ALTERNATING CURRENTS

SYNOPSIS

ALTERNATING CURRENT (A.C.)

i) Electric current, which keeps on changing in
magnitude and direction with respect to time
is defined as alternating current.

i) It obeys Ohm’s law and Joule’s heating law.

i)  Itis produced using the principle of electro-
magnetic Induction.

iv)  A.C. source is represented by the symbol.

_@_

ALTERNATING VOLTAGE (A.V)

i) The voltage, which changes in magnitude
and direction with respect to time is defined
as alternating voltage.

i)  The alternating voltage in general use is
sinusoidal voltage. It is produced by rotating a
coil in a uniform magnetic field with uniform
angular velocity.

INSTANTANEOUS VALUE OF A.C. ()

It is the electric current flowing at any instant
of time tin an A.C. circuit.
I=1Ipsinwt

AMPLITUDE OF A.C. (1)

It is the maximum value of A.C. The value of
A.C. becomes maximum twice in one cycle.
AVERAGE VALUE OF A.C.<1>

For one complete cycle <1>=0

21
For half cycle < 1 > = TO =0.6361

FREQUENCY OF A.C. (f)
It is the number of cycles completed by A.C.
in one second.

TIME PERIOD OF A.C. (T)
It is the time taken by A.C. to complete one
cycle.
f=1T

MEAN SQUARE VALUE OF A.C.<I* >

2
<P2> = IO_

R.M.S. VALUE OF A.C. (I )
It is equal to that direct current which pro-
duces same heating in a resistance as is
produced by the A.C. in same resistance

during same time.

Iy _
-5 0.7071g =70.7% of I,

rms

IMPEDANCE (2)

REACTANCE (X)

INDUCTIVE REACTANCE (X))

i)

vii)

CAPACITIVE REACTANCE (X.)

i)
i)

It is the opposition offered by a conductor to
the flow of alternating current.

| alternating emf |

= | alternating current |

peak valueof alternating voltage

peak valueof AC

RMS valueof alternating voltage
RMS valueof AC

= [R+]X]; Z=~+R*+X?

Where X is reactance and phase angle,

(X
@ =tan (Ej

It is that part of impedance, in which alternat-
ing voltage (A.V) and alternating current
(A.C.) do not remain in same phase.

There are two types of reactance:-

i) Inductive reactance (X))

ii) Capacitive reactance (X.)

It is the effective path of A.C. due to a pure
inductance.
It is the part of impedance in which A.V. leads

the A.C. by a phase angle of g

Its value is X[ =wL = 2nrfL .

It bypasses D.C. but offers finite impedance
to the flow of A.C.

It is produced due to pure inductance coil or
induced current.

X -fcurve.

Xy

f
Its value depends on L and f.
It is effective in the path ofA C. due to a pure
capacitance.
It is that part of impedance in which A.C.

leads the A.V. by a phase angle of g

l 1
RESISTANCE (R) i) Its value is X¢ oC _ 2mfC -
It is the opposition offered by a conductor to i
the flow of direct current.
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iv) It _bypasses A.C. but blocks D.C.. _ [=1I,sinot
V) It is produced due to pure capacitor or in-
duced charge. Eg
vi) X, -fcurve Peak value of current, lo =R
< b) Phasor diagrams:-
K LE
E.m.f.
f »77 ™ A, Current
vii)  Its value depends on C and f. : Y7 27 -
Resistance, Impedance, Reactance have the ] Te b 3y
same units and D.F. "
i.e. Sl unitis ohm; DF is (ML2T-3A2) e
PHASE OF AC:
The term 't' is phase of alternating current
(emf) and is defined as the fraction of time Iz
period that has elapsed since the current (emf) B
last passed its zero value in positive direction. £
I c). The value of impedance (Z) and reac-
Ty |- tance (X) are zero
I |- A.C THROUGH AN INDUCTOR:
/\ a) A pure inductor of inductance L is con-
T L e S nected across an alternating source of emf
i) The instantaneous value of alternating
U emf is E = E  sinpt
_]“ ________ L
PHASOR DIAGRAMS: 4
a) Alternating current and emf vary sinusoi- =
dally with time with same frequency. They i) The _instantaneous value of alternating
will not be in phase. Depending on the circuit, current is
current may lag or lead the emf. The study of ) .
such circuits become easy if alternating cur- =>I=I sm(mt——j
rent and emf are represented by vectors in a 2
plane Eo
b) The graphical representation of alternating . Peak value of current o =—L
currents and emfs as vectors is called Phasor ) ®
or Argand diagram b) Phasor diagram
/’_’ ”_-\1'\. IJ E f
AT Rt E=Epsinwt E.m.f.
:'! ) 1"09 :"Hﬂ ’ _ Current
i AN
e %‘x’( \13"'}/2 2T -
A.C THROUGH A RESISTOR: o B — 5 !
a) A pure resistor of resistance R is con- & \ Y J,"
nected across an alternating source of emf ! o™
i) The instantaneous value of alternating emf &4
is E=E, sinwt
i) The instantaneous value of alternating P ;
current is | 4
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c) The alternating current lags behind the

T
emf by aphase angle of B or 90°

or alternating emf leads the current by a

T
phase angle OfE or 90%

The equations of instantaneous values of

. T
emf and curents are E=Egsin mt+§

and I=Ijsinwt respectively

d) Inductive reactance : Inductance not only
causes the current to lag behind emf but it
also limits the magnitude of current in the

circuit.

Eg Ep
0T L L I, - X, =oL
2T1fL

i) Inductive reactance in terms of RMS

E
value is X[ =wL=—"""
rms
A.C THROUGH A CAPACITOR:
a) When an alternating emf is applied to a
capacitor, then alternating current is consti-
tuted in the circuit. Due to this charge on the
plates and electric field between the plates of
capacitor varies sinusoidally with time. At any
instant the potential difference between the
plates of a capacitor is equal to applied emf
at that time.
: Q
i.e., E C
b) A capacitor of capacity C is connected
across an alternating source of emf

!_z,l:urrenl:
i £ ¢
y ——4 ot
) !
h r
N
fl:‘
I1/32
VC

d) The alternating current leads emf by a

T
phase angle of 5 or 900

or alternating emf lags behind the current

u 0 .
by a phase angle 50r90 . The equations

for instantaneous values for emf and cur-
. T
rent are E=Eqsin ot=7

I=1Iysinwt respectively
e) Capacitive Reactance : Capacitance not
only causes the voltage to lag behind the
current but it also limits the magnitude of
current in the circuit

i) The instantaneous value of alternating 1 1 E
emf is E =E, sinot =7 =K== T
o SIN® (lj aC 2xfC Iy L
| |E aC
1
A.C THROUGH CR SERIES CIRCUIT
s a) CR circuit consists of a capacitor of ca-
F pacity C and a resistor of resistance R in
i) The instantaneous value of alternating series with a source of alterning emf.
current is i. The instantaneous value of alternating emf
is E=E, sinpt
I=1,sin ot +2 ’
2 C R
e
E 4
Ip=—0— :
Peak value of current, RS . . .
oC ii. The instantaneous value of alternating
current is
c) Phasor diagram .
I=1I,sin(wt+¢)
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where 9= Tan*(%}

Ep

[p =—F/——
and peak value of current, [2 2
R +XC

1
where Xc=—+

is the capacitive reac-
oC P

tance.
b) Phasor diagram

Ve

c) The alternating current in the circuit leads
the emf by a phase angle (or) Alternating
emf in the circuit lags the current by a
phase angle

X,
p=Tan"| =< |=Tan™ L;J
R oCR

=Tan™ !
27 fCR

d) Impedance : Total opposition to the flow
of alternating current in CR circuit is imped-
ance in the circuit

ii) The instantaneous value of alternating
current is

=1, Sin (a)t —EJ
2

Eo

(X, ~Xc)

and X, =oL, X, L
oC

Wherel, =

b) Phasor diagram

Vi

Ve

c) When X, = X then I is maximum. The
circuit is called resonant circuit

1
d)If X, =X, then @ :ﬁ and the natural

frequency of LC circuit for resonance is

1
f_ZH\/E

E E A.C THROUGH LR SERIES CIRCUIT
i Iy =%:>Z \/R2+Xc IO a) LR circuit consists of a resistor of resis-
YVR™+X¢ tance R and an inductor of inductance L in
series with a source of alternating emf
i) Impedance, Z = /7R2+X / i) the mstanta.neous value of alternating
emf is E=E(sinot
1
=Rt
An° f-C
iii) Impedance in terms of RMS values
) 2 Epps i) the instantaneous value of alternating
Z=NR"+Xc" = . current is
A.C THROUGH LC SERIES CIRCUIT I=1,sin(wt-¢)
a) LC circuit consists of inductor (L) and a ca- X
pacitor (C) connected in series with a source where ¢= Tan_l(—Lj
of alternating emf. R
i) The instantaneous value of emf is given by peak value of current,
E=E, Sinot e E, 3 E,
0= =
JR+ X, R +o’L
JR? +4n f21
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where X; =oL=2rf is inductive reac-

tance
b) Phasor Diagram

v
/V
§ Ta !

Y

c) The alternating current in the circuit lags
behind the emf by a phase angle (or) Alter-
nating emfleads the current by a phase angle

(|)=Tan_1 XL = Tan ™! ob =Tan™! 2l
R R R

d) Impedance : The total opposition to the
flow of alternating current in the LR circuit
is called impedance. Itis also called induc-
tive impedance

E > > E
) 10=ﬁ32=\/R +X| =I—0
ﬂR +XL 0

, this quantity /R%+X,? is called imped-

ance in LR circuit.
i) Impedance

Z=yR*+X,’ =R+ 0*L’
=R +47° f°L

i) Impedance interms of RMS values |,

[ E
7 - R2+XL2 _ Zrms

rms

A.C THROUGH LCR SERIES CIRCUIT
a) LCR circuit consists of a resistor of
resistance R, an inductor of inductance L
and a capacitor of capacitance C in series
with a source of alternating emf
i) the instantaneous value of alternating

emf is E=Esinot

i) the instantaneous value of alternating cur-
rent is

I=1,sin(wt-¢)

(X =X
where ¢ =Tan (LTCJ

and The peak value of current, |,

B L C
: \r—?a—FL—slr\’J:—h
E
&
E
Iy = 0
\/R2+(XL_XC)2
e Xeo Lo 1 "
where C oC _ 2nfC IS capacitive reac-

tance & X =wL =2rfL is inductive reac-

tance.
b) The alternating current in the circuit may
lead or lag or may be in phase with emf

depending on the value of ¢

case (i):If X >Xc then ¢ is +ve.In this
case the A.C. lags behind the emf by a

q Xp =X
phase angle ¢ =Tan (%}

case (ii) : If Xy <X then ¢ is -ve. In this
case the A.C leads the emf by a phase

L Xp -Xe
=Tan _—
angle ¢ ( R

case (i) : If X =X then ¢ is 0. In this
case the A.C and emf are in phase.
c)

1, = £y
"R (- xy

= Z =R +(X, - X.) =f—o°

i) Impedance, Z=\/R2+(XL—XC)2

) LY [ 1Y
:\/R +[a)L—Rj _\/R +[27sz Zﬁij

iii) Impedance interms of RMS values

z =\/R2 F(Xp - X )P = Lo

Irms
iv) If Xp >Xc, then the circuit will be
inductive
v) If X <X, then the circuit will be
capacitive
vi) If X =X, then the circuit will be purely
resistive.
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vii) The LCR circuit can be inductive or
capacitive or purely resistive depending on
the value of frequency of alternating source
of emf.

viii) At some frequency of alternating source,

Xy >Xc and for some other frequency,
X <Xc.There exists a particular value of

frequency where X =X (This situation is

explained under resonance of LCR series
circuit )

RESONANCE :
1) Resonance in series LCR circuit :
a) The LCR series circuit
The constant L and C values can be induc-
tive (XL >XC) or capacitive (XL <XC)
depending on the frequency of alternating
source of emf.
b) At certain frequency called resonant fre-

quency f.,X =X (inductive reactance

exactly cancels capacitive reactance ) and
resonance will occur. This is called series
Resonance.

c) When series resonance occurs, the LCR
series circuit is purely resistive in nature

d) Expression for resonant frequency

At resonance X =X

1 1
2af l=—=f =———
"oonf,c " 2mlLC
This frequency is also called natural fre-
quency of circuit
e) At resonance, impedance

Zz\/R2 +(X; - X ) becomes Z=R. ie,

impedance is minimum
f) At resonance, current in the circuit

I _ Erms
ms —
\/R2+(XL_XC)2 become

EI‘II]S

Lims = i.e., current is maximum.

g) At resonance, phase angle

qf X =X
¢ = Tan (LTCJ becomes ¢=0 i.e.,
the alternating current and emf are in phase.

TRANSFORMER
a) Atransformer is a device used to change
the voltage of an A.C supply by correspond-
ing change of current.
b) It works on the principle of the mutual
induction.
c) Construction :

i) It consists of two coils wounded on a lami-
nated iron core which inturn is a combination
of several identical iron strips.
ii) The coil to which the source of A.C is con-
nected is called primary coil

I
Ip H

—— F E. | LOAD

ii) The coil in which alternating induced volt-
age is generated is called secondary coil
d) Step up transformer :
i) It converts a low voltage at high current into
a high voltage at low current
ii) The number of turns in primary coil is lesser
than that of secondary coil, i.e., N <N

p s
e)Step down transformer :
i) It converts a high voltage at low current into
a low voltage at high current.
ii)The number of turns in primary coil is greater
than that of secondary coil. i.e., N/ > N,

NS
f) The ratio y is called transformation ratio
p

or turns ratio (K)

N _bs_e Do |20 _Eg
Np & e I YZ, Ep
where ¢ - flux linked

e - emf induced ; I- current

Z- impedance; E - voltage

g) For ideal transformer K =1

for step up transformer K> 1

for step down transformer K< 1

h) i) Input power = Epl,
ii) Output power = Egl

Output power «

.- _ 100
i) Efficiency = Input power

~Esls L100

EPIP

iv) The value of n range from 70% to 95% .
The efficiency of an ideal transformer is
100%
Losses in transformer :
a) Copper Loss : Due to resistance of the
windings of primary and secondary coils,
some electric energy is converted into heat
energy.This is minimised by using thin lami-
nated core.
b) Magnetic or flux loss : The coupling of the
coils is never be perfect. The whole of mag-
netic flux produced in primary coil is never linked
with secondary.This loss is very small.
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(L) Various combinations of components in A.C. circuits and parameters related to them

CONCEPTUAL QUESTIONS

1. Inan ac circuit the current
1) is in phase with the voltage

1) high voltage and low current
2) high voltage and high current
3) low voltage and low current
4) low voltage and high current

Circuit Purely Purely Purely C-R circuit L-R Circuit LCR Circuit
resistive capacitive inductive
circuit circuit circuit
R I L C R L 3 i c [
Characteristics TR
Circuit diagram
e ='E e o i £
. . v
Values of A.V. E=E(Sin wt E:EoSm[mt—gj E=E¢Sin (aﬂg) E=EgSin(0t+0) | E=ESin(wt-0) | E=ESin(at+0)
when A.C. is (i) If X, > X then
[=1ySinwt E = ESin (wt +6)
(ii) If X, > X, then
E=E(Sin(wt-0)
(iif) If X_= X, then
E=E(Sin ot
Values of A. C. | 1=IgSinot 1= IoSin(wt +§) 1= IoSin(wt —%] 1=1eSin(wt+0) | 1=1Sin(et-0) | 1=1¢Sin(wtz0)
when A.V. is
E=E(Sin ot
1
ImpedanceZ | Z=R Z=X,= — Z=X = oL 2=RZ X2 2=R2ex 2 | 2= (R (x - X
VR2+1/02C2 —JRZ1 o212
T T
Reactance-X Zero Xc= el X =L oC oL X=(X~X.)
=(@L~1/eC)
Phase difference| 0° —% + O=tan”! % 0= talfl% 0=tan XL=XcC ;XC
a1 _1oL
between E and | =tan”'—— =tan 1%
Value of E, IR 10X X, ToyR2 +X 2 Ty R+ (Xp - Xc )
Variation of A.V. | E=EgSinwt E=EgSinot E=EgSinot E=EgSinot E=ESinot E=EgSinot
and A.C. with time| 1=1ySinwt I=1(Sin(wt +7/2) I=1(Sin(wt -7/2) 1=1;Sin(wt+0) I=1(Sin(wt-6) I=1;Sin(wt+0)
=IyCosawt =-IyCosmt
E. 1 R E_1 R Ermslrms XR
Maximum and zero zero rmsrms \/R2+XC2 rmsTrms \/RerXLz [R2 (X ~Xc )
equal to
2 2
—IO RorEi or
2 2R
Egl
Ermslnns or (; 0
[ o Ea lo £
| T E
0 == Eg T Mg E AAI
vectorphase | — = z or o or E"
. 1
S 0 0
diagram 4 7. e 7, % =.g -8 |
Eo = Eg o
3. InanAC circuit containing only capacitance

2) leads the voltage 3) lags the voltage
4) any of the above depending on the circumstances
2. Alternating current is transmitted to distant placesat 4

the current

1) leads the voltage by 180°

2) lags the voltage by 90°

3) leads the voltage by 90°

4) remains in phase with the voltage

An inductance and resistance are connected in series
with an A.C circuit. In this circuit
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10.

1) the current and P.d across the resistance lead P.d

Vs
across the inductance by 5

2) the current and P.d across the resistance lags be-

2
3) The current across resistance leads and the P.d
across resistance lags behind the P.d across the in-

hind the P.d across the inductance by angle

V4
ductance by 5

4) the current across resistance lags behind and the
P.d across the resistance leads the P.d

V4
across the inductance by 5

The value of induced e.m.f'in an LR circuit at
break, as compared to its value at make

willbe

1) less 2) more

3) some times less and some times more
4) nothing can be said

An LCR circuit is connected to a source of
alternating current. At resonance, the applied
voltage and the current flowing through

the circuit will have a phase difference of

1) z/4 2)zero 3)rx 4) /2
In series L - C - R resonant circuit, to increase
the resonant frequency

1) L will have to be increased

2) Cwill have to be increased

3) LC will have to be decreased

4) LC will have to be increased

Ifin aseries L - C - R ac circuit, the
voltages across R, L, C are V,,V,.V,
respectively. Then the voltage of applied
AC source is always equal to

1)V, +V,+V, )V +(V, + V)
3) Vl 'Vz 'V3 4) \ V12 + (Vz _V3)2

Innon-resonant circuit, the nature of circuit

for frequencies greater than the resonant
frequency is

1) resistive 2) capacitive
3)inductive 4) none of the above

The correct graph between the resistance
of'a conductor with frequency is

11.

12.

13.

14.

15.

16.

17.

! 2 1
K R
_—f4.ﬂ' 7 ¥
3) 4 y
R R
——*X e
The phase difference between voltage and
current in an LCR series
circuitis
1) zero always 2) 7/ 4always
3)) =« 4) between 0 and /2

1)

The phase angle between current and
voltage in a purely inductive

circuit is

1) zero D)

3) /4 4) /2

In an LCR a.c circuit at resonance, the
current

1) Is always in phase with the voltage

2) Always leads the voltage

3) Always lags behind the voltage

4) May lead or lag behind the voltage
The average e.m.f during the positive half
cycle ofan a.c. supply of peak value E  is

) E,/x 2) E, /N2

3) E,/ 27 4) 2E,/m

When an a.c source is connected across a resistor
1) The current leads the voltage in phase

2) The current lags behind the voltage in phase

3) The current and voltage are in same phase

4) The current and voltage are out of phase
Transformers are used in

1) d.c circuits only 2) a.c. circuits only
3)Botha.cand d.c circuits 4) Integrated circuits.
The magnitude of the e.m.f. across the secondary of
a transformer does not depend on

1) The number of the turns in the primary

2) The number of the turns in the secondary

3) The magnitude of the e.m.f applied across the
primary

4) The resistance of the primary and the secondary
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18.

19.

20.

21.

22.

23.

24.

25.

In case of a.c circuit, Ohm’s law holds good for

1) Peak values of voltage and current

2) Effective values of voltage and current

3) Instantaneous values of voltage and current

4) All the above

In an A.C circuit having resistance and capacitance
1) emfleads ahead of the current

2) current lags behind the emf

3) both the current and emf are in phase

4) current leads ahead of the emf.

Aninductance L and capacitance C and

resistance R are connected in series across an AC

1
source of angular frequency w . If @’ >— then

LC
1) emfleads the current
2) both the emf and the current are in phase
3) current leads the emf

4) emflags behind the current
The emf and current in a circuit are such

that E=E sin@tand =1 sin (o —0)

This AC circuit contains.
I)Rand L 2)Rand C
3)only R 4)only C

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

cycle?

1) induced emfin the inductor 2) current

3)both 1 and 2 4) neither 1 nor 2
In case of AC circuits the relation V=17, where Z
is impedance, can directly applied to

1) peak values of voltage and current only

2) rms values of voltage and current only

3) instantaneous values of voltage and current only
4)both 1 and 2 are true

The core of any transformer is laminated soas to

1) increase the secondary voltage

2) reduce the energy loss due to eddy currents

3) make it light weight

4) make it robust and strong

Consider the following two statements A and B and
identify the correct answer.

A) In atransformer a large alternating current at low
voltage can be transformed into a small alternating
current at high voltage

B) Energy in current carrying coil is stored in the
form of magnetic field.

1) Ais true but B is false

2) Both A and B are true

3) Ais false but B is true

4) Both A and B are false

26.

27.

28.

29.

30.

31.

Consider the following two statements A and B and
identify the correct answer.
A) Atresonance of L - C - R series circuit, the re-
actance of circuit is minimum.
B) The reactance of a capacitor in an A.C circuit is
similar to the resistance of a capacitor in a D.C. cir-
cuit
1) Ais true but B is false
2) Both A and B are true
3) Ais false but B is true
4) Both A and B are false
Statement ( A) : The reactance offered by an induc-
tance in A.C. circuit decreases with increase of AC
frequency.
Statement ( B ) : The reactance offered by a
capacitor in AC circuit increases with
increase of AC frequency.
1) Ais true but B is false 2) Both A and B are true
3) Ais false but B is true 4) Both A and B are false
Statement ( A ) : Flux leakage in a transformer can
be minimized by winding the primary and secondary
coils one over the other.
Statement ( B ) : Core of the transformer is

made of soft iron
1) Ais true but B is false 2) Both A and B are true
3) Ais false but B is true 4) Both A and B are false
Statement (A ) : In high current low voltage wind-
ings of a tranformer thick wire is used to minimize
energy loss due to heat produced
Statement ( B ) : The core of any transformer is lami-
nated so as to reduce the energy loss due to eddy
currents
1) Ais true but B is false
2) Both A and B are true
3) Ais false but B is true
4) Both A and B are false
Statement ( A ) : Step up transformer converts low
voltage, high current to high voltage, low current
Statement ( B ) : Transformor works on
both ac and dc
1) Ais true but B is false
2) Both A and B are true
3) Ais false but B is true
4) Both A and B are false
Statement ( A ) : With increase in frequency
of AC supply inductive reactance increases.
Statement ( B ) : With increase in frequency
of AC supply capacitive reactance increase
1) Ais true but B is false
2) Both A and B are true
3) Ais false but B is true
4) Both A and B are false
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32. Choose the wrong statement of the following.
1) The peak voltage across the inductor can
be less than the peak voltage of the source in an
LCR circuit
2) In a circuit containing and a capacitor
and an ac source the current is zero at the
instant source voltage is maximum
3) When an AC source is connected to a
capacitor,then the rms current in the circuit gets
increased if a dielectric slab is inserted into the

capacitor.
4) In a pure inductive circuit emfwill be
in phase with the current.
33. Match the following
a) step up transformer d) turnsratio is 1
b) step down tranformer ) Ns > Np
¢) Ideal transformer f) Np>Ns

Da—> f.b>e,c—o>d2)a>eb—>dc—f

a—>db—oec—>f4)a—>eb—> f,c>d
34. Select the correct options among the follow

ing: In an R-C circuit

a) instantaneous A.C1is given by [ =1 sin (wt + ¢)

b) the alternating current in the circuit leads the emf

by a phase angle.

c) Itsimpedance is | R* + (wc)’

d) Its capacitive reactance is @ ¢

1)a, b are ture 2) b, c, d are true
3) c,d are true 4) a, c are true

35. Assertion (A) : A transformer can’t work on dc

Reason (R) : dc changes neither in magnitude
nor in direction

1) A R are true and R is the correct reason for A
2) A R are true and R is not the correct reason for A
3)Aistrue, Risfalse 4)Aisfalse, R is true

36. Assertion (A) : In series LCR circuit,the reso-
nance occurs at one frequency only.

Reason (R) : Atresonance the inductive
reactance is equal and opposite to the

capacitive reactance.
1) A R are true and R is the correct reason for A
2) A R are true and R is not the correct reason for A
3)Aistrue, Risfalse 4)Ais false, Ris true

37. Assertion (A):More the turns more is the

resistance
Reason(R): Impedance of primary and secondary
in a tranformer is directly proportional
to number of turns in the coils.

1) A,R are true and R is the correct reason for A
2) A R are true and R is not the correct reason for A
3)Aistrue, Risfalse 4)Ais false, Ris true

01.

02.

03.

04.

05.

06.

07.

08.

09.

01)4 02)1 03)3 04)2 05)2
06)2 07)3 08)4 09)3 10)1
1M1)4  12)4 13)4 14)4 15)3
16)2 17)4 18)4 19)4  20)1
21)1  22)3 23)4 24)2 25)2
26)1 27)4 28)2 29)2 30)1
31)1  32)4 33)4 34)1 35)1
36)1  37)1

LEVEL -1
The input and output voltage in a step down
transformer are 22KV and 550 V respectively.
The ratio of turns in secondary and primary coils
will be
1) 40:1 2)1:40 3) 1:20 4) 20:1
The turns ratio in a step up transformer is 4:1.
On passing a current of 4A in the primary, the
current in the secondary will be
1) 8A 2)2A 3) 1A 4)0.25A
The correct relation between the impedance
of secondary coil with that of primary coil is

1) Zs =2y

N Y N, )
fs] ol

p S
If the current in the primary coil and number of
turnsinitarel_and Np respectively and the num-
ber of turns and current in the secondary are
N, and |  respectively then the value of N::N_
will be
LN 2) 10l 3) 1212 4)12:12
The time taken by an AC of 50 Hz in reaching
from zero to its maximum value willbe
1)05s 2)0.005s 3)0.05s 4)5s
At what frequency the inductive reactance of
2H inductance will be equal to the capacitive

reactance of 2uF capacitance?
1)80Hz 2)40Hz 3)60Hz 4)20Hz
The capacitive reactance of 50uF capacitance

NS
2) =%y

at a frequency of 2 x 10%Hz will be 1)
2 3 4 5
1~ 2) 3) 7 4) <

A condenser of capacity 1pF is connected to
an A.C source of 220V and 50Hz frequency.
The current flowing in the circuit will be

1) 6.9 x 108A 2)6.9A

3)6.9x 10°A 4) zero

A bulb and a condenser are connected in se-
ries with an A.C. source. On increasing the fre-
quency of the source it's brightness will

1) increase 2) decrease

3) some times increase and some times decrease
4) neither increase nor decrease
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10. A condenser of 10u4F and an inductor of 1H are || 19 A voltmeter connected in an A.C circuit reads
connected in series with an A.C. source of fre- %20\/' Lt reﬁresents, ) RMS volt
quency 50Hz. The impedance of the combina- ) peak voltage ) vottage
tion will be 3) Average voltage 4.1) Mean square voltage
1) zero 2)Infinity  3)44.7q 4)4.47q 20. Thle pee.allrt;/alue of A.C.is 224 . It's apparent
value will be
| -
11 A coil of self - induct (_jH- ) 1)1A  2)2A  3)4A  4)zero
coil of seif - inductance 7)1 1S connec ed 21.  What will be the equation of A.C. of frequency
in series with a 300 ( resistance. A voltage of 75Hz, if it's RMS value is 20A?
200V at frequency 200Hz is applied to this com- 1) 1=20Sin(1507t) 2) 1=2032Sin(1507t)
bination. The phase difference between the
i 20 ..
voltage and the current willbe 3) I= ESm(1507rt) 4) 1= 20\/§sm(75m)
_1( 4 -1(3
1) tan”'| 2 2) tan”!| > 22. The instantaneous value of emf and current in
) 3 ) 7
an A.C. circuit are;
“1(1 ~1(5
3) tan I(Zj 4) tan I(Zj E=1.414 Sin(lOOﬂt—%J , 1=0.707Sin(100xt) .
12. Aresistance of 3 x 10°¢ and an inductance of The RMS value of emf will be \.
1H are connected in series with an A.C. source ! 1
5107 | N2z At ¥ A5g
of frequency | —5 Hz Phase difference be- || 23.  In above question RMS value of current will be
A
tween the voltage and the current willbe 1 .
1) 45° 2) 90° 3) 180° 4) Q° 11 2) NG 3) \2 4) -
13. Acoil is used in a circuit in which an A.C. of 24. Inquestion 22, the impedance of the ciri:uit will
frequency 50Hz is flowing. The self-inductance ) beq ’ P
of the coil, in order to produce an impedance e 4
1 2) — 3) 2 4) — . Inquestion 22, the admittance of the circuit will
) ) % ) x ) 2 be mho
14. Inthe following circuit; if the frequency of A.C is 1 |
increased then the value of current flowing in 1) Ni 2) 3) 5 4)2
the circuit will become 26. In question 22, the current,
= 1) leads the voltage by 45°
2) lags behind the voltage by 45°
() 3) leads the voltage by 90°
1) decrease 2) increase 4) lags behind the voltage by 90°
3) zero 4) Infinity 27. In question 22, the resistance of the circuit is
15. The capacitive reactance at 1600Hz is 81 0. Q
When the frequency is doubled then the ca- 1 1
pacitive reactance will be 1)2 2) \2 34 4) 5
14050 2)81q  3)1620 4)zero 28. In question 22, the reactance of the circuit will
16. Theinductive reactance of a coil is 2500 ¢ . On be 0
increasing it's self-inductance to three times, { .
the new inductive reactance will be 1 2 2)2 3) = 4)
1)750000 2)25000 3)1225¢ 4) zero V2 V2o
17. An alternating voltage source of maximum 29. Wh_en the f_rgqluenq;]of ahpplled emf |fn an LCR
value 170V is connected in a circuit. The value series circuitis less than the resonant frequency,
f potential at a phase angle of 45° will be nearl then the n_a_ture of the circuit W"-I b-e
orp P 9 y 1) Capacitive 2) resistive
WV )10V 3)240V  4) 3) inductive 4) all the above
zero . . .
18.  The phase difference between alternatingemfand || 30 An alternating emf given by V=V, Sint has
current in a purely capacitive circuit willbe peak value 10 volt and frequency 50 Hz. The in-
T T 1 .
_ - [=——
1) zero 2) x 3) 5 4) 5 stantaneous emf at 5 OOS LS
DIOV 255y 35V 41V
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31.

32.

33.

34.

35.

36.

37.

38.

Ifthe instantaneous current in a circuit is given by

I =2cos (ot + ¢) ampere, the rms value of the
current is

D24 2024  3)224 4 zero
The average emf during the positive half cycle of

an AC supply of peak value E, is

nie g S Ho 425
) V4 ) NGY: ) 2 ) /4

An inductor of 1 henry is connected across a
220, 50 Hz supply. The peak value of the cur-
rent is approximately

1)05SA 2)0.7A 3)1A 4)14A
An LCR series circuit contains L = 8 H,

C=0.5 uF and R=100Q2. The resonant fre-
quency of the circuit is

1) mHz 2) 5—OOHZ 3) @Hz 4) 12—5Hz
V4 V4 V4 V4

In an LCR series circuit, the capacitor is changed

from Cto 4C. For the same resonant frequency,

the inductance should be changed from L to

D2L  2)L2 3)LH4 4)4L

In an LCR series circuit the rms voltages across

R, L and Care foundtobe 10V, 10 Vand 20 V

respectively. The rms voltage across the entire

combination is

D30V 2)1uF 3)20V 4)1052V
In the given circuit, the phase difference between

voltages across R and C'is
R < I

5

v
Dzero 2) 7z/2 3)zm  4)37/2
Inan A.C. circuit, the current lags behind the volt-
age by 77/3. The components in the circuit are
1)Rand L 2)Rand C
3)Land C 4)only R

KEY
01)1 02)3 03)3 04)2 05)2
06)1 07)4 08)1 091 10)1
1)1 12)1  13)2  14)2  15)1
16)1  17)1  18)3 19)2 20)2
21)2  22)2 23)4 24)2 25)3
26)2 27)3 28)1 29)4 30)3
31)2 32)2 33)3 34)3 353
36)4 37)2 38)1

01.

02.

05.

06.

07.

08.

09.

10.

1.

12.
13.

14.

15.

17.

23.

25.

26.

30.

31.

32.

33.

HINTS

" 2xfC

E
Trms =~ = Epg 271C
C

1
X = . .
C =5 - onincreasing f, X decreases,

current flow increases.

Z=|2xfL- ;
27fC

tanﬁzﬂ
R

tanH=ﬂ
R

XL =2zfL

1
Xo=—— [ [
C=o On increasing f, X decreases,

- current flow increases.

1
Xca—
C%%

E = E sinot = 170sin 45°

Lo

Irms :E
V' =10sin(1007¢)

600
Ay
rms \/5
= 27{;0 J:/zsin(a)t)dt = 250

X, =wL=2x3.14x40=314
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220 \/3 08. An alternating voltage of E =200/2sin(100t)V is
ly= 314 =14 connected to a condenser of 1 xF through an
A.C. ammeter. The reading of the ammeter will
1 be
34, R=|oL-—
oC 1)10mA 2)40mA 3)80mA 4)20 mA
09. The reading of voltmeter and ammeter in the
35, fa L following figure will respectively be
' NLC
(A
f s constant I l <
LG, =L,C, X S
2 2
36. V=AVi+(V,-V.) X4 R=4500
01. The current in the primary coil of a transformer 3)2Vand2A 4) 0V and OA
as shown in the following figure will be 10. In the following diagram, the value of emf of
B A.C. source willbe __
% HE % 40y
=220V =22V 220 ()
1)0.01A 3)0.1A 4) 10°A
02. Acurrentof 5A is rowmg at 220V in the primary
coil of a transformer. If the voltage produced in 40
the secondary coil is 2200V and 50% of power 140V 2 3y —V  4)160 V
is lost, then the current in the secondary coill ) ) dov2v 3) V2 )
will be 11. The values of X, X, and R in series with an
1) 2.5A 2)5A 3)0.25A  4)0.025A A.C.circuitare 8,6 and 10 respectively.
03. Atransformer converts 220V to 11V. If the cur- The total impedance of the circuit will be
rent in the primary coil is 5A and that in the sec- __Q
ondary coil is 90A, then the efficiency of trans- 1102  2)122  3)10 4)24.4
former will be 12. In the following circuit, the values of current
1) 20% 2)100%  3)90% 4) 150% flowing in the circuit at f = 0 and f = « will re-
04. A condenser and a 30 resistance are con- spectively be
nected in series. When they are connected to 1|:|'5 e
120V A.C. source then the current flowing in 0AtH
the circuitis 1A The p.d. across the ends of the
condenser will be nearly
N1V 2)1M6V  3) zero 4)220V P
05. An inductance of 0.2 H and a resistance of 220V
100 are connected in series to an A.C. 180
V, 50 Hz supply. The apparent current flowing 1) 8A and 0A 2) 0A and 0A
in the circuit will be 3)8A and 8A 4) 0A and 8A
1)0.525A 2)5.25A 3)1.525A 4)15.25A 13. Inan LR circuit, R =100 and L = 2H. If an
06. Ifthe A.C. main supply is of 220 V then the av- alternating voltage of 120V and 60Hz is con-
erage e.m.f. during positive half cycle will be nected in this circuit, then the value of current
flowing in it will be A
A0 1) 0.32 2)0.16 3)0.48 4)0.8
1)198.2V 2)98.2V 3)9.82V 4) zero _
07. Waves of wave length 300m are being trans- 14. If the phase difference between A.V. and A.C.
mitted from a transmitting station. If the con- T , , N
denser available for resonating circuit is of 2.4 Is "¢ and the resistance in the circuitis /3000
uF capacity then the self inductance of coill then the impedance of the circuit will be
necessary for the circuit will be Q
1) 10 H 2)1.056 x 10 H 1)25 2)50 3)20 4) 100
3)10.56 x 108 H 4)105.6x 108 H
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15.  An LCR series circuit with 100 () resistanceis || 21. A resistor R and capacitor C are connected in se-
connected to an ac source of 200V and of fre- ries across an AC source of rms voltage 5 V. If the
qguency of 300 rad/s. When only the capaci- rms voltage across C is 3 V then that across R is
tance is removed, the current Iags behind the 1)1V 22V 3)3V Hav
voltage by g(0°. When only the inductance is

22. The tuning circuit of a radio receiver has a resis-
removed, the current leads the voltage by ¢(° ) ]
D tance of 50Q) , an inductor of 10 mH and a vari-
the current through the circuit is ] .
1) 1A 2) 2A 3)3A 4)4A able capacitor. A 1 MHz radio wave produces a

16. A 100Q resistance is connected in series with potenflal difference of 0.1 mV. .The value of the
a 4H inductor. The voltage across the resis- capacitor to produce resonance is (take 7° =10)
toris ¥y =2sin(1000¢)¥ . The voltage 1)2.5 pF 2)5.0 pF
across the inductor is 3) 25 pF 4) 50 pF

23. Inthecircuitsh inthe fi lectin
1) 80sin 10007+ % 2) 40sin 10007+ he circuit shown in the figure, neglecting source,
2 2 resistance, the voltameter and ammeter readings
will resnectivelv he
o
3) 80 sin(lOOOt —Zj 4 40 sin(lOOOt —Zj
2 2 — g i}
360 R=300 X, =230 ¥ =350
17. A circuit operating at EHZ contains a 1uF —~ D)
S ey
capacitor and a 20Q) resistor. The inductor 24a0F
must be added in series to make the phase
angle for the circuit zero is 1)OV,8A 2)150V, 8 A
1)7.7H 2)10H
3)3.5H 4)15H 3)150V,3A 4H0V,3A
24.  An LCR series circuit containing a resistance of

18.  A220V,50HzAC supply is connected across a 120 Q) has angular resonance frequency 4x10°
resistor of 50 k£ Q) . The current at time ¢ seconds, rad g-1. At resonance the voltage across resis-
assuming thatitis zeroat ¢ =0,is tance and inductance are 60 V and 40 V respec-

tively. Then the values of L and C are respectively.
1) 4.4sin(314¢t)mA  2) 6.2sin(3141)mA
1) 0.2mH,1/32uF  2)04mH,1/16 uF

19.  A440Q electric heater is connected to 200 V, 50
Hz main supply. The peak value of the electric cur- KEY
rent flowing in the circuit is approximately ) 1 02)3 03)3 04)2 05)3
D25A  2)5.0A 3)7A 4)10A )1 07)2 08)4 09)2 10)2

)1 12)b  13)2 14)3 15)2

20. An inductive coil has a resistance of 100 Q . )1 17)1  18)2 19)3 20)2
When an AC signal of frequency 1000 Hz is ap- )2 22)1  23)1  24)1
plied to the coil the voltage leads the current by
45°. The inductance of the coil is HINTS

v, [
1 1 01. Vs:IsZs;_S:I_p
DTooz P20 H P
P V,l
D, __'pp
| | 02. P=—%Velg=—
N0 Meog H
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03.

04.

05.

06.

07.

08.

09.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

=515 100%
VPIp

Erms” = Ec? +Eg2; (120)% = E¢2 +(1.5x30)?

Erms

I =F———
VR? + 472212
2E)  2v2E s
Eav = =
T T

f= ! df—c
27\ LC an A

_ Emms _ EgoC

I
rms Xc \/5

E
Z:\IRZ +(XL, —XC)2 =45Q; Ims :%=2A;

Vims = Irms XL —X¢) =0

2
Frms =\ V2 + (Ve — VL)

Z=+yR?+ (X, -X()?

E

_ —
R2 4| 22fL—
27zf C

E
R? +472£212

I:E:
V4

Cos¢9:5
Z

ol =

T wC
i=i,sinwt
€ \/EXE
w=2xf; ij=—"2=———"m
S i R R
i _\/EXErms
max R
tan 6 = L_oL
R
Erms = VC +VR

22.

23.

24,

At resonance,

. 240 _ 34

JR+(X,-X )L

V=i(X,-X.)=0

At resonance

VT
R X,
X, =owlL a)—L
t ’ JLC
LEVEL -3

A 100 volt A.C. source of frequency 500 hertz
is connected to a L-C-R circuit with L = 8.1 mil-
lihenry, C = 12.5 microfarad and R = 10 ohm,
all connected in series. The potential difference
across the resistance will be

1) 10V 2)100vV  3)50V 4) 500V

A series LCR circuit containing a resistance of

120Q has angular frequency 4x10°rad /s -
At resonance the voltages across resistance
and inductance are 60 V and 40 V respectively.
The angular frequency at which the current in

T
the circuit lags the voltage by 7 is

1) 2x10°rad / s 2) 6x10°rad /s
3) 8x10°rad / s 4) 10x10°rad / s
An alternating voltage =200\/5 sin100¢,

Where J isin volt and ¢ seconds, is connected
to a series combination of 1 #F capacitor and 10
k Q resistor through an AC ammeter. The read-
ing of the ammeter will be

DN2md 2)10(2ma 3) 2mA 4) 20mA
The emf of an A.C. source is given by
E =8sin wt + 6sin 2 wt volt. Therms value of emfis

) s2r 2) W2y 3)10V 4) 1021

Anideal inductor takes a current of 10 A when con-
nected toa 125V, 50 Hz AC supply. A pure resis-
tor across the same source takes 12.5 A. if the two
are connected in series across a 100\/5 V,40Hz

supply, the current through the circuit will be
1)I0A 2)125A 3)20A 4)25A
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6.

In the given circuit the readings of the voltmeter 7

and the ammeter A are 1) 2

4008

400

220 a0 H= 2.
1)220V,2.2 A 2)110V; 1.1A
3)220V, 1.1 A 4H110V:2.2A 3.

In the given circuit, R is a pure resistor, L is a pure
inductor, Sisa 100V, 50 Hz AC source, and A is

an AC ammeter. With either K, or K, alone || 4-

closed, the ammeter reading is /. If the source is
changed to 100 V, 100 Hz, the ammeter reading

with K| alone closed and with K, alone closed
will be respectively.

1) I1,1/22)1,21 3)2I,1 4)21,1/2
AnLCR circuithasL=10mH,R=3Q,andC=

1 uF connected in series to a source of 15 cos wt

volt. The current amplitude at a frequency that is
10% lower than the resonant frequency is 6

1)0.5A 2)0.7A 3)0.9A 4)1.1A

An AC source of angular frequency @ is fed
across a resistor R and a capacitor C in se-
ries. The current registered is I. If now the fre-
quency of source is changed to /3 (but
maintaining the same voltage), the current in
the circuit is found to be halved. The ratio of
reactance to resistance at the original fre-
quency w is

Ny D43

HINTS
X, =wL; X, :i : Zz\/R2+(XL—Xc)2
a)L—L
X;—Xc=0;tan0 = oC
v

()
R +| —
oC

E* = 64sin* ot +36sin’ 2wt +
2x 8 x 6sin wt sin 2wt

E’ :64><l+36><l+0
2 2

rms

E,, =50 =52 V

For 50 Hz and 125 V supply

X, za)Lz_K:>L=L
i 8
Rz_KleQ
IR

For 40 Hz, 100~/2 7 supply

v Vv
JR+X2 R +42° 21

=

i= r =224
\/R2 +(X, - X.)

V,=iQ =220V

1

at resonance, @y = T—
’ NJLC
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at frequency w, X, =1/wC

, 3
at frequency @/3, X, v 3X,
V 1 14
I: ;—:
JRE+X2 2 R +9x?
Xe_ 3
R 5

OTHER COMPETITIVE EXAMS.

Inan A.C. circuit the potential difference across
an inductance and a resistance joined in series are
respectively 16 V and 20 V. The total potential
difference across the circuit is [AFMC98]
1)20.0V 2)25.6V

3)314V 4)535V

In an A.C circuit, a resistance R 1s connected in
series with an inductance L. If the phase angle be-
tween voltage and current be 45°, the value of in-
ducR've reactance Wilkbe [MP CET 98]

1)2 2)3 3) R

4) cannot be found with the given data.
The voltage of an A.C.source varies with time ac-
cording to the equation

V' =100sin100 7z¢ cos 100 ¢ , where ¢ is in sec-
onds an Vis in volts Then : [MP PMT 02]

1) the peak voltage of the source is 100 volts

2) the peak voltage of the source is 50 volts.

3) the peak voltage of the source is 100 //2

volts
4) the frequency of the source is 50 hertz.
Voltage and current in an A.C circuit are given by

V =5sin (IOOm‘ —%} and

_ r
I =4sin (1007[1 + gj [Kerela Engg. 2001]

1) Voltage leads the current by 30°.

2) Current leads the voltage by 30°.

3) Voltage leads the current by 60°.

4) Current and voltage are in phase.

A 120 V AC source is connected across a pure

10.

11.

12.

13.

An inductance, a capacitance and a resistance are
connected in series across a source of alternating
voltages. At resonance, the applied voltage and
the current flowing through the circuit will have a
phase difference of

1) z/4 2) zero
R4 4) /2
In an AC circuit, the rms value of the current, /

> Trms

is related to the peak current /;, as

1 1
] = _1 Irmv = I
1) rms T 0 2) S [2 0
3) Irms =N 2]0 4) [rmx = 71-]0

The source frequency for whicha 5uF capacitor
has areactance of 1000Q is [MP PMT 93]

100 1000
1) — Hz 2) — Hz
T T
3)200Hz 4)5000 Hz

The same alternating current is flowing in two cir-
cuits. The first circuit contains only inductance and
the other contains only capacitance. If the frequency
of the source is increased in both, the current
[MP PET 93]

1) increases in the first circuit and decreases in the
other

2) increases in both the circuits

3) decreases in both the circuits

4) decreases in the first circuit and increase in the
other

Inan A.C. circuit containing only capacitance, the
current

1) leads the voltage by 180°

2) remains in phase with the voltage

3) leads the voltage by 90°

4) lags the voltage by 90°

A capacitor of 2 F is connected in a radio cir-
cuit. The source frequency is 1000 Hz. If the cur-
rent through the capacitor branch is 2 mA then the
voltage across the capacitor is

1)0.16 V 2)032V

3)159V 4)79.5V

An LCR series circuit is in resonance. The capaci-
tance is now made one-fourth. For the circuit to
remain in resonance, the inductance should be
made

1) one-fourth 2) four times

3) eight times 4) two times

In L-C-R series A.C. circuit, the phase angle be-
tween current and voltage is

inductor of inductance 0.70 H. If the frequency of 1) any angle between 0 and * z
the source is 60 Hz, the current passing through 2
the inductoris [MP PET 94] V4
1)4.55A 2)0.355A 25 ) 4
3)0.455A 4)3.55A -
4) any angle between 0 and 5
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14. Inaseries LCR circuit R =10Q and the imped- The reactance of the circuit is
ance Z =20Q . Then the phase .difference be- 1)3140 Ohm 2)31.4 Ohm
tween the current and the voltage is
[Karnataka CET 99] 3)314 Ohm 4)3.14 Ohm
1) 60° 2)30° o
3) 450 4)90° Impedance of the circuit is
KEY 1)37.20h 2)3720h
D2 2)3 3)2 43 53 62 7)2 )37.20hm ) m
81 N4 1003 1)1 12)2 13)1 141 3)3720 Ohm 4)3.72 Ohm
Its peak current is
LEVEL -4 1)0.5A 2)0.6A 3)0.7A 4)0.8A
L A c1r9u1t‘haV1pg a resistor, an inductor anq a If ¢ is the phase difference between current and
capacitor in series connected to a 150 V AC mains )
For the circuit R =9 Ohm, X, =28 Ohm, X =16 voltage then tan ¢ is
ohm. 1.57 2)157  3)3.14  4)31.4
1)  Impedance of the circuit is KEY
1)1501’11’1] 2)150hm 1) 1,1,2’3 2)3,2’4,1
3)0.15 Ohm 4) 150 Ohm
2)  Reactance of'the circuit is
1) 12 Ohm 2)44 Ohm
3)37 Ohm 4)30 Ohm
3)  P.d.across the capacitor is
16V 2)160V 3)16V  4)0.16V
4)  P.d.across the inductor is
)28V 2)28V  3)280V 4)0.28V
II.  Inseries with an alternating source of peak emf
300 volt and frequency 50 cycles/sec an induc-
tance of 1 H and resistance 200 €2 are connected.
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