CHAPTER

A.C CIRCUIT

Q7: Write a note on ((a) direct current (b) alternating current
Answer: a) Direct Curreat [D-C]:
Definition: “The current which flows in one direction is known as

direct current-”

Explanation:

In direct current electricity, the electrons flow continuously in one
direction from the source of power through the conductor to a load
and then back to the source of power: The voltage in direct current
remains constant- The D-C power sources include batteries and D-C
generators-

b) Alternating Current (A-C):
Definition: “The current which changes its direction many times in
a second is known as alternating current (A-C)-”

Explanation:
In alternating current, an A-C generator-is used to make the flow

of electrons first in one direction and then in the opposite direc-
tion- A source which produces potential difference of changing polar-
ity with time is known as alternating source:

A voltage which changes its polarity at regqular interval of time is

known as alternating volt-
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polarity of the applied voltage:

The graph of alternating voltage gives us a distinct shape which is
known as sine wave: So the alternating voltage is also known as si-
nusoidal alternating voltage and is given by,

V =V, sin(at) (7)

In equation (1), “V” represents the instantaneous value of alternat-
ing voltage, “V,” represents the maximum value of alternating volt-
age and “o” represents the angular frequency measured in
“rad/sec”- Similar]y, the sinusoidal alternating current at any in-

stant is given by,

1 =1 sin(ot) | (2)
The, graph of alternating
current and voltage shows f\’ 4
that they varies both in Vo b= bt - _
magnitudes as well as in di- z,2m K 2L i

) o =wp wt TI:Q\/ ot
rections Vo __-_-_.\/ 5 8 -

They rises frem zero to

' 2 Alternating Alternating
maximum  positive  value, voltage current

then falls to zero again and
then increases to a maximum value in the reverse direction and then
falls to zero again, as shown in the figure:

Q2: Define the following terms: Instantaneous value, cycle, time i
period and frequency

Answer: a) Instantaneous Value:
“The value of an alternating quantity at any instant is known as
instantaneous value-”

The instantaneous values of alter- Vo fommam ~ Vaveform of

i alternating
nating voltage and current are rep- : voltage
resented by “V” and “I" respec- z i 180° 270° 360°
+ " . D o 3
tively- For example, in given figure, =¢ %0
0, +V,, -V, represents the instan-
tanecus values of alternating volt- Vo jg———— Time
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age of O°, 90° and 270° respectively-

b) Cycle:

“One complete set of positive and negative values of an alternating
quantity is known as cycle:” For example, the above figure repre-
sents one cycle of alternating voltage: There are “360 degree” of
“2n radian"” in one cycle-

c) Cycle:

“The time during which one cycle is complete is known as time peri-
od" It is represented by “T” and is measured in second-

d) Frequency:
“The number of cycles in one second is known as frequency of an
alternating quantity:” (OR)
“The reciprocal of time period is known as frequency-” It is repre-
sented by “f’:

7

F:?

The unit of frequency is “cycle/sec” or “hertz”:
! hertz (Hz) =1Tcycle / sec (¢ / s)

@3: Define the mean, peak and rms values of sinusoidal current
and voltage- Obtain the mathematical expressions for the rms val-
ue of current and voltage:

Answer: a) Peak Values:

Definition: “The maximum value of sinusoidal voltage or sinusoidal
current in one cycle is known as peak value-"”

Explanacion: The peak value of a sine wave occurs twice each cycle
i-e: once at the positive maximum value and orice at the negative

maximum value: The peak value plays an important role in testing
of materials-

The peak value of an alternating voltage and current are represehted
by “V,” and “l,"” respectively:

b) Mean Value:

Definition: “The sum of the entire positive and negative values of
sinusoidal voltage or rurrent in one time period divided by the time
period known as mean vajue-”

Explanation: The sum of all the positive values in one cycle is the
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area of the upper lobe and the sum of all the negative values is the
area of the lower lobe: So the sum taken over one cycle is zero-

¢) Root-Mean-Square (R:M-5) Value (or) Effective Value:
Definition: “The square root of mean square values of sinusoidal
voltage or current is known as their r-m-s values-”

Explanation: As the mean value of sinusoidal voltage and current
over one cycle is zero, so we cannot use the mean value for power
calculation- Therefore, we use another suitable method to measure

the effectiveness of an alternating current- The equivalent average
value for an alternating current system that provides the same
power to the load as a D-C equivalent circuit is known as the “ef
fective value-"”

This effective power in an alternating current system is equal to
“PR Average”- As power is proportional to the square of current,

so the effective current “I” will be equal to “ Jr average”: There-
fore, the effective current in an AC system is known as the root-
mean-squared (R-M-5) value-

The effective or r-m-s value of an alternat-
ing current is that steady current (D-C)
which when flowing through a resistor pro-
duce the same amount of heat as that
preduced by the alternating current when
flowing through the same resistance fcr
the satre time:

For example, if the effective or r-m-s value of an aiternating cur-
rent is 7A, then the alternating current will produce the same
heating effect as that produced by 7A direct current:

Q4: Derive an expression for r-m-s current and r-m-s veltage:
(ETEA 20710)

Answer:

The effective value or r'm-s value can be used to calculate the mag-
nitude of alternating current or voltage: The equation for sinusoidal
alternating current is given by,

[ =" cin(ot), (1)
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Now if this current is allowed to
pass through a resistor “R”, then
power delivered at any instant is

given by,
P =PrR (2)

Putting equation (1) in equation
(2), we get,

P = ;:s:'nz((s.>t)R_(3)

Now as the value of sin°(owt) varies between O and 1, so its average
value is “7/72", thus equation (3) becomes,

P = Iz.xixR

a2
7 2
= P=3IR (%)

In terms of r-m-s value, equation (2) can be written as,
P=lR (5)
Comparing equation (4) and equatior (5), we get,

I? R = i 12R
2
s 12 =L N Is
: g
- = 078N,

“g

G T\

=% fﬂm =0:-707 1 |

m i

5;’m;’!arf5;,_ the r.m-s value of voltage is given by,

e Sk L = o e e

Ei Note: In Pakistan, the AC mains supply that :s available in the !i
' normal wall outlets is 50 iertz and 220V...- S0 the peak value of
p

voltage will be: |

" |

V‘" = --_'.J—"_i : h

?_ 2707 y
i 22¢ . . |
| w Vo= -"TT L2300 s 1, = 310 volts .
[ C-rO/ l
T e e s o o L =4 TR TR T e e = e IR T T
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Q5: Explain the term “phase” and phase difference in case of A-C
circuits-. '

Answer: Phase of A-C: In the department of electrical engineering,
we mostly deal with relative A
phases or phase difference be- | +Vnt
tween various alternating quanti-
ties, rather than with their abso-
lute values- The word “phasor”

or “phase vector” is a way to
represent a sine or cosine func-

tion graphically-

Now consider an alternating voltage wave of time period “T” as
shown in the figure-

i 1

: siis ' g e
The maximum positive value “+V.,” occurs at > second or “3 !

radians: Thus the phase of maximum positive value is “— " second

or “-'2.—;-“ radians- Similarly, the phase of negative peak value “-\/,," is
3 3n 3

“Z_ second or “=—" radians-

From the above discussion, we conclude that, phase of a particular
value of an alternating quantity is the fractional part of time peri-
od or cycle throuah which the quantity has advanced from the se-
lected zero position of reference-

Phase Difference:
When two alternating quantities Uor]
of the same frequency have differ-

ent zero point, then they are said /

te have a phase difference:

\
. M '-l ‘1‘ ’
in most of practical circuits, the T \/ ' ot

alternating voltage and current

. ol )
Livie diTareiE phases: Thié the Phase diffcrence of
current and voltage

voltage may be passirq through its
zero point while the current has passed or it is yet to pass through
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its zero point in the same direction* So we can say that the volt-
age and current have a phase difference-

The angle between zero points is called “angle of phase difference’
It is represented by “0” and measured in “degrees” or “radians”-

In given figure, the voltage “V” is passing through its zero point
“O" and is rising in the positive direction- While the current is
passing through its zero point “M” and is rising in the positive di-
rection-

In above case, OM = ¢ represents the phase difference between
voltage and current: The equation for voltage is given by,

|V = Usin(wt) | ()

As in above case, the current lags behind the voltage by “¢”, so the
equation for current can be written as,

1, sin (ot - 9) (2)

!

1

. 360
G ag 180 270 t- ot

it}

(a) Wave “I" leads wave “V” by 45°
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b=t

(B Wawe 1" nads wave "V by 90

Q6: A sinusoidal alternating voltage of angular frequency “o” is
connected across a resistor “R”- Find mathematical expressions for
the instantaneous voltage, current and average power dissipated
per cycle of the applied voltage- (ETEA 2012)

Answer:

Consider a circuit in which a pure resistor “R” s connected across a
sinusoidal alternating voltage source, as shown in the figure- The
free electrons will start flow in one direction for the first half cycle
of the supply and then flow in the opposite direction during the
next half-cycle: In this way, an alternating current in established in

the circuit-

The applied voltage / v g ;4 B

and  current  pass || ¢ J

through their zerc R B i ¥ !
L8, - - -

values at the same ] \‘/

instant and  attain

their positive and negative peaks at the same instant- Thus the
current and applied voltages are in phase, as shown in the figure:

Now the instantaneous voltage across “R" is given by,

L7 = U _sin (ot) (1)

Mow the current due to this voltage is given by,

, .V S
B — (<)

R
Putting equation (1) in equation (&), we get,
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_V_sin(wt)

/ 3
R ) (3)
In equation (3), %"‘- = maximum current = [,, so equation (3) be-
comes,
I =1 _sin(wt) {4)

Equations (1), (4) represents the expressions for instantaneous
voltage and current respectively- Where “V,” and “I,” represents
the peak value of alternating voltage and current respectively

Power Loss in a Resistance Circuit:

We can obtain the power curve for a pure resistive circuit from the
product of corresponding instantaneous values of voltage and current
[P = IV]- The maximum and average value o>f power is shown in the
figure*

The power becomes zero for a ~oN-rennrfe. Average
moment at points L, M and N as | |-
shown in the figure: In order to | ,

get a certain value of power loss

in a resistive circuit, we find an

Power curve
expression for average power in
terms of r-m-+s values: We know that,
P=1V= AP% s IV> (5)

Putting equation (1), (%) in equation (5), we get,
< P> =<l,sin (0t) + Vnsin (0t)>

= . 2
- < P >= IV < sin“(ot) > <sin(wt)> = %
= *=P>*=-‘J’l/xi 7 1 7
o %5 fog
; y " ; 2 J2 \’E
- < >=] X —= X —F=
" de T lo o i
I V. 7=
- < P L l/f"l'
272 W
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s [=Ps=1 ¥

SIS FmS

Equation (&) represents the average power dissipated in resister
“R™ during one complete cycle:

Q7: A sinusoidal A-C voltage of frequenty “©” is connected across
an inductor of inductance “L”: Find the mathematical expressions
for the instantaneous voltage, current and average power dissipat-
ed per cycle of the applied voltage- (ETEA 2015)

Answer:

An inductor is a coil shaped conductor which resists changes in elec-
tric current passing through it-

Noiv consider an inductor of inductance “L7 which is connected to a
source of alternating voltage, as shown in the figure:

VAN
1 AN I

T
& E X ;

Fig (a)
Fig (b)

When the circuit is turned-ON, then alternating current flows in
the circuit, which is given by,

r g - ; 1

117 Lo QN (1)
Tne changing current sets up a back emf in the coil whose magni-
tude is given by,

\
N R —— 2
. { At ( )
Now to maintain a constant current in the circuit, the applied volt-

age must be equal to the back emf, so we have,

!{/ =g = L .:\_{_ i
e sr‘n% = 5in90 =17
= Pedl (3) 5
X4 cos— = cos90" = C
Putting equation (7) in equation (3), we get, 2 J
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’ X ¢ :
W= Li—l«t—LIm sin (mb)]

= V = LI wcos(at) (%)
Here LI.o» = V,, so equation (4) becomes,
V =V cos(mnt) (5)
Equation (5) can be also written as,
[ 3
=y sm;mHiJ (6)
m \ 2
1% L
(b)
(a)
Inductor in AC circuit
Formula:
sinfa + ) = sina cos 3+ sinfcos «
4 y
sin| ot + Il= sin we- cos 3 4 sin '—r'-cos ot
L 2 2 2
( )
= sinlot+—|=sinwtx0 +7 xcos ot
\ 2)
/ " .
= sinjot+ —| =0+ cosot
\ 7
it ) 7
= sinjwt+ —| = coswt
A 2) °

The waveform of current and voltage shows

that the voltage passes from non zero point

while the current passes from zero point at
that instant- S0 the current and voltage are
not in phase: Equation (6) shows that voir1ze

T . a S
leads the current bu - The phasor diagram of VEeEe
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voltage and current in inductive circuit is shown in figure (c)-

The inductance of the coil opposes the change in current and serves
to delay the increase or decrease of current in the circuit- Thus the

currert lags tehind the voltage by 90° or  radians:

Inductive Reactance:

“The opposition offered by an inductor to the flow of alternating
current is known as inductive reactance of an inductor-”
e know that,

V:n = In"R (7)

In case of inductor, we replace “R” by “X.”, so equation (7)
Um = J!JmX.i
X = z_’T 8)

e also know that,
V =1 ol so equation (&)

I ol
X, = ”}m
= X, =ol (%)
As f= —;— = o = 2nf, so equation (9)
s
X, = 2nfl (70)

Equation (10) shows that the inductive reactance depends upon the fre-
quency “F’ of A-C In D-C the inductive reactance is zero ie- X, = O

Power Loss _in_an_[nductor:

V = V.. sin {mt)
power wave

A

1= §osn (ot-5)
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<[F>=<|lV> ()
Putting eguicoont (7). (5} 1n equation {77), we gez.
< F rew roant £V eoslint)
<P >=f i, <sin(at)os(int) > _ __ (73)

Now figure (e) shows that:

7- During first 90° of the cycle, the power is negative: [t means
that the power is flowing from the coil to the source:

2 During next 90° of the cycle, the power is positive: [t means
that the power is flowing from the source to the coil

3+ During next 90° of the cycle, the power is negative: [t means
that the power is flowing from coif to the source:

4+ During last 90° of the cycle, the power is positive: It means
that the power is flowing from source to the coil- ‘

The power curve over one cycle shows that the positive power is
equal to the negative power: Thus the resultant power over one cy-

cle is equal to zero- It shows that, a
For one cycle,

"] 0= wt = 360°
er words, we can say that the electric sin(360°) = O

power merely flows from the source to
the coil and then from coil to the source:
Thus equation (12)
= <P >=[V < sin(ot)cos(ot) >
= <P>=(V x0

= i < P O|
Q8: Define and explain choke coil (or) inductive choke:-
Answer: Choke Coil:
A choke is an inductor which is used in A-C circuits- It offers high
reactance to frequencies above a certain frequency range without

pure inductor consumes no power: In oth-

cos(360°) =17
= sin(wt)cos(mt) = O

appreciable limiting the flow of current-

A choke can prevent electric signals along undesired paths- (t is used
as filter in power supply to prevent ripple- It is used as radio fre-
quency choke (RFC) to prevent radio frequency signals from entering
audio frequency circurts- In this way, the undesired signals and noise
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can be attenuated-

HE

@9: A sinusoidal voltage of angular frequency “o” is connected
across a capacitor of capacitance “C”- Find mathematical expres-
sion for the instantaneous voltage, current and average power dis-
sipated per cycle of the applied voltage: (ETEA 2006-20710)
Answer:

Consider a capacitor of capacitance “C” is connected to an alternat-
ing voltage source, as shown in the figure-

When the circuit is turned-ON, the capaci-
tor is charged in one direction and then in
the other direction due to alternating volt-

ager As a result the electrons move to and
fro around the circuit and thus produces al-
tematiﬁg current in the circuit:

Now the alternating voltage applied across
the circuit is given by,

V=V, _sin(ot) )
Now by definition, we have, Fig (b)
J = _\ﬂ [q = CV] v
Ae Fig (c)
A
= 1= cev) (2)
Putting equation (7) in equation (2), we get, ho0° =72 rad'ans\l
7 =N, ‘CV. sin(ot)]
NG ) 5
A
5 = Yoy —-sin(wE
) o sin(wt )
= 1 =CV cos(mt) - (3)

Here CV.» = maximum current = Im
So equation (3) becomes,

p— —m e Po T

SR EN . i PR

s s )

Equatior (1), (.} repre<ests ‘he expressions for instantaneous volt-

age and curren® :n capacitive circuit Equation (4) can be also writ-
Len as,
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/=1 sfni(ut + -:;J (5)

| Formula:

sin(w + 3) = sinwcos B+ sinf cos u

o f )
= sin; ot + —
l 5

LY

" T .
= sinwt cos — + sin—cos ot
2 2

{ T .
= s;’n'L[-:t + —} = sinewtx0 +17 xcos ot
s

2

K
= sin((nt + EJ = ¢cos wt

The waveform of current and voltage is shown in figure (b), which
shows that the voltage passes from its zero point, while the cur-
rent at that instant passes from non-zero point: Thus the current
and voltage are not in phase: Equation (5) shows that the current
leads the voltage by 90° or “m/2” radians- The phasor diagram of
current and voltage in capacitance circuit is shown in figure (c)-

Capacitive Reactance: (ETEA 20710)
Definition: “The opposition offered by a capacitor to the flow of
alternating current in a circuit is known as capacitance reactarnce:”
Explanation: We know that,

V. =1LR (6)
In case of capacitive reactance, we replace “R” by “X.”, so equation
(6) becomes,

Vn X !mXC
v
= X = (7)
As we have, I. = CV, w, so equaticn (7) becomes,
v
)(‘ = .- !
M 4 e
= X[ = _;7__
0¥
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Equation (8) shows that the capacitive reactance depends upon the
frequency of A-C- [n case of D-C, “X.” will be infinite-

Power Loss in a Capacitive Circuit:

We know that the average power is given by,

= paee s (9)
Putting equations (1), (%) in equation (9), we get,
<P > =< [ cos(ot)sin(ot) > (70)

Figure (e) shows that
the positive power and |

power wave

negative power are ]

equal in one cycle: Thus

(o} \y 8]
the power loss in pure 3 \Ut
capacitive circuit in one

ot

cucle is zero- 50 equa- Fig {d) Fig(e)
tion (10) =
I« P >=0

. QI0: Define impedance- What is its unit?
Answer: |mpedance:
Definition: '"The combined opposition to the flow of alternating

current by resistance “R™, capacitive reactance “X." and inductive
reactance “X."' or any two of them is known as impedance-"

Explanation: The impedance is represented by “Z"- [n terms of
r-m-s values., it can be written as, |

C oy

s unit is ohm-

iQﬁ': Define RL series A-C circuit- Explain with phaser diagram,
| that in an RL <eries circuit, thke current will log or lead the ap-

| plied alternct g valtage:
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Answer: RL-Series A-C Circuit: .
Definition: “An A-C circuit in which the resistor and inductor are

connected in series to an alternating voltage source is known as RL
series A-C circuit-”

Explanation:
Consider an A-C circuit in which an inductor and resistor are con-
nected in series with alternating voltage source, as shown in the
ﬁgdre-
The phasor diagram of the circuit is shown in figure (c), which
shows that the voltage drop “Ur” is in phase with current “I”-
lts magnitude and direction is represented by the phasor “OP”-
While the voltage drop “V.” leads the current “I” by 90° [ts
magnitude and direction is represented by the phasor “PM” in
the given figure:
Determination of Impedance: é
R

e know that, Ve

z=2 () ? .

Now according to phasor diagram, the voltage

Cd bl

=
“U" of the source is equal to the phasor sum i
OT._F “VR” and "VL” ;-_e_ }\VL
UE = yE
= V? = PR+
= VZ = PBLRY+NF) 90° Ve >1
% - Fig (b)
= VFE RN X, 2 T
Putting equation (2) in equation (7), we get, i
T ] :
2 1JR? + X !
=N T § <
/ o Vi P
e T = e Fig (c)
Nt ] (3)
Fguation (3) represents the impedance of Rl-series circuit In such
circust, the current 1" laas behind the viltage “V." by 90° or %
radwans)-

www.perfect24u.com


https://www.perfect24u.com/
https://www.perfect24u.com/

Determination of Phase Angle &:

From figure (c), we have, .
tan ¢ = —-Vi
R
= tand = —= = tan¢=% 3

= | ¢ = tan” {%U (4)

Equation (%) shows ‘that for given values of X,, R we can calculate
the phase angle “'¢”:

Power in RL-Series Circuit:
We know that,
P = current x voltage QD 4

)
1
1
L}
1
1
]
1
L}
i
1
L}
1
1
1
[}
)
1
)
)
1

Now from figure, it is clear that the com-
ponent “Vcosy” is in phase with current
“|”, so this component is responsible for
power consumption in RL circuit- The power b

curve also shows that the area of positive Vcoso
curve is greater than the area of negative

<
Guisp

I L L e

Y
v

curve: Thus the net power over
one cycle is positive: Therefore, P
we can say that power is coh- power curve
sumed in RL series circuit:

Thus equation (T) can be written as,
[P = 1Vcosg| (2)

Equation (2) represents the ex-
pression’ for power loss in RL series circuit-

Q72: Define and explain the following:
(a) Power factor (b) @-factor
(¢) RlL-series impedance triangle

Answer: a) Power Factor:
Definition: In expression, “P = [Vcosh”, the term “cosd” is known
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as power factor:
Explanation: The power factor represents the cosine of angle be-
then “!J’ and “'U!?'

In case of pure resistive circuit, the current and
voltage are in phase, so ¢ = 0°, so power factor =
coshp = cosO’ =7

This shows that the power factor of pure resis-
tive circuit is equal to one: i-e:

Power factor =7

In case of pure inductive or capacitive circuit, the phase angle is
90°, so power factor = coshp = cos90° = O

= |Power factor = _O‘

Thus the power factor of pure inductive or capacitive circuit is zero-
For a circuit containing R, L and C in varying proportions, the value
of power factor lies between O and 7+ The value of “4” in term
cosd is called power angle-

b) @Q-Factor:

Definition: “The ability of a component to store enmerqy is kmown
as its quality factor [Q-factor]”

Explanation: The Q-factor of a circuit is a ratio of enerqy stored in
the circuit to the enerqy dissipated in one cycle-

maximum energy stored

& - factor = 2n x

energy loss per cycle

The ratio of inductive reactance “X,.” and resistance “R"” of a cir-
cuit also represents the Q-factor of the coil- ie

Q - factor =

it
R
The Q-factor is used to describe the quality or effectiveness of a

coil- The Q-factor of a coil will be greater if jts inductive reactance
“X." is greater than “R” and vice versa-
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3) Impedance Triangle:
Definition: The phasor diagram is a triangle whose sides represent
R, X. and Z- Such triangle is known as impedance triangle:

Explanation: Using impedance triangle, we can calculate,
7-  The power angle “¢” i-e:

R _ [ TR
cos ¢ 5 = b = cos '\ZJ z
2- The phase angle i-e: tand = — &
R e
R
— ¢) = ban'? [i)
R

Q73: Define RC-series A-C circuit- In RC-series circuit will the cur-
rent lags or lead the applied voltage: Explain the answer with a
phasor diagram-

Answer: RC-Series A-C Circuit:
Definition: “An A-C circuit in which a

resistor and capacitor are connected in > _I_ T

series is known as RC-series A'C cir- . 5

cuit” 3 l *
; R Vi

Explanation: l

Cgnsider a circuit in which a resistor Fig (a)

“R” and capacitor “C” are connected

in series with an alternating voltage o >

source as shown in the figure-

The voltage drop “Ur” is in phase with \:'“ Fig (b)

current and is represented by the
phasor OA- The voltage drop “V." lags
behind the current by 90° and is rep-
resented by the phasor AB-

Determination of Impedance:
According to phasor diagram, the voltage

of the source is equal to the phasor sum
of “Ur” and “-V.”+ So we have,
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= V2 =1%(R*+X7)

- V= IyR? + X? (7

Now the impedance is given by,

z=%___ (2
Putting equation (1) iz equation (2), we get,
T TR
z = f\fRz + X
o
-
= |Z = \fRz + X2 (3)

Equation (3) represents the impedance of RC-series circuit: In RC-
series circuit, the current leads the voltage “V” by “4" and voltage
“Ve” by 90°

Phase _Angle:

From AOAB [figure (c)], we have,

tan¢ = Y—“—
VR
o tanq} = !_X_."_
- IR
X
= EaH = S ‘“’(X?} 4

Equation (%) shows that for given values of “X.” and “R”, we can
calculate the value of phase angle “0"

Power _in_RC-Circuit:
e knecw that,

F = current x voltage

(7)
“low from the figure, it is clear that the
component “Vcosd” is in phase with current,

Vecos® |
3 L%
P

A4

so this component is responsible for the con-
sumption of pewer in RC-series A-C circuit:

Thus equation (7) cas be written as,
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Equation (2) represents the expression for power loss in RC-series
A-C circuit:

Q74: What is LRC-series A-C circuit? Find an expression for im-
pedance of RLC-series circuit-

Definition: A circuit in which a resistor, inductor and a capacitor
are connected in series with alternating voizaye source then such cir-
cuit is known as RLC-series A-C circuit:

Expression for Impedance:
Consider a circuit in which a resistor, R L c
inductor and capacitor are connected

in series, as shown in the figure:

<)

In resistive circuit, the current and

]

tive circuit, the voltage “VU." [eads
the current by 90°, while in capaci- T
tive circuit, the voltage “V.” lags be- v Vi- Ve
hind the current by 90°- Thus “U.” A A l

0¥ IVC
Now according to phasor diagram, the

and “V.” are out of phase by 180°: Vi
voltage “U” of the source is equal to the phasor sum of “Vgx" and

voltage “Vz" are in phase- In induc- £ T

3
-

b 4

W =V ” fes
Ve s e+ (Y -V
= UNINFR® +(IX -1X.)F
S vz = 2R e (x, - xc)z]
= V= LJ(RP +(X, - X.)? (7)
Now the impedance of the circuit is given by,
2L (2)

/
Putting equation (1) in equation (2), we get,
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G
I

N ERN ORI ¥y
Equation (3) represents the impedance of RLC-series A-C circuit: In
equation (3), the quantity (X, - X ) is known as reactance of the
circuit: It is represented by “X": 50 we have,

A =X X

Thus equation (3) can be also written as,

_Z=JR"+X2J (%)

Power Factor of the Circuit:
In AABC, we have,

. W .
costh = E/ J_V.re 2 IR V= ,rg]
IR

iz

= cosd

> sh=S (5 =5

L

Putting equation (%) in equation (5), we get,

R ! 05
\/RTf."X?—lI ( )

Equation (6) represent; the power factor of RLC-series circuit

cosp =

Phase Angle:
In ARBC, we have,

00 =) _{1X -1 I -X)

tanp = ~———+== - L. = 2 b €L Ve = IR
\ , . IR | IR N
)‘( 7 Ve = IX,
= tang = ¢ LE“_C_ Ve = IXc
: X X = Xr‘ = X
= tan@ =
~
t R
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| Note:

W7 if X. > X. then the phase angle . Il v+ positive and the cir- |
b cuit will be inductive- In such a case, che currenic wili tag bhe- |
hind the applied voltrge “V”" by ¢-

il

i 2 if X < X, then the phase angle will be "cy.. .- ana tne cir-
i curt will be capacitiver In such a case, the current leads the
s applied voitage “U” by ¢-

3. If X. = X, then the phase angle will be zero and the circuit
will be purely resistive: In such a case, the current and applied
voltage V" will be in phase: i-e: ¢ = O°

Q15: Explain the resonance in RLC-series circuit- Show that the

7 3
resonance occurs at the frequency, f. = ——-— + Discuss the prop-

2nLC
erties and uses of RLC-series resonant circuit- (ETEA 2071)
Answer:
Consider a circuit in which a resistor,
Va V. V

inductor and capacitor are connected
to a source of alternating voltage as
shown in the figure-

Now if the capacitive reactance and

iaductive reactance kalatce each cth-

~)
v

er, theu tne Mmpedance of the circuit

becomes equai to the resistance "R only: Under such conditions,

the impedarce is minimum and current is

maximur  The circuit under such condi-

N |

tion is <nown w5 ressrant circuit and (Es /_’SmaIIR
e T i : = H £ - i
fregdency is known as resonant frequen:y G R
LT Tihe resomance curve showe EFhat at
resosaciie  Freguency, the impedivis s f

.

7

IR UTY aRd Surrent s MaXimulnn

Evtressian {ur Resgnance Freguern:y

Fur rescriance canditiotl, we lLave.
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2nfC

= = = 7

. Y4aiLce

I"—?_

- )C‘ =
=% \I 472LC

3 7 D
=% 4 =

1 ’ 2?‘(\@

Equat;‘on“(?) represehbs the expression for resonance frequency:
Properties of RLC-Series Resonant Circuit:

/
The frequency of RLC-series resonant circuit is equal to, ——=—

ZK\/L_C

2- The current and voltage “Ug” are in phase:

3 “X.” and “X.” are equal and are out of phase by 180°

4. The impedance is minimum and current is maximum:

5 The radio of “X.” and “R" is known as @-factor- Q-factor
— X.‘_.
o

Uses of Resonance Circuit:

7. The resonant circuit is used in turning a radic or T-V sets-
2- It is used in variable oscillators:

3 [t is used in detection instruments:

Q16: What are metal detectors? Describe their principle and uses:

Answer: Metal Detectors:

The metal detectors are ti:e eleetrical instruments which are .sed
for detection and security purposes

Construction:
Osailiistor Cirgeet & taoiats Livint B
e e e et
LU el g,
T I_‘.-,".i sy & 2alliyteon »] T c.lq
{ l i i
[ ale A i-j-"--J
{ i‘
, i o
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It consists of two elements- One element is known as transmission
element which generates a magnetic field- The other element is
Kknown as receiving element which get the information zbout certain
substarice and converts these information into electrical signals
These signals are finally registered on a sonic alarm-

Principle of Metal Detectors:
The metal detectors consist of a capacitor-inductor circuit as shown

in the figure: The combination of capacitor and inductor acts as
mass-=spring system in whick the enerqy oscillates between the in-
ductor and capacitor Such circuit is known as electrical oscillator:

Detection of Metal: _
For the detection of tetal, two oscillators “A” and “B” are used in
operation, as shown in the figure:

When the oscitlator “A" is brought near the metal to be detected,
the inductance decreases due to which the frequency of oscillator
“A” increases: Due to change in frequency, the phenomenon of
beats takes place and a loud sound is heard with the help of sonic
alarm- In this way, the metal js detected-

Uses of Metal Detectors:
The metal detectors are used for security purposes- These detectors
can be used to detect hidden objects:

Q77: Discuss that maximum power is transferred when the imped-
ance of the source and load match to each other-

Answer: Maximum Power Transfer Theorem:

Statement: The maximum power transfer theorem states that to
transfer the maximum amount of power from a source to a load,

the [oad imipedance shouid

match the so.rce impedance:

ITo = L I

Exgianat;m?, L "R is the

. : - Load
, ~
internzi resstancé of the ACeor
nternsz; € i el RL orZ
source cend "R T cepresents
the loos resistanze, <cien

e
meximui  power will  be
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transferred from source to load, if

R =R

In terms of impedance, we can say that, If “Z,” represents the im-
pedance of a generator and (source) “Z.”
of the load, then maximum
power to the load, if

represents the impedance

Maxirnum power

Z =2z

The graph of load resistance

and load power is shown in

the figure, which shows that o e o

maximum  power will be = r
Load tesistance

transferred from ‘source to

the load if R; and R, ‘match each other-

Maximum power (w)

Example:
An antenna is the example of

Transmitter output amplifier

maximuim power transferred
from source to load- In this
Antenna

case the impedance of antenna
is equal to the impedance of

transmitter output amplifier

as shown in the figure:

QI8: Use MaxilgPStheory to show that, £=— 28 _ 8
: 2nr At 2nr
’_;f & T =% i% - Describe the statement of four Maxwell's equations-

Answer: Maxwell’s Equations:

I 1884 Clark Maxwell formulated Coulomb’s law, Ampere’s iaw and
Faraday’s law of electromagnetic induction into a set of simultane-
ous cquations-

In this way, Maxwell unified the subjects of eclectricity and mag-
netism into electromagnetism- The four statements of Maxweil's
equations are given below:
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A changing magnetic field produces an electric field-

2 A changing electric field produces a magnetic field

3- A changing electric field creates a magnetic field which in turn
creates an electric field-

Light is a type of electromagnet’'~ waves which travels with a
speed of 3 x 10°m/sec in free space:

*

The details about above statements are given below:

7- A Changing Magnetic Field Produces on Electric Field:

We know that when magnetic flux through a certain region changes,
an induced emf is produced in the region-

Due to this emf, an induced current can M ‘;
be produced in a conductor placed in that i
region- Now we know that the induced

\
p— I~

emf is given by, ol >
V= —\-f,') ) \< |-

A\t 'l

We also know that the potential difference
arises due to electric field- This shows
that at each point of the loop, an electric
field will be produced due to charging mag-

Fai

netic field- Now we know that,

V= Ed _(2)
Now if a unit positive charge complete one rotation along the circu-
lar loop, then its distance covered will be equal to “2mr”, so equa-
tion (2) becomes,

L & SeBnr 3)
Comparing eqiation (1), (3), we get,
. _ 7 A
E_+2;{r:-—\—th = 1 E = — -.”_ (4)
o L 2w ae']
As & - BA, so equation (%)
Py T 1
v R LAER L ——— = fopnskant
;‘."_r i - ’ |_2_’Ir _.'
= @ % 3
L o, N (5)
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A ; .
n equation (5) e constant, so eguation (5) becomes
nr

X
E = constant --— B

Ex 2 (4)

Relation (%) shows that the electric field intensity is directly pro-
portional to the rate of change of magnetic flux density- This shows
that a changing magnetic field can produce electric field:

2+ A Changing Electric Field can Produce a Magnetic Field:
Consider a capacitor is connected to an alternating voltage source, as

shown in the figure: The current will flow in the circuit continuously
and does not stop: This shows that the electric field between the
plates of the capacitor varies with time-

=3 e

I I EXIETTTETN|

(a) (b)

Current through the dielectric of the capacitor is due to changing £-eld

Now we know that the charge produced on the capacitor is given by,
Q= ¢V (7)

Multiplying both sides by “-:3;. . i i
\

\ 2 . o=
Q= (evy (2)
At \£ e
We also know that,
C = ':qi B ‘2)
Futting equaticr: (3} in eguation {2), we qet,
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\ Vi Al
s — L N R 4
\E wlodg i &
We know that,
—\—Q = current = |
And l—j- = E, so eguation (4) [V = E-d]
A X
| = 2 (cgB\ =% = (EA
..\t( R =0 g CF8)
A EA = electric flux
= |45 — 5
& _-\t(¢") () = EA'= ¢,

Equation (5) shows that the changing electric flux is equivalent to
a currect, such current is known as

= The current produced due to
displacetmient current: Now according Aow of charges is called con-

to ampere’s law, each type of cur- duction current:

: L] =, 3 o
rent proa’uces magnetic Geld around Wh;.e_ the f:u‘rrent due ta.
el Th z : | - 14 changing electric flux s called
S il electric fie displacement current:
produces a magnetic field-

3- A changing electric field creates a magnetic field which in turn
treates an electric field [n this way, an electromagnetic disturbance
or waves are generated - The fundamental requirement for the gen-
eration of electromagietic waves in an electric charge with changing
velocity, i-e- an accelerated charge will create changing electric flux:
The velocity of an oscillating charge as it moves to and fro along a
wire is always changing and as a result, an electromagnetic waves are
produced- }
4- Light is a type of electromagnetic waves which need no material ’
medium for its propagation- It can pass through vacuum- Maxwell
predicted theoretically that the velocity of electromagnetic waves in
free space is given by,

7
C = .

(1)

e, £, = permittivity of free
c 7 space = 8-85 x 102C%/N-nm*
J(885 x107 x 4n x 107 Ho = permeability of free
, : = 45 x 107 Wh/P-
> §C=3x?03m/sefl g I

=
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QI9: (a) What are electromagnetic waves? (b) Discuss the various
types of electromagnetic waves-

Answer: a) Electromagnetic Waves:

Definition: “Those waves which can pass through space with rapid
speed and need no material medium for their propagation are known
as electromagnetic waves+”

Explanation:
Faraday’s law shows that a changing magnetic field gives rise to an

electric field- Ampere-Maxwell law shows that a changing electric
field gives rise to a magnetic field- It follows that when either elec-
tric or magnetic field varies with time, the other field is induced in
space: The net effect is that an electromagnetic disturbance is gen-
erated due to changing electric and magnetic fields: The disturbance
propagates in the form of a electromagnetic wave-

b) Types of Electromagnetic Waves:

. Wavelength, m
10710107 19™ 107 10™ 10° 107 10 10° 10° 107 107 100 ¢ W0 ¢ 10° 10 1O

L irays & mfraredl Nedium
T I S R
ultraviolet micro radio long
waves waves waves

The spectrum of EM-waves

The various types of electromagnetic waves are given below:

7- Light Waves: Light waves are electromagnetic radiations which
are emitted by the sun- The wavelength of light waves ranges from
400nm to 700nm- Light is often emitted when the outermost
electrons in atoms change their state of motion- The colour of light
tells us something about the atoms or the object from which it was
emitted- The study of the light emitted from the sur and other
“wrts gives information about their cemposition:

2- Infrared Waves: These are electromagnetic radiations whose
wavelength ranges from O-7 micrometer to about Tmm- These radia-

tions are commonly emitted by atoms or molecules whenrn they
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change their rotational or vibrational motion- The warmth which
your hand feel near a glowing light bulb is initially a result of the
infrared radiations emitted from the bulb- )

Objects ot temperature ranges from 3K to 3000K emit their most
intense thermal radiation in the infrared region of the spectrum:

The infrared radiations are used in hand remote control for operat-
ing T-V, DVUD set etc in daily life- The signal between a remote con-
trol handset and the device it control consists of pulses of infrared
light which is invisible to human eye: The infrared radiation is also
used for cooking the surface of food-

3- Microwaves:
The microwaves are also called short radio
waves whose wavelength ranges from Imm to

& handset
ramote
antrol

Im- These radiations are commonly produced
by electromagnetic oscillators in electric cir-
cuits like in microwave ovens: These radiations
are used to transmit telephone conversations. These radiations are
also emitted by neutral hydrogen atom present between the stars
of our galaxy-

4- Radio Waves:
These are electromagnetic waves whose wavelengths s longer than

Im- These radiations are produced from terrestrial sources through
electrons oscillating in wires of eleciric circuits: These radiaticns are
also emitted from extraterrestrial sources called ‘radio astronomy:
These radiations give us useful information about the universe:

5- Ultraviolet Rays:

These are electromagnetic radiations whose wavelength ranges from
inm to 400nm- These radiations can be produced due to atomic
transition of electrons: These radiations are also emitted from the
sun- But due to ozone layer, very little amount of these radiations
can reach our earth- Brief exposure to ultraviolet radiation can cause
common sun burn but long term exposure can cause serious effects
ike skin cancer- These rad:ations can be used for destroying bacteria,
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viruses, molds and other harmful organisms-

6- X-rays:

These are electromagnetic radiations whose wavelength ranges from
0:07nm to 10nm: These radiations can be produced due to inner
shell transition of electrons in an atom: These radiations are also
produced when a high speed charged particle become slowdown due
to collision with certain target: These radiations are used in health,
industry, agriculture and detective departments for various purposes-

7- Gamma Rays (y-rays):

These are electromagnetic radiations whose wavelength is less than
10 pico meter: These radiations can be produced during the transi-
tions of an atomic nucleus from one state to another: These radia-
tions can also emitted during the decay process of certain radio-
active element: These radiations posses high penetrating power and
can damage human body-

Q20: What is the principle of ECG? Sketch the wave curve of
heart beats and explain the terms positive deflection and negative
deflection-

Answer: ECG:
The ECG stands for “Electro Cardio Gram” which is used for diag-
nosing the conditions of heart-

Principle of ECG:

An ECG is a recording of the small
electric waves being generated during
heart activity- The electric activity
starts at the top of the heart and
then spreads down- A normal heart
beat is initiated by a small pulse of
electric current- This tiny electric
“shock” spreads rapidly in the heart
and makes the heart muscle to con- Fig (a)

tract--If the whole heart muscle con- | Sensitive electrodes are pliced on
tracted at the same tfme, then there main parts of the body.
would be no pumping effect-
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Iin this wa.. the electric activity starts at the top of heart and
spreads down and then up again® This causes the heart muscle to
contract in an optimal way for pump-

ing blood- The electric waves in the _T:TJ'
teart are recorded :n millivelts by the ARATE o~V
electro cardiograph- . metaiEifcis

9 P EE [_i: i) i = S (B O
Cur heart produces time-varying volt- Fig (b)

c5es as [t beats: These heart voltages

. QRS complex
produce small voltage differences be-

A Ventricular
tiween points on our skin that can be = dej):r{?r?sglla;?n
measured and used to diagnose the :‘f;:? :e?dma:m
condition of our heart- The waves are f%
registered ty electrodes placed on cer- 1
bain parts of the body, which are then AN
printed on paper in the form of a | Figle) AcFCS curve reflects the
curve, as shown in ﬁgure (b)' l_nﬂrsper:!:ve.jflhr_'electmderumdmgn.

Characteristics of ECG Curve:

i+ When the curve falls below the base line, it shows a negative ;
deflection-

2. When the curve rises above the base line, it shows a positive
deflection- |

2+ The negative deflection shows that the recorded wave has trav-
eiled away from the electrode:

4- The positive deflection shows that the recorded wave has trav-
elled towards the eiectrode-

- The tinu rise and fall in the voltage between the electrodes
piaced either side of the heart which is dispiaced as a wavy line
either on a screen or on paper:

(i~ A typical plot of voltage difference between two points on the
naman body verses time is shown in figure (¢)-

T The P detlect:or corresponds to the contraction of the atria at

i the Grgart beat-
- cemeiponds to the contraction of ventricles:
o T Gertion correrponds to a re-polarization or recovery of
s im prena=ation for the rext beat-
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(K [SOLUTIONS OF EXAVPLES & ASSIGNMENTS| )

EXAMPLE 15-1: -*
An A-C circuit consists of a pure resistance of 20Q and is con-l
nected across A-C supply of 220V, 50Hz- Calculate (a) current |
(b) power consumed and (c) equation for voltage and current- |
Solution: R
Given Data:

Resistance = R = 200

Voitage = V,.. = 220V

Frequency = £ = 50Hz

Reguired:

a) Current =] =7

b) Power consumed. = P = ?

¢) Equation for voltage and current = 7

Calculation:
a) We know that,
vV = IR
v V4 220
R rms R £ 2

= |l =1 aemp

b) We know that,. power consumed = IV = P = |V
= P=1_-V_ = (i1x220) watt

rms it

= [P = 2420 watt|
¢) Fer aiternating current, the equation is given by,
1= I_sin(ot)

1
=1 =J21_ sin(2xtfe) =21, |
= | =~2xsin (2 x 314 x 50¢) V= 2aF
= [1 = 1555 sin(314t)! Vo = N2, |

The equation for a!tema-t:_f;?ug veltage is given by,
V=V sin(wt)
= V=2V, sin(2zft)
o U = 2x220sin (2x 3-1% x 50¢)

o ;E/ = 317-Tsin (S?Qc)q
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ASSIGNMENT 15-1:

A 60Q resistor is connected across A-C supply of 220V- Calculate

the current drawn from the supply and the power consumed by
the heating element-

Solution:

Given Data:

Resistance = R = 602
Voltage = V., = 220V
Reguired:

a) Current =[] =7

b) Power consumed = P = ?

Calculation:
a) We know that, V = IR
vV 220
w [ S es= 202
R 60

= | = 3-66GA
b) We know that,
P=1IV=366x220 watt

= {P = 805 watt

EXAMPLE 15-2:

A pure inductive coil allows a current of 20A to flow from a
220V, 50Hz supply- Find (1) inductive reactance (2) inductance
of the coil (3) power absorbed- Write down the equation for
voltage and current-

Solution:

Given Data:

Current = [,,. = 20A, Voltage = V,,, = 220V
Frequency = f = S50H:z

Required:

a) Inductive reactance = X, = ?

b) Inductance = L = ?

¢) Power absorbed = P = 7

d) -Equations for current and voltage = 7
Calculation:

a) We know that, V = IX,
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= X, =—=—
! 20
s [x, =10]
b) We know that,
X, = 2nfL
e e 5 77

2nf (2x31%4x50)
= |L = 0-035 Henry
¢) In case of pure inductive circuit, no power is consumed or ab-
G |
sorbed, so (P = 0|

d) Equation for voltage is given by,

V =VU_sin(wt)
= V =J2V,_, sin(2=aft)
= V = J2 x220sin (2 x 3:14 x 50%) T .

— |V = 3777 sin (374t)

The equation for current in inductive circuit is given by,

=1 sfntmt = 11
2

/
= n)
= 1 =v2/_, sin(27tﬁ‘; -—J
{ 2

= I=J§x205r'n[2x3-?4x50t-%} L o=«2 L. .

7

o |1 = 28-28'sin| 3746 - =)
== ’ 28 SGL t 2/}

ASSIGNMENT 15-2:
A pure inductor is connected across a 10V, 200Hz supply, and
the current flowing through it is measured as O-4£A- Determine

the value of its inductance-

Solution: '

Given Data:

Voltage = UV = TOV, Frequency = f = 200Hz

Current = O-4A

Required:

Inductance = L = ? ' { X, = 2af L
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Calculation:
We know that, UV = [X,

= V=71x2nfl = L = v
2nf 1
= L= i H = 0-0199H
2 x374 x200x 0-4

= L =79-9 xT0°H
w2y [l= 79-9mﬂ

EXAMPLE 15-3:
The current through an 60mH inductor is 0-2sin(377t-25°)A:
Write the mathematical expression for the voltage across it

Solution:
Given Data:

Inductance = L = 60mH = 60 x 10°H
= L = 0-060H

Current through inductor = | = 0-2sin (377t-25°)A (1)
From equation (1), we have,
I, = 0-2A V = IR
We know that in case of inductive circuit, the | — / = [X
voltage lead the current by 90°, so 90° will be | -. V =1 X
added to the phase angle of voltage, so we get,
V = Usin (377t - 25° + 9 S
= V =V, sin (377t + 65°) 5= GO
- o = 377 __(a)
s U =1 X.sin(377¢ + 65°) o e Bl
=\ = L (2=f L) sin(377¢ + €57 ) Putting eaust'nn (b)
= V =1 L(2f)sin(377¢ + 65 ) ke _‘r._’_‘_’_‘;’_';"'
i2nf = 377!
= V =02x0-060x377sin(577t + 657) ;!;0‘_ g
= [V = 455in(377¢ + 65" )\ X, = 2xfL

EXAMPLE 15-4:
A 318uF capacitor is connected across a 220V, 50Hz system- De-
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termine (a) the capacitive reactance (b) r-m-s value of current
and (c) equations for voltage and current

Solution:

Given Data:

Capacitance = C = 318uF = 318 x 10°F
r-m-s voltage = U, = 220V

Frequency = f = 50Hz

Required:

a) The capacitive reactance = X, = 7

b) rms value of current = I, = 7

¢) Equations for voltage and current = ?
Calculation: a) We know that,

Capacitive reactance = X, = i
2nfC
w3 X o= { _ =70-26Q
374 x 50 x 318 x10
= | X, =70-26Q
b) We know that,
vV
r-m-s value of current = I,,, = —=
XC
= 20 = 21-44A
IR
= |1, = 21444
¢) The equation for voltage is given by, v = B
V=V_sin(ot) ~ #75
e o = 2nf .
=T -,2 i\,-“:_m‘ sif (27[{!') ; _ é ; :
V =2 x 220 sin (2 x 3-14 » 50t) e |
= W= 3777 sin (314¢) |
The equation for current is given by, b case: gl vapasrbne
is f".., <in (L-at + 90_,) circurt current issds ¢ =z
I~ _ . voltage zy 90 . so e
== 4= y21i_ sin(2nft+90°) s SRS By
[ = 2 x 21-4% sin| 2 x 3-1% x 50 +_’; i sin(ot + 90°)
J
T T i x|
= I = 30:32sin! 314t + — | (90" = — rad|
; 2 | ! 2 i
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ASSIGNMENT 15-3:

A perfect capacitor is connected across a 6, SKHz supply and
the resulting current flow is 88-6mA- Calculate the capacitance
value-

Solutioh:

Given Data:

Voltage = V = 6V, Frequency = £ = 5KHz = 5 x 10°Hz

Current = | = 88-6mA = 886 x 107°A

Required:
Capacitance = C = 7
Calculation:
We know that, V = [R (7)
For capacitor of reactance “X.” equation (1) can be written as,
7
V=IX =1x-
B 2nfC
/ I 7
V= = G= M =
- 2nfC 2nfV ¢ 2afc
: -3
s £ = 5o 210 L 21g 047 x10%°F
2 %374 x5 x 107 2O
= € =047 x10°F

= [¢ = 0-47uF]

EXAMPLE 15-5:

A coil having a resistance of 7Q and an inductance of 31-8mH is
connected to 220V, 50Hz supply- Calculate (a) the circuit cur-
rent (b) phase angle (c) power factor and (d) power consumed

Solution:

Given Data:

Inductance = L = 31-8mH ==)Y R
= 378 x 10°H = 0-0318H

Voltage = V = 220V '

Coil resistance = R = 7Q th

Frequency = f = 50Hz

a) The circuit current =1 =7 L

b) Phase angle = § = ?

-
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¢) Power factor = 7

d) Power consumed = P = ?

Calculation:

a) We know that, V = IR (7)

For impedance “Z”, we replace “R"” by “Z” so we get,
V=12

220
220

220

]

1JR? + X} 5

Z = JR? + X
IJR? + (2nfL)?

X, = 2nfL
1J7? + (2 x 314 x 50 x 0-0318)
220 = 1J49 + 102
220 = IN149 = I x12:2 ¥, =
220 = (12:2)1 2nfc

g U

L 48 ¥

7
X =
F & [?222—;}]9 C 253 T4x50x79-5x10°

: X, = 40Q
|f = ?a-osﬁl

e Kknow that,

U

&

b)
(X
R

tan ¢ = % = ¢ = tan”

2nfl )

/

(2 x3-74 x50 x 0-0378]

= ¢ = tan’r(

= ¢ = tan”’

= S

= = can? [ 2992 - e [379 | = an’ (7:43)

¢) We know that, power factor = cosd
— Power factor = cos(55°) = 0-573
— | Power factor = 0-573 Lag

d) We know that,
Power consumed = IV cosé

= P___... =16803x220 xcos(55°)
= P ... = (1803 x220 x0-573) watt
= :_P:_— = 5272-8 watt
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ASSIGNMENT 15-4:
220V, 504z, AC source is connected to an inductance of O-2H and
a resistance of 20C) in series- (What is the current in the circuit?

Solution:

Given Data:

Voltage = UV = 220V, Frequency = f = 50Hz
Inductance = L = O-2H, Resistance = R = 20Q
Required:

Current in inductive circuit = 1 = 7

Caleulation: ~) Vv

For RL circuit, we have,

=y 220 = IN(20) +(2=fL)
220 = 1\ (20) +(2x314 x50 x0-2)

400 + 3943-84 <
.o 220 = IN4343-84 = (65:9)]
> 220 = (65-9)]
(220 Z = JR* + X7
) k%zjﬁ X, = 2nfl

. 11 = 3:334]
EXAMPLE 15-6:
A 100V, 50Hz AC supply is applied to a capacitor of capacitance
79-5uF connected in series with a non-inductive resistance of
300 Find (i) impedance (2) current (3) phase angle and (4)
equation for the instantaneous value of current-

= 220

]

fi

Splution:
Given Data:
Voltage = V = 100V
Resistance = R = 300
Frequency = £ = 50Hz
Capacitance = C = 79:5uF = 79°5 x 10°°F
7 7

o ; = N e — = 40Q
Capacitive reactance £ Saft 2 x3 14505795 »i0°
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Required:

7) Impedance = Z = ?

2) Current =1 =2

3) Phase angle = ¢ = ? and

4) Equation for the instantaneous value of current = I, = ?
Calculation:

7) For RC circuit, the impedance is given by,

z = JR?+ X2 = (30)* + (40)*
— Z=+900+1600 = Z = 2500
= |Z = 50Q

2) We know that,
VslZ = I_. =

rms .‘50)

= . = 20

rm

NI <

3) Phase angle = ¢ = tan”’ (%} = Eagh (—55]

\

= | = 53° lead
4) The equation for instantaneous current is given by,
I =1_sin(wt+¢)

= 1=+2 1, sin (2nft +¢) 1 = \E L
— | = 2 x2sin(2 x3-14 x50t + 53°) [ = 2nf]

= |1 = 2-828sin (314t + 53°)

EXAMPLE 15-7:

A 220V, 50Hz AC supply is applied to a coil of G-O6H inductance
and 2-5Q resistance connected in series with a 6-8uF capacitor- Cal
culate (a) impedance (b) current (c) phase angle between current
and voltage (d) power factor and (e) power consumed

Solution:

Given Data:

Inductance = L = 0-06H

Resistance = R = 2:5Q°

Voltage = V = 220V

— s i

1]
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Frequency = £ = 50Hz
Capacitance = C = 6-8uF = 6:8 x 10°°F

Required:
a) Impedance = Z = 7 X, & 2nfl
b) Current =1 =7 X, = 2 x3-14x50x0-06
¢) Phase angle between current and | X, = 18-85Q
voltage = ¢ = 7 ; i
d) Power factor = coshp = ? and i s 2nfC
e) Power consumed = P = 7 5 & 7
Calculation: ¢ 2x3T4A50x6-8x10°
a) For RLC series circuit, we have, - 70°
= o = 2 ¢ Pa35e
ZENR XX X, = 4680
= Z=J(2:5)% + (18-85 - 468)°
= |Z = 449-2Q)
b) Current in RLC circuit is given by,
¥ = v o _ 220 (v R
Z  499-2 ¥
= |/ = 0-489A
¢) The phase angle is given by, &g
o = tan” (XL : X“—}
R
o ke
" [r&ss % 46‘8] LT
2-5

= |¢p=-89-7°
The negative sign shows that the current is leading the voltage:
d) Power factor = coshp = cos(E9-7°)

— [Power factor = 0-0052)]
e) Power loss = [Vcosp = 0-489 x 220 x 0-0052
= |Power loss = 0-60 waf:tl
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o]

Choose the best possible answer:

7- The r-m-s value of a sine wave is 100A- ts peak value is:
a) 70-7A b) T41-4Ay ¢) 150A d) 282-8A
Solution:
I =21 =2 x700 = 141-4A

2- A sine wave has a frequency of SOHz- [ts angular frequency is
...... radian/second-

a) 100nv b) 50n c) 25n d) 5n
Solution:
f= 50Hz
o = 2nf = 2n x50
= o =7100n
- 3- The power factor of a purely resistive circuit is:
a) Zero b) Unitys ¢) Lagging d) Leading
Solution:

In purely resistive circuit, the current and voltage are in phase and
apparent power and real power remains the same:-

4+ A capacitor is perfectly insulator for:

a) Direct currenty b) Alternating current

¢) Direct as well as alternating current

d) Induced emf
Solution:
A capacitor is perfectly insulator for direct current- It is because
wne it is used in a direct current circuit, it charges upte its sup-
ply voltage but bl&ks the flow of current through it tccuuse the
dielectric of a capacitor is non conductive and basically a:: .nsulator:

5. The peak value of alternating current is 5V2A- The mean square
value of current will be:
a) 5A b) 2:5A ¢) 5J24 d) 5%/
Solution:
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503 =421
5 = f.—):n s f--.'n', = 5

Now the square of mean current will be:
r 25

6 In choke coil .the reactance X, and resistance R are related as:

@) X==R b) X, << R ¢) X, >> RV d) X, = o
Solution: :
As we Kknow that,
V2 = VRz £ Vbz

V2 = (JR)* + (1X, )°
= W= rRE+PX
= LJPAT =WF < PR

o gB VTR
= : 72

2 = VE o IERZ
il I
- X >R

7- The phase difference between the current and voltage at reso-
nance (s:
a) O b)) ¢) -n d) n/2
Solution: :
At resonance, we have X, = X, and thus the impedance is purely
resistive ire~ Z = R+ Thus the turrent and voltage w'* be in phase
(parallel) and thus we have, phase difference = O-

8- In AC system we generate sine wave form because:
a) It can be easily draw
b) It produces least disturbance in electrical circuitsy
¢) 1t -« sature standard
23 i #ier woaves cannot be produced easily

B8]

A aiternaving voitage is given by 20sin 157t~ The frequency of ;
alternating voltage is: !
a) SOHz b) 25Hzv ¢) 100Hz d) 75Hz

Solution:
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e have,

V=V_sin(ot) (7)
We have given that, ‘

V = 20sin (157t) (2)

Comparing equation (1) and equation (2), we get,
ot =157t = o =157

= 2nf =157
4
;:EZ:L ® = 2nf
271 2x3-1%
= £ = 25H=

70° In LR cs-cu:‘t which one of the following statements is correct?
a) L and R opposes each other
b) R value increases with frequency
¢) The inductive reactance increases with frequencys
d) The inductive reactance decreases with frequency
Solution:
X, = 2nfL (1)

Equation (T) shows that “X.” increases when frequency “f’ increases-

17- An alternating quantity (voltage or current) is completely
known if we know it’s:

a) Maximum value b) Frequency and phase
¢) Effective value d) Both (a) and (b)Y
Solution:
I=1I_sin(2n+0)

1]

And V =VU_sinf2aft £¢)

712 For electromagnetic waves, Maxwell generalized:
a) Gausses law for magnetism
b) Gausses law for electricity
¢) Faradays law b) Amperes law/

13- An electromagnetic wave goes from air teo glass which of the fol-
lowing does not change?
a) Radio waves b) X-rays
¢) Ultraviolet radiatien  d) Ultrasound wavess
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1%+ The circuit in which current and voltage are in phase, the power

factor is:
a) Zero b) 1/ ¢) ~1 d) 2
Solution:
Fower factor = cos (7)

When current and voltage are in phase, then we have & = 0°, so
eqguation (7) becomes,
Power factor = cosO” =1

=2 :Qr;bower factor = ?j

15- With increase in frequency of an AC supply, the impedance of an
RLC series circuit:
a) Remains constant b) Increasess
¢) Decreases
d) Capacitive reactance X, decreases only . |

Solution:
Z=R+(X, - X.)
: rN
= Z= |R? +[2nFL-—~——J
. 27fC,
As X, » X,

So when “£' increases then “Z7” also increases:

(K | CONCEPTUAL QUESTIONS| |
QI: Sketch a graph of emf induced in «- inductive coil against rate
of change of current- What is the significance of the gradient?

Answer:

When current in an inductive coil changes, ,
the magnetic flux linking the coil changes | .
As a resuit an emf is induced i» the coil | | |......... B i A
whose magnitude is directly proportional to T ;

the rate of chanae of current in the coil- 5

T T L taeenm
Thus if we draw a grapi: between emf *“¢" . . 3

i e,
.'J.'Jﬂ‘ “.\z"/"\t”, we get a Strafq?i.'i I'ne as o a

shown in the figure: The grad.cnt [eope: of |
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the graph is given by,

£

- Gradient = tany = T
5)
= Gradient = (:{} (1)
l_ At

Significance of the Gradient:
In case of self induction phenomenon we have,

£ = L .}i.
\t
= b= e 2
riny (2)
L ve)
Comparing equation (1) and equation (2), we get,
\Gradient = L. (3)

Egquation (3) shows that the significance of the gradient is that it
gives us the value of the self inductance of the coil-

Q2: (a) Current and voltage provided by an AC generator are
sometimes negative and sometimes positive- Why for, an AC gen-
erator connected to a resistor, power can never be negative?

(b) Explain using sketch graphs, why the frequency of variation of
power in an AC generator is twice as that of current and voltage?

Answer:
Part (a): We know that the power in terms of current “I” is giv-
en by,
P = I°R (7)
While in terms of voltage, the power is given by,
P=-— (2)

R
Now we know that the alternating cur-

. . 17 pasitive hait Cyrle
rent and voltage consists of positive and A

negative half cycles- But the power of /_\

the generatcr car never be negative- [t >_/ N
is because according to equation (1) and

1" in negative nalf oycle

equation (2) for any vilue of "I and
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“U”, the terms “I°” and “V*" remains positive: So according to
equation (1) and equation (2), the power always remains positive
It can never be negative:

Part (b): We know that the average power is given by,

< - > L
Pep-- Power
- < P> = {;Z’: et 2 [ \]1- -'-" T ".Agguruaegre
NP \.'12 2 I =]
~ 2<Pr=iy (3 |° A\
Equation (3) shows that the
frequency of variation of power

in an A-C generator is twice as that of the current and voltage-

Q3: What determines the gradient of a graph of inductive reac-
tance against frequency?

Answer: i
The gradient of a graph of inductive reactance against frequency de- '
termines the inductance of the inductor:

Reason and Explanation:
The relation between inductive reactance and frequency is given by,
X =2zfl - (1)

Equation (1) shows that the inductive reactance is directly propor-
tional to the frequency “f’ i-e: the inductive reactance increases

when the frequency increases and vice versa: s !
Thus if we plot a graph between “X.” and | | PYL T
“ £ 7, we get a straight line as shown in | | ________. [ |
the figure: T __________ ; A - l
Now the slope or gradient of the graph is | * X [
given by, | [7T7 7 "E—""'E """"" ‘.
di N i XL . x C
Gradient = taﬂd} = —F-' F—5
X
= Gradient = -—F_L (2)
From equation (1), we have,
X = 2nfL
X
= ?’- = 2nlL (3)
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Putting equation (3) in equation (2), we get,

|Gradient = 2xL] (4)
Equation (4) shows that from the graph of “X.” and “F', we can
determine the value of inductance “L"” of the inductor:

Q%4: How does doubling the frequency affect the reactance of (a)
an inductor (b) a capacitor?

When we double the frequency, then the reactance of an inductor
will also be double- lWhile that of the capacitor will becomes half:

Reason and Explanation:

Part _(a): In case of an inductor, we have,
X, = 2nfL ()

When frequency becomes double then equation (1) becomes,
X =2nf'L = X =2z(2fF)L

= X/ =2[22A] (2)
Putting equation (7) in equation (2), we get,
[ X = 2x, ] (3)

Equation (3) shows that the reactance of the inductor will becomes
double if the frequency increases two times-
Part (b): In case of a capacitor, we have,
7
X = —— =
- 2afC (%
Now when tke frequency becomes double, then we have, f = 2f so

equation (%) becomes,

A d - X' = ___?__._
2rfC ¢ 2n(2fF)cC
o S :
i sl e S 5
" 2 2nfC) ety

Putting equation (%) in equatior {5), we get,

!..___

x = x| (6)

Equation (6) shows that <he reactance of the cspacitor becomes
half if the frequency becomes double-
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@S: If the peak value of a sine wave is T000 volts, what is the
effective value?

Answer:
If the peak value of a sine wave is 1000 volts, then the effective
value will be equal to 707 volts:

Reason and Explanation:
Peak value voltage = U, = 1000V
Effective value = V., = 7
We know that the relation between effective value (rmf value) and
peak value of voltage is given by,
Vims = 0-707V,, (7)
Putting the value of “V." in equation (1), we get,
V. = 0-707 x 1000 volts = 707 volts

r 2 - e . ——

= (Effective value = V.= 707 volts I

B B SIS ST, AL

QR6: Show that reactance is measured in ohms for both inductors
and capacitors:

Answer:
The reactance for both inductors and capacitors are measured in |
ohms:

Reason and Explanation:
Part (a): We know that the inductive reactance is given by,

X, = ol (M)
D;'w'd."ng and multiplying the R-H'5 of equation (7) by “I,” we get,
i
NG ,t - (2)
We also know tﬁ:at,
» il = U (3) |
Putting equation (3) in equation (2), we get,
= v/
XF - :""'_ i X: r— V_Oi"fi = shm
E " amp
=% :I—X = ohm

Thus “ohm" is the unit of an ‘nductive reactance, whicn represents

the opposition to the Fow oF jurrent 2 gndu.tive Sitedils

Part (b): For capa:.tive f'rcwt, we have
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By s (4)
(6]
Multiplying and dividing the R-H-5 of equation (4) by “V " we get,
v
X, = —"— 53
& meC ( )
We also know that, :
VaoC=1I_ (6)
Putting equation (6) in equation (5), we get,
vV
XC & T =k X, = Eﬂ?_ = ohm
" 7 : amp

= | X, = ohm

Thus “ohm” is the unit of capacitive reactance which represents the
opposition to the flow of current in capa:.tive circuit:

Q7: What is the principle of ECG?

Answer:

ECG stands for “Electro Cardio Gram” which is used for diagnosing

the condition of heart- It works in the following steps:

7- It works on the detection and amplification of smallest electrical
changes on our skin-

2- The electrical changes on skin takes place due to depoiarization
of heart muscle during heart beat:

3+ During heart beat, a small voltage difference occurs between two
points on our skin-

4- The small voltage difference can be recordea with the help of
olectrodes which are placed on various parts ¢f the body:

S- Finally the information about the heart conditicn are printed on
a paper in the ferm of wave curve:
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(X | COMPREHENSIVE QUESTIONS | )

@7: Define mean, peak and rms value of sinusoidal current and si-
nusoidal voltage: Obtain mathematical expression for the rms value
of current-

Answer: See answer of question # 3 in the text:

Q2: A sinusoidal alternating voltage of angular frequency “©" is
connected across a resistor “R”- Find nathematical expression for
instantaneous voltage instantaneous current and the average power
dissipated per cycle of the applied voltage-

Answer: See answer of question # 6 in the text:

@3: A sinusoidal alternating voltage of angular frequency “w” is
connected across a capacitor C- Find mathematical expression for
instantaneous voltage instantaneous current and the average power
dissipated per cycle of the applied voitage- i
Answer: See answer of question # 10 in the text:

Q4: Explain the term impedance of an AC circuit Find expression
for the of the RLC series circuit-

Answer: See answer of question # 15 in the text-

@5: Describe that maximum power is transferred when the imped-
ances of source and load match to each other-

Answer: See answer of question # 18 in the text:

Q6: In an RL series circuit will the current lag or lead the applied
alternating voltage? Explain the answer with a phasor diagram- .

Answer: See answer of question # 12 in the text:

Q7: In an RC series circuit will be current lag or lead the applied
ah‘:ernatr'ng voltage? Exp!m'n the answer with a phasor diagram-

Q8: Describe the statement of four Maxwell's equations- Using

7 Ad A AB £,A(9)
L B T s ot AD F oo P
Maxwell’s theory show that E o s At
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Q9: Describe the principle of metal detectors with suitable dia-
gram-

Answer: See answer of question # 17 in the text-

(| NUMERICAL QUESTIONS |’®

Q71: The peak voltage of an AC supply is 300V- What is the rms
voltage?

Solution:
Given Data:
Peak voltage = U, = 300V

Required: g
rms voltage = V= 7? =V _ =0707V
Calculation: F i
We know that,

V.. =0707V,

= V__=0-707 x 300V

rms

= |V = 272-7volts

rms

Q2: The rms value of current in an AC circuit is T0A- What is
the peak current?

Solution:
Given Data:
rms current = /.. = 10A
Required:
Peak current = [, = ?
Calculation:
We khow that,
I =107 1
L= { =( g ]Fi =[ e JFI = J4-7A
" 0-707 ) 0-707
= . = 19-1h

@3: The A-C voltage across a O-5uF capacitor is 16sin (2 x 10°t)-
Find (a) the capacitive reactance (b) the peak value of current
through the capacitor-
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Solution:
Given Data:
Capacitance = C = O-5pF = 0-5 x T10°°F
AC voltage = V = 16sin(2 x 10°t)V
Required:
a) Capacitance reactance = X, = 7
b) Peak current = I, =
Calculation:
Part (a): V = 16sin (2 x10°t) (7)
Also U =V_sin(wt) 2)
Comparing equations (1), (2), we get,
V, =76V, o = 2x10° = 2af = 2x10° 0]
Now we know that,
7 7
2:FC  2x10°x0-5 x10°
. i 10008 .
Part (a): We know that,
vV

V=X = L =2
£ e XC

n

2nf

% 4 =(£Jﬁ [ = 00164
m {1000 ”’

= | =16-0x10°A = 16mA
1= 16mA)

Q4: The voltage across a 0-OIuF capacitor is 240 sin(1-25 x 10t
- 30°)V- Write the mathematical expression for the current
through it-

Solution:

Given Data:

Capacitance = C = O-OInF = 0-01 x 10°F

Voltage equation = V = 240 sin (1-25 x 10t - 30°)V

Reguired:

Mathematical expression for current = 7

Calculation:
We have given that,
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V = 240sin(1-25 x10°t - 30°) V = 1X,
= [X, = 240sin (125 x10%t - 30°)
240 sin(1-25 x10° ¢t - 30°
s ¢ % ) (1)

c

1

In case of capacitive circuit, the current leads the voltage by % ie

90°, so equation (1) becomes,
; = 240sin (1-25 x10*t - 30° + 90°)
X

c

- (2
We also know that,

1=1_sin(ot+d) 3)
Comparing equation (2) and equation (3), we get,
[y = ?25 X 709

=> 2af =125 x10* (4)

Now X, = P J JQ

2rfC | 7-25 x 10" x 001 X 10
= X, = 8000
Putting X, = 800Q) in equation (2), we get,
§ e 0 (125 x10*t - 30° + 90° )
8000

= [1=0:03sin(1:25 x10°¢ + 60° )A

i}

@5: An inductor with an inductance of TOOuUH passes a current of
10mA when its terminal voltage is 6-3V- Calculate the frequency
ef A-C supply:

Solution:

Given Data:

Inductance = L = TOOuH = 7100 x TO°H
Current = | = 10mA = 10 x 1073A
Voltage = V = 6-3V

Reguired:

Frequency of A-C supply = £= 7
Calculation:

(/e knew that,
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& X, = 2nfL
LA V=iX
s P e / ; o L
2aL | = x =2
o !
2al]
B 6-3
(2 x 3714 x100 x10°x10 x107 )
F=1x10°Hz = |f = TOSHzl

Q6: (a) Calculate the inductive reactance of a 3-00mH inductor,
when 60-0OHz and 10-OkHz AC voltages are applied- (b) What is
the rms current at each frequency if the applied rms voltage is
120V7?

Solution:

Given Data:

Inductance = L = 3mH = 3 x 10°H, U, = 120V

Frequency = £, = 60Hz, £ = 10kHz = 710 x 10°Hz

Regquired:
a) Inductive reactance = X, = 7
b) i = 7
Calculation:
a) We know that,
X, = 2afl
- X, =2nfl = 2x314x60x3 x107

For £, =10 x10°Hz , we hive,
X, =2nf,l = 2x374x10x10°x3 x107

b) As V = IX,
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For X, =188Q, we have,
= _l/_’m _ 120

rms

] = S
X 188

2t

= |1, = 06374 |

Q7: For the same RLC series circuit having a 40-0Q resistor, a
3-:00mH inductor, and a 5-O0uF capacitor- (a) Find the resonant
frequency (b) Calculate I.,.. at resonance if V., is 120V-

Solution:

Given Data:

Resistance

R G400

Inductance = L = 3mH = 3 x T0°H
Capacitance = C = SuF = & x 10°F
Vims = 720V

Required:

a) Resonant frequency = £, = 7

b) rms current = l,,, = ?

|
]

]
]

Calculation:
a) UWe know that the resonance frequency is given by,
7
= (7
2nJLC
Putting the values in equation (1), we get,
A 7
" 2x3743x10°x5 x10°
7
— £ = =
2x3 14 x1-22 x10
= £ = 07130 x710Hz = 1-30 x10°Hz

r

= | £ =1-30kHz
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= I == =3A
. R 40
= Jrra'.ﬂc = BH

Q8: A resistor of resistance 30Q) is connected in series with a ca-
pacitor of capacitance 79-SuF across a power supply of SOHz and
100V- Find (a) impedance (b) current (c) phase angle and (d)
equation for the instantaneous value of current:

Solution:

Given Data:

Resistance = R = 30Q)

Capacitance = C = 79-50F = 79-5 x 10°F
Frequency = £ = 50Hz

Uoltage = V,,. = 100V

Required:

a) Impedance = Z = ?

b) rms current = [, =7

¢) Phase angle = ¢ = 7

d) Equation for instantaneous current = l, = 7
Calculation:

a) The impedance of RC series circuit is given by,

z=JR+x2 (1)
7
higide, X, = =4
s el € 2zfC
—; LR i ? _______ = PRty
25374 x50 x795 x10° - .
= 4900107 x 10 K C
X\ §4-00 x10°Q - X. =408
Putting the values of “R” and “X.” in @
equation (1), we get, v
Z = J39)y + MOFQ L
= (900 ¢ 16000 = (2500 ~ "

7 - 8o
) The r: current is jiven by,
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X (40 In capacitance
= =t (—F?c] = tan” {?36] = ¢ =53 circuit, the
current lead

= (¢ = 53° lead the voltage “U."”
d) We know that,
I =1 sin(wt+d) 2)
We also know that,
l, =07071, = I = b
| 0-70

= !m=( : JH = I = 2:828A
0-707 .

Also we have,
w=2nf =2x3714 x50 = o = 314 rev/sec
Putting the values of “l,” and “©” and “¢” in equation (2), we get,

I = 2:828 sin (314t + 53°) |

@9: A coil having a resistance of 7Q) and an inductance of 37-8mH
is connected to 230V, SOHz supply- Calculate (a) the circuit cur-
rent (b) phase angle (c) power factor (d) power consumed-
Solution:

Given Data:

Resistance = R

7Q

37-8mH = 31-8 x 10°H
Voltage = V = 230V

Frequency = f = 50Hz

Reguired:

a) Circuit current = [ = ?

Il

Inductance = L
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b) Phase angle = ¢ = ?
¢) Power factor = coshp = 7
d) Power consumed = P = 7
Calculation:
a) UWe know that, ' O/
v Vv
2 TR
v b T
JRZ + (2nAL)?
230 Va
V7% + (2x 3-14x 50x31-8x 107 )?
230 230 In inductance resistive

V49 + 99-7 ) \ﬁ48'8 circuit, the current lag
230 behind the voltage

= [ 5= = > |] = 78-859’ U

2:2

T =

i
S
i

f
"

b) tan § = L—L

\
= ¢ = tan’ ——L—J = tan”[

ZRFL]

’

(2x374 x50x3?-8x?0'3J
= ¢ = )

N’?a

'

o \
= b = tan’ ?—-72—9—J = tan” (1-43)

SR Wy 6 -y

= &S G faq'
e "

= - A

¢) Power factor = cost

= P-F = cos55*
= |[PF = 0573

d) Power consumed = IV cos ¢ = 18-85 x 230 x cos55° -
= P =]885x230x057/3

= P = 248424 watt|
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QI0: A capacitor which has a resistance of 10Q and a capacitance
value of TOOWF is connected to a supply voltage given as V., =
700 sin (314t)- Calculate the capacitive reactance, circuit imped-

ance and peak current flowing into the capacitor-

Solution:
Given Data:

Resistance = R = 10Q
Capacitance = C = TOOWF = 100 x TO°F
Voltage = V = 700sin(374t)
Required:
a) Capacitance reactance = X, = ?
b) Circuit impedance = Z = ?
¢) Peak current =1, = 7?
Calculation:
a) Voltage equation is given by,
V = 100sin (314¢) __ D)
Also V=V _sin(ot) __ 2)
Compszring equation (1) and equation (2), we get,
v, =100V, o = 314
~ |2nf = 374]

374 374

F = = = 2nf
- P O 37 QT <x
= £ = 50H=
For RC-series circuit, we have,
F =
Z = JR‘? + xf )
Here X f = 1 = 7

" 2nfC 314 x100x10° 314 x10°
= X, = 3185x10°Q

- [%, =379

Putting the value of “X.” and “R” in equation (1), we get,
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- Z = J100 +10171-24
J1777-24
L = 33-4Q

|

rd
N

i

) V. o=z
[" = V"’_ == ?Qo_ 'q
- Z 334
~ I = 2-99A4

AV o 14
PAVAVIN
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