RIR SN L
where
¢ is the length of
‘B’is the flux de

CHAPTER &

Thus the emf ger

Emf generated i1

cUNDAMENTALS O} ...

ALTERNATING CURREN]

Hence maximun

' Substituting it i
ction of Alternating Emf

4.1 Produ The instantane:
Y.
N
o, ' Similarly the e
AT N\
/] 2 "’ “\ .

Ao If € is the freq

; 4 4 g _ second, then
X! 0 /| Substituting f

Y y
tn » peisgroq g
Y Y 1L !} ﬁ A \}

2% R BN i. ‘L L If the emf val

along the Y-axis

Consider a single turn rectangular coil rotating with a constant ang
velocity of o radian/second in a uniform magnetic field. The axis of rotatio
being perpendicular to the magnetic lines of force. Let the time be meast
from the instant the coil lies in the plane of reference XO0X'. The angle 0
by the coil in a time t seconds is given by 6 = @t . Whe
of the coil in rad/second. Linear velocity v o

v=o0rm/s where ' is the radius of

Linear velocity of coil side at right angl
v sin ot .

When the coil continues its motion in
The flux cut per second = BW sin ot -
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e

where

‘T is the length of the coil side parallel to the axis in meters
‘B’is the flux density in tesla (weber/m?)

Thus the emf generated in the coil side at time t = Biv sineot

S e S

i Emf generated in the coil at time t=2 B sin ot - 2 Blor sin ot (v = or)
'F? But maximum flux linking the coil, ¢ = Bx2ir.
IT; Thus emf generated in the coil at any instant ‘t’ = ¢wsin ot ($=2 Blr)............ (1)
Thus emf will be maximum when sin ot =1
\‘ Hence maximum value of emf generated, B = o

Substituting it in equation (1)

. il “m:.:‘!““ﬁv": ety "I

The instantaneous value of emf generated at any time t is
e =FE _ sinlol (2) J :

Similarly the expression for induced alternating current is given by,

If ¥ is the frequency of rotation of the coil. i.e., no.of cycles passed through per
second, then o = 2xf

Substituting for o in equation (2) & (3)

e E_ sin (2rnf) t

§
4

Il

i = I sin (2rf)t

If the emf values as given by equation (2) from instant to instant are plotted
along the Y-axis and time along x-axis, the graph will be as shown in the figure.

b
1
Em
"’é‘ el (BRIf2 e
o |la n/2 A2m
1 cycle )
Sine Wave of emf {8

The graph of voltage shown in the figure is called a st
The trace abede of the graph completes one cycle and
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lete a certain ‘

80 FUNDAMENTALS h a wave will comp e ye andaatil
itive and other negative- 1SIijthe frequency of tl:-fz ontal axis is m ey

one positiv ond, which is calle the ac waves, ho ar), ettt

5 | the curve.

in one sec
cycles in 0
in Hertz(Hz). In Pra_‘;s
radians or degrees 1

4.2 Important Terms s
One complete seét of positiv
alled a cycle.

i taken for one CYy
BN n frequency

tice while drawin
tead of seconds.

Cycle :-
quantity is ¢

Periodic time: T :
time (T). The relationship betwee
1

T=f

f ¢ :
Frequency : The number O ti{y ey o e

frequency of an alternating quan
Hertz.

Amplitude : : .
value of alternating quantity. It is often r

Instantaneous value : The value of voltage or current at a particular ing

is known as instantaneous values.

Average value : The average value of the current or voltage of an alte na
wave shape is the arithmetic mean of the ordinates at equal intervals over al
cycle of the wave. However, if the arithmetic mean is found out over the cg my
cycle, it will be zero for sinusoidal as well as for non-sinusoidal wave, provideg:

wave shape is symmetrical.
4.3 Determination of Average Value

i) Mid Ordinate Method :- The average
value of an alternating wave can be
determined graphically by taking the
arithmetic mean of the ordinates at equal
Intervals over a half cycle of the wave,

Let t.he wave from be split into equal parts,
The middle valyes are measured and the
average value ig calculated,

cle is

'

nd negative values of an ajte

L Adears ] itude of the maximum pOS1 s
s, T eferred to as the peak value.

|

known as time period or p ;.
and time period is given by,

Base of the w;

i econd is calg 4,
ompleted in one S |
cles comp xpressed in cycles 'f-l.

4.4 Root Mean |

RMS value of
which when flow:
as that produced
for the same tim

Heat producec
time being kept C
as the unknown

Heat iS propor
or mean value is

Let us take t

time
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The area of the sine curve from Q° to 180°
0 y ”
the curve. may be formed out by integrating

Current 81

.

180

i dt jlm Sin 0 de

0

Area

I
2 Yoy
Il

180° _

Chig, Iy [-cos 8] 5" = a
Base of the wave from = n radian
I 2 Area 2P
av - S _]t—
“hIE g e - | “OUS87 1

4.4 Root Mean Square Value (RMS Value)

RMS value of an alternating current may be defined as that value of dc current
which when flows through a given resistance produces the same amount of heat
as that produced by the alternating current passing through the same resistance
for the same time. RMS value is also called the effective or virtual value.

Heat produced by ac current and dc current are compared, the resistance and
time being kept constant. The value of d.c current which produces the same heat
as the unknown ac current is known as r.m.s value of a.c.

Heat is proportional to I2. Therefore, the a.c value is squared first, then average
or mean value is found out. Finally the root is taken to give the effective value.

Let us take the simple wave form i=1, Sin 6

_[(Im sin6)® de
0

Ir.m.s. -
T
|l 3
~ = |sin“ 0 dé
5 0
Maximum value
R.M.S. Value » ‘[5
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FUNDAMENTALS OF ALTERNATI - dcﬁnCd i Orih
g factor of an alternating wave 18 o
«. Form tacto |
Form factor : i
y e average value. | s o
rms value to the & g l\}-ﬁg
R el S0 et :
Rais Vale ) 0.637 % Maximuin £

Form factor = Average Value

Qe 1.11 for sine wave
0.637

i a
ernating wave 18 defined

s the ratio of
Peak factor :- Peak factor of an alt

maximum value to the rms value.

Maximuim Value

i Value
Maximum > = Maximum Valus

rms Value

is

Peak factor =

= 1.414.
4.5 Phasor representation {

Any alternating quantity can be represented by a rotating Phasoranlht?:l Severy
alternating currents or voltages are evolved, there would be elinite phag
relationships between them. Phasors can be expressed mathematically in
following forms.

1. Rectangular form

2. Trigonometric form

3. Exponential form

4. Polar form

The j Operator .- Po

The letter §’is used to express o
vector through 90°. If this o
rotated counter clock wise t
by -1.

>S operation of counter clock

peration is done twice on a vect
0 .

hrough 1800 ang reverse its sine. |

-Wise rotation ofg
or, the vector gets 1
-€., gets multiplief Wi

Thuijj:iz:-I-HenceJ'ﬂ/'-‘l v(

Thus J‘)'V = _V-
Rectangular form:.

Any vector may be regg] ;_;
Y-component. The vector V. ig
. S 1 “‘
Yy B s ¥y In langyag

the reg] c 7
OMponent d
Component, Numeric;In

\/’m While

tan-! (yl/xll

Su

its angle
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'l;rigonometfic form S

g

ity
Figure shows the vVector v and gk
-Ccom :
js vsin® - Hence we may write Ponentis v cosg and its y-component
: e :
gxponential form :- vV (cos 0+ j sing)
puler’'s equation states that
laI .
Se e’® = cos 0+ jsin 0
1e . 3
l.e., e 10 = cos 9""] Sin e
e® ="cos0-jsin0 4
Hence vector v may be expressed in the exponential form | éll":
v = ve'l £
Polar form :- j;
Consider the vector v written in trigonometric form v(cos 6 + j sin 0). This vector
a 2 alf ; ¢ .
4 makes an angle 6 with the positive x-axis and has magnitude v. Hence it may be
.d written as vZ0 where, angle 0 is taken counter clock wise. Similarly vector

v(cos B - j sin 0) may be expressed as v/-0.

Addition and Subtraction

The rectangular form of representing phasors is best suited or di"#.'l

subtraction operations. Consider two phasors A=)

>

+"B' - (al ?

D¢

Multiplication and Division

. The polar form of representing pha
Wision. Consider two phasors:

sors i
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T G 4 the angles are added 5
A=AL8 mulﬁpﬁed an 5 The |
magnitudes &7 . saidtob
e i ’ time. Th
pivision i o, A el ' wave for
B % | 47 AC
? The f
pifference e B i !
o L7 ted by a sine wave and the other voltag 1S also g, an alter
Voltage A iS T€P S 7 & i i of curre
wave. vV, V,
i =
- — !
8’ 9 i
Here

2
But voltage B starts after an interval of 8. If we represents i
i

V, = V_ sinet

Voo =% Ysin @t 0)
Minus sign indicates that voltage B
starts after 6°. It is said to be lagging.

The voltage A is leading the voltage
B by an angle 6 or we can say that the

voltage B is lagging the voltage A by an
angle 6.

The difference j

n angle be
voltage is known a & tween oS

s phase dijffe

FEnce p

i
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Vm sinwt has b :
> . c€en appl
of current is given by, pplied. The instantaneous value
R
: v V., sin ot AANA_
l = e = —_——.
R R iR

107

- ?“sinmt:lm sin o t

(Where g - v_m]

R

Here, the voltage and current are in phase.

v = V_sinot

i=1 sinot

AC voltage applied to
resistor R

i 20

v =V sinot

Power in resistive circuits

Power is drawn by the circuit at any in
voltage and instantaneous current.

P = VXi =
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|
|
|

(1-cos2wt)
= VI e

V.l ~cos2 v t)

N | =

lo gpirmiench PP g o g
et 2 m-m 2 .

The total power consists of two parts.

Vm Im
2

(i) a constant power

V. I
(ijja fluctuating power 2‘ Tcos2 ot

R S e R RN b Sk A P S S
|

The fluctuating power varies at a frequency 2 © . Over a complete cycle
average value of (V_1_/2)cos 2 ot is zero. Hence over a complete cycle, the
is given by,

-

.

f Vari
A

.
P = VI watts, where V is the rms value of voltage across R in volts. I is theﬂ
value of current in amperes. At

4.8 A.C Circuit Containing Inductance Only ;

&
!

Figure shows a sinusoi = : . : ]
s inIJenry. soidal voltage v= V_ sinwt is applied to a pure inductas

But

Then a back emf ; ,
mf is progd

back emf at any tipe H ,
inductor does not con- ‘
has to overcome te self ing
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v=V_ sinot

1=[_sinwt

90°¢ il

Phasor diagram in a pure Inductor

Variation of Voltage, Current and Power
with ot in a pure Inductor

At any instant t, Self induced emf is,

enodioog st

dt

But v=V_sinotand (v+e) must be equal to zero.

. L di
Hence, V,sinot at
Hence, di =(V,/L)sinotdt
Integrating both sides
i = yafi‘—jsin otdt =
L
o ——Yi“— cos ot
oL

when sin (o t-n/2) is unity, current is

v, ¥
IITI pi: O)L XL
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CURRENT

- 1 _sin{® t-n/2)

1 it m

P : the applied voltage
Hence; tion it is clear that 1 lags behlﬂd ad ‘v.‘
pove equé

From the &
90°.
i L plays

uantity o.)

Hez?:eetgis quantity ® L or

; s.
is expressed in ohm

nce in a resistive g

e resista ]
the same role as th tance of the mducmw

X, is called the inductive reac

X oL =2nfLQ"

L is in Henry and o is in radians/second.

where

power in purely inductive by Circuits
I[nstantaneous power is given by,

B = vxd = GV Ysin of I, sin(ot-7/2)
1 ;
= -V I sinotcosat = ——2—lem sin2o t

Average power for one complete cycle

5 2 —VmIm x average of ( sin2 ® t) =0 |
2
Hence the total power consumed by a purely inductive circuit is zero.

4.9 A.C. Circuit Containing Capacitance Only 3
v = NG st

Figure shows an a.c circuit containin

. g a capacitor of capacitance ‘C’ farads,|
an alternating voltage given by, .

C

gL
ik

il e T » 4

Sinusoidal voltage applied to
pure capacitance

s i

- Vin 8in 0t be app;»
Circuit is giyen by |
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C x dv

= d
dt Cx — (Vi Sinwt)

Cx ®V, Cos ot

o C Vm Sin(mt o 7-[/2)

Vo ; 900 v
W x Sin (mt+ n/2)

Phasor diagram

I, sin (mt+n/2)

V.
m
where Im

1/wc 18 the maximum current.

The term 1/oc is called the Capacitive re
expressed in ohms. H

actance and is denoted by X. Itis
90°.

ere, the current leads the applied voltage by an angle n/2 or
Power in a purely capacitive circuit

Instantaneous power is given by

P sy =VmSinmtxlmSin(mt+n/2)

=V, I, Sinot cosot =

Lpsoassin ovae
2

v=V_ sinot Power P

1=Imsmmt

Variation of voltage, curreflt and power
in a pure capacitor
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oy
verag wer for on€ C cle is given b
ehi

Average POWEl v g y | |
= = verage of (Sm 24 (ot) = zero
P : V. 1 x averag o
apacitive circuit is zerg,

r consumed by a purel c

tal powe V y
Hence the to

4.10 Power In A.C Circuit

I sing

i
|
|
%
.1
1
e1

N
¢ . Y
[

%

solve T’ into two my
Current I leads the voltage by lanI all‘lgld‘)3 tlgleg r\??;l ;eI sin ¢ perpendicular
dicular components, namely I cos pa : led vl _
5: I‘si-;fglwrac:[n ﬁgure.pThe component I cos ¢ is in ph.ase with tlrllz I?.tpl?r e ::gg ‘
is therefore called the in-phase component or act‘lve con}po an.ed teol c}{)r
I'sin ¢ is quadrature with the applied voltage and is therefore c q
component or reactive component.

|
Active Power or real power q
pated in the circuit resistance. It is given by {
ve or in phase component of the current
given by P = VI cos ¢ watts

This is the actual power dissi
product of voltage V and the acti
the circuit. Thus active power is

Reactive power

This is the power developed in the inductive reactance i i is gi
of th -
by the product of voltage V Wi

and the reactive ¢ W
circuit. omponent of current through {

Thus reactive power =
VAR(KVAR).

Apparent power

Itis the product
of rms vg
Power =y x | The unjt is Vol

VI sin ¢. The unijt is volt ampere reactive. (VAR) or i

Power factor

It is defined a4 the cogj |

.rt_i:"-'
Power factor = cos ¢ '
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S OF ALTERNATING Current 91
e o O

Kva

KVAR

¢ KW

Power triangle

Power factor - Real power
Apparent power

VI cos ¢
VI = cos ¢

R L
— (OO B i
V. e VL - y
900
¢
OKL Ve S
v = V_ sinot Phasor diagram
m

The applied voltage is v =V, sin ot =2 V sin ot where V is the rms value and

o is the angular frequency in radians per second. Let I be the rms value of the
resulting current. Then the voltage V, across R and voltage V|, across L are given by

AR
\ A 35 &

Vg and V| are added vectorial and the vector sum is
V. '

ie., v = \7;'+{/: IR + j1-
= (R

Scanned with CamScanner



OF ALTERNATING CURRENT

92 FUNDAMENTALS

g j SP | where Vi
P : o . The volta

i -L circuit.
where Z = (R +jX,) is the impedance of the series R

Magnitude of Zis given by,

2 2
g R R? + (oL)

Hence, magnitude of current is given by :
7 = \/Rz + (wL)? The a
\%
: § . ien;
Z : !
R R B |
g ot 7 -Z— Impedance triangle Heog

series R-L cirthfof 1

Hence, the voltage V leads the current I by angle ¢
4.12 A.C Current Through Resistance And Capacitance

s whert
(R-C Circuit)
The figure shows a sinusoidal voltage v =V, sin ot applied to a series cm;il
containing a resistance RQ and capacitance C farads.
- C ! M
——AMMA__ ¥
. i 1
< R :I: VC ’ Powe
i v 5; 0
g ¢
v =V_ sinot 413 s
oy
o) * Fig.1
: g
Series RC circuit C are c
j' circuit.
Let v
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where V is the rms value of th
» volts . € appli
te e ed
The voltage acrony R(VR) and the voltag:iiﬁcgae' Le(:t e Wity
ss C(V) are giv
c e

a1
Yo & ool

ulting rms current.
n by

1 1

wher

The applied voltage V is the vector sum of V "
rand V..

e, V= Vi +¥ SIRSHFRGS I(R-j X)
G
b/ A"/

P (R-j&) = 2 =
LR+~~____1‘
Jo G

Hence

1

Z=|R+

|
L C) is the impedance of the series R.C circuit.

where

Magnitude of Z |/R2 + Yol

Magnitude of I is given by I YZ—

Power factor (cos ¢)=(R/Z). Here the current I leads the voltage V by an angle

¢°.
4.13 Series R.L.C. Circuit

it in which resistance R, inductance L and capacitance

Fig.1 shows an a.c circ
f hertz is applied to the

C are connected in series. An ac supply at a frequency
circuit.

Let v be the rms value of the voltage
applied to the circuit,

V. the rms value of the voltage across
the resistance R,

V, the rms value of the voltage across
the inductance L,

V. the rms value of the voltage across
the capacitance C, and

I the rms value of
through the circuit.

current flowing
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ram of the cir

tis represented

hasor diag ;
et C. The voltage Ve

{ A%
current as 4 reference Vvector-
current by 90° and is shown by P ®
;md is shown by phasor BD. Phaso

their resultant is given by
B

e, the applied voltage will be

BC - BD (assuming BC > BD)

the phasor sum of
Henc

vV AC

lr D
Fig.2 Phasor diagram of R-L-C circuit V; > W
(OEF =

(OB)? + (BE)?> = (OB}’ +(BC-BDp

V2=V +(V, - Vo) =(RP+(IX, -IXcf =P [R?+ (X — X2

v = R e

2] taklrlg the I'mg vad

Cult is shOVle lb‘v OA The \roltage le
1 lags the currep,
re in direct opposition ang

N
2

OB and BE, namely gy

where Z

As the v«
voltage acr
the current
of such a ci

Power f:

In case
greater th:
becomes c:
figure(3). 1
1eading_ He
the curren
power fact
the appliec

4.14 Parga

Conside
voltage V g
Il, 12’ 133 b
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I = o -
—IT‘—:—\—_‘—\_\_\_:k e
VR? + (X, - x_) 4

where Z is the impedance of R.L.C cireut
L. Cuit.
—_ / “_\_\_‘
o ool - X, )
As the voltage drop across the in
voltage across the capacitance, the
the current in the circuit lags the g
of such a circuit is then lagging.

power factor of the circuit, cos b = i

In case the voltage across the capacitance is
greater than the inductance, the resultant circuit
becomes capacitive. The phasor diagram is shown in

ATING CURRENT 95

duc

restlirtlce ha_s bgen assumed grater than the

i) ant circuit becomes inductive. Hence
voltage V by an angle ¢. The power factor

T S

(X, - X

figure(3). Thus the power factor of such circuit is
leading. Hence if the resultant reactance is positive
the current lags behind the applied voltage (lagginé
power factor) and if it is negative the current leads
the applied voltage (leading power factor).

4.14 Parallel Circuits

Consider a parallel circuit consisting of 3 impedances z,, z,, Z5- Let an alternating
voltage V at frequency f Hz be applied to the circuit. Let I be the total current, and

I, L, 15, be the branch current as shown in figure.
[ = 1G4l the phasor sum

|
N

A A

A A%

V at fHz

But

Impedance triangle for
series R-L-C circuit

R
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1
E_ = _1_ + 1
i Z, Zo :

1
v

v |
1 P £
2 Ly since
v Thus,
g b
: f impedance jie. 1
Admittance :- Admittance is defined as the reClprocal 3 3 3 Y\i
Its unit is mho.
Let Y,, Y, and Y, denote the branch admittance W€ i
] ¥ Aeu
P <+
Y, Z, lead
Rep:
g L Solt
Il Z lags
i OB
I] = V[i_} = v YI
Zy.)
1
= V T W = r
I, [ZQJ V.Y
1
I. = V|=— =
3 [ZSJ = M Ya
Total currentI = [ +71 +
\;(12 I, = VY1+VY2+\{Y3
= YW Y o5
1 2 3 ) i Y
whereY =Y +vy +Y : eq (b)w
eq 17 Iy + Y, the equivalent admittance OB, in
[ SV
SHa Z, Z, ’ Zeq
Feis, . = Eei i
eq ~ *qUivalent impedance such that
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since L/4g - ¥ TE

Thus; if the I)I‘{}Il(‘h cl(irllittqnc
2 € and the total admi
mitt

have ance are known, then we
ranch C >
Br Current 1’ vV 3
-ancl
Branch Current L VY,
ancl i g
Branch Current I, vV Y*s

Branch Current ] VY
eq

PROBLEMS

J Acurrent vector of magnitude 100
leading the voltage vector by 300
Represent the current in j form.

A is (a) lagging the voltage vector by 30° (b)
and (c) is in phase with the voltage vector.

Solution. (a) Let OA = 100A

[Refer Fig]. If cu ted by OA
lags the voltage vector by an gl rrent vector I represented by

angle 307, it has two components — OB and OC.
OB is in phase with V and is equal to OA cos 30.

OC is in quadrature with V and is equal to OA sin 30.

- OB = OA cos 30 I cos30

I cos 30
100 cos 30.

—j OA sin 30

—j x 100 sin 30

OB +0C
100 cos 30 —j x 100 sin 30 = 100 [cos 30 - j sin 30].

(b) When the current vector OA leads the voltage vector by ¢°, it has 2 components
OB, in phase with V and OC in quadrature with V.

OB. =.0DA cos ¢

[ cos ¢

100 cos ¢

1
+J OA sin ¢

30°
1 cos30

+jx100 sin ¢
OA = OB=0C
100 cos ¢+ ] * 100 sin ¢

RS
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- | i P g |
kol 10(())[cos¢+}sm¢l 3 If ¢
But ¢ = 30 :
; 100 [ cos 30+ j s 30] ‘
here is no ¢q
T ] tage vector t m
(c) When current vector is in phase with voltag p‘ﬁ
in quadrature with voltage vector. q or
1 = 100+j0. : -
3 IR If 1
Pt L _ i .7 and (b) Z,/Z; @ 3 1
f If Zi :R1+jxl and Zz:Rz""JXZ Find {a) Zl 2
Solution. (b) L
i
Z,= R +jX,, Z, =R, +jX, 7 Solu
: i : (a)
Z,Z, =(R, +iX,) R, +jX,) = R, Ry +R, (iXz)+(X)R, +J" X, X, ]
E
2 3
=R, R, +J°X, X, +j [R,X, +X; R,] = [R Ry =X, X5]+] [Ry X, + %0 !
e g : ©)
Magnitude of Z,.Z, = (R,R,-X,X,)* +(R,X, +X,R,)
If ¢ is the angle made by this vector with real axis
GO — _R1X2+X1R2 (©)
R, Rz -_XIXZ
But
= ¢ = tan? JiXa+X R,
R, 5 —X1X2
Z B ]
— .y X 1 -
Lty ﬁf L HiX) Ry~ jX,)
R R R, ~jX,)
(d)
= (RIR2 +X1X

2J+j (X1R2 ._J‘R X =

= Coy D(Say)

Z,
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= angle made by this
g ade by this vector with the real axis

. D
8

[0} = tan

1 (8

=[86.6+j 50] find the j form and magnitude of (a) I, + I,

bitat= GO8

If , =[50+ j30]& I,

{b) L
Solution.

(a) S0+j30+86.6+j50 = 136.6+j80

Magnitude of i+ T 13665, 802 = 150"

LE (50 +j 30) - (86.6 + j 50) = -36.6 —j 20

Magnitude of I, - I, J(-36.6P + (-20? = 41.72

i (50 +j 30) (86.6 +j 50)
50 x 86.6 +j 50 x 50 + j 30 x 86.6 + j230 x 50
=1

I,.1, = 4330 +j2500 +j2598 - 1500 = 2830 +j 5098

Magnitude of ,.I, = 28307 + 50982 = 5832

50 + j30
(d) =  86.6+ j50

2
onalized, i.e., the numerator and denominator

This expression must be rati . _ ‘ :
ator with sign of the quantity having operator ]

are multiplied by the denomin
changed.
I

1

(50 + j 30)(86.6 — j50)  _ 43302500+ ] 2508500
I, - (86.6 + j50)(86.6 — j SO) 86.6” - it 0%

5830 + j98

s 0+ j2598 _
86.6° + 50°

0.583 + j0.0098>

2

Y
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S OF ALTERNATING CURR

100 FUNDAMENTAL s/t Bd4
¢ o= L o 688 + 0:009° -‘
Magnitude of I, /I, = . S 7 applied aCross the |
: tage O : “lg
1{ When an A.C supply with a §upp1y Ziloi a%e 25 A If the cu.rrent 13. at Mag
" the current in the circuit is fOuhn ':cuit {3 } tOrE and 1ts magnityge
. impedance of the Cl /' An alte
lagging, find the 1mpe vector. :
ference . of 8 Q
Solution : Take the voltage as re I cosd its may
Thery Y05 250+J0 ~~ $= cos™10.8 Soluti
cos¢ = 0.8 § Y
d) = COS-I 08=36052’ I KO —
sin ¢ = sin 36°52'=0.6
: a)
Sine current vector lags the voltage vector, _ , (
© = Ifcos ¢ - jsin#l= 25[0:8-10-6] = Ui
\/\/\-/—/W_/ E.
i _ Vo 250430 5 (2504 ] O) (CONSEE.
S e T (20 - j 15) (20 - j 15) (20 + j 15§ M,
W 500(2) + J 37:230 -8 j60 { (b) Pov
(20° + j 157) _
Numerical value of impedance = J82 +62 =10Q
An alternating voltage (1 b . i ] [Curre
s e fég 8 c%uc(tiggre;g?gcf SfOSC/ s is applleq to a circuit hay vector
at 50 c/s. Determine the current in j I?o Q and capac:itl.ve reactance of
Solution. Jlorm and its magnitude. i
R =56 i/ P -
. = Q 3 the .
Inductive reactance 2 NN, : h e |
L0 B rhediBe ) : phase
Capacitive reactance X K Soluti

Total reactance X
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FUNDAMENTALS OF ALTERNATING CURRENT 101

Magnitude of current I = :
18% + 42 = 1844 A,

/  An alternating volt 5 .
?/ of 8 Q an indgctivearg:aftzg +]JOJ V is applied to a circuit having a resistance
its magnitude (b) P ce of 6 O at 50 ¢/s. Find (a) current in j form and
) Power factor and power factor angle of current

Solution
V = 250 4.4 Oy

e

= 4]04)
Z = R+X =(8+j6)Q

%Qf_io 250 (8 - j 6)
R (8+36)(8-]6)

_2000-3j1500 2000 - j1500
B L6 e 100

Magnitude of current = 1/202 +152 =25 A.

(b) Power factor of current

=(20 - j15)

20
cos ¢ Zc¥oB lagging = 0.8 lagging

[Current is lagging since the component in quadrature with reference voltage

vector is negative]

Power factor angle = cos'0.8= 36° 52

?/ An alternating voltage (160 + j120) Vis applied to a circuit and the current in
the circuit is found to be (6 +j 8)A. Find (a) the impedance of the circuit (b) the

phase angle and (c) the power consumed.

Solution:

V =(160+j120)V, T = (6+j8)A

_V _160gidet _ (160 + j120)(6 - 8)
570 6+]8 6+j8)(©-]i8
960 — j1280 + j720 - §* 960 1920 =9

62 + 82 100

M9.22 7 ol

(a) Impedance- g e 1A P 7
ARl 2192 e

(b) Phase angle =¢€0S ' b cos™ —o- = 8
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1 CURRENT
F :\I.'I‘ERN:\TI.\(- ( URRF

102 FUNDAMENTALS (

Leists of capacitive reguy
o

- ;mpedance €
[Phase angle is leading since the imp

~J5.60Q] 3
2 200
Voltage = m
2 = A
e » s16” 16’
10 co
od = VIEOS o 200 % 8
Wiy i e 00 % 0.96 W _ 1920 wa
20 :
L
_ — L
\}/ If ,2100.,30° and T,=60£45", find (&) L Py

Solution:

0
I, .1,=100 £30°x 60 ,45°= 6000 £75

L _ 1002300 100 /400 54502, 1.67 215
T “HEWYED 60 ‘ r
(9_/ Two impedances Z, = (4 +j3) Qand Z, = [6 9] Q are connected in series.}
the equivalent impedance in polar form. }
Solution:

Il

Z, =(4+j3)Q, Z, (6-79)Q

Equivalent impedance Z - Z =4+j3+6-.j9=_ 0=

In@fw,z_,+2; J10% +'6% L /19

il
whetesi@. = tapg™ — o 0
10 = 30.97
10°+6* = 1166

Equivalent impedance in polar form
0. A sinusoida] al

Le,

3

The value of curr
i= 5 sin (100 & t
An alternating cui

2) frequency, 3) ti
The instantaneou

Given equation it

comparing equat
1. Maximum vg

2. Frequengy,

3. Time period

A sinusoidal alt
will it take the

Solution : The
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e 103
The value of current after 1/3

00 seconds is

100 1 ;
x 180 x 300, = 5 sin60° = 4.33 A

i= 58in (100 n t) =5 sin (

An alternating current is piy
. en = i : :
2) frequency, 3) time pcriogd? by I = 50 sin (314 t). Find 1) Maximum Value,

The instantaneous current equation is given b
i
Hoas o A4 ein Qg
Given equation is,
1 = 50sin (314 )
comparing equation (1) and (2)
1. Maximum value, I = 50A

2. Frequency, et = 50 Hz.

27

e R
e 50—0.02ec

l%‘-\ sinusoidal alternating current has a peak value of 20A at S0Hz. How long
will it take the current to reach 10A, starting from zero.?

Solution : The current equation is given by

i 20 sin (2 f t)
—

3. Time period, Tk =

10 20 sin (2 x 180 x 50 x't)
N—NT
10 20 sin (18000 t)
10/20 sin (18000 t)

113 Sin (18000 t)

18000 t Sin” (1/2)

30
18000 t =30° 3000

13, For a half wave rectified sinusoidal alternatt
r.m.s value and 2) average value.?

1. RMS Value
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104 FUNDAMENTALS OF ALTERNATING CURRE

e

I The average of

- ;lm' J.Sirl: o do

'EEX

2% !
B el UL E . Mean value of
o I_,I ST
2n 2
" o o 3028] -
71;1- (1 - cos 20)de :\'ﬂL 2 0 3
— Also the aver
ﬁ?’ Jlm _Im
= — XTI =3z 2
\ 4n 4
y So, form fact«
RMS value,I = -
2. Average Value
—— s ] . _ and peak fa
fido 5 ILE_S}M ,
I = B 2r - :
av Dix ° [ .}/ Determine t]
f form shown
bi I :
=£“—J‘Sm9 deid oevikn [~cos O =—-x 2
21 2'm T |
A ()
I,
Iav g I
‘yé Determine the form factor for the saw tooth wave from shown in Fig.
A
ef . Em ,
1—\4 t "
T o i

| o
Solution : Let K be the slope c

M can be written g
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“UNDAMENTALS OF ALTERNATING CurrenNT 105

=D i S s

The average of the squs
‘ squared val
ue can be writt
ritten as

Mean value of [ ta‘T h ™ S
: [l ol
|3 | :

L 10

T.! |

The rms value, E

rms

Also the average value,

So, form factor

- Em

1 1 - E e
and pe€ax tactor T s =
Erms E. /3

ctor of the current wave

.,?/ Determine the rms value, average value and form fa

form shown in fig.

A

1)

10

BT

6 t

rm is a periodic wave form with a period of 3 seconds.

1O-XQ+O_X1:8416A

L5 :

Mﬂ—i—l—: 6.6

Solution : The wave fo

Form factor
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106 FUNDAMENTALS OF ALTERNATING CUE

: 7ing simulg
; ire carrying an e SR
: atiEgrs rent of Soluti
i g sultant curre ing cur Pea | k.
16. Find the r.m.s VBIL;‘GIOJ t:z;t“‘d S idn) alternating ak y
a direct current o é !

10 A? e
-y t is glve
The resultant current at any instan
; = 10+ 10sinB
Its r.m.s value is given by
rms V‘; {"1 = < The e
flgne o = S 50 J' in® 0 + 2 si
| ) e 1+ sin + 2 sin §
e (1+ sin 6)* dO = n : 'S
= V 27[ ) 0
2=
: 0 50
50 6 _sin2 = |2 (2n+ =%
:‘/?[9‘200394'2 TRE n ) 19. A50]
equat
! that
20 120 foagt bivTER Mt | Solut
T
17. in an A.C Circuit, the voltmeter and ammeter is connected and shows 2
volts and 12 amps respectively. Calculate the maximum value and avery
value of voltage and current,?
Solution : Voltmeter reading is equal to the R.M.S value of voltage
Vs = 990
Maximum value of voltage,
The t

Vm :J-Q‘x vrms :\/—\

Average valye of voltage,

2 x220 =311.12 Volts

18.
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FUNDAMENTALS OF ALTERNATING CURRENT

Solution :

Vims = 230 Volts, f=50Hz, R=1000Q
;gl Vo, = 42 V_. = 42 x230 =325.26 volt
g , - . ZE2 -os2526A
; 0 =l = 2nx50= 314rad/sec
;: The equations are
= ? vy Ve Ein O
9 jg_' v = 325.26 sin (314 t)
TR S TR
i = 0.32526sin (314 t)

19. A 50 Hz, 230 volt (rms) voltage is applied to a 0.637H inductor. Write the time
equations for the applied voltage and current through the inductor. Assume

that att =0, v=0 and is going positive.

Solution :
Voos = 230volts, f=50 Hz, L=0.637TH
X Srogolis sl
= 271x50x0.637 =200Q
V. = 42V, = J2x230 =325.26volt
The time equation for voltage is
V = V_sinot=325.26sin (314 t)
Vo  0pi285:20a00 g
Il B

The time equation for current is
i = I_sin (ot - n/2)= 1.626 sin (S

20. A 50 Hz, 230 volt (rms) voltage is applied to a capacitor of value 5_;?‘ €
equations for instantaneous voltage and current as function

Assume that at t = 0, V= 0 and going positive.
Solution :

V,

ms

230 volts, f=50Hz, C=0.636x 10°°F

\%

m

JaV.. = 42 x230 = 32626 volt "

Scanned with CamScanner



RENT

.arinG CUR
1 @ oF ALTERNATING sect
108 FNDAMENTALS OF = f - 2n x50 _314 rad/
B b R L1 e - s007
g = Siax 0636510 s
Aa - ol e
A 325.26 _ 06469 A |
IS = RO 4 - C
tions are 4
The equatio bt OB 325.26 sin (314 t)
‘ : _ 0.0649 sin (314 t + /2)
i = Im sin (O)t + 3/2) s ¥ - d to a series R L 1
; : Its is applied tO L cirg
}{. A 50 Hz sinusoidal voltage {‘io(;igﬁ}) ?m;eres. Calculate (1) the impeda
ulting in sinusoidal curren : B . 3) power fa
g?sthe c?}cuit (2) power consumed in the circuit and (3) P ctor of
circuit.
Solution :
V = 40+j30 = 50.£36.9°
I = 4+j1 = 4.1230 £ 14°
o 50 £ 36.9° | 24 A
m — o = = 3
St I 4.123 £ 14° 3 H
ii
Z = 12.13 ,22.9° ] :
2,5 1117+44.72
Hence R=11.17 Q and XL=4_72 0
Power consumeq = 12 3
= R=(4 123)2,(11
. .17= 189 ‘
2 POWCI' faCtOI‘ = cos ¢ '88 watb Cs
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e FUNDAMENTALS OF ALTERNATING CURRENT 109

—

23. A 100 Q resistor in series with 120 u f capacitor is connect to 230 V, 50 Hz

supply. Find (i) circuit impedance (ij :
(v) voltage across R (vi) voltage acr(oisc‘é:rrent (iii) power factor (iv) phase angle

Solution :

R = 100Q, C=120x 10°F, f=50Hz

" 1
acitive Reactanc o 1
Capac e, X, SR 2ﬂX50x120x10"=26'SQ

Impedance, Z = m = J100% + 26.52 = 103.45 Q)

A"
Current,] = — = _230 3
t 7 e e
I ¢ R 100
N Power factor cos ¢ = A = T 0.966 leading
Phase angle, ¢ = cos™!(0.966) = 14.98°
Voltage across R, V, = IR = 2,22 x 100 = 222 Volt
Voltage across C, V., = IX_ .= 2.22x26.5 = 58.83 volt
4. A resistor of resistance 10 Q an inductance of 0.3 H and a capacitance of 100
|l F are connected in series across 230V, S0Hz mains. Calculate (i) Impedance
(i) Current (iii) Voltage across R, L & C (iv) Power in watts (v) Power factor.
R = 10Q, L=03H, C=100uF, £=50Hz
b, SR 2 fL=2m x 500.3 = 94.24 Q
1 1
Capacitive Reactance, X, = 2 ,:fC~ 2nx50x120 x10° = 31.83Q
Impedance, Z = R? + (X, x Xo)f = J10% + (94.24 x31.83] =63.2Q
V 230" '
Currenty I' e gt = 3.64 A

- IR = 3.64x10 = 36.4 Volt

= IX_= 3.64 x94.24= 343 Valt

- IX_ = 3.64x31.83= 115. SONGE

— VIcos ¢ =230 x 3.64 x 0.158 = 132.27 Watts

Power in watts =
O iRy # \
. - 0.158 i

Voltage across R, V;
Voltage across L, Vv,
Voltage across C, V..

Power factor, cos ¢ = A e
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- gure. also find the total

LS OF ALTE
i ._ it shown in fi
ind Z,, for the parallel circul
k Etl:;l th:;I pranch urrents.
%
i
J
!
1
d
§
g
‘ Z
Solution : r
i A, current and let | and I, denote th‘_3 branch cyp, Z
Branch I is a series combination of resistance 10 Q and inductive reagy, Z
B0L2. ( I
Its impedence, Z, = (10 + ] 20) Q

Branch 2 is a series combination of resistance 15 Q) and capacitive reag

15Q2.

Its impedence, Z, = (15-j19) .
s (Z,-Z,) g [(10+j20)(15—j15)]
w = (Z,+2,) " [10+j20)+ (15~ jl5)]

_[(22.36 £ 63.43%) 21.21 £ ~45")]
((25.495 £ 11.3%) | = (18.6 £7.13°) Q

ZV ~ Hhoo e dh
o (18.6.£7.13% T 937 £ -7.13° ohms

Total current, [ =

I| = Z1 = (100 400)
. T (2236 £ 63430 = 4472 £ -63.43 A
2= X.: (100402‘
Z, (23 298 i /

gf- A voltage of 250y,
figure. Fing (1)
(3) Power consun

Scanned with CamScanner



Fun T
NDAMENTALS OF ALTERNATING CURRENT 111

250 V, 50 Hz

4 Solutions:

% zZ,=(3+j5) Q= 5831 £59.04° Q

& _ A S -
- Z,- X, = = (1/2nfC) =5 (1/2 7 x 50 x 200 x 10°) = =] 15.915 Q2
e reag 3 z,= 8 @

Equivalent impedance of parallel circuit

7 x ((Z1'Zz)
'€ reacts ; 3 bl

; = i8] 308~ -74.68°

Z, + Z;= (8 +5) ~FU5SAE SHEE 10.915) Q=

4 [(5.831459.040){15.9154—90“)
= - 8.1726 £ 43.67°

212~ 11.32Z-74.68°)

1 _ (5.9115+] 5.6432) Q
$ Total impedance Z = Z gL (5.9115 +] 5.6432) + (2 + j6)

_ 70115+ 11.6432 = 14.0768 £ 55.8°0Q

v (250400)
s o T = 0
Current, I 7 (14.0678 '55.8°) 17.76 Z -55.80°A

e e e e el

| The magnitude of the current is 17.76 A and it lags behind the applied

‘ voltage by 55.8°
cos 55.8°= 0.5621

Power factor Cos ¢
250 x 17.76 x 0.5621

Vicos ¢ = 95.72 watts

with a resistance of 50

of 0.15 Henry is conne
e circuit?

I

3' Total power, P

A series R-L-C circuit
farad and an inductance

Determine the impedance of th
= LEDIa= 0.15 Hi &

shOVVI“l : Ans. R
p &3 = 2nfL =
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9 FUNDAMENTA //’67 34
_1’1‘:_# 1 z 2nx507‘25‘1 \
X = 2nfC : 502 J((47_1“127’.38)“ =94'57Q' /@/
= Nel T k val
g R? + (X — nt of peax VAILCHES
! o : idal curre
[mpedance, If rectified smus:-md?he average and RMS valueg O?E
G A resistance carries & 11?5 Amps- Determine
28. AT E d.c. 0
b i don a
superimpose
:otal current?
5A , :
0 -————’j’/r’/
2n
aL J'(5+1zsine)de+j5-d9 = 8.819K
Ans. I = 2n ) -
= 27
T sl f(5+12sin9)2d9+j52'd9 = 9.9597
rms B 2T[ 0 bi1

. Applied voltage to a series circuit is 100 sin (ot + 10) and the curren
10sin(wt — 30). Find the power?

Ans. v =100 sin (ot + 10), i

10 sin (ot — 30)

I Vo 100
Vi = 100; Vl_mS = \/5 = _E 1
L 1
RN =5 S Sy an 19

¢ rms 2 JE L ‘/5 l
Here the voltages leads the current by 40°, So ¢ = 40° |
100 10
T.Q_ Jaxcos40 = 383 W !

Power =V

(4+10) amps. Fj
- Find the j
Phase angle? o2

Ans,
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Power consumeq
/@/ Calculate the RMS and aveérage val Cos ¢

figure below, 1es of the current wave form shown in the

. —— time (sec)
Ans. Let us consider one repeat of duration T second.
Applying the equation of a straj
slope and c is the y-intercept)

3

T
Area under the waveform i J. idt
base r 0

ght line given by y = mx + ¢ (where m is the

Average value, I

T
lJ.|:£t+ S}dt
T ) i

RMS value, I__ .

:}/ Calculate the total current and ‘the power factor of the following circuit.

30 4Q

o e e

‘o i g

iy
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33.

34.

ATING CURRENT

BRI dance of the¢ parallel circuit is giye, | i
i anc b
; _ Equivalent imp€ R 5
Z, and Z, ar¢ parallel. Eq 453.130 AT |
A e 520° _.
Zyy o Z,+2Z,
2520° ot
TN 6207 .
I o Lol

Total impedance, Z = Zy* 2 -
v 200£0° — = 24.39£-291g8
Clutent "I S e = 8. .2429119 ,

i it lags be
The magnitude of the current 1S 24.39 a and it 1ag

by 29.19°.

= 0.873
Power factor, cos ¢ = COS 29.19

H are connected in series, across ”:

\
hind the applied VOlui
§
|

A resistance of 6Q and inductance of 10 m
50 hz supply. Find its impedance.

Ans.R=6Q,L=10 mH L0105
X = 2nfL

L

&5 e AREEXC 2= W6%+3.140 - 6.770 %

What is zero power factor load and unity power factor load?

27x50x10x 102 =3.14 Q%

Ans. Zero power factor load : In this load the phase difference between

S nklageis Jo0: Zero power factor can be leading or lagging.

Unity power factor load : In this load the volta
alternating quantities are said
and zero values at the same ti

me.
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<&
Palys oo T 0
R

Ans. Admittance method

X

Admittance, Y

Z

As impedance (Z) 1
. nas two r
admittance Siaiso “hqi“:ﬁ rectangular components R and X. Similarly,
conductance (G) and the Y wo components. The X-component is called
of admittance, vonductancecoar?(pionen[ is known as susceptance (B). The unit
nd susceptance 1 1
g e is Sies g :
Conductance (G] ¥ N ¢) esmens (S)

2 j20
= leR  AWWAITITTTN
il 16 —j15
v R
Zl
3 R 00 v, 60 Hz
RZ X
T X X
Susceptance (B =1 Y 8i T ——
8] (B) sin ¢ 7 7z R? + X2

Admittance (Y) = g2 +B?

While representing admittance, capacitive susceptance shoul
ive and inductive susceptance as negative.

d be taken as

posit
R, " il S 2 3
Conductance, G, = R-lz n Xf = 87,207 = 0.01724 S
16 G 2
Conductance, G, = Rj+ R 162 +152 = 0.033265
. = - -0.0431S
Susceptance, By 7 R? + X3 = 82.20° = -0.04:
X, 15
8 L et Ry e = 0.031185
Susceptance, Bj R2 + X3 162 +15°
a SGed G = 0.01724 +0.03326
Total conductance G 1 2
¥ = 0.05058 ¥
rarscs SRR B, + B, - -0.0431+0,03118 ‘
Total susceptance. 2 _ 0011928
i
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2, _0.011922
UG pignO> * : e

116 FUNDAMENTALS OF AL

Total admittance, Y _ 0.0518885
Admittance of branch 1 - L 5
Bl = 4100038 +-0.04312
Y = G] + Bl
1 = 0.04642
Admittance of branch 2 e J//z,—()—m
5 326° +0.03118
o m 0.03
- 0.04558
2o 10O 0.04642
Current through branch 1 (I;) = i - 4.642A
e 1] D)% 0.04558
Current through branch 2(1,) e o i 1T W S ;
& = 0.01724 = 0371 3%
Power factor of branch 1 (cos ¢;) = Y, 0.04642 a
G, 0.03326 ) Iﬁi
Power factor of branch 2 (cos ¢,) = 'g = 0.04558 = 0.72939
Total current, I = VY = 100x0.05188 = 5.188&.&
Power factor (cos ¢) =8, = w 0.973 :
o ~  0.05188 e
Total power = VIcos¢ = 100x5.188 x 0.973
@ & A e = 504.79 Watts
coil of power factor 0. i 1 '
P * -0 In series with a 100 pF capacitor. When it is connectt 40

2x71x50x100x10°®
Since p.d. acrosg the coil is T 31#3“

that:
Coil impeq,
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N
B
2

ected 0 |
otential

Ans. I =
- 0ZE a0
V =

100.0°
Impedance, z . Y 100.£0° ‘
3 § 1
7 107 350 =~ 10230° |
. b j
Resistance FLB60) |
Reactance = 50 i
1
Admittance, Y = = 1 g %
z TV g 1 |

Y = 0.0866-j0.05
Conductance (G) = 0.0866
Susceptance (B) =005
3% The current in a circuit is given by
: i =L §100isin 728t
Find the maximum value and frequency of the current?
Ans. i = I _sinot

i

Fuxp
AME
ENTALS OF ALTERNATING CuUrRRENT 117

Maximum value of current, N = 100A
ot =702
® = 728
2nf = 728
Frequency, f = 1159Hz

The apparent power drawn by an a.c. circuit is 10 kVA and the active power is 8
kW. what is the reactive power in the circuit? What is the power factor of the

circuit.
Active power i N
Ans. Power factor = Apparent power 10 = 0,
Cos ¢ = . 0.8,sin¢ =0.6
Reactive power = VI sin ¢ = 10x0.6 = 6 kVAR f
it is (8 + j6) ohms. Find the admittance o
The impedance offered by an a.c. circuit is ( ; JJ“ e

the circuit in symbolic form?

Ans, Z - R
1
Admittance, ¥ =5 g
the current In¢
In a saw tooth wave form. presented

suddenly drops to zero as r¢
of the current.
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] Th
40 poj
o
7 A |
: 4/ 15
. : wk
2 £ 1
Area L -1'-/2’):1‘1:5—' = Lo =
Ans. e Base ?
Slope i Pl e 2 4
3 = X
Applying the equation ¥ s
JeLti wserat
1
1 2 k
_I12dt I(Zt) dt
2 - 4
Irms 0 0 1
A
. ‘
i 3 1 b
S I4t2dt s 4?—} o PSR '
o 3
: 0
4 L
[ - = /3 ampere :
//3. 2. The r.m.s. value of a right-angled triangular wave is 200 volts. What wil
its peak voltage? '
Ans. Ve . = 200 volts 5
Y |
No &
Peak voltage, V. = A 3
A sin £ 1g 2 73 1, T V8 X200 = 346.4 volts 48. Ty
€ wave of voltage varies from zero i :
magnitude of the voltage at the instanto ;HHXémum value of 200 volts. hat va
Ans. e _— 9 & qf th- cle? : A

45,

Ll

v
Magnitude of the voltage
An a_lternating voltage V .
flowing | = _g +j 15 amp;
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The impedance in rect

ALS OF ALTERNATING CURRENT 119 i
orm; angular form jg : . !
polar form? 18 { 8=idif ) Ohmas. Whatis its admittance in ‘! l

40.

Ans. 2 . '
S SN 0P 26 Kb

A(lmittance, Y

47/ A circuit takes a current of. 8 As
150volt, S0 Hz supply. Another cjr
when connected to the same sy

across 230 volts, SOHz Supply,

Ans. First Circuit

1
Zz = 0.1236.86°

Pe.re at a p.f of 0.6 lagging when connect to a
Cuit takes a current of 5A at a p.f. of 0.8 leading
PPly. If these two circuits are connected in series
Calculate the current drawn from the supply?

!

1 > 3A ata pf. of 0.6 1agg1ng = 3/- 53‘130
Vi = 160wt
b 150£0°
2, S 3/-53.13° B053,180 =30+ 140 .
L = S A at a p.f. of 0.8 leading = 5/36.86°
Vyuii=ey 150408
2% iS00 Yoesk X
Z3 ., 5 Nl  Eraciadie aln NGRS |
=24-j18 ;
The above two circuits are connected in series across 230 volts supply, Then ¥

the equivalent impedance is given by

7 =27z, +%; " =aiof v]aa U 58.3/22.16°
1

Vi amale200uEs |
|
0° 1
Q- b d ——’——'—"582;3;2 T 3.9/-22.16°A 1
Z : : ‘ |

4. Th lue of a half wave rectified current is 100 A. What would be its r.m.s

? e r.m.s. value

value for full wave rectification?

Ans.
Rms value of a half W

I = 100A

rms o
TR K
ave rectied signal

From the equation

ctifi
rms value for full wave I€

e byl
9. AnA.C. current is glve?tsyﬁnaj value.

amps before reaching
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50.

1.

S52¢

: AT
FUNDAMENTALS OF ALTERNATING CURREN

value 1 200 sin 100nt pug 7 /’;
g o F Wy« gooan (10077 :
_LQQ- = S8l (100><180"t)
200 1
a 00t ?
a0 8 4 ATE |
sin;10.9) . L sec.
T I a0
i d 100 1 ¢
. ot o i f 8 ohms resistance and uF
e S consllsdtstg the circuit. What is the impedg,
voltage of 200 volts at 50 Hz is applie Ity
offered by the circuit? <.
Ans. gt C = T 10010 F
Applied voltage v = 200V
% o Op 1 08! v ansgn _' ;
C~ 2nfC 2rnx50x100x10 :
Impedance Z = 1/R2 +Xc2 =32:81 £
Or 7z =R-jxC = 8-j31.83 = 32.81£-75.9Q
An impedance is expressed in rectangular form as (16 — j12) ohms. Express{
impedance value in polar form. 40 ‘
pcr Z = 16°+(122 =20Q : !
o 1 !
Angle = tan (—iG— - _36.86 ;
So, Z’in polar form = 20/ -36.86 O

A series circuit consists of R = 20 ohm

A : S, L =
f= 10A%H2. Soedi s Gent 20 mH and an a.c. supply of 60V

Ans.
ns R=2OQ, s = 20x10_3H
Applied voltage V 60V

Supply frequenc
%o f
2nfl = 21 x 100 x 20 x 1 Q ’

Impedance Z = (20

X, =

S e

Then, current throue :
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Magnit
ude
102 +(-10)2 -14.14
Angle o tan_l __19-
16 | =—45°

i30 Polar form, . 2 14 {di .
ert 10 7Y (ex S : a4l
Conv (exponentia] form te potle

form) =
(14'144‘45)"(104—60)x(10430) 10230

:an0 i 14144_750
i) 5 ) -2 j4)
(3 + .]3)(24 o 150)

Ans.Convert 5¢°° (Exponential form in to polar form) = 5/30°

(2-j4) = 4.47,/_634
B+3® = (B-j1) = 3.16222/-18.43
(5£30)(4.472 - 63.4)
: 22.36/-33.43
Then (3.1622/-18.43)2£-15) =

632, 3343 - 353540

A coil connected to a 250 volts, 50 Hz sinusoidal supply takes a current of 10 A at

a phase angle of 30° lagging. Calculate (i) the resistance and inductance of the
coil and (ii) the power consumed by the coil.

54.

Ans. Circuit impedance Z = % = 25/30Q =21.65+j12.5Q
Resistance R = 21.65Q
& Reactance X, = 12.5Q
Xy s,

Inductance of the coilily a=

= =0 [Tald
onf  2x7nx50 0.039

Power consumed by the coil .= 250 x 10 x cos 30b=1 2.165 kW
5/ Determine the r.m.s. value of the current waveform shown below.

A
1S S
A e
i(A) wt
0.707 [ aNE .
| Aol
Q. sl brins
4
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NATING CuRREX

f its mag;
ion i ¢ 70 O lmll\
ine function

s clipped 2

|
Ans. A fu figure
: n 11
alue is ShOW int A, o LT
" fo find ot at e PO "oy = 8 707
sin ot [ :
=
] Ao 4
: o 1
Time period < ot 5
A bR ORI 2 *
1 = m
<ot < —
ot 4

014
2 0.707 Im i Z
Elt_

i < <
N ginat . ay a4 P

Mean Square Value

/4 3n/4 T : 3 od
1[J.(I sinot)? - dot + “-(0.707Im)2-da)t+ I(Im sinot) ®

0 /4 24

2
S 2T Ty
Ul 9)+(0.7071, P 2+ 2(n-2)
y n[g(n 2)+(0.707L, ) - o+ =2 J

i it e o

. Yol _gi0707L, 2 E =0.3407 1 2
¥ T 8 s ; m

Loari o 0.3407I;, =0.5831

56.  The current in a circuit is (10-j12
volts. Find (a) im
factor.

) amperes when the applied voltage is (50
pedance of the circuit (b) power consumed and (c)

Ans. Current (I) =

(10-312)A'= 1565, 50.2°

(50 +j30) v = 58.3230.96° V

Supply voltage (V)

Impedance 7z _58-3430.96°

_‘-_"“\_ 1
1562077 Rl 5 (31 - g .
Angle 81,160 £-50.2 2/81.16° 0 = (0.5735 .-;«_;;

A circyit consists o

Series. The s
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impedance of the circuit z
= 2
R + (XL s XC)2

¥X. 1= 2nflc = 10 15mH 281 uF 1-‘
= 2% 7mx 150 x 15 x 103 .
1 = 1443q
= 1 110V !l {

X R T .
G T 2xnx150)(28] ]O-f, =3_7?Q

5 2
z R*+(X, X =1430q

Current through the circujt = 19
Y ) iy

istance of 2 ;
?of’ler?zted in se?ié!s’ :Bfo;nd;dance of 0.2 H and a capacitance of 100 pF are
a) Impedance; (b) Current; S 220 V, 50 Hz supply. Determine the following:
( ; ent; (c) Voltage across R, L and C; and (d) power factor.
Ans. R=20Q: L=0.2H; C=100x 106 F

58.

X, = 2nfL = 2rx50x0.2 = 62.830
o 3 1 1

(2nx50x100x107°)

Z = 20 +j (62.83 - 31.83) = 36.9457.17 Q
Power factor (cos ¢) = cos (57.17) = 0.542

220£0
Current 1 = m = 596/£-57.15A
. % 5.96 x 20 = 119.2WV
VNG 5.06 x 62.83 = 374.46V
Vo™ 5906x31.83 = 189.7V

59. Find the average and r.m.s. values of the sawtooth waveform shown below:

Ans.V_ =50V _
Area over one half Y2
Eav o Basé€ { é)
Slope of the equation gﬁ;‘
lying the €au2~
ApplyIng S T

|
it S
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FUNDAMENTALS OF ALTERNATING CURREN

2

61.

2 t3
[ [ 2 12-5 —'-}
]J‘vzdt 2 lj‘(zsnidt - 312.5jt dt w8 {3 ;
(6] 2(J (0]

—

23
O ==
312 I:S 0}

v: =5
rms 2 2500
2 &5
2500 - 028.86 volts
\% - IR
rms 3 —— Connected across a 10y

f 1A when ¢ B
7 the inductance of the Circyy
circuit.

. 2 " . rent
A series circuit with R and L draws & cur s, find

50 Hz supply. Assuming the resistance to bediagfam of the
What is its power factor? Draw the phasor

Ans. "
1A S8

e =10V 50 Z

Applied voltage V= 10V
Voltage across resistance, R

Mok 0P =5 = 8.66V

= 1x5=5V

8.66
X I = 8.66Q
S W B
L = AL S 8.66
2 - haeEp w0375 H
Angle between voltage & current () % tan‘1[8-66
S

then decreasing,
Ans, \V
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Total time ¢t = O
0 100 + 0_0025

= 0.0125 sec

\,":—.Vm sin ot = Vm Sinx2}txfxt=

35 -
% A current of S A flows thirough gies. 35 X Sin 2 x 1 x50 x 0.0125 = - 249.96 V

coil when SUPPHEd_ at 250 v, 50 y, ;? ductive resistance in series with a choking
¢ and across the coil 200 v, cal Y
the coil. (b) The power absor

vector diagram.

Ans. SA Rl Rz L
1
i 200 v
250 v
125
R = ol 250
(a) Impedance of the coil (Z,) = —2(;0 =40Q
e‘
i g v g e i O (R | (1) ;
; 250
Impedance of the circuit Z X Hok 50 Q
R, +R)Z+ X2 = 507
(25 + R2)2 + XL2 £ 250008. (2)
Subtracting eqn (1) from eqn. (2) o
We get, R oh
put this value on eqn. (1) ATy L)
We get, b _ 52x55 = 1375W

the coil = ? * Ry

(b) Power absorbed by - 52x(25+5.5) = 762.5W

(c) Total power = P&t R))
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63.

64.

CURRENT

A ;RNATING ; :
FUNDAMENTALS OF ALTER connected 11 SETIES ang

: 20 pi* Bry . d the POWeET cong,
00 Q and a capacitor % 50 Hz supply: Bl 3 ns%‘ﬂ
A resistor of 1 onnectd across & 100 V,
mbination 18 €
and the power factor: a0 x 102 Wi L BRRl
Ans.R:lOOQ,C=20“F' e A e o S
3 i 2nx50x20>‘10> } SQ-.

R 5 )

2 el
m= 1002+159.15 87.95;;

Capacitive Reactance, \

Impedance: Z

vae 0D o s8R
Current, I & 7 = 187.95
T YU 0 532
Power factor, cos ¢ =. 7 = 187.95
= 28.3 Watts
Power consumed = VI cos ¢ = 100 x 0.532 X 053? o g
Determine the rms value of the current wave or
4
I i= Imsinwt
i(A)
0.707 1, 3 4
|
o i
1 > -
0 /4 3n/4 n 271 ot !

Ans. A full wave rectified sine function is clipped at 0.707 of its maxim
value is shown in figure. :

To find ot at the point a,

[,sinot =  O70% E
sinot = 0,707
7y ROy
’ 4
Time period = 1
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65.

Funp
AMENTALS 0
Mean Square Value F ALTERNATING CURRENT

/4

g o 3n/4
o iy I(Im sinot)” - dot +
0

(0.7071 2. T
n_L L) dot + jumSinmt)Q-dmt

3n/4
_l_ lf_“_(n 2 P IQ
e )+(0-7071m)2-—2+-g_(n_2)}

1 I
R
2 e 2)+(0.7o71m)z__ﬂ

L = 0.34071_2

L% = 'Josqo7e =0:5831;

Determine, for the circuit shown : (i) current (ii) voltages across L and C,
(iii) power delivered to R.

L=2mH  R-150
MOT000 L A~ a

50 sin 628 t _L i

T

Ans. ® = 628 rad/sec
P L
= 628 x2x 103=1.25Q
. It
and X; = T5cC \

1
A
628 x1x107°

Then, X = X,%c
- 1.05-1592=-1590.75Q

Then Z = 15-j 1590.75
. = 1590 £ -89.45

=1592 Q

I

Scanned with CamScanner



66.

aNT
- JRNATING CURRE
FL‘;\'I).\.\IENT.\I.h oF ALTER : e ;
Voltage across inductance _ 0.022 % Ted
- 0.0275 vV
M0 L Ao
Vettags nargss caPACot T g,000x 307
= 3502V
A 2l 7 15
i R 18 0.022
Then power delivered t0 e
i i ‘ lue (ii) rm
A f is given by 17051n314tV. ; = X
frgq?:eln;yg(iv) radian through which its vector has gone, when 0.001 8§ aﬂdz
value of emf at instant in (iv) ;
An y = 170sm 314 t
b5 Pl 170V
Vm o 12202V
e : 68
fi i i
requency, = o
314
A 50 Hz
When § i = 0.001 S,
Y = 170 x sin (314)(0'001)
= 92.50%
This emf occurs at I_no_ radian.
6¢
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(63.9 + ja8.14)

Reactance of the ool

: = 4814
T L4 Lty 45\ ‘
; 144 42
g - R
T = 0.844
b = 57620 :
1 Ixr = cos57.62x171=9157V i
(R+1) = cos37x240 =191.67V
So IR = 191.67-9157=100V
100
R e —'3— =33.33Q
91.57
I = —— =520

8. An alternating current is given by i = 14.14 sin 377 t. Find
(i) the r.m.s value of the current
(ii) the frequency
(iii) the Instantaneous value of the current when it is 3 ms.

(iv) The time taken for the current to reach 10 A for the first time after passing 1
through zero value. i

Ans. i = 14.14sin377t \
jdd nas -
(i) S, 5
(ii) o = 2d=37T7
n f = 60Hz K
) Aft fr;e 3 misec., i = d4.14 sin (27x60%3x107° = 12.8 A
(iii er “s

]

10 14.14 sin (2x180%60xt)

(iv)

L sin (120 x 180 x 1)

JR—

14.14

‘10 00 x 180 % t
S| . R
s (14.‘!4) =

69. A series circuit *"'. .
a 2.06 H inductor 0% Z=&F
Calculate e )

(i) the circuit 7
(if) - thegpliese

(iii) the voltag® &
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: F
Ans 40062 9.6H 7.954
250V
50Hz
= .16 Q
o s 2mx 502067647
L
: — =400.3Q
Xec % 2ax50x7.95x10
: dance Z = 300 +j (647.16 - 400.3) Q2
Then impe b (300 +j 246.86) Q
- 388.5 £ 39.40Q
; - 0.03 H is connect _
70. A coil of insulated wire of resistance 80 and inductance ed tog

a.c. supply at 240V, 50Hz. Calculate:

(i) The current, p.f. and the power. . _ )

(ii) The value of capacitance which when connected in series with the above
causes no change in the values of the current and power taken from
supply.

Ans. R=8Q L=0.03H
Inductive reactance X; = 2afL = 2rx50x0.03=9.42Q | o

Impedance Z = /82 +9.422 - 15 350
240
Currentol i ® ———12.36 & Sa :
R 3
Power factor = — = 8 4 F
z 12.36 = 0.648 lagging
73\
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Powse o ALTERNATING CuRrRENT 131
ISSipation

V=250V, oy “ 100k
9 » I = 10 A
Z um 250
10 =250
cos ¢ 4 -10-02_
Pi 250x10 @ Oa
Phase angle ¢ = coslod e o
Impedance i polar faffifi= = SaEe 42 0 .
) : = X
Resistance = 100 2291 Q
7| der t
(v) In order to make the power factor unity = IX,
IX, = Tiks
X = Msng
— |
Capacitance required C = d
o 2aXc
W e ot 8 o YV, = IX,
2nx25x2291 2/ SH
250
Current 1 PR = 25 A

An inductor of 0.5H inductance 90 resistance is connected in parallel with a 20uF
capacity. A voltage of 230V at 50Hz is maintained across the circuit. Determine
the total power taken from the source. ¥

Ans. R=90Q L=0.5H €=20 x 10 *>F

: 27 x 50 x 0.5 = 157.07 Q

X, =
1
= 159.15.Q

Xo = Dpx50x20x107°

i j Q R g

Impedance of coil = 20 + ;5195"1'5:);7)
HOr .= -j159. -—b——-’l UCWBL———
Impedance of capac )
ination = 72 .
Impedance of parallel combina 7 7. - -
7 = 32001 -28.49 Q 50 Hz
R 28125
cos ¢ e

Total current I

Poyg 360 is ap
°1tage'§o‘ﬂ§ odance

An alternating Vd () the impe

is -4+j 10 A. Fin
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10.77£111.8V

ar o rift 1-j8.96Q
284~ T49°
) 2=157711.8 Sar . 0259
- Z% gae - 279.5Watts
er factor Z 7 x 0.259
- 100 x 10.7 prefit = cos™! 0.259 = 74-98'
(ii) v tween voltage -
(iii) Phase angle DEWC" | rent 1.
74. For the circuit in Fig:
(10 - j12)(6+ g
Ans. Impedance of the parallel combination Z (10— j12)+(6+ 1y
(15.622-50.19)x(11.66/59.03)  182.16£8.84 1513(;+ 1.28
- (10— j12)+ (6 + j10) 16— j2) —J
= 10.861 +j3.1070
Total impedance Z = (4 +j6) + (10.861 +j3.107) = 14.86 +39.107Q
= 17.43431.58
20020
Total current | = m =11.47/ S3L5 A
75. A voltage e (t) = 10 sin 314 ¢ ; - 2 10 24 .

resistance, 0.0318 4 inductan lir?clf P to' S nTes cirouit .consmtmg .
¢.m.f and the current ip the circuit e HE. Pk

Ans. eft) = 10.8in 314 ¢

i Here 0w = 314 = 2nf
£ SO " 7.
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Impedance

Current

t (m.sec,)
(i) frequency of the waveform,

(iii) r.m.s. value (i) Wave equation for O<t< 100 m.sec.

(v Form factor (iv) Average value.

Ans. (i) Frequency T -,lf = 10 Hz

10

i Wave equation ——xt
9 e g 100x107

100x10~3
1 102

2
(i) Mean square value T 0 WXt dt

= 333V

100 [ta }100)(10-3

(100x107°P° | 3 )

i - J3@3 =577V

rms

(iv) Average value

-,;1

(v) Forms fachm:‘ i

A coil of resistance 10
Capacitor acros a
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(iv)

(v) GOSIOAE e

78. A resistance :
connected 1n serie
(ii) the current.

Ans. R=20Q
Supply voltage
Xy,

Xc
Impedance Z

Current I

79. A sinusoidal voltage V=50

the circuit is given by i=25 sin (ot =

factor ; (c) average power.

Ans. v = 50sinot, i = 25 sin (ot - 53)
In this R -L circuit current lags voltage by an angle 53°.

So power factor 0.601 lagging

Vv

rms

rms

Apparent power
Average power

80.

Ans,
i=10sin (100 nt + 3

L= 0.2H

sinot is applied to a series RL circuit. The current;
539). Determine (a) apparent power; (b) poy

Il

]

Find the form factor and pea
1=10 sin (100 nt+ 309) + 15 ¢

15 cos (10

=10 (sin 100 nt x cog 30) +

- 0.7 lagging

i f 100
g4 “a capa'cltanc.e (o] uF
a ctermine (i) the 1mpedan0e$

- 100 T008'F

]

anso X 0.2

s e
an50x100><10

I

207 + (63.83 - 31.830)°

]

il

35.35x17.67 = 624.9 A

35.35 % 17.67 x 0.601=375.4 W
k factor of g curren
0s (100 nt - 309 A
0 nt - 30)

t waveform

15 sin (100 nt + 60)
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fi Aai e
From the figure 24.18 - Cos¢ ang 17.99

2418 "

. =-24.18 [cos ¢ sin 100 : ;

i=2 [ Tt + sin ¢ cos 100 nt)
16.16

5y -+ 0
j= 08 (17.99) 48.06

Then i = 24.182 sin (100 nt + 48 0¢,)

sin¢

= 24.18 sin (100 nt + ¢)

Im = 24,182 ‘ %

L o c2ii8E 1l

v N2 - eetrgs bl

_ 2x24.182 ‘ "ﬁ

o N |

Form factor = Loms 11699 1.11 !\‘*

Loy 1889 i

I 24.182

Peak fattor® <0037 | g =% _ i

T R og . - 1404 il

gl. Determine the total current, phase angle and total impedance for the circuit shown ik "
in Fig.. i

0.2 pF

e

it otin =

Ans. Xc

Scanned with CamScanner



RNATING CURRENT
oss a V= 150 si

n 100 «t volts. The may;

136 FUNDAMENTALS oF ALTE
ge across the caname. &
pacltﬁr N

connected acr

25A and at t
] values of circui

his condition volta

s R-L-C circuit is
t elements.

e circuit is
umerica

82. A serie
current in th
600 V. Find the n

—

m

Vv
der resonance conditions, =R asd V, = Vg

Ans. Un
150
B 1 W
% 150
- —ms = - 4.24 Q
- I J:’ix25
N w 600V
Im
VC L. Imxxc E G)QC
c= L 2 -013
~PeC T 300 me8A 5lnof mF
v, =L x X = I, x oL
. 600
I, x o 25%x100 x T = 76.4 mH

83. Hi
ind the RMS and average values of the current waves shown in Fig

A
i,(t
100 I;()

i1/

0

L(t)

i, (t) = 4000 t, O<t< 0.025
i, (t) = 100 e-1999(t-0.025), 0.025 <t<0.05

Ans.
ns Rms value of current N
-

Substitutin
g the value of | = —lmt _ 100t
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Average valye |
av

substltuting the Va_lue of i

Two impedance 25.23,370

# 4 50 Hz supply. Find the curr

ans: 2y = 25236370 o
Z,= 18.65/-68°q

Total impedance 2z

Current |

Power factor ‘cos ¢’

]

Active power
Apparent power
5. A sinusoidal alternating current

Ans. -

282 A 0 A

A

bes _L
‘- y
s

lp=20a, f= 50 Hz, In =
i'lmﬁnmuzmﬂ";‘{
Since the time values

) 0loz59t - 100

100.t

2 =50A

Ol L
ent, Power factor connected in series across 230
pawer.

» Active power ang apparent
20.15+ 11518 o

6.98 -j17.29

21+2,= 272144440 - 27.13-j2.1Q

23020
ao SESSEVES ¥R
27.21£-4.44 = 84544454

Ry _
Z ~ 2721 - 0.997 leading

230 x8.45x0.997 = 1937.6 W
230 x 8.45 = 1943.5VA

of frequency 50Hz has an r.m.s vaipe of 20 A.
Find the instantaneous value (i) 0.0025 sec. (ii) 0.0125 sec after passing through

a positive maximum. At what time measured form the positive maximum, will the
instantanous current be 14.14A?
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maximum value, the equa

tion becomes,
j

: o [m coswt
% cond
When t = 0000 000 x0.0025 =20 A

i 28.2 cos 1800

(1)

d
ii At t = 0.0125 secon o
% { = 28.2cos 18000 x 0.0125 20A
(iii) When i = 14.14A
14.14 = 28.2cos (18000t)
B d
t 300 secon

A two branch parallel circuit consists of R=30 Q L2 q.06 H in tszﬂes in branch I
and R =50 Q, C 30yF in series in branch 2. The circuit is connecte to 230V, 50&
supply. Find (i) current in each branch, (ii) total current and (iii) power and Powe,

86.

factor.
Ans. X, = 27x50x0.06 =18.80
: X = - =106.103 © 2!
€ 2ex50x30x108psc
Z, = 30+j18.840Q
Z, = 50-j106.10Q
p 230£0
() Then I, = m = 6.49£-32.12 A
¢ r 23040
2 ny 50"‘j106.1 = 1.96,64.76 A
y o : a6t 1 |
(ii) Total current | = L+, = 6.55/-148A '
Phasse angle between voltage and current ‘¢’ = 14,80 |
O power factor cos ¢ = cos 14 8 ’ i |
. s 0.9661agg {
H

Power = 230 x 6.55
: ; 0.966 =
87. Find 3 6 |
the r.m.s and average vajye of voltage waye she Wafts |
Wn 1n Fig.2.
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100 I 1- cos 20
e A

2
= 2n s 2 ® = }-g-(Le_liHZQ %
% 4n “2“'-] 100
6 ” 'T"—-xB.OSl
Rms value . [100?
Y Sl . 49.2V
1 ]' :
— | 100sin 6 do 100
B ™ 2n = — |- 10
= n/6 2n COSB]:N - -270[~c03180+c0530]
E-(-)-1+‘/5
YR R - A

p resistance of 100 Qin_series with 50 uF (micro farad) capacitor is connected to
supply of 200V, 50 Hz. Find (i) impedance, current, power factor and phase angle
and (i) voltage across the resistance and capacitor. Draw phasor diagram.

R=100Q,C=50x 10 F
Frequency = 50 Hz
Voltage applied = 200V

Ans.

1

= 63.66Q
21 % 50x50x107°

Ko o=

(i) Impedance Z = 100-j63.66 - 118.54£-32.48

= 204 = 1.68A
Kot 11854
e L - 0.8435 leading
power factor ‘coS AENERZ 118,84 2,
cos~! 0.843 = 32.

Phase angle = el e 100 = 168V
¢ the TosiSeE 8 x 63.66 = 106.94V

ii acros
(ii) Voltage apdeltor =

Ix Xa 1.6
Voltage across the ¢ : ;
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citor C. This combinag;

s

. a .
140 in parallel with I:‘aincd an expression for the m%;
n
89. An R-L circuit is qonnef:(;il \:olt e 5O ree.
- supplied from & smusoll) phasor dia

drawn from th
Ans.

L By CRRCTIRER o e I
Z= ZiZy . I=1 /’('.'-
Z,+Z;’ z —

v
Using current divider rule \
A Z)l y

= and I, =
h Z,+2, 22,42,

. Two impedance 14+ j5 Qand 18+j 12Qare connec;ed u:: ﬁ)&:naélecl) ?:hrzss rfl ti21:0 v, 5
Hz supply. Determine (i) the admittance of each rin Ey el ¢
(ii) total current, power, power factor (iii) the capacitan e ' Onnects
in parallel with the above circuit make the overall power factor unity.

Ans. Z, = 14+j50Q = 14.86£19.65Q
Z, = 18+j12Q = 21.63433.7Q
Admi Y . 1
ttan = — T ST O
g Z, 14.86219.65

= 0.0633 - j0.0226 Siemens

1
Admi S & :
dmittance Y, x 2 AR L327
Total admittance Y et b’
Current T i T AR 0.1017 - j0.048 Siemens
Vxy = 230[0.1017 - j0.048]
: = 25.86£-2526A

.Power ;actor cos¢ = €0s 25.26= 904 laggin
. otal power 25 G . |
(ii) Reactive kVAR supplied by the . . 02 *0.904 = 5376 8 wWatts -

2.538 kVAR
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T
pind the real gnd reactive
¢l 0 resistance in series wity, 1098- SUpplieq fro

ma 9
; R = 10 Q, e M Qapa § 30 V’s
Ans 100 x 106 B " Cltance, What igozl::;gsly to a load of 10
o] 1 % X 280 v er factor?

C = 1
2 thC m

100196 = 31.830

Total impedance Z - J-g\
10%+ (31,837

)

/l:;'/;;citance requil‘cd o

= 33.360
Current ‘§ & _233_
3
3.36 = 6.79A
Power factor ‘cos ¢ = = 10
Z . S
33.36 = 0.2991eading

Real power
Reactive power

gzg *6.79 x0.299 - 466.9 W
X 6.79 x sin (cos-! 0.299) = 1489.8 VAR

I

v
200 V+

92.

o L 2n 37 ¢

Find the average value, r.m.s value and form factor of the periodic waveform
shown in Fig.

Ans. E, = 200V
Equation of the wave form 200 sin 6
[ E,, = Area under the wave over one half cycle +~ Base

n

J‘2003in€’(Jle & 200 sin6dd — 2—0-9—coseg= 2(1):_0"(2) = 127.38V
[

T T
200? ]’ 1-cos QB)de
= n d 2

o 0

(i) E_.= 1%

ms T

0

(iiiy ~ Form factor

Acurrent of 5 A
when supplied at 250 v,
across the coil is 150 Vv, !

() The impedance, r€&
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FUNDAMENTALS OF ALTERNATING CURRENT
R

142
(i) Power absorbed py the coil, and
(iii) Total power.
Draw phasor diagram.
Aps. V =250V, 1=5A, Vg~ 125V
25
R = 1‘5’_ - 25 Q
Vi de 150V
150
Impedance of the coil Z; = “Xoet 30 ©
2 250
Total impedance Z < 5 = 50 ©2
22X 2 O 802 ..., (1) Equation for coil impedance
@25+ 12+ X2 = 502055, (2)Equation for total impedane
Substracting equation (1) from equation (2) ;
We get, 252+50r = 1600
r =_.19.5Q
Put the value of ‘r’ on eqn. (1)
19:53+ X2 [ = 302
(ll) Power & d XL = 2279 Q
onsumed by coil = I%x e &9
(iii) Total pow P g 3 52x19.5 = 4875W
p er L I X (r + R) = 52 X (25 - 19.5)

Phasor diagram 1112.5 Watts

=B

94. A coil i
having a resj
_ €sistanc and s
ﬁz sti;lp‘;;thc:fapacitor heavﬁinfg‘4 851 é) ‘tda inductance
combination mdllate (a) Current Pacitance of 20 micro-t(')a.rf S4H ia congiy
Tvael | () The SUDDI (:)dl;across a230 V3
Pply, ower factor of
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impedance of capacitgr 7
2

Total impedanc:e z

(a) I = o ean
5.?‘—_-— %L
(b) Power factor ¢qg e 8.4 =0.607 A
(c) Ener&y absorbed for 8 horgi« ;c;,-;s 17.01 = 0,956,
o 0x0.607 x
= ¥ 0-956 X3 = 4
arallel circuit with o 0.4 Kwh OUWh

95 branchlandR=25QXc=10Q. S_hasR=109 X

; : ¢ 1n series ip L
50 Hz sotlirci.w F(:rnt('i (i) current in each brancl?r(?ir)lih 2. The circuit is fed by 100V,
power and p actor. otal impedance and current (i)
y . 10040
Ans. (i) Current in branch (1) B {
10+35 = 8942£-2656A . 5a ‘;
. _ 10os0 I3
2= 25_ji0 = 3.713221.8°A 250 10 ie
(ii) Total current, I =1, +1,= 11.732-12.83° A 100 V
; ' 50 Hz
v 100£0
Total impedance, Z = = 8.51/12.88 Q

18,014 784 212.88°

R 8-3 . | b
(iii) Power factor cos ¢ = 7 = ggy - 0:971ageing m

Power = 100 x 11.73 x 0.97 = 1137.81 Watts ]
i i - is 0.0
%. An alternating wave is given by i = 100 200t The time period of the wave is
I wave.
sec. Find the average and r.m.s. values of the -
7 g ipaTil :
i .ﬂ‘? o4 a&a8. 0 L - 100 [e-QODt]g.OS oy
P . 000'2°°'df = 0.05(-200)

Ans. Average value ' 0.05 5 (uca &8 P

""

s 4Bl

005
¥
[RMS value]? = 505 !l

1.‘
= __4OOX

RMS value = 45005

For the circuit shown
and power factor-
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ENT
NTALS OF ALTERNATING CURR
FUNDAME

Z, %2,

i3Q = 6° Q
Z, =4+j30Q=54£36.8
| (5£36.86)x(10< - 53.13)
Z2=6_j8£2= 10[—53.1300 - (4+J3)+(6"J8)

=44 +j0.8 0

= 4.47/10.3Q :
Total impedance Z = (1.6 + j7.2) + (4.4 + j0.8) = 6 + j8 Q@ = 10.53.13%4

100.£0
104 -53.13°

R 6 :
Z = 10 = 0.6 lagging

Power = 100 x 10 x 0.6 = 600 Watts

= 10£-53.13°A

Current, I

Power factor (cos ¢)

In an a.c. circuit consisting of two elements in series, the equations of vol
and current are given by e = 50 sin (200t — 25)and i = 8 sin (2000t + 5). Calculas

the frequency, power factor and the valyes of circuit
Ans. e = 50 sin (2000t - 25), i= 8 sin (200t + 5),

2000 |
T 318.3 Hz.

Phase angle betwee
So, power factor =

constants,
© = 2xnf= 2000
Then f =

n voltage and current = 25 + 5 = 390
€os 30 = 0,866 leading
50

E, = &
m 50, Im 8, Erm. = 75; = 35‘35’ [m. i 8
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roltage
lculate

AN alternating volt
s

|
A5 ¢ S g
61300 V in 8 ms and then a3 $hape,
half cycle is identical jn shape ¢, t L Constant o,
oltage over half a cycle ang (o) .o - POSitive haye o ™
=4l 5+

An alternating voltage is Fepresenteq 'S Voltage,

maximum value (b} the frequency (c by v = 29

celocity of the phasor representing th]etl‘:]e Periog;

avef

[Ans. (a) 20 v =

A coil takes a current of 57 From gt v

50 Hz a.c. supply the current ig o5l o

and (¢) inductance of the coj]. + Caley

[Ans.(a) 150 v, (b) 170 V]

:m. 157.1 t volts. Find (a) the
time (d) what is the angular

B) 25 Hz () 0.04s (d) 157.1 rad /s
f;SF:]Y- When t:ormected to a 200 V,

a) the resistance (b) impedance
o or c e o304 4O[Ans. .(a) 4Q (b)8Q (c)22.05 mH]
60 Hz. jf\ ?urvrel‘qtt of 3A flows ang the circuitgzi;f:zlt:;::li-zssoa N e
value of capacitance, C (b) the Supply voltage (¢) ¢h Q. Calculate (a) the
supply voltage and current (d) the p.d a € phase angle between the

cr ;
the capacitor. 0ss the resistor and (e) the p.d. across

[Ans. (@) 88.42 uF (b) 150 V. (c) 36,870 B i o0

A 50 puF capacitor is connected to 100 V, 200 Hz supply. Determine the true power
and the apparent power. [Ans. 0, 628.3 VA|

A 200V, 60 Hz supply is applied to a capacitive circuit. The current flowing is 2A
and the power dissipated is 150 W. Calculate the values of the resistance and

capacitance. [37.5Q, 28.61 pF)
A coil of resistance 400 Q and inductance 0.2 H is connected to a 75 V, 400 Hz
supply. Calculate the power dissipated in the coil. [Ans. 5.452 W)

A capacitor C is connected in parallel with a resistance R across 60 V, 100 Hz
ent is 0.6 A at a power factor of 0.8 leading. Calculate the
[Ans. R =125 Q, C = 9.55 uF)

supply. The supply curr

values of R and C.
duces a current of 100 mA,
aw the circuit diagram and

[Ans. 88.277Q, 0.3 H]

In a particular circuit, a voltage of 10 V at 25 Hz pro
while the same voltage at 75 Hz produces 60 mA. Dr

insert the values of the components.
cted in series across 200V, 50 Hz a.c supply.

s combination is 2.3 A. The pfof Z, is 0.8
the voltage across Z, and it is in 900
power consumed by Z, and

Two impedances Z, and Z, are conne
The total current drawn by the sen.e .
lagging. The voltage drop across z, is twice i
ut of phase with it. Determine (a) the value of Z,

[¢) total power consumed by the circuit.
- [Ans. (a) 38.38 &
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