievm a7 ueE R

* Marked Questions may have more than one correct option.

* fafred ue @ 9§ e 9 e are u37 8 -

PART -1: JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARS)

T - 1: JEE (ADVANCED) / IT-JEE (U5 auf) & uyed

Sol.

Sol.

An AC voltage source of variable angular frequency o and fixed amplitude V connected in series with a

capacitance C and an electric bulb of resistance R (inductance zero). When o is increased :
[JEE 2010; 3/163, -1]

(A) the bulb glows dimmer (B*) the bulb glows brighter

(C) total impedence of the circuit is unchanged (D) total impedence of the circuit increases

Tgh C Rar arel ey den R ufeRly arel va figd 98 (s IRea g 2) &1 & uRadt aofy
AMIRT @ T ReR MM Vo dTel AC dieeal wrd & 2ofishd # SISt 741 2 | o &1 A 9gM W -
[ JEE 2010; 3/163, —1]
(A) 99 o dftq 75 8 IR B (B*) 9e8 @1 ftq N & el 7
(C) uRuer &) ge1 ufraren &1 ggert 2 (D) uRuer & Fe1 ufiaTen 9 ol 8
\

rms

R? +

Irms =

1
w’c?
when o increases, ims increases so the bulb glows brighter
Vv

Irms =

1
»’c?

S o 9, ims SN SARRY 9o9 & AT fig 81 o * |

R? +



You are given many resistances, capacitors and inductors. These are connected to a variable DC
voltage source (the first two circuits) or an AC voltage source of 50 Hz frequency (the next three
circuits) in different ways as shown in Column II. When a current I (steady state for DC or rms for AC)
flows through the circuit, the corresponding voltage V1 and Va. (indicated in circuits) are related as
shown in Column I. Match the two column.

[ JEE 2010; 8/163 ]

AT B Hg URIY, FITRT T IRB@ A €| $9®1 T gRadd! DC dieedl $d (g &1 gRuer) I1 50 Hz
%1 AC dreedl #id (@€ & A aRu) | Ife—3rel a¥ia 4 died 113 el W fEl & gaR ST
T 7| gRug # 1 gRT (ReR oraRen DC & fod a1 9719, AC & ford) yarfed &M W= dreedn Vq derm Ve
(aRuert & <ol TE) &1 U | Wew P 1 @R T B 1 Al B A DT |

[ JEE 2010; 8/163 ]

Column I Column II

é

\l VZ S

1 pa
6mH 3uF

| 2
(A) 1= 0,V1is proportional to 1 (p) Ay

& Sl S
cd B3 rd

(B) 1 0,V2> Vi (@ Ay

(C)Vi=0,V2=V (r)

(D) 1= 0,V2is proportional to I (s) v

(t) v



Y]

®ied 1 wfed 11

| 2
(A) 10,Vs A1 & Fargaredt 2 (p) Ay

(B) I 0,V2> Vi () Ay

(C)Vi=0,V2=V (r) v

(D) 1% 0, V2, [ & FHEIE 3 | (s) v

(t v

Ans. (A)-rs;t;(B)-q,rs;t;(C)-p,q; (D)-q,rs,t
As per given conditions, there will be no steady state in circuit ‘p’, so it should not be
considered in options of ‘c’.

) E Rafq § p’ # veng smazen 981 8| 31 98 fadwed ‘¢’ § A& oA =@y |



Sol.

pa V1 N | pa Vz N
6mH 3uF
| 2
Ay
As 1 is steady state current
Vi=0 ; I1=0
Hence, V2=V
So, answerof P= C
(a)
—— < v >
6mH 2Q
| 2
Ay
In the steady state ;
V1=0 as dt =0
dt
V2=V =IR
or V2 oc I
and V2 >V

So, answerof q=B,C,D

(r)

V, v,
& \l/ \l
6mH 2Q
)
Ty

Inductive reactance XL = oL
XL=6rx10""Q
and resistance = R =2Q

So, V1=1IXL
and V2 =1R
Hence, Va2 >V

So, Answer of r= AB,D

()
\% Vv

' —)
6mH 3uF
)
\_/V

Here, V1 =1IXc, where,
4

Also, V2 =1Xc, where,Xc = 10
T

So, Vo >V

Viocl

V2 o

So, answer of s = AB,D

XL=6rx10""Q



4
Here, Vi1=1R, where, R=1000Q, Xc = 130

Q
i

10°*

T

V2 =IXc , where, Xc = Q

So, V2 >V
and Viocl
V2 o
So, answer of t = A,B,D
Ans. (A)-r,s,t;(B)-q,rs,t;(C)-p,q; (D)-q,rs.t
Note : For circuit ‘p’:
. . 2 2
vol 90 o cveolBig o 0=Lc 989 di_ 149
dt C dt dt®  dt dt LC dt

1
So, i =i,sin t+¢
i [JLC J
As per given conditions, there will be no steady state in circuit ‘p’. So it should not be considered in
options
Sol. (p)

[

Ay
IESIERECRSIC I
Vi=0 ; I=0
JaVe =V

T P &1 A8l STRC B |
(@)

< >|< v >|
6mH 20
g
V.
S ERCEI
Vi=0 as ﬂ=0
dt
V2=V =1IR
a1 Vo o1
SR V2> Vq

A qbT IR = B,C,D
(r)



\Y}
IR ufderd XL = oL
XL=6rx10""Q

qT Ry =R=20Q
37d: Vi =IXL
qean V2 =1R
374, Vo > Vy

AT rd SR = ABDR|

(s)
& V1 S |/ V2 S

e

6mH 3uF

)
Ty

V1 = IXL, ST&l,

XL=6rx10""Q
10*
3n

31,

3rd:, V2 = IXc, T8, Xc =
3,
Vil
Va2 oc I
3 s hT ITX = A,B,D
t)

& \l/

Va2 > V1

10°*

T

@,  Vi=IR, 98, R=1000Q, Xc = Q

10

T

Va2 = IXc , Wi8l, Xc = Q

3d:
qen
V2 o
37c: t p1 3TN = A,B,D
Ans. (A)-r,s,t;(B)-q,rs,t;(C)-p,q; (D)-q,r,s,t
Note : uRu 'p'® forw

9. cv=ctd sqm o=1cdi,d

dt dt*  dt

Va2 > V1
V1ol

@,  i=g sin(

1
t
Jic +¢oj

g
dt

1 dq

LC dt

g1

& 2 Rfy # p' ¥ worrg sraxen & g | o I fAdved ‘¢’ § FE AT ARG |

Ans. (A)-r,s,t;(B)-q,rs,t;(C)-q; (D)-q,rs,t



A.C.

Sol.

Sol.

A series R-C circuit is connected to AC voltage source. Consider two cases; (A) when C is without a
dielectric medium and (B) when C is filled with dielectric of constant 4. The current Iz through the
resistor and voltage Vc across the capacitor are compared in the two cases. Which of the following
is/are true?

T WIS R-C gRu AC diesl |Id A ST & | & Rl W faar a9 (A) 99 C# wRidgd 8 8
3R (B) W19 C#H 4 W Igqaid &1 uared w1 7| UfeRg R ¥ yaTfRd oRT Ig @2 |WemRy C W fawaiaR Ve

B g 57 &1 Reafodi § @ 7 51 79 9 4 9 B9 99 B (8) ? [ JEE 2011; 4/160]
(A) 1A > 1B (B¥) 1A <18 (C*) V& >\eE (D) V& < V&
Ans. (BC)
R c
W 1
1 2
Case | © Z= |R? +(—J
oC
R
W 1
Case Il ©
I3 =% z<z
\
|14 =% <3
VE < Ve
So VE > Vg V2 +VE =V?
R c
W 1 >
1
R | 7= R2+(—J
oC
7\
poy
R 4C
W 1
Rerfa Il
-\
hoy
I3 =% z<z
|14 =% <3



Sol.

5.»

Ans.

A series R-C combination is connected to an AC voltage of angular frequency o = 500 radian/s. If the
impedance of the R-C circuit is Ry/1.25 , the time constant (in millisecond) of the circuit is
#ofi—gg R @1 C &1 o= 500 radian/s ®10fi@ 3mgfed & AC 91d 9 SireT T & afe R-C aRuer @t wfiaren

R1.25 B d9 SH®T Bleliad (time constant) (el dwvs #) B | [ JEE 2011; 4/160 ]
Ans. 4
|c| W
R
(=)
_/
W =500 rad/s
2
Z- f(ij +R? =R125
oC
2 2 2
1) +Rre=R2(1.25) ) sre=re+ B
oC oC 4
= ng CR:E:isec_
oC 2 ) 500
= 2 x103 mszm ms =4 ms
500 500

In the given circuit, the AC source has o = 100 rad/s. considering the inductor and capacitor to be
ideal, the correct choice (s) is(are) [NT-JEE-2012, Paper-2; 4/66]
f& T gRuy § AC &I @1 AT o = 100 rad/s g | URH dA AITRF BT G AFGY |al fadwed
(i) &1 gama o |

100|uF 1000
—| ——— MWWW———

0.5H 50Q

1A UUOO

@20V

A*) The current through the circuit, I is approximately 0.3 A
B) The current through the circuit, I is 0.3v2 A.

(

(

(C*) The voltage across 100Q resistor = 1072 \%
(D) The voltage across 500 resistor = 10V
(
(
(

A*) aRuer # gRT T 1=0.3A R
) uRuer ¥ R 1= 0.3V2 A%

B

C*) 100 Q wRRIY @ RRY W fwg 10V2 V|
(D) 50 QuftRIg & RRT wR favg 10V R |
(A,CorC)

1
Since Iims= — ~ 0.3 A so A may or may not be correct.
S ﬁ y y
mﬁﬁshmﬁ%z 0.3 A2 gafory A®l G& Hfl AFT ST Fepal 3R Terd W AT S Fepal & |

-_—



1 1
®C  (100) (100x10°)
Xc=100Q, X = oL =(100)(5)=500

Zi= X2 +100° =100v2Q

Z2= X2 +507 = /507 + 50° = 50v2

Sol. C =100 F,

g= 20\/Esin ot
= 2042 sin (ot + 7/4)
100~+/2
i1 = %Sin (ot + n/4)
I2 = 202 sin (ot — /4)
50+/2
(iﬂ)max = 02 A
| = (2)2+(.4)2
=(.2) 1+4
1 1
=— 5= —
5 \/7 5
(o= ——— = L = ¥10
rms — - -
V25 10 10
~0.3A
0.2 20 \/5
V ms = (I1)ms) X 100 =| —= 100= — =10 V
(V1000)rms = (11)rms) (\/Ej %
04 20 \/5
V ms=|——| %50 = — =10 V
500)rms (\/Ej %
1
Since Ims = —~ 0.3 A so A may or may not be correct.
S \/ﬁ y y
FIfE [rms= %z 0.3A R safert A &l T Wl d91 S b1 3R Toqd Y 791 ST Il 2 |



Ans.

Sol.

Ans.

Sol.

Paragraph for Questions 6 and 7

T 6 3R 73 Ry AT

A thermal power plant produces electric power of 600 kW at 4000 V, which is to be transported to a
place 20 km away from the power plant for consumers' usage. It can be transported either directly
with a cable of large current carrying capacity or by using a combination of step-up and step-down
transformers at the two ends. The drawback of the direct transmission is the large energy dissipation. In
the method using transformers, the dissipation is much smaller. In this method, a step-up transformer is
used at the plant side so that the current is reduced to a smaller value. At the consumers' end, a step-
down transformer is used to supply power to the consumers at the specified lower voltage. It is
reasonable to assume that the power cable is purely resistive and the transformers are ideal with a
power factor unity. All the currents and voltages mentioned are rms values.

_[JEE(Advanced)-2013; 3/60]]
T AT fagd WIS 600 kW @ 2IfaR 4000 V R IAIRRT HRaT 8, St 20 km @ §0 W SUFIRISAT B

ST & fIU of IR Sl 21 ST I1 A1 ST GRT GE9—&THdl alel didel | AST ST Fhal & IT &
AR R STl 9 SoErl SIABER &1 YN B [hal Ol Fhdl & | Ucdel J9u &1 a9 I8 & fb g
FHoll &7 &g 987 1% a1 R W6l SABAR & TR & aie # & 950 B BT 2| 39 a0 H Uh
SR SFAHIER I P R AT Sl & RO ORT &1 719 $H 81 9V | ST & KRR # ro=r)
SIABIR &1 TN fbar Sran 2 R Suiadill &1 T faRy &9 diee W faga ofda & &1 99 | I8
AET S Gl & 6 B gg IRIfEd 8 T SIwiR eel &, 9 961 ¥fdd o & & | Sfeafad
O gRISH g dieearsii b1 919 rms ® |

If the direct transmission method with a cable of resistance 0.4 Q km™ is used, the power dissipation (in
%) during transmission is :

afe U »fdd &1 SWT e oy et ufRlg 0.4 Q km™' @ @@ yxae uvor & Rafa § wifda e
(%#H)2 :

(A) 20 (B*) 30 (C)40 (D) 50

(B)

P =600 x1000=4000x1 =1=150A

Power loss ¥Ifad &1 = I2r = (150)2 x 0.4 x20 = 180kW

Power loss percentage ufaera # wifad &g = Power loss x100 = 180

Power input 600

x100
=30 %

In the method using the transformers, assume that the ratio of the number of turns in the primary to that
in the secondary in the step-up transformer is 1 : 10. If the power to the consumers has to be supplied
at 200V, the ratio of the number of turns in the primary to that in the secondary in the step-down
transformer is :

SIRIHIER & YA B drell Ay §, a8 99 Swrf %R © wafde 7 fgdfas d§ auel & Gxar &
Jgurd 1:10 & | 3T Riga wfed, Suwwraell @1 200V R & SRl 2 A1 o= gRwiR 4 mefie g
fgdras & el @ | &1 U ®

(A)200:1 (B) 150 : 1 (C)100: 1 (D) 50 : 1

(A)

N, 40,000 _ 200

N 200 1

S




8.»

At time t = 0, terminal A in the circuit shown in the figure is connected to B by a key and alternating
current
1(t) = Iocos(wt,), with Io = 1A and o = 500 rad s~ starts flowing in it with the initial direction shown in the

figure. At t = (75_71 the key is switched from B to D. Now onwards only A and D are connected. A total
Q)

charge Q flows from the battery to charge the capacitor fully. If C = 20u, R = 10Q and the battery is
ideal with emf of 50V, identify the correct statement (s) [JEE (Advanced)-2014,P-1, 3/60]

M

R=10Q

(A) Magnitude of the maximum charge on the capacitor before t = (75_71 is1x 1072 C.
Q)

(B) The current in the left part of the circuit just before t =;—n is clockwise
Q)

(C*) Immediately after A is connected to D. the current in R is 10A.

(DYQ=2x10"3C.

forg & <y W Ry § I t=0 R g A3 Rea g™1 g B 9 Sl ofiar 21 3899 uRu 3§ U@
gmEc aRT I(t) = locos(ot) fora # fexars 718 e & yarRd 8 <l 8, ST&f o= 1A T @ = 500 rad s~ |

Wt=;—nw%maﬁﬁ§8®3€mﬁ§Dé\ms| ST & | 39 geard e Aden D §S gV B
(O]

FaIRT B T TRE MIRT T & oIy Te | ot maw Q yarfed g g1 IRk C = 20y, R = 10Q T
et 50V fagd d18® 9o arell ATy STl 81 79 Wl fadded/fadedi B gfg|

B D

M

R=100
(A) H’%m?sru'\fwt:;—n A UTA AMHAH AT HT GRAT 1 x 103 C 7|
Q)
(B) 9Ty uRuy # 97 t = ;—n@ 3% gl faga o féomacdt (clockwise) 2 |
Q)
(CHfag Al fIg DA St & g U¥anq URig R4 fIgd o=1 &1 A9 10A T |

(D*)Q=2x 10" C.
Ans. (C), (D)



Sol.

Hindi

Charge on capacitor will be maximum att=—

Qmax = 2 % 103 C

(A) charge supplied by source fromt=0tot= —

I

60
Q= j cos(500t)dt = {
0

R =100

Apply KVL just after switching

Q

50+ 1 -IR=0 =
C

I=10A

In steady state Q2= 1mC
net charge flown from battery = 2mC

HRT WR I t = %WWEW
w
Qmax =2 x 10_30
(A)t=0®ft=;—7T T® S gRT Al e
o

I

Q= Tcos(SOOt)dt {
Foll 98 P B D 91

n H
sin500t oo _ ¥ g
500 |, 500
Just after switching
s ———s50v

n I
sin500t Joo _ 5" g
500 |, 500

R =100

— 50V

Hol 9€ PR b SIb d1& KVL o+ W) 50 +

R sraer § Q2= 1mC

20
r
6w
=—1mC
In steady state
QZ__
FF+++ —
—CT_
+ —
——AWWN—
R =10Q
=-1mC
R srawen |
QZ__
FF+++
—CT_
+ —
——AWWN—
R =10Q
&—1R=0 = I1=10A
C

e 9 yarfed g A = 2mC

— 50V

— 50V



Ans.

Sol.

In the circuit shown, L =1 pH, C =1 uF and R = 1 kQ. They are connected in series with an a.c. source
V = Vo sinot as shown. Which of the following options is/are correct ?
[JEE (Advanced) 2017, P-1, 4/61, -2]
L=1uH C=1uF R=1kQ

——N—] —wWwhW——

<~ Vesinot

A) The current will be in phase with the voltage if ® = 10* rad.s™
B) At o >> 10° rad.s™, the circuit behaves like a capacitor

C*) The frequency at which the current will be in phase with the voltage is independent of R

(D*) At  ~ 0 the current flowing through the circuit becomes nearly zero

fom 4 @ I gRuer L=1puH, C=1puF, R=1kQ & | & aRadt dieedr (V = Vo sinot) & & oft
a9y B | 91 § D1 1 () B FE /2 1?

L=1uH C=1pF R=1kQ

——N—] —wWwhW——

<~ Vesinot

(
(
(

A) 9 o = 10% rad.s' 8171 d9 fag[@ &R (electric current) dieeal @1 W& § B |

(
(B) 51§ w >> 106 rad.s™!, gRuer W= (capacitor) @) dRE FTER BT & |
(C*) 519 fagld gRT dreedt & FHGe H B8R A1 98 IMafi R W iR T8 el |
(D*) 519 o ~ 0 B 9 uRu # g&cil gRT T & Fde Bl |

(CD)

Current will be in phase with voltage at resonant frequency.

AR AGRT W GRT oA dreed] F9 bl H 81 |

oL = 1 = 0o = L 10° sec™

»C JLC

Ifafed w>wo  Circuit behaves like inductive. IRYe1 IS BT |

Ifafe w~0 Z>0 = >0



10.

Ans.

Sol.

The instantaneous voltages at three terminals marked X, Y and Z are given by

d el & fA=gelt X, Yud Z & forg awerfores dreedr (instantaneous voltage) &1 78 2 |

Vx = Vo sinmt,
Vy = Vo sin ((ot +2?nj and Vz = Vo sin ((ot +g—nj

An ideal voltmeter is configured to read rms value of the potential difference between its terminals. It is
connected between points X and Y and then between Y and Z. The reading (s) of the voltmeter will be
[JEE(Advanced) 2017 ; P-2, 4/61, -2]

T 3Mee dreeHd! (ideal voltmeter) &1 f9gil @& fawamaR &1 sk TF TH (root mean square, V™) 19
SqT 2| I8 dreeHdl g X wd YA Sirel o & R Y Td Z 9 Sirel O 21§49 dieeHdl &1 A

BI/81 |

I3
A* Vrms =V =
( ) XY 0 2
(B) Vrms =V ’1
Yz 0 2

(C*) independent of the choice of the two terminals (fefl ¥ a1 g3l & =M W ¥R =721 &=a)
(D) Viv* =V,

(AC)

Vi = Vx— Vy = (Vxy)o sin (ot + ¢1)

(Vxy)o = \/VOZ +VE -2V c:osz?7T =3V,

(ny)O _ EV
2 \N27

Vyz = Vy -Vz= (Vyz)O sin (O)t + ¢2)

(ny)rms =

(Vyz)o = \/VOZ +VE-2V2 c:os%T = ‘/§V0

(Vyz)O _ EV
NP

Vyxz = Vx—=Vz= (sz)O sin ((Dt + ¢3)

(Vyz)rms =

(Vxz)o = \/VOZ +VZ-2V2 cos% =43V,

(VZ)O 3
(Vie)ms = —=— = |=V,

2 2
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T - 11 : JEE (MAIN) / AIEEE (U au8f) & g

Sol.

Sol.

3=

Sol.

Ans.

A circuit has a resistance of 12 ohm and an impedance of 15 ohm. The power factor of the circuit will be

el URuey 1 FRRIY 12 ohm qer SR 15 ohm & | aRRuer &1 oIfdd oris e —

[AIEEE 2005; 4/300]
(1)0.8 (2)0.4 (3) 1.25 (4) 0.125
Power factor

R
Ccos ¢ >
_12 4
15 5
=0.8
The phase difference between the alternating current and emf is n/2. Which of the following cannot be
the constituent of the circuit?

Tl gRT Tl fgaars® 99 & 1 dorR w2 § | Frefaied d ¥ P9 39 uRuy @1 ofeyg T8 8l

AHT 8 ? [AIEEE 2005; 4/300]
(1) C alone (29 R, L (3)L, C (4) L alone
(1) daat C (2*)R, L 3)L, C (4) dae L
tan¢=§=oo=1 = R=0

R 0

In a series LCR circuit R = 200 Q and the voltage and the frequency of the main supply is 220 V and 50
Hz respectively. On taking out the capacitance from the circuit the current lags behind the voltage by
30°. On taking out the inductor from the circuit the current leads the voltage by 30°. The power
dissipated in the LCR circuit is

T S0t LCR Rur 3 R = 200 Q3R I Uerl W &1 dleedl Td MgR1 HHe: 220 V Td 50 Hz B |

gRue § I FuRY e o TR gRT dicedT I 30° 9% 81 it 8 | aRuel § I IReb dra o7 R oRT

dreedl | 30° 37T & 9kt 8 | LCR gRuer # @ua wf [AIEEE 2010; 4/144, —1]
(1) 305 W (2) 210 W (3) zero AW (4*) 242 W
tan30°=ﬁ = XL = i:@

R BB
tan30°=& = Xc=@

R 3
Z= JR+(X_ - X, =2000Q
Irms = @ =11

200

P = (ims )2 x R = (1.1)2 x 200
P=242W

An arc lamp requires a direct current of 10 A at 80 V to function. if it is connected to a 220 V(rms), 50

Hz AC supply, the series inductor needed for it to work is close to : [JEE (Main) 2016, 4/120, —1]
U®H AMH o B JHIRIG B & ford 80 V W 10 A &l i gRT (DC) @ aeIdHmal Bl 8 | ST

B 220 V(rms), 50 Hz yamacdt gRT (AC) ¥ Ta™ & ford oioft # ov= arat WRdbad &1 A9 & |

(1) 0.08 H (2) 0.044 H (3) 0.065 H (4) 80 H
(3)



(o]
o

Sol. R

—
o
I
o)
e

V?2 +802 = 2202
V2 = (220 + 80) (220 — 80)
=300% 140 = VL =204.9

lms XL = 204.9
_ 220 =25
\,64+XE
5. For an RLC circuit driven with voltage of amplitude v, and frequency w, = % the current exhibits
resonance. The quality factor, Q is given by : [JEE (Main) 2018; 4/120, -1]
Uy, AT el mo=% IR & fava gRT aferld & RLC 9Rue Irifad 8Ia1 81 ol &R& Q &
A B
R CR oL ®,R
1 2) — 3% 2= 4) =2
()(%C) ()0)0 ()R ()L
Ans. (3)
Vo
A
Sol. m e e o
|
D
N S T
| ! |
1 1 I
1 1 | o
W1 Wo Wo T W
Band width 978 R w2 — w1 = %
0, oL

Quality factor fa=rsar Jonie Q = = O

o,-o, R



6. In an a.c circuit, the instantaneous e.m.f and current are given by

& a.c URUY & fIgd aeed 9 a1 gRT &1 aretford a9 Frefalad aexei | e g |
e = 100 sin 30t

i = 20 sin (SOt—Ej
4

In one cycle of a.c the average power consumed by the circuit and the wattless current are,

respectively: [JEE (Main) 2018; 4/120, —1]
a.c® U&H Yui I # gRUY gRT ird ufad &3g e 9ced gR1 & A, HA: © ¢
50 1000
1) —=.0 2) 50,0 3) 50,10 4*) ———10
(1) 72 (2) 3) (4%) 72
Ans. (4)

Sol. e = 100 sin30t
i = 20sin (30t—£j
4

Pav = ems irms COS = —=—=—W
a s Irms ] > > 2 \/E



Il High Level Problems (HLP)

SUBJECTIVE QUESTIONS

fA9gTH® Y9 (SUBJECTIVE QUESTIONS)

1. A current of 4 A flows in a coil when connected to a 12 V d.c. source. If the same coil is connected to a
12 V, 50 rad/s, AC source, a current of 2.4 A flows in the circuit. Determine the inductance of the coil.

Also, find the power developed in the circuit if a 2500 uF condenser is connected in series with cail.
[REE - 1993]

T9 fH gueell B 12V S R grT 917 § SISl O 2 @ SEH 4 A $) g1 varfed Bl 81 Ak =i
Fuedll B 12V, 50 rad/s, & FAE GRT AId 4 Srsd © o 2.4 A P gRT FaI2d B0 © A1 Gosall B
R A BRI? AR FoSell d A 2500 pF B FRA Sofshd # Srs e o a1 vy § I
NIESESIGECa [REE - 1993]

Ans. .08 H; 17.28 watt

Sol. given that f&ar —

Z:E =50
24

22 =R + (oL)
25=9+ (50 x L= L=0.08 H

Now for LCR circuit, Z = \[R® +(X_ — X; )*
a9 LCRuRuy & forg 2 =JR? +(X_ - X, )

2
= |3 +[50x008-— 1 | =50
50x2500%10

2 2
So Power S0~ 31fad = [%} xR = [%} x 3 =17.28 watt.

2. A box P and a coil Q are connected in series with an AC source of variable frequency. The EMF. of
source is constant at 10 V. Box P contains a capacitance of 1 uF in series with a resistance of 32 Q.
Coil Q has a self inductance 4.9 mH and a resistance of 68 Q. The frequency is adjusted so that the
maximum current flows in P and Q. Find the impedance of P and Q at this frequency. Also find the
voltage across P and Q respectively. [REE - 98]

Tg 9 P A1 T qreae! Q B SoihA § Tdh uRRad! 1gil arel Imadi—aRT |d 9 STl 9idl § | 9
1 fagaaEe® 9d 10 VIR ReR & 21 999 P H 1 pF &1 §uIiRa don 32 Q &1 Ua ukRig #ofispd 3§ g
2 | BUSHl Q BT WIRDE 4.9 mH T1 IRRIg 68 Q & | Fid &1 IMRT 39 THR FHRIMSTT &1 ol & & P
T Q # WETH URT warfed Bkt B | 39 gy R fF P den Q @ ufEeml 91 HIY | P den Q & RRi
R fa9g & A ET HIRTT |

[REE - 1998]
Ans. P=76.96 Q,Q=97.59Q,P~7.7V; Q=9.8V, netimpedance = 100 Q
P=76.96 Q,Q=97.59Q,P ~ 7.7 V; Q= 9.8 V, gl Hfcramen = 100 Q



Sol.

Ans.

Sol.

4.9 mH, 68 Q

1uF, 320
f20 ()
L P J

/)

A

10 Volt
Here I8T L = 4.9 mH
C=1uF
R=68+32=100Q

o)=L = 1><105 rad/sec

Jc 7

Z,= (32 + (1/oC)} =76.96Q

z.= /(68 + (oL =97.590Q

Total imedence &a Ufamen, Z = R* +(X_ - X, )

5 52
=\/1002+(%x4.9x10_3—7:30 j = 100Q

-6

1 = ﬂ
rms 100
V,=Z x1_=77V

V,=Z,x1_=9.8V

In a series LCR circuit with an ac source of 50 V, R = 3002, frequency v = 0 Hz. The average electric
T

field energy, stored in the capacitor and average magnetic energy stored in the coil are 25 mJ and 5 mJ

respectively. The RMS current in the circuit is 0.10 A. Then find:

(a) Capacitance (c) of capacitor
(b) Inductance (L) of inductor.

(c) The sum of rms potential difference across the three elements.

LCR #rofisp uRuer # gaamadt & 50 V, R = 300Q, Jmgfi v=5—0Hzgéa%|ﬁurﬁaﬁﬁﬁaaﬁw
T
faga o1l den e ¥ AR o gEe IS HHE: 25 mJ T 5mJ B 99 b aRuy § aiiHeTd

gRT 0.10 AR | I9 ST I —
(a) GaTRT o1 giRkar (c)
(b) BUSE BT IRFbE (L)

(@)C=20pF (b)1H (c) 90 V

ms

Av. electric field energy 3ia fag@ SHeif = (%CV2

1 1
—xcl2 x —— =25x%x103J
2 ™ 4An?v2c?

b)
(c) T Tl & RRT R T7me o fawar=R &1 I |
a)

j =25x102J

C=20pF

Av. magnetic energy i d RO Frolf (%LlfmJ =5x 10"



2x5x107°

L= ———— = L= 1 henry &=
(0.10)
VR = Irms'R VC = Irms XC
1 50
=0.10 x 300 = (0.10)x = 0.10x 2nx == (1)

T

27'5(50}<20><‘|06

=V, =30V V=50V V.= 10V
rms voltate of source T &1 97 #1ed g E, = 50 V (given in the question) ¥e & faar m 2|

An inductor 20 x 10-% Henry, a capacitor 100 yF and a resistor 50Q2 are connected in series across a
source of EMF V = 10 sin 314 t. Find the energy dissipated in the circuit in 20 minutes. If resistance is
removed from the circuit and the value of inductance is doubled, then find the variation of current with

time (t in second) in the new circuit.

20 x 10 8 WP, 100 uF &1 RS T21 50Q &7 ufeRie V = 10 sin 314 t A arga wa & Sof w7
# ge 21 uRuy # 20 fme & 89 arell ot g1 s a7 afk aRuy | wftRiy a1 R o qen
IREE BT A9 GTHT B A1 SR @1 T uRuel 3§ a)1 &1 999 ({dvs) & a1l gRad o dR1?

Ans. 951.52 J; 0.52 cos 314 t

Solu.

Given that fe= gam ©

L=20x102H

C=100x10° F

R=500Q o=314

V=10sin 314 t At =20 x 60 second

2
Vo R x At
V2 z

rms

()AH= 12 R (At) = (

2
here z = \/R2 +(mL—ij = |/(50)° +(6.28-31.8)° =56.150)
oC

(i) 1 =1, sin (314 t + 1/2) where wTef I = Vo

(oa(ZL)— (:Cj

The electric current in an AC circuit is given by i = i; sin wt. What is the time taken by the current to

change from its maximum value to the rms value?

T eI g # i = i sin ot gRT GdRd € W€ ¥ | 9N DT g6b AfADTH AE A 9HL I qH A

gRafda g9 & fean I5g o/mm?

Ans. T/8 or I

Solu.

40
L =1 sinot,
I,=1;sinot,

VL = Irms x (DL



Ans.

Sol.

Ans.

Sol.

A circuit containing a 0.1 H inductor and a 500 uF capacitor in series is connected to a 230 volt, 100/x
Hz supply. The resistance of the circuit is negligible. (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 average over one cycle.]

T gRu H 0.1 H SRS Tl 500 pF &1 G #ofisea § 230 volt, 100/n Hz & S 4 IS @ | aRue
BT AR 09 B | (a) IRT HT W AM T IALHA 99 S0 BRI 2 (b) TIF (agd & RRI W fI9aura
BT AT I A1 S BRI 2 (C) IRbed DI RIFEIRA rda o1fdd 5ia &1 ? (d) GaiRE &1 er=aRa
Jira wIfda & AR ? (e) IRUA B g T wid A BRI ? [IET Sd AH, oA B I% B fog A
BHRAT 2

(a) 23 J2A 23A (b)460 volt, 230 volt(c) zero T (d) zero LI (e) zero Y.
Give that (f&a1 T )

L=01H
C=500x10°F
V. . =230vol, f= m Hz
T
@)1, = 2= = 22
S Z Z
where S8l Z = i oL— =2xfL— 1 =20-10=10
»C 2nfc
&I,= 2 x1 =232
(B)V. =1__ (o) v, = Irms(ij
®C
(C) < PL> = rms Vrms Cos ¢ hel’e G‘g\i‘ ¢ = 900 SO <P> = 0
(d)<P,>=0 (e)<P,>=0

A series LCR circuit with L = 0.125/r H, C = 500/= nF, R = 23 Q is connected to a 230 V variable frequency
supply.

(a)F)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 what reactance of the circuit , the power transferred to the
circuit is half the power at resonance? What is the current amplitude at this reactance? (d)If o is the
angular frequency at which the power consumed in the circuit is half the power at resonance,write an
expression for o () What is the Q-factor (Quality factor) of the given circuit?

i LCR uRuer 230 V uRafia amgfar arel w1 9 1 @, 981 L = 0.125/n H, C = 500/n nF, R =23Q &
(a) URT M & AfGad 99 & fog Ad &1 MR =1 BN ? 3ABT AfdBas 719 A B |

(b) ¥ @ fha amafd @ forg uRuy g1 =g ofga wfad aiffeaw 8 ? eiffeaw oifdd &1 #F &1
PRI | (c) uRua & fra afdard & fog aRuyr &1 IRy wfdd AR R a1 ofdd &1 ol 8 2 §9
AfreTd IR RT3 a1 © ? (d) I dofiE emghd o W) uRue § o5y wufad g R wfed @ ol ©
A 59 0@ foy &od 91 17 (e) Ry T aRuy &1 Q-Tona (ferwar Jonis) =1 8 ?

(a) 2000 Hz, 104/2 A (b) 2000 Hz, 2300 watt (c) 23 Q, 10 A.

0.125 1x10°
_ =+
(d) —o-—gg =t 23 (e) 500/23
0\)7
T
Given that (f&am 1 ®)
L=0.125/n C= 500 x 10°F
T
R=23 V__ =230 volt
1 1 230
a)f. =— —— =2000Hz 1 __(max) = — =10 Amp.
(@ f; 2n JoL ms (Max) = p



(b) at Resonance 317-Ts W f, = 2000 P =12_R=(10)? x 23 = 2300 watt

2
@=L R =i lR=1, ==
2 2 J2
Vv I 230 10
rms = rms = - X = 23 Q
JRZ+x2 N2 J@23)R %2 2
I, =1 s X ~J2 =10 Amp.
ol - =+230 =2
®C
| 2xmx2000x 2120
e)Q= 2= = T _
R 23 23
8. The maximum values of the alternating voltages and current are 400 V and 20 A respectively in a circuit

connected to 50 Hz supply and these quantities are sinusoidal. The instantaneous values of the voltage
and current are 20042V and 10 A respectively. At that instant both are increasing positively.
Determine the average power consumed in the circuit.

e gRuel 5 50Hz Mgy S | SireT 1 &, § UAmEd| dieedl ol §RT &1 ffedbad #19 HHen: 400 V

AT 20 AR 9 A UGB WU 2| diecdl 9 URT B dIEIOb d19 HA: 20042 V T2 10 A 1 39 &0
I g feen ¥ gfgme g1 uRuy # =fda ofa wifdd st aifig |
Ans. P =3864W
Sol.
o = 2nf = (1000) rad/s
From the above two figures we can write :

2002 V 10A :
450 60° |
0\ 0, \}
400V /" 20A /"
sinot sinot
Reference circle for voltage Reference circle for current

V =400 sin(ot + 0,) = 400 sinP 00xt +ﬂ

i = 20 sin(ot + 0,) = 20 sin {1 00nt +%}
Phase difference between V and i :

U
= (n/4-n/6)=—  or15°
¢ = (/4 = nf6) =7

P=V .  cosd= (%} (%} cos15° = 3864 W



Sol.

2002 V 10A .
450} 60°
o\ 0, \ |
400 v'/" 20A /"
sinmt sinmt
dieedl @ fofg AFe g gRI1 & oy we g

® = 2nf = (1000) rad/s
Swfad <1 Al 9 89 forg wahd ©

V =400 sin(ot + 0,) = 400 sin{1 00xt +ﬂ

i = 20 sin(ot + 0,) = 20 sin{1 00nt +%}

vV arn i H haTaN

o= (t4-n6)= ~  or15°
P=V .  cosd= 4001120 cos15° = 3864 W
V2 ) (2
A 750 Hz, 20 V source is connected to a resistance of 100 Q, a capacitance of 1.0 uF and an
inductance of 0.18 H in series. Calculate the following quantities : (Olympaid 2013-14)

(a) Impedence of the circuit

(b) Draw an impedence diagram with suitable scale

(c) Power factor

(d) The time in which the resistance will get heated by 10°C, provided that the thermal capacity of
resistance = 2 J/°C

750 Hz 3mgfd, 20 V &d & |1 100 Q UfRig, 1.0 pF |GeiiRa @21 0.18 H &1 WRab ot %9 4 §s g
2| fo=1 fRmat &1 w9 st Ry | (Olympaid 2013-14)

(a) uRuer &1 gfderen

(b) STgT UM & |1 yfEen IR" Ui R

ORIEAIEY

(d) 98 I99 3 &)1 s gfoRig 10°C T 81 oA g, iR mn ® 6 ufoRly @ St etRar =2 J°C @

— 1WF —WWA——10000"
100Q 0.18 H

()
—/

750 Hz
z= (X -X;)?+R?
® = 2nwt = 2(750)1 = 15007
X = o _=(1500n) (0.18)=848.5 Q



z= ,/(636.4)% + (100 = 100/(6.364)? +12 =100 x 6.44 =644 Q
X, - X, _848.5-212.12

tang = = — =6.36
R 100
(C) cosd =E 100 =0.155
z 644
(B) impedence is constant as n is constant gftaren fa@ & @ifs emgfa n faa &
(D) = Ems - 20
ms z 644

N2 20
H= (i Rt = (MJ (100}

(ms) (A0) = (644} (100) t

(2) (10) = (—OJ (100) t
44
644 1 % 20
20 100
t = 207.36 sec.

10. In the given circuit &3 T aRuey #

R, =4Q  XL=3Q
—— AW —— TS ———

R2=GQ XC=SQ

AMAMA | |
VYWYV I I

Rs = 10Q X'L=10Q
—ww»—rmmm—n—

=10Q

~

Vims = 100 volt

)
\./

Calculate ST I |
(a) Current in each branch. 9% wRam # fag@ gw1
(b) Power generated in each resistance T® UfeRieg § S0 9Ifad |
(c) Total power generated in the circuit. aRYY % I~ et 20 |
(d) Net current drawn from source. TAd ¥ FaTfed Bl &7 |
(e) Net impedance of the circuit. TRU &1 g Ufdamen

Sol.  Impedence of each branch Y& 2T & Hfaern

Z,= JRZ+ X2 =4? +37 =5
Z,=62+8 =10
= J(10? +(10-10)* =10

(a) Current in each branch Y% T § &RT

I = 1=m=20 Amp.
Z, 5




1.

100

I,=—=10 Amp.
2~ 70 p
100
I,=—=10 Amp.
3770 p

(b) Power in each branch. T ReT # @1fad
P, = (IR, = (20)? (4) = 1600 watt
P, = (L)*R, = (10)? (6) = 600 watt
P, = (L,)*R, = (10)? (10) = 1000 watt
(c) Net power of the circuit. TRYeI &1 fet erfad
P=P,+P,+P,=3200 watt
phase difference between voltage & current in each branch.
JAH I H gRT U9 fAMa=R & A2 Haar=<R
X 3

tan¢1 =E1=Z:>¢1 =37°
X. 8
tang, = =% = — =53°
0, R, 6:>¢2
tang, =0=¢, =0
,=10
o3 > >V
37° =10
I, =20

(d) Net current drawn from source. T & YaTled &RT
J(1,c0837°+1,c0853° + 1, )2 + (I, sin37° 1, 5in53°) = /1040

X 100

1

(e) Net impedance of the circuit. aRY @1 gwTdl ufEmen Z =

1040

A metallic coil of N turns of radius a, resistance R, and inductance L is held fixed with its axis along a
spatial uniform magnetic field B whose magnitude is given by Bo sin(wt).

a1 a denm N 911 drell STeaq gifcas gusall (coil) 1 IR R T IR$bd L B F9—R1F JEa
& B a1 uRATT Bo sin(ot) ?, § 39 oRE @1 § A1 Gusel &1 el g &5 & i 2|

(a) Write the emf equation for the current i in the coil.

(b) Assuming that in the steady state i. oscillates with the same frequency o as the magnetic field,
obtain the expression for i.

(c) Obtain the force per unit length. Further obtain its oscillatory part and the time-averaged
compressional part.

(d) Calculate the time-averaged compressional force per unit length given that Bo = 1.00 tesla, N = 10,
a=10.0cm, ® =1000.0 rad-s™", R=10.0Q, L = 100.0 mH.

(a) ¥RT | & foIQ emf @ FHIaRoT faRay |

(b) 3eITS 37aReAT H i, THDHII &F B IAMIRT o F B Sfeld 94 8, i & g IS 9 g |

(c) vfdY SHTS TS & foIT 91 UTd B | BT QIferd A TAT FRIISH W BT FHI—NAT AN S B |
(d) U 3HIE TS ARIIed 9 & FHY AT A TOET N | T T ® Bo = 1.00 e, N = 10, a =
10.0 cm, » = 1000.0 rad-s™', R=10.0 Q, L = 100.0 mH



Sol.

(@)iR+ L% = — Nrna? Bo  cos ot

Nz a® Byo (Rcosot+olsinet)
R? + 0?2

dF _ NBf ma’o

d/ R? + 0?2

(b)i=

(c)

(R sin ot cos wt + o L sin? wt)

_dF| __ NBf ma’o’L
dfl,,  2(R?+0?)
2 2
“dF - NBG m@0 2 in2 ot - ol cos 2 of)
Al 2(R2 + 022

=1.55 N.m™’

av

dF
@ 4/
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