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ALTERNATING CURRENT

DIRECT CURRENT ::

(i) If the magnitude and direction of current do not
change with time then it is called direct current
(DO).

Example : Current drawn from the cell.

(ii)) Frequency of DC is Zero.

(iii) Graph is as shown in Figure.

I

>
t

. ALTERNATING CURRENT OR

ALTERNATING EMF ::

(i) The emf or current whose magnitude changes
continuously with time between Zero and a
maximum value and whose direction reverses
periodically.

(i1) It has both negative and positive values.

(iii) The time taken to complete one cycle of
variations is called the 'periodic-time' or time-
period.

(iv) Graphical representation of same A.C.

J/ANNYS
(a) el v —
(Sinusoidal)
AN /[
(b) el \\_/ :
_ t—
(Cosinusodial)
1+ -
(c) el
_ t—
(Triangular)
(e 'T
(d) ei ~ =

(Rectangular/T square)

™)

(vi)
(vii)

(viii)

(ix)

x)
(xi)

T T~ —

O i e+ pe
[
(AC superimposed on DC)
Complex

\_

AC/A emf is positive for half the cycle and
negative for the rest half. Hence, Average value
of AC/Aemf over a complete cycle is ZERO.
Area under the positive cycle is equal to area
under negative cycle.

Ohm's law, Kirchoff's law and Joule's law are
applicable for AC/Aemf.

Value of AC/Aemf reaches from Zero to
maximum and vice-versa in time T/4, where T is
the time-period of the cycle. Graphically,

.

(2 ‘

T/4

The number of cycle completed by an AC/Aemf
in one second is called the frequency. It is
1

denoted by 'n'. n = T
The value of AC is Zero and maximum two times
each in a complete cycle.

The value of AC/Aemf is zero or maximum 2n
times every second. The direction also changes
"2n' times every second.
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(xii) Rate of change of AC/A emf is maximum while (ii) Graph:
changing the direction and minimum at the peak
value. h
(xiii) It's frequency is not zero. 0 w2 \t_3w2 2n

(xiv) Generally, sinusoidal wave form is used as

T/4 {/23T/4 /T

4. MEASUREMENT OF AC CURRENT
AND EMF ::

(1) DC ammeter and voltmeter are based on the

Alternating current/emf.

(xv) Direction of current flow is not shown in circuits
employing AC/Aemf.
(xvi) Frequency of AC used in India is 50 Hz .

Ex.1 If the frequency of alternating emf is 50 Hz then principle of torque acting on a moving coil placed
the direction of emf changes in one second by -

(1) 50 times (2) 100 time

(3) 200 times (4) 500 times (i)

Sol. (2) In one cycle, direction of emf changes 2 times.

in a magnetic field. Hence it cannot be used for
AC.

On AC measuring device should not depend on
the direction of current.

The frequency is 50 Hz means there are 50 cycles (iii) Hot wire ammeter and Voltmeters are used for
per second and hence direction will change 100 this purpose
tmes. (iv) Hot wire instruments are based on heating effect

Ex.2  In the above example, what is the time taken to 5
ai . e fr . q of current. (H=1I"Rt).

attain maximum positive from maximum negative . .
P & (v) These devices gives the RMS values (not the

value. amplitude) of voltage and current.

@) L sec 2) 1 sec (vi) The scale of AC instruments is not linear unlike
100 200 DC instruments.

(3) 100 sec. (4) 200 sec.

(vil) Hot wire instruments can measure DC quantities
Sol. (1) Given, f=50 Hz also.
(viii)If AC is produced by a generator having a large

number of poles then frequency of emf-

}

_ Frequency of rotation per second _ pn

| ' : 2 2
' = b (ix) L-C converter circuit is used to convert AC in to
l T I DC.
T= l = Lsec * @ *
f 50 5. DEFINITIONS USED IN A.C. CIRCUITS ::
according to the figure time taken (i) Instantaneous value of A.C. (I)
_T = RS sec and this is denoted by (a) The electric current flowing at any instant of time
2 in an A.C. circuit is defined as instantaneous
value of A.C.
3. SINUSOIDAL WAVE FORM :: (b) A.C.is represented by the equation I = I sinwt
(i) Mathematical representation : (i) Amplitude of A.C. 1~
E=Eosinot I=1, sinot (a) The maximum value of A.C. is defined as
E=Esin(wt +¢) [=1;sin(wt+¢) amplitude or peak value of A.C.
E = E, Cosot 1=1, cosot (b) The value of A.C. becomes maximum twice in
le.
E =E, Cos(ot + ¢) I=1Iycos(wt + ¢) one eyele
E = a Coswt + b sinwt I=acoswt + b Coswt
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(iii) Average value of A.C. (or I) <I> or 1

(a) The average of an A.C. during one cycle is
defined as the average value of A.C.

T
jldt

b) <I>= 0

(b) T

(c) For one complete cycle <[> =0

(d) For half cycle <I> :% =0.636 1,

(iv) Frequency of A.C. (f) -

(a) The number of cycles completed by A.C. in one
second is defined as its frequency.

(b) Its value is equal to the number of rotations made
by the coil in magnetic field in one second

(c) Itisequalto 2@ o 1

27

(d) The frequency of A.C. used in houses is S0Hz. It
means that current flows for 50 times in one
direction and 50 times in the opposite direction in
an electric circuit.

(v) Time period A.C. (T) -

(a) The time during which A.C. completes one cycle
is defined as its time period.

(b) Its value is equal to the time taken by the coil to
complete one rotation in magnetic field.

(vi) Mean square value of A.C. <I%> -
(a) The mean of square of A.C. in one complete cycle
is defined as mean square value of A.C.

T
1
b <12>:—J'I2 dt
(b) ™)

, AP
(c) Itvalue is <I?>> = ?0 which is not zero.

(vil)Root Mean square (R.M.S.) value or apparent

value or effective value of A.C. (I, .0

(a) The square root of mean square value of A.C. is
defined as R.M.S. value of A.C.

(b) It is equal to that direct current which produced
same heating in a resistance as is produeced by
the A.C. in same resistance during same time

T
©) L= V<> = \/%.[ Ig sin? ot dt
0

(d) L=

IO
rms ﬁ

=0.707 I = 70.7%l,

(e) As this current produces same amount of heat or
power in a resistance as is produces by D.C.
hence it is also called the effective value of A.C.

(f) The A.C. ammeter and voltmeter measure its
R.M.S. values because to measure alternating
current or voltage, the instruments based on
heating effect are required i.e. we measure <I2>
instead of <[>

(viii) Peak to Peak value of A.C.

(a) The sum of maximum value of A.C. in positive
half cycle and maximum value in negative half
cycle is defined as peak to peak value of A.C.

(b) Ipp = [l + Hol =21,

(©) Ly = 242 1, = 282811

(ix) Form factor of A.C. (F) —

The ratio of the R.M.S. value of A.C. to its
average during half cycle is defined as the form

factor of A.C.
I
a) F= 18
@ <|I]>
I
(b)F=—L T = =

6. PHASE ::
If a quantity is represented as
X =X, sin (ot+ ¢), then

(i) phase = (ot * ¢), then
Where, ot= Instantaneous phase
¢= Initial phase
(i) Instantaneous phase changes with time.
(iii) Initial phase is constant w.r.t time.
(iv) Phase determines the direction as well as magnitude of
current/emf.
(v) Unit is Radian.
(vi) It is a DIMENSIONLESS quantity
(vii)Current and emf in a circuit have the same frequency
but different phase unless the circuit
is totally resistive.
6.1 Phase - difference:
(i) The difference between the phases of two currents
and emf's is called phase-difference.
(i1) If, emf and current are given by :
E =E sin (ot + ¢,)
I =1, sin (ot + ¢,) Then,

phase of current relative to emf

:¢2*¢1

and phase of emf relative to current = ¢, — ¢,
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(iii) Phase-difference, generally, is given relative to
current.

(iv) The quantity with higher phase is supposed to be
leading and the other quantity is taken to be
lagging.

Graphical-Representation:-

(i) If emfand currents are given by

-~ € .
O~
L AY L
ol
N ’
>

T.n/2n

E =E, sinwt
[ =1 sin (ot-¢)

phase - difference = 0—(—¢)=¢
(i) If current and emf are given by

[=1, sin (ot + ¢)

E =E, sin (wt)

Phase difference=0-¢=—¢
= E is lagging and I is leading.

L L2 i.e. change in phase after time
T 2=
2mt
t="— =¢.
T ¢
The peak value of an A.C. emf given by
e =3 sin (314 t) + 4 cos (314 t) where, ¢ is in
volts is -
5
(1 s (2)3 ()4 @ —=
V2

Sol. (1) The given AC emf can be written in sinusiodal

form, by using the substitution.
3=acosH,

4=asin0

Ex.4

Sol.

Ex.5

Sol. (3)

Ex.6

Sol.

Then e = a {cos0 sin (314 t) + sinB cos (314 t)}
=asin (314 t+ 0)

where, the peak value a is determined by squaring

and adding the terms in eq. (A)

a?=32+42 or a=>5

The peak value is 5.

For an ac current given by I = 0.311 sin
(100 mt - w/4) ampere, what is (i) peak value, (ii)
frequency (iii) time period, (iv) initial phase and
(iv) initial phase and (v) the instantaneous value
att=0sec?
Comparing with I = I sin (ot + ¢), we have
(i) peak value [;=0.311 A
(i1) angular frequency ® = 100.
. f=o02n=50Hz.

(iii) time period T = 1/50 = 0.02 sec.
(iv) initial phase ¢ = — n/4 = — 45°
(v) instantaneous value at t = 0,

[=0.311sin (0 — /4) =—0.266 A

If the household supply is at 220V, 50Hz, then the
equation for instantaneous voltage, assuming V = 0
att=0 will be -

(1) 50 sin (220 mt) (2) 220 sin (50 mt)

(3) 311sin (100 wt)  (4) 100 sin (311 mt)

Peak value V, = V2x220=311V

The angular frequency @ =27t x 50 = 1007w
Thus the expression for instantaenous voltage is
v =311 sin (100 =t)

The electric mains in a house are marked
220V-50Hz. Write down the equation for
instantaneous voltage. Also find the time-period,
peak to peak value and average over positive half
cycle.

Equation for alternating voltage is

E = E, sinwt

given, E s =220V

f=50

E,= v2 E, =220x 42 =311V
®=2nf=100n = E =311 sin (100 nrt)

Time — period = 1 = L 20 ms
f 50

Peak to Peak value = 2E; =2x 311 =622V
average over positive half cycle
:EEOZ £ 311 = 200V
T T
<E>=0
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Ex.7 The current scale for AC ammeter is 7. VECTOR REPRESENTATION ::

(M @
01234567 01 2 3

E, sinot Eo/lo

3) (4) None of these. ﬂ?&

02234

Sol. (2) Deflection in AC ammeter is directly proportional
to the square of current and not the current

(i) An anticlockwise rotating vector in XY plane

Ex.8  The RMS value of current for a current equation, represents a physical quantity.

i=1i t +i, sinot is - .. . .
17 1 COSOL T, SINGLIS (ii) Length of the vector is equal to the amplitude or

(1) \/_ (i) +1iy) 2) \/_ (i +iy ) peak value of the quantity.

(iii) Time taken to complete a circle is same as the

3) \/_ (1 24 2)1/2 (4) —— ( 112 n 122 )2 time period 'T' of the quantity.
(iv) The instantaneous value of the alternating
Sol. (3) i=1, coswt + i, sinwt = i, sin (ot + ¢) quantity is given by x or y component of the
; vector.
Where iy = 4/i? +i2 and ¢ =tan"! | -
ereig = yii +1; and ¢ =tan i, RESISTANCE (R) :
E E E
. 1/2 R===Z2ms _ ~0
= lms = \/_ J_(l +12) I I I,
Note: Some of the alternatives can be excluded by REACTANCE :
careful observation. Use dimensional analysis. (i) The resistance offered by a capacitor or inductor
i.e. options (2) and (4) are having dimension of coil is called reactance.
i while required answer should have (i1) Reactance is that part of impedance in which the

dimension of i. .
phase-difference between current and emf is 7

Ex9 AnAC tis given by I = I, + I, sin ot th L .
X n current 1S given by o 1y S otthen (iii)) The value of reactance is given by ratio of

its rms value will be- potential difference and current flowing.

(1) 15 +0.5112 2) 112 +0.51§ (iv) Power dissipation is a reactance is zero because
3) 0 @) 1/ ﬁ angle between emf and current is 909,
Sol. (1) (v) Reactance is of two types :
(1) Inductive (i1) Capacitive
[ =1<I?>={<I?, + 12 sin? ot + 21, I, sin ot>} /2
ms <ol 01 ; Reactance Reactance
Now we use the fact that ), I, are constants as far |
as time is concerned, and Xy = oL X.= oC
<sin ot > =0, <sin® ot > = ! (vi) To solve the circuit :
2 Resistance of wire = R
2 2
Thus I = {1, + 12,/2}12 = {JI§ +0.5T] Resistance of inductor = wL i
. . 1 .
Resistance of capacitor = — —1i
oC
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Circuit is solved using laws of ohm, Kirchoff and complex algebra.

Note : (vii) Appearing here is 'iota ' of complex algebra.i= +/—1.

(viii)Phase-difference between capacitive and inductive reactance is 7 .

(ix) Comparative study of the two reactances :

INDUCTIVE CAPACITIVE
. 1
(i) X;=oL 1) Xeo=—
L ( ) C oC
(i) XL XL (i) Xc Xc
L ® ® C—
(iii) X; for DC=0 (iii) Xc for DC = w0
(0=0) (0=0)

(iv) No resistance is offered by an inductor coil
to DC. It simply behaves as closed circuit
open

> N—=->-
1 1

(iv) Infinite resistance is offered by a capacitor
to DC. It be circuit haves as

>—F—=->
i i=0

(v) Unit : ohm

(V) unit : ohm

(vi) To solve the circuit,
X; = oLi

(vi) To solve the circuit,

1 .
Xo=——1
C oC

(vii) Vector representation :

XL

(vii) Vector representation :

X

(viii) X, = oL + %i

.. Voltage leads the current by g

(viii) Xc = oC — %i

.. Current leads the voltage by g

IMPEDANCE (Z) ::

(i) When both resistance and reactance are present in
the circuit, the effective resistance offered to the
flow of current by the combination is called
impedance .

(i) Z=Z|¢=7Z (cosp +1isin )

Where Z cos¢ resistive part

and Z sin¢ is reactive part .

¢ is the angle of voltage relative to current.
=Zcos¢ =R . (A)
=>Zsing=X -X) (B)

orZ=R+ (X, -Xp)i

|Z|= x/RZ +(Xp _Xc)2
(using complex algebra).
(iii) Magnitude of Z is given by
E E.s _Eo _
I 1 I,

x/Rz +(Xy _Xc)2

ms

(iv) Angle ¢ is given by

X, -X
o= tan ! [%) (From A & B)
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(v) Phase representation :

oL
x = (oL-1/oC)|------------
Z
¢
R
l/oC
SUSCEPTANCE

(i) The reciprocal of reactance is called susceptance.

(ii) Susceptance = i = _
X X, -Xc

1
Where X; = oL and X~ = —
L C oC

(iii) units : mho or (ohm)~!

. . 1
(iv) Inductive susceptance = —
oL

(v) Capacitive susceptance = ®C

ADMITTANCE :
(i) The reciprocal of impedance is called admittance .
1

VR4 (X, - X)’

(iii) Unit : mho or (ohm)~!

(i1) Admittance = 1 =

8. DIFFERENT TYPES OF A. C. CIRCUITS
(A) Circuit Containing Resistance Only :

R

(=)
N\
E = E;sinot
(i) Reactance =0
Impedance = Resistance = R

. E) E,sinot .
(i) CurrentI= | — |==2% _ 1y Gin wt
R R
E
where 1,= =%
R
(iii) Current and voltage across a resistance are in the
same phase .
(iv) Graphically,
E, B I
AN/ /

(v) Phaser representation

1 \Y
. E2
(vi) power loss = IzrmS R= %
IrmsErmsf 2

(vii) No energy storage .

(B) Circuit containing inductance only :

(1) Impedance = Reatance = oL
eV

t

N—
T"__ Ldi
(=)
O/

E = E,sinwt
(i) V= L% = E, sinot

_ —Eycosot
oL

I

[=1;sin (ot- %)

Voltage leads the current by g .

(iii) Graphical representation :

(iv) Vector Representation :

L P
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(v) Energy loss =0
because phase difference between I and E is g
Energy loss is given by [ E_ - cosd
(vi) Energy stored = %LI2
This energy is stored in the magnetic field of coil .

. 1 1
(vii) Average energy stored = . LIO2 = 3 LIzms

Ex.10 An AC circuit contains an inductance only, with

L =200 mH. If the frequency is 50 Hz and peak
value of emf is 31.4 volt, then the inductive
reactance and the current amplitude in the circuit
will respectively be-

(1) 62.8Q, SA (2) 62.8Q, 0.5A

(3) 6.28Q2, 0.05A (4) 6.28Q, 0.5A

Sol. (2) X| =oL=2rx50x200x 10 =20m = 62.8 ohm.

[, =Ey/X; =31.4/62.8=0.5 A.
(C) Circuit Containing Capacitance only :

. _ o 1
(1) Impedance (Z) = Reactance (X) = X “oC

(i) I1=C d(\;[c and V. = voltage across capacitor

here, Ve =E, sinmt

1= OJCEO cosmt

1= Lo gn (ot +2)
1/ oC) 2

I=1,sin (mt+§)

EO
(1/wC)

= current leads the voltage by 90°

where [, = oCE, =

(iii) phase of voltage lags the current byg

(iv) Graphical Representation :

E
EN \/ S

!
E/l A t
/ \\- ’

Sol. (1) X,

(v) Vector Representation :

1 0 1
9 90° —/2

NS

(vi) Energy loss = 0.

because angle between E and I is /2 .

(vii) Energy stored = 1/2CV?2
This energy is stored in the electric field of the
capacitor.

Average energy stored = 1/2 CE2rms =1/4 CEO2

Ex.11 Let f= 50 Hz, and C = 100 pF in an AC circuit

containing a capacitor only. If the peak value of
the current in the circuit is 1.57 A, The expression
for the instantaneous voltage across the capacitor
will be-
(1) E=50 sin (100 wt — 7/2)
(2) E=100 sin (50 mt)
(3) E=50 sin 100 7t
(4) E =50 sin (100 wt + 7/2)
1 1 100

=—= =—— ohm.

oC  21x50x100x107° =

100
E, =1, X.=157x
0 07C 3.14

=50 vollt.

Therefore, E = 50 sin (1007t t - 7/2)
(If we assume the current is zero at t = 0, and then
increases).

(D) L-R series circuit :
(i) Resistance = R
|(—VR—)(—VL—>|

R L
(=)
Z

E =E, sin wt

(i # current, iota 1= +/—1)
Z =Impedance=R+ oL i

Reactance = oL 1
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(i) E = E, sinot
[ =1 sin (ot -¢)
Eg
VoL’ +R?

and ¢ = tan~! oL _ tan™! A

where, [, = E =
Z

(iii) Voltage equation :
A

ol

=vR? +i0’L?

3
>

R

V=Vp+V,i V - applied potential

|V |= Vi + V]

Vg - p.d. across resistance
V; - p.d. across inductance
V, leads Vi by n/2

(iv) Vector Representation :

Vi

\e/pld

L 1
(v) Energy dissipitated = 3 E I, cos ¢

=1 Erms €08 ¢

A student claimes that in a series LR circuit when
the applied voltage is 56.6V, then the voltage
across R and L are 40 volt each. Is the claim
correct ? What is the phase difference between
voltage and current in such a circuit ?
k—40V—><—40V—>

Sol.

In a series LR circuit
E= V2 +V2 = v40? +40° = 4042

=40x1.414=56.6V.

yes the claim is correct. The phase difference ¢ is
such that
RV 40
or ¢ =45°or /4.
The phase angle is 45°.
(E) R-C series circuit :

(1) Reactance (X), X = ;(1: Resistance =R
®

Impedance, Z =R — L i,
oC

lz| = /R%L,tanq): 1
0*C? (®C)R

R C
|_
— >
Vr Ve
A%

(=)
Z
E =E, sin ot
(i) E = E, sinot
[=1;sin (ot +¢ ) where I,=E,oC and
1 X V, .
== =_C  §is the phase of
(oCR) RV,

current relative to voltage.

tan ¢ =

(iii) Voltage lags the current by ¢.

R
¢
1
oC Z
(iv) Voltage equation :
i
Vr
\Y
Ve
V=Vp-Vgi

V= V2 +V2

(v) Vg ('voltage across resistance ) leads the

V¢ ('voltage across capacitor ) by g .

(vi) Vector Representation

SEND REQUEST TO JOIN MY WHATSAPP FREE OR PAID TEST GROUPS
(MY ONLY WHATSAPP NUMBER 8056206308)



<

(vii) Energy dissipitation :
1
EEOIO cos ¢=E_ 1 cos¢

rms “rms

Ex.13 In a series CR circuit shown in Fig, the applied

voltage is 10V and the voltage across capacitor is

found to be 8V. Then the voltage across R, and

the phase difference between current and the

applied voltage will respectively be —
«—8V—>«— VR—>

— W
C R

M\
Z
10V
(4 1 (3
(1)6V,tan™ | — (2)3V,tan"" | —
3 4
(3) 6V, tan! [% (4) None of the above.

Sol. (1) Using E= /Vg +V¢ we find 10> = V2, + 82
or V2, =100-64=36 or VR =6V
Thus voltage across resistance is 6V. The phase

difference ¢ is, tan ¢ = Ve = 3 = 4
Vg 6 3
¢ =tan’! (4/3)
(F) L-C series circuit
—’6666666‘—|+ —
=
VL VC
)Y
&)

(1) Resistance =0
Reactance X = XLf XC
1
= (DL N,
oC

2
(i1) Impedance = (mL —Lj = |oL - L|
oC oC

1 1
Casel:ifoL< — oro<
oC JLC

i.e. reactance is capacitive.

-n
= —or.
¢ 2

E lags the current by g .

Case 2: IfoaL>L or ®>
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1
oC JLC

. o . g
i.e. reactance is inductive ¢ = + Eor E leads the

current by g

(iii) E = E, sinwt
Eo
oC

+ and- signs will appear for X; > X and X| < X

[=1;sin ((otig) where , I =

cases respectively.

(iv) Voltage equation
V=V -V

Vi

Vi- VCI

Ve
(v) Energy dissipitation is zero because angle (¢)
between current and voltage is 90° and loss is
givenby E__ 1 coséd.
(vi) Vector Representations :

& &

Inductive reactance Capacitive reactance

(G) R-L-C series circuits :

R L C
—WW—TIITMN——+ —
Vx VL Ve
\%
(~)
Z
(1) Resistance = R
Reactance = oL — L
oC

Impedance Z =R + (oL — L) i
oC
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XL_XC _ VL_VC

tan ¢ =
¢ R Vi
(i) E = E sinot = [ = 1 sin (ot- ¢ )
where [, = Eo _ Eo and
izl T LY
R*+| oL ———
oC
tan ¢ = Xy —Xc
R
o X, -X
(iii) Since tan ¢ = %
Case 1: If X; > X

o=+ve

= Voltage leads the current and reactance is said to
be inductive.
Case2: If X>X|

o=—ve
Voltage lags the current and reactance is said to
be capacitive.

(iv) Voltage equation :
V=Vg+ (V- V)i

(v) ifE=Esinwt
Vi = IR =R sin (ot - ¢)
V= oL I sin (ot — ¢ + 1/2) = oL L cos ( ot - ¢)

(i=+-1)

1 . T
Vo= —1,sin(ot—¢— —
c=och (ot —¢ 2)

1 b
=—— I,cos(ot—¢p —
—oC © ( ¢ 2)

V=Vp+(V - V)i

Vi
v
Vi-Ve
()
Vr !
Ve
We see - that
[V|=E.
(vi) Energy disspitation :
1
EEO [pCos¢=E_ I Coso.

Ex.14 In the following circuit, E = E;, sin ot,
E, =200 volt, R=20Q, L=1H, C=10.6
F. The current in amp at f=0 and f = is
respectively

R L C
—AMWW——TITITMN——

VR VL VC
\%
)
@,
(1)0, 10 (2) 10,0
(3) 10, 10 (4)0,0

Sol. (4) Inductive reactance = 2nfL = X

.. 1
Capacitive reactance = =Xc
2nfC

atf=0, X; =0and X = o So we have an

open circuit as shown

)

)

E
at f= o0, X, =

and X = 0 again

we have an open circuit = i=0
in both the cases, 1= 0

Ex.15 In the given fig. the potential difference is shown
on R,L and C. the emf of source in volts is —
R L C
AW e |
30V 60V 100V
(=)
Z
e
(1) 190 2)70 (3) 50 (4)40
Sol. (4) From the vector representation
V= VVI% +(Ve _VL)2
V =(100-60) =40
Vi
Vr
Ve
Note : the angle ' © ' between current and emf will be
given by
i
¥ Ve
Vce-VL V

SEND REQUEST TO JOIN MY WHATSAPP FREE OR PAID TEST GROUPS
(MY ONLY WHATSAPP NUMBER 8056206308)



FULL PDF QUESTIONS DOWNLOAD FROM MY WEBSITE - WWWJE'U"“EE'I:PEPEI’S.{:GH\

0=tan1 u = tan! (ij
Vi 3

The given circuit has a capacitive reactance and
hence emf will lag the current by an angle '0'.
Ex.16 For the series network shown in fig, find out (i)
the peak current, (ii) impedance (iii) power factor,
(iv) power consumed and (v) the expression for
the instantaneous current, if ¢ = 100 sin (314 t)
volts (given tan™! (4/3) = 53.13°.)

Sol (i) Inpedance Z :wle +(X - XC)2
= 6% +(15-7)> = 10Q.

(i1) peak current
I,=Ey/Z =100/10 = 10 ampere.

(iii) power factor cos ¢ = % -5 0.6

10
(iv) power P =E 1~ cos ¢=E; I, cosd/2

=100x 10 x 0.6/2 =300 Watt
(v) The phase angle ¢ = cos™! (0.6)
or ¢ =53.13° The expression for the
instantaneous current is
i=1,sin(ot + ¢) = 10 sin (314 t + 53.13°)
The plus sign is used because X > X .

The current leads in a capacitive circuit.

9. POWER IN A.C. CIRCUIT
(i) The rate of work done or work done per second in
an electric circuit is called power.
(1) According to Joule,
power in an electric circuit = VI
work done in time 't'= VIt
(iii) unit - watt or joule / sec., horse power ( HP)
1 watt = 1 joule / sec.
1 HP =746 watt.

9.1 THREE TYPES OF POWER
(A) Instantaneous power :
(1) The power at any instant of time in an electric
circuit is called instantaneous power.
(2) if instantaneous current and voltage representative
are -
I =1, sin (ot) and

E=E;sin(wt+¢), then

Instantaneous power =E |
P, i = (1 sinot) ( Ej sin (ot + ¢))

(B) Average power :
(i) The average of power dissipitated over one cycle
is called average power.
(i) E=E sin (ot + ¢ )
I=1, sinot
P(t)=E,I;sin(wt+ ¢)sinwt
T
J' p(t)dt

<P>:O—

J'OT dt

1
= 3 Eglycos¢ =E I cosd

ms “rms

where ¢ is the angle between E and I .
(iii) Case : 1 Circuit is totally resistive - i.e. $ =0

< P > = EI'lTlS IITl'lS
Case : 2 Circuit is pure inductive or capacitive -
e g=tt
2
<P>=0
(iv) Maximum power dissipitation is in pure resistive
circuit .

(C) Apparent power :

(1) The product of apparent voltage and apparent
current in an electric circuit is called apparent
power.

. E,l
(ii) Apparent power =1 B = 00

rms 2
(iii) This is always positive .

Ex.17 A bulb of 220 - 100 watt is connected with 110
volt of source, then loss of power is —

(1) 100 watt (2) 50 watt
(3) 25 watt (4) 2 watt
2
Sol. (C) Resistance of the bulb = (22007 _ (22)?

v_2: (110)? _ (11)2x100
R (22 (22)°

:@:25watt.
4

loss of power =

9.2 POWER FACTOR (PF) :

X=X, Xc|

¢ R
(i) The ratio of apparent power and average power is

called power factor
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| S T N
E ]

ms = rms

(iii) since, R=|Z | cos ¢

(i) PF = =cos ¢

cos = R PF
|Z]
(iv) power factor depends upon the components of the
circuit.
(v) (a) If pure resistance , cos ¢ =1 =PF .
i. e. average power = apparent power .

(b) If pure inductive or capacitive (d) = igj .

PF=cos =0
(vi) The value of power factor lies between 0 and 1.
(vii) Itis a dimensionless quantity.
(viii) Power factor is I in case of resonance which will
be explained later.

9.3 WATTLESS CURRENT :

(i) The component of current which does not
contribute to the average power dissipitation is
called wattless current.

(ii)) The average of wattless component over one
cycle is zero over one cycle. i. e.
< Egl, sinwt coswt sin ¢ > =0

(iii)Instantaneous, value of  wattless current
= (Iysing) cosot

(iv) Amplitude of wattless current = (Iysind )

(v) The phase difference of wattless current and
voltage is always%. That's why only it does not

contribute to the average power dissipitation.
(vi) RMS value of wattless current =1__sin ¢

I, .
or —% sin ¢

V2
x| X~ Xc|
1zl |z]

(vii) Power component of current = (I, cos ¢) sinwt

sin ¢ =

and phase difference between this component and
voltage is zero.

10. RESONANCE

(i) I=1,sin (ot - ¢)
R L C
=) ;‘
N\

E = Ejsinmt

Where I, = Eo -
\/Rz +(mL—lj
®
oL__ L
and tan ¢ = ——2C
R

(i1)) We see that, current change with frequency ( ® ) .
For a particular frequency, current in the circuit is
maximum . This state is called resonance and the
frequency is called resonance frequency.

(iii) In case of resonance,

1
(DL_E or XL_XC
1
= W= ——
JLC
1
f=——-f,

(iv)at f=f_, circuit is in resonance .
(a)Z=R
(b) power factor = 1

E
o)1= =Lsinwt
(© R

(d) phase difference between voltage and current
is zero.
(e) Impedence Z is minimum = R.
(v) phase difference between voltages across capacitor
and inductor is 7.

Vi=-Vc
(vi) Graphical analysis :
t
X
f.—
(a) 1---~ —r —
Xc|
l J f. : Resonance
! frequency

=f, —
R3; <R, <R,

] —

(©)

o]
=
ey
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(vii) Vector Representation :

XL = (,l)Ll
R
Xe=—(1/oC)i
(viii) Frequencies at which value of current reduces to

% are called half-power frequencies.

(ix) The internal between half power frequencies is
called band-width.
Band Width = f, — f
(x) The value of Band width is independent of R.
(xi) Resonance is 'sharp' at low resistances.

Ex.18 The band width of a series resonant circuit is

400 Hz. If the resonant frequency is 4000 Hz, the
value of X at resonance, L and C will
respectively be-

(1) 100€2, 0.04H, 0.4 pF

(2) 109, 0.4H, 0.04 puF

(3) 100€2, 0.4H, 0.4 uF

(4) None of these.

Band width BW = {/Q

or Q=4000/400=10
(XL)resonance =QR =10 %10 = 100€.
L = X /o, = 100/2 x mx 4000 = 1/87 henry

=0.04 H
Since at resonance X = XC

Thus X = 1 100
o,C

r

1
21t x4000%100
=0.4 uF
A series R-L-C circuit has a resonant frequency of
12 KHz. If R = 5Q and X at resonance is 300 €,

The cut off frequencies will be —
(1) 11,900 Hz, 12,100 Hz
(2) 9,000 Hz, 10,000 Hz
(3) 200 Hz, 210 Hz
(4) None of the above.

(XL)res — 300
Q=R 5

_

r

or =10/8% farad

=60

f, = £ — (BW/2) = 12,000 — 100 = 11,900 Hz
£, = £ + (BW/2) = 12,100 Hz.

11. QUALITY FACTOR (Q)
(i) If o, = Resonance Angular frequency.

Stored energy

then Q=

Energy loss during a cycle
_ O oL 1
o,—o, R ogRC

(i) ' Q 'is dimensionless quantity

(iii) ' Q ' represents th
value of ' Q ' represent

General :
Phase difference

@D ¢=0

T
(i) o=+

(iii) o =—

o a

(iv) 0<¢ <900

(v) 0>¢>900

12. CHOKE COIL

e sharpness of resonance higher
s sharper resonance.

Possible components
(a) Only R
(b) L-C-R Resonance circuit

(a) Only L

(b) L-C series circuit
(X >X¢)

(a) Only C

(b) L-C Series circuit
(Xe>X)

(a) L-R Series circuit

(b) L-C-R series circuit
(XL>X¢)

(a) C-R Series circuit

(b) L-C-R series circuit
(Xc>Xp)

AAAAAAN

Chock coil

(1) This is an

inductance-coil

Tube light
or Radio

with high self

inductance and low resistance.

(i1) The current in an alternating current circuit may
be reduced by means of choke-coil involving
minimum loss of energy.

(iii) Choke-coil is

much more appropriate

than

resistance because, resistance involves loss of
energy while choke coil involves very low energy

loss(d):g)

(iv) Choke-coil cannot be used for DC.
(v) Choke-coil for different frequencies are made by
using different substances in their core.
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(vi) Choke-coil is used in tube-lights, motor etc. in
series.
(vii) Losses in choke-coil :
(a) Heat Loss : The resistance R of a choke-coil
is not exactly zero, which gives Joule-heating.
(b) Eddy current losses : Can be reduced by
laminating the iron-core.
(c) Hysteres is loss :

13. COMBINATION OF ELECTRIC BULBS
(i) When a bulb of power P is connected to a mains
line of V volt, then

(a) The current flowing in the bulb I = %

2
(b) Resistance of bulb R = VT = P

(c) Heat generated in the bulb H = =—

(ii)) A bulb marked 100W - 200 V means that it is
connected to a 200 V line,m then 100 watt power
will be consumed (i.e. 100 Joule of electric
energy will be converted into heat and light per
second).

(iii) Comparative study of series and parallel
combinations of bulbs-

Series combination

Parallel combination

R, R, R;

(i)

(=)
N\
E
(i1) In this combination the bulb of highest wattage

will shine maximum.

(iii) In series combination the current through all the
bulbs will be the same

(iv) The resistance of lowest wattage bulb is maximum and
. IRt :
hence heat generated in it |H= ES will be
maximum and it will glow maximum and it will glow
maximum

(v) The glow of bulbs connected in series depends on the
voltage across their ends.

(vi) If the voltage across the ends of the bulbs connected in
series is increased then current in them increases and
consequently the higher wattage bulb will keep on
glowing whereas the lower wattage bulb will get fused.

(vii) The resultant power lost is given by
1 1 1 1
—=—t—+—"+...
P P P, P

(viii) Resultant resistance of the combination

R,

I] R2 Pl
I P,

(@) I; Rs

P;
(<)
Z
E
(i) In this combination the bulb of highest wattage

will shine maximum.

(iii) In parallel combination the voltage across all the bulbes
will be the same.

(iv) Resistance of highest wattage bulb is minimum and

2
v It{] will be generated

hence maximum heat (H =
in it and it will glow maximum

(v) The glow of bulbs connected in parallel depends on the
current flowing in them

(vi) If the current in the circuit of parallel combination of
bulbs is increased then the lower wattage bulb will
keep on glowing whereas the higher wattage bulbwill
get fused.

(vii) The resultant power lost (P) is given by
P=P +P,+P,+ ..

(viii) Resultant resistance of the combination
1 1 1 1
—_————
R R, R, R;
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POINTS TO REMEMEBR
1.

The average value of alternating emf or current for
complete cycle is zero. That is why a D.C. ammeter or
a D.C. voltmeter connected in A.C. circuit does not
show any deflection. The another reason for no
deflection is that due to the property of inertia the
needle cannot follow the changes in direction and
hence does not deflect at all from its position.
Smaller the power factor, smaller is the energy loss.
For R circuit power factor = 1 for L circuit, C circuit
and L - C circuit, the power factor is zero.
An ideal choke coil controls the current in an A.C.
circuit without the loss of energy.
Larger the Q factor sharper is the resonance.
Choke coil has a high resistance to A.C. but low
resistance to D.C.
The frequency of current produced by generator (f)
(a) Frequency of A.C. or A.V. (f)

_ No. of polesx rotations/sec

2

(b) f= nRzNP Here N, = No. of poles,

ng = rotations/sec.

(c) In India and England the frequency of A.C.
generated at 220 V is 5S0Hz, whereas in the U.S.A.
the frequency of A.C. generated at 110V in
60Hz.

The pole reversion takes place twice in one cycle

(rotation).

In one second the voltage or current becomes zero 2f

times and the direction of A.C. or A.V. also changes

2f times.

10.

11.

12.

13.

14.

15.

The rate of change of A.C is minimum at that instant
when they are near their peak values.

The rate of change of A.C. or A.V. is minimum at that
instant when they change their direction.

The A.C. or A.V. takes T/4 time in reaching from zero
to maximum or from maximum to zero value.
Representation of Ej, B, E E_  and E . .In the

rms’> Tav’ Tmax

figure QQ' — peak to peak value. At point P, P,

maximum rate of chane of E P, Q minimum rate of
change of E.

Representation of E, EZ < E2 > and E s
(@) E=E sin (wt + 0)

(b) E=E sin 2n ft + 0)

(c) E = Eg sin (%iej

(d) E=E sin ot = E sin 27 ft = E, sin %

(e) E,= BNA®
E o
I.= =% =NBA —
Iy R R

Relation between L and <1> or E and <E>

<I>m

1. =
(a) rms 2 \/E

<E>mn
(b) Erms =

22
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SOLVED EXAMPLES

Ex.1

Sol.(4)

Ex.2

Sol. (4)

Ex.3

Sol.(2)

Ex.4

The instantaneous emf in an ac circuit is given by
E =50 sin (314 t) volts, where t is in seconds. In
how much time the emf will become 25 volts,
starting from zero,

1 1
) %S (2) ﬁs
314 600

For instantaneous emf to be 25 V, we must have
25=350sin (314 1)

or L GinG14n or T=314¢
2 6
i 1
or t= =—-S.
6x314 600

The phase difference between current and voltage

in an AC circuit is /4 radian. If the frequency of
AC is 50 Hz, then the phase difference is
equivalent to the time difference—

(1) 0.78s (2) 15.7 ms
(3) .25s (4) 2.5 ms

The time difference equivalent to phase difference
A¢ is given by
A&
2 T
Thus, At= le(l) - L X L x =
2n 50 2n 4
= L:2.5 x 1073 sec.
400

The number of poles in an AC generator is 10,
and the coil is rotating at the rate of 600
revolutions per minute. Then, the frequency of
AC current produced by the generator is (in hertz)

(1) 10 (2) 50
(3) 1000 (4) 600
The frequency of the ac is = number of rotations
of the coil per second x number of pairs of pole
_ 600
60
(10 poles means 5 pairs of poles (N-S).

x 5=50.

A long solenoid connected to a 12V dc source
passes a steady current of 2A. When the solenoid
is connected to a source of 12V rms at 50 Hz, the
current flowing is 1A rms. Then the inductance of
the solenoid—
(1) 11 mH

(3) 33 mH

(2) 22 mH
(4) none of the above.

Sol.(3) From the first data, resistance of the solenoid is

Ex.5

R = 12/2 = 6 ohm. From the second data, the
impedance of the solenoid is

12V

Z=——=12Q.
1A
Since Z= yR? +(oL)?
or 7% =R2 + (wL)?, we have

122 =62+ (2m x 50 L)?

or 100 tL =122 — 6% = 108 = 10.4

10.4
L=29% _ 033 henry.
314 ey

A 110V, 60W lamp is run from a 220V ac mains
using a capacitor in series with the lamp, instead
of a resistor, then the voltage across the capacitor
is about—
(1) 110V
(3) 220V

(2) 190V
(4)311V

SoL(2) V= VZ+VZ , thus Vi, =V - V2,

Ex.6

Sol.(2)

=2202-1102=1102(4-1)
or V=110 4/3 =190 volt

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

(1) 10V (2) 100V
(3) 50V (4) 500V
Inductive reactance in the circuit is
X =oL=2nfL

=2 x3.14 x (500) x (8.1 x 1073) = 25.4 ohm.
Capacitive reactance in the circuit is

1 1 1
C oC 2nfC 2x3.14x500x(12.5%x107°)
=25.4 ohm.

Since X; = X, the impedance is

Z={[R? +(X, -X)’] =R =10 ohm.
_ Ep _ 100volt
10ohm

1I‘Il’lS Z
Hence, the p.d. across the resistance is
i X R=10amp x 10 ohm = 100 volt.

=10 amp.
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Ex.7  An ac circuit draws 5A at 160V and the power
consumption is 600W. Then the power factor is —

(H1 (2)0.75
(3)0.50 (4) zero
Sol.(2) Power factor
cos ¢ = Real power
VHHSIHHS
or cos ¢ = 600 _ 0.75
5x160

Ex.8 A step down transformer operates on a 2.5 KV
line and supplies a load with 80A. The ratio of the
primary winding to the secondary winding is
20 : 1. Assuming 100 percent efficiency, the
output power is —

(1) 200 KW (2) 100 KW
(3) 10 KW (4) none of the above.
Sol.(3) P, =V
N 1
Now V.= — xV_=— x2500=125V
S N P20

p

Thus P =125 x 80 = 10 KW.

(Tt is assumed that the load is resistive, so that the
power factor is unity).

Ex.9 An ac source of emf E = 200 sin (100 t) is
connected to a choke coil of inductance 1 henry
and resistance 100 (. The average power
consumed is —

(Ho (2) 200W
(3) 141W (4) none of the above.
Sol.(4) The reactance X; = wL =100 x 1

This impedance is Z = wlRZ +Xf = IOOx/E

The current (peak), 1, = E,_ 200 _
Z 100V2
Thus, P=E I cos¢= —Eglo x%

_ 200xy2 100

2 10042

=100W

Ex.10 A 2.5/m uF capacitor and a 3000—ohm resistance
are joined in series to an a.c. source of 200 volt
and 50 sec”! frequency. The power factor of the

circuit and the power dissipated in it will

respectively be—
(1) 0.6, 0.06W (2) 0.06, 0.6W
(3) 0.6, 4.8W (4)4.8, 0.6W.

Sol.(3) The capacitive reactance is
1 1 1

X T mic 25
® T 27:><50><(><106j
T

= 4000 ohm.

The impedance of the circuit is
Z=J(R? +X2) =/[(3000)° + (4000)*]
=500 ohm.

cos ¢ = E:M =0.6
Z 5000

Power dissipation, p =V I > cos¢.

Power factor,

=V —rms
rms % 7z x cos (I)

2000

=200 x % 0.6 =4.8 watt.
5000

Ex.11 A circuit drawn a power of 550 watt from a
source of 220 volt, 50 hertz. The power factor of
the circuit is 0.8 and the current lags in phase
behind the potential difference. To make the
power factor of circuit as 1.0, the capacitance
required to be connected with it, will be —

(1) 70.4 pF (2) 75 uF
(3) 7.5 uF (4) 750 pF
Sol. (2) Initially, the current lags behind the potential

difference. Hence the circuit contains resistance
and inductance. The power of the circuit is —

= X 1 X
P=V o Xino %cosd.

Vimg.

But Line =

where Z = \I[Rz +(wL)?] is the impedance of the

circuit.

V,
L P=EV X ;’S X cos .

_ (V)? X050 _ (220)*x0.8
P 550

orZ =70.4 ohm.

R
Power factor, cos ¢ :E

. R=Zcos$p=704x0.8=56.32 ohm.

Now Z2 = R? + (wL)?

S(wL)? = Z2 — R? = (704)? — (56.4)% = 1784
. oL =42.2 ohm.

The impedance of the circuit after inserting the
capacitance is given by
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. R
Now, the power factor is given by cos ¢ = 7

_ R

\/[Ru(m_;cﬂ

Clearly, for making power factor = 1.0, it must be

thatmL:L or C= !
oC o(ol)
Butw=2nf=2x3.14x50=314
C=— 1 —75x10° farad
314x42.2

=75 micro farad.

An L-C—R circuit has L = 10 mH. R = 3 ohm and
C = 1uF connected in series to a source of
15 cos @t volt. The current—amplitude and the
average power dissipated per cycle at a frequency
10% lower than the resonant frequency will
respectively be—
(1) 0.704A, 0.744W (2) 0.704A, 0.704W
(3) 7.04A, 7.44W (4) 70.4A, 74.4W
Resonant frequency, op = !

V(LO)

1

= =10 per sec.
JA0x10 H)x (1x10°F)

The frequency 10% lower than this is
o=10%-10* x 10 =9 x 103 per sec.
100

At this frequency, we have
X; = oL =9x10% x (10 x 1073) = 90 ohm.

oC  9x10° x(1x107)

=111.11 ohm.
.. impedance,
Z= R+ (X, -Xc)> = 4/(3)* +(90-111.11)2

=21.32 ohm.

.. current amplitude is

iy _Eo = SLEE 0.704 ampere.

Z 2132

. . 1 _ .
Average power dissipated is P = 3 Eyjij cos ¢.

Here cos (I):5 -3 =0.141.
Z 2132
L P= % x 15 % 0.704 x 0.141 = 0.744 watt.

Ex. 13

Sol.(3)

Ex.14

A 750-hertz, 20—volt source is connected to a
resistance of 100 ohm, an inductance of 0.1803
henry and a capacitance of 10 microfarad all in
series. The time in which the resistance
(thermal capacity = 2 joule/°C) will get heated
by 10°C will be—

oL ———
oC
)
R
(1)20s (2)200s
(3) 348 s (4) 448 s

Inductive reactance in the circuit is

oL =2 x3.14 x 750 x 0.1803 = 850 ohm.
Capacitive reactance

1 1

oL 2x3.14x750x (10x107°)

=21.2 ohm.
Impedance of the circuit,

1

22

z—[RZJ{mL—LJ ]
oC

=[(100)2 + (850 — 21.2)2]"/2 = 835 ohm.
Power dissipated,

1

212
_ 2 1 .
P=V s [R —{(DL_E 16 X €os &

=V XEXEZZOX&X@
rms Z 835 835
=0.0574 watt.

Heat produced in the resistance
= 2 joule/°C x 10°C = 20 joule.
Let this heat be prodced in t sec. Then

Pt =20 joule
or t= 20]—01116 = 348 second.
0.0574 watt

Kanha wants to calculate the current and power
dissipated in an LCR series circuit . He connected
100Q2 resistance to an AC source of peak value
200 V and angular frequency 300 radian/sec.
When he removed only the capacitance, the
current was found to be lagging behind the
voltage by 60°. while on removing the inductance
he found, the current leading the voltage by 60°.
The value of peak current and the power
dissipated obtained by him will be—
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Sol.(1)

Ex. 15

Sol.

Ex. 16

Sol.(4)

(1) 2A, 200W
(2) 4A, 100W
(3) 3A, 120W
(4) Nothing can be said.

tan 60° = m—L,tan 60° = LGS .
R R

o)L:L .
oC

. impedance of the circuit,

1
2 12
Z=|R°+| oL——— =R.

oC

Current in the circuit, i, = Vo =0 & =2A
Z R 100
Average power, p=—=Vi,cos ¢.
oL L
But tan ¢ = Twc =0, ..cosp=1.

" ﬁ:% x 200 x 2 x 1 =200 watt.

In an alternating circuit connected to an emf of
100 volt and frequency 50 hertz, a resistance of
10 ohm and an inductance of 1/(10m) henry are
connected in series. Find out the power dissipated

in the circuit.

Power dissipated P = V ;s X Lijs X cosd

= Vi % e X
z z
_ VaR V2 R

7> R%2+(oL)
(putting the values) P = 500 watt.
In an LCR circuit, the capacitance is changed
from C to 4C. For the same resonant frequency,
the inductance should be changed from L to—

(H2L (2)4L
(3)L2 (4)L/4
SRS U S
TVt o Jue
For 0=0'= 1 :;
ot LC /L'(4C)
or LC=L'#40) or L'=L/4

Ex. 17

Sol.(3)

Ex. 18

Sol.(1)

A coil self-inductance 0.16 henry is connected to
a condenser of capacity 0.81 pF. The frequency
of A.C. that should be applied so that there is a
resonance in the circuit (The resistance of the
circuit is negligible) should be —

(1)50 c/s (2) 60 c/s

(3) 442 c/s (4) 342 c/s

Suppose the frequency in the alternating circuit is
f. If the inductive reactance (oL) is equal to the

capacitive reactance (1/wC) in the circuit, then
there is resonance in the circuit. Thus.

(;)L:L or 2nfl = !
oC 2nfC

or =L L
2n \\ LC

Here L =0.16 henry and C = 0.81 pF
=0.81 x 107 farad.

o 1 1
2x3.14 | 0.16x(0.81x107)

=442 cycles/second.

In an oscillatory circuit the value of self-
inductance of the connected coil is 10 milli—
henry. If the oscillatory frequency of the circuit is
1.0 megacycle/second then the capacity of the
condenser connected in the circuit will be—
(1)2.5pF (2) 2.5 uF
(3) 0.25 pF (4) 0.25 pF

If C be the capacity of the condenser connected in
the circuit and L the self-inductance of the coil, then

the resonant frequency of the circuit is given by

S Eppc——
2n \\ LC L x (2xf)

Here L = 10 millihenry = 10 x 107 henry,
f= 1.0 megacycle/second
= 1.0 x 10° cycle/second.

1
C= 3 6,2
(10x1077)x(2%x3.14%x1.0x10”)

=2.5x 10712 farad = 2.5 micro—micro farad (u pF).
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Ex.19

Sol.

Ex.20

Sol.

In series LCR circuit V = 100 sin(100xt) volt,
I=100sin(100 7t — /3) mA. Then find out-

(i) rms voltage and current

(ii) Phase difference between V and I & frequency
(iii) Power factor and its nature

(iv) Average power loss

(v) Resistance, reactance & impedance

(i) rms voltage = 50 x/E volt

rms current = 50 ﬁ mA
(i1) ©/3, 50 Hz

E

N | —

(iii) Power factor = cos m/3 =

Nature : lagging
(iv) Average power loss = VI cosd

= (5042 )(504/2 ) x 10 Gj —25W

(v) R =500 Q; X = 500+/3 Q;
%

Z:TZIOOOQ

Define following terms related to A.C.

(a) RAML.S. value of current

(b) Wattless current

(c) Average value of A.C.

(d) Quality factor

(a) The root mean square (r.m.s.) value of
alternating current is defined as that value of
steady current; which would generate the
same amount of that is a given resistance in a
given time, as is done by the alternating
current, when applied to the same resistance
for the same time.

If same heat

then D.C. is known as RMS of A.C.

(b) Wattless current : It is the part of current,
which provides no contribution in real power
in A.C. circuit. Wattless current = I, . sind

(c) The mean or average value of a.c. over any
half cycle is defined as that value of steady
current which would send the same amount
of charge through a circuit in the time of half
cycle (i.e. T/2) as is sent by the a.c. through
the same circuit, in the same time

Ex.21

Sol.

Ex.22

Sol.

Ex.23

Sol.

If @ same charge

(d) Quality factor : Q factor of A.C. circuit

basically give an idea of stored energy and
stored energy

lost energy Q oc
lost energy

OR
Q factor is the ratio of resonating frequency
and band width and it also indicates about
sharpness of resonance.

fr
Q - Af >

resonance.

high Q-factor gives sharp

What is choke coil. Write down its basic use with
one advantage.

A coil of high inductance and low resistance is
called choke coil.

Advantage — Minimum or negligible energy
loss.

Use — It is used to control current in A.C. circuit.

Define half power frequencies in series LCR
circuit.
Frequencies at which power becomes half of its
maximum value.

OR

. . 1 .
Frequencies at which current becomes — of its

V2
maximum value (or value at resonance)
OR
Half power frequencies are the frequencies at
which reactance and resistance are equal.

Write the formula of quality factor and how the
sharpness of current and frequency curve is varied
with resistance in series L-C-R circuit. Show
with figure.
Quality factor

_ 2mx Average energy stored per cycle

Average energy dissipated per cycle

1.0
27T><ELIO oL
TRy LR
(O ij
2

1
Sharpness oc —
P R
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As resistance increases sharpness decreases. Ex.29 Why the multistrained wire is more suitable for
I flowing alternating current ?

Sol. Because A.C. always flow from the surface of the

wire due to skin effect. So without using the

extra material by dividing a single wire into

multistrained wire we can increase the surface

area.

Ex.30 What is the phase difference between
(1) Voltage across L and C in a series LCR
circuit connected to an AC source
(i1)) Current in L and C in a series LCR circuit
connected to an AC source
Sol. (1) 180° or m rad (i1) 0° or same phase

Ex.24 Is a capacitor at very high frequencies acts like a
short circuit ?
Sol. Yes

Ex.25 Is a circuit with a high Q value has a narrow

resonance curve ? . . .
Sol Yes Ex.31 An alternating current source E = 100 sin 1000t is

connected through a inductor of 10 pH then write

Ex.26 The time required for a 50 Hz A.C. to change down the equation of current.

from zero to the r.m.s. value is .......... Sol. 10000 sin [IOOOt _Ej A
Sol.  2.5x 10 sec. 2

Ex.27 Average value of sinusoidal A.C. of peak value I,
overOtomis ..........

21,

n

Sol.

Ex.28 Ratio of real power to apparent power in series
LCR series circuit is well known as ..........
Sol. Power factor
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