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AC. CIRCUIT

b

(Learm’ng Objectivg

After studymg thls chapter the students will be able to

< Describe the terms time period, frequency, instantaneous peak value and root mean square value of an

alternating current and voltage.

< Represent a sinusoidally alternating current or voltage by an equation of the fom x =X, Sina@!.

% Describe the phase of A.C and how phase lags and leads'in A.C Circuits.

% Identify inductors as important components of A.C circuits termed as chokes (dev;ccs Wthh pre
high resistance to alfernating current). / L

%  Explain the flow of A.C through resistors; capacitors and inductors. Apply the knowledge to calculate
- the reactance’s of capacitors and inductors.

¢ Apply the knowledge to calculate the reactances of capagitors and inductors.

scnt a

+»  Describe impedance as vector summation of resistances and reactances.

< Construct- phasor diagrams and carry out calculations on circuits including resistive and reactive
components in series. .

< Solve the problems using the formulae of A.C Power.

&  Explain resonance in an A.C circuit and carry out calculations using the resonant frequency formulae

&  Describe that maximum power is transferred when the impedances source and lad match to each other.
&  Describe the qualitative treatment of Maxwell’s equations and production of electromagnetic waves.

&  Become familiar with electromagnetic spectrum (ranging from radio waves to y -rays).
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alternating Current: :
jternating current is produced by Alternating Current Generators.

A
encral AC gencrators, motors and other electrical equipments. are

cheaper and more reliable than their DC counterparts. The study

In 8

im |cr, H . . - - -
Zf rgsislancc. inductance and capacitance in AC circuits will help us in uses

of circuit elements and AC sources.’
james Clerk Maxwell in 1864 describes the electromagnetic theory
which describes the relationship between electric and magnctic.ﬁclds of
oscillating charges. According to this theory, the accelerating clcclm': charges
radiate clectromagnetic waves, which propagate at the speed of light. The
frequency of the clectromagnetic waves is equal to the frequency of
oscillation of the charges. He formulated four equations which describe the
basis all electrical and magnetic phenomena.

These cquations unified the Optics and Electromagnetism.

For Your Information

Metal detectors are
used at air ports and
other sensitive areas

for security
purposes. Metal
objects cause
changes in an

electromagnetic field
when the pass
through the door
way. A circuit detects
the changes and
sets off an alarm.

a1 What is alternating voltage and current. Why they also called sinusoidal si

gnal?

Voltag

eand Curret:

which
continuously and direction periodically is called alternating

The current changes its magnitude

current, .
In order to operate a circuit weruse a D.C or an A.C source. In

" direct current, clectrons flow continuously in one direction

from the source of power through a conductor to a load and “

AC clrcuit

({D)]

back to the source of power. The voltage in direct current

remains constant. D.C power sources include batteries and D.C generators. In alternating current an A.C generator is used

to make electrons flow first in one direction then in another. A source wit
polarity with time is called as alternating source. A voltage which changes its polarity whic

direction of current at regular interval of time is called an alternating voltage.

h produces potential difference of changing
h causes the change in

Figure shows an alternaling voltage source connected to a resistor- R. in Fig the upper terminal of alternating
voltage source is positive and lower terminal negative so that current flows in the circuit as shown in Fig. (i).

After some time, the polarities of the voltage source arc reversed, so that current now flows in the opposite
dircction. This is called alternating current because the current flows in alternate directions in the circuit.

Sinusoidal’AlternatingiVoltadeandiCiirrent

can be

The sinusoidal alternating voltage
produced by rotating a coil- with a constan: angular
velocity in a uniform magnetic field. A.C voltage

switches polarity over time. The graph between voltage ol 3 f—-% -
and time can be expressed by the equation: \_/ ,
LVZ00 I
V =Vgsinot .... (1)

Where V is Instantancous value of alternating

Alternating current and voltage

volt_age, V,, is maximum, value of alternating voltage and
@ is angular velocity of the coil. Figures shows wave

forms of voltage or current are si i :
is : ; sinusoidal and not only ¢
direction at regular intervals but the magnitudc is also changing continuously. ¥ chaness

Q.2

Discuss the different terms concerning-to alternating voltage and current

(i) Instantaneous value (ii) cycle (iii) time period (iv) frequency (v) peak value

(vi) average value (vii) RMS value

As A.C rises from zero to maximum positive value, falls to zero, increases o' a maximum in the
: the rev

and falls back to zero again as shown in figure. The important A.C. terminology is defined below:

erse direction
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1. Instantaneous Value: 1t is called instantancous +

The value of an alternating quantity at any " ltage and current arc
value.- The instantancous values of alternating J}O iniumlanCOUS values of
represented by V and | respectively. As an example, the

VOLTS

Vo lambr A
i, :

L) SR,

voltage at 0°, 90° and 270" are 0, + Vi, = V. o
: n alternating
One complete set of positive and ncga“vcrw:;l;cinotf::ns of angular
quantity is known as a cycle. A cycle can al‘so be gc :—l;djans _ T
measure. Onc cycle corresppnds to 360° electrical or 27 A wniainn
3. kcn in scconds to complete one cycle of an alternating quantity is called its time period. It is generally
i q .
o T d N T

rcircscnled by T.
: pleted in one second is called the frequency (f) of

The number of cycle com .
the alternating quantity. It is measured in cycle/s (C/s)-or Hertz (Hz). One hertz is

Cls. . . ;
equal to;hcsrrcqucnc)' of power system in Pakistan Is 50 C/s or 50 Hz. It means

8 /I)\/ §
lha‘l alternating voltage or current completes 50 cycles in one sccond. \/ |
- - N

4

Penk
valua

peak value
i—

The maximum value rcached by an AC waveform is called its peak value.
A.C reaches to its peak valye twice each cycle, once at the positive maximum value
and once at the negative maximum value. The peak value of'.a waveform s also
called its amplitude, but the term “peak valuc” is more descriptive. The peak value
is not used to specify the magnitude of alternating voltage or current. The peak of
alternating voltage or current is represented by V,, and [,

4. Average Value:

- The average value of a waveform is the average of all its values over a
period of time. We consider the area above the time axis is positive and arca below
the time axis is ncgative. The algebraic signs of the areas must be taken into
account when computing the total (net) area.

Total (net) area under curve for time T

Average = Time T

7. R.M.S. or Effective.Value;

Al he average valuc of A.C over one cycle is zero and is not suitable for
power calculation. Therefore, we use RMS value to measure the effectiveness of an
alteniating current. The cquivalent average value for an alternating current system
that provides ihie same power to the load as a D.C equivalent circuit is called the

“effective value”. :
This effective power in an alternating current system is therefore equal to

" "For¥ourInformation |

Importance of Sine Waveform:

Alternating voltages and currenis
can be produced in variety cof
waveforms (e.g. square waves,
triangular  waves, rectangular
waves etc), but the engineers still
choose to adopt sine waveform. It
has following advantages:
1. The sine waveform produces
the least disturbance in the
electrical circuit and is the
smoothest and  efficient
waveform. For example, when
current in a capacitor, in an
inductor or in a transformer is
sinusoidal, the voltage across
the element is also sinusoidal.
This is not true of any other

waveform.
2. The ‘mathematical
computations, connected with
alternating current work, are

('R Average). As powecr is proportional to current squared, the effective current, |

will be equal to+[T* Ave. ' ,
Therefore, the effective current in an A.C system is called the ’
Root Mean Squared or R.M.S. value. The effective or r.m.s. value of an

alternating current is that steady current (d.c.) which when flowing

through a resistor produce the same amount of heat as that produced by | "% |-

the alternating current when flowing through the same resistance for the |

same time. o

. All-hough peak, average and peak to peak values may be
important in some engineering applications, but it is the r.m.s. or

effective value which is used to express the magnitude of an alternating  Paakmr WS vaid olicamant

voltage or current.
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The equation of the altemnating, current varying sinusoidally is given by:
I=l,sinot ....(2)

1f this current is passed through a resistance R, then power delivered at any instant is

P=I"R = (I, sin © t)’R
P=13R sin’ ot .... (3)

is Y2

.. Average power delivered, P =-.l‘2 1,2,1 R_ (%)

If I ms. is the .m.s. (or effective) value of altcmaiing current, taen by definition,
Power delivered, P=1__ R v (5)

rm.s.
‘comparing Egs. (4) and (5), we have,
, :

Las R=STAR

l "
Iims = —\j‘g =0.7071 1,

Lms =0.707 I..... (6)

Because the current is squared, power is always positive. Since the value of sin® wt varies between 0 and 1, its average value

An alternating current can also be represented as a cosine function of time. 1 = I.coswt. Similarly, alternating voltage can

be represented as V = Vcosay.

Q.2 What is meant by phase of A.C and how we describe the phase difference between two

aiternating quantities 7

Phase of A.C.

In clectrical engincering, we are more concerned with relative phases or

phase difference between different alternating quantities rather than with their
absolute values.

The word *paasor” is short for “phase vector.” It is-a'way to represent a

sine or cosine function graphically. Consider an alternating voltage wave of time
period T second as shown in figure.

The maximum positive value (+ V;) occurs-at T/4 second or n/2
radians. Therefore phase of maximum positive value is T/4 second or /2
radians. Similarly, the phase of negative peak (= V) is 3T/4 second or 3w/2

radians. Phase of a particular value of an alteérnating quantity is the fractional
part of time.. '

Phase Difference:}

In most of practical circuits, alternating voltage and .current have
different phases. The alternating quantities of the same frequency have different
2er0 point, they are said to have a phase difference.

The angle between zero points is the angle of phase difference ¢. It is
generally measured in degrees or radians. The quantity which passes

V.

(E14

Vorl

ol

’
S 18 \ 2
’ /,

through its zero point earlier is said to leading while the other is said to be ‘ Y
lagging. 1
. As both alternating quantities have the same frequency, the phase
flierence between them remains the same. Pharos of waves can be added
8 vectors to produce the sum of two sine functions. Consider an A.C.
“rcuit in which current 1 lags behind the voltage V by ¢ so the phase

Vor

!

Herence between voltage and current is ¢.

This phase relationship is shown by waves in Figure. Thus in
Bure, voltage V is passing through its zero point ‘O’ and is rising in the

Phasor Diagram
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1 0Ny c .

nt 1 passes through it zero point *M* as shown in fig and is rising | Irculy
¢ between voltage and current is OM (=), Similarly, difference nt u,l!hc'rl ;lyht-: POsitiyg
oIt p Rnd' 3

196

positive direc
direction, Therelore,
N is PN (= ¢). The cquati

rion. Similarly, curre
phase differenc
ons of voltape and current are:

Vo=V, siniol () |
] = 1, sin (1 @) (i) ]
Alternating Quantitios Represontation:

The sinusoadal altermating voltage or current is represented by a line of definite length rotating in counter clogg
ant angular velocity (@) Such arotating line is called a phasor. The length of the phasor is Ic :CE 1
(on a suitable §cnlc) of the altemating quantity, the angle with axis of reference (i X-:"m |
np quantity (current in this case) and angular velocity equal to the angular "';‘.ltlchy l;)r

i

I sinusoidal functions. The general mathematical form of such -

wise direction at a const
equal to the maximum value
indicates the phase of the alternati
the altermating quantity

In AC circuits, currents and voltages are al
function is: 1= 1, sin wt, Let line OA represents the maximum value 1, on the scale. Imagine the line OA (or Phasor, as j
is called) 1o be rotating 1 anticlockwise direction at an angular velocity @ rad/s about the point O, Nicastiting thc‘lim. '.
ant when OA is horizontal, let OA rotate through an angle O in the anticlockwise direction, The projection of"

from the inst
OA on the Y-axis is OB

OB = OA sin0
| = I, sinwt
Where 1, is the value of current at that instant.

L N

» =0l

).

Phasor Represontation

Vector rol@ation

ads/s y —
X, il il grin ~.*/"'[..’.1“.‘Li‘ 0]
3 VAN
1 I
/_L' ! '\mn' 240" 300° 360

4= B —
300 60° 90° 1207150° \ 4107, ‘/(0’ I
-l

Sinusoidal Wavelorm in
Nating Phasor
Rotating o the Time Domain

Rotating vectors at difteront phase anglos

y — axis at any instant gives the value of current at that ins.i.ue. Thus when
) itself. That the value of current at this instant (i.c. at 6 or ot = 90°) is ln
can be r‘cadily established if we put © = 907 in the current equation. If we plot the projections of the phasor on the Y - axis
versus its angular position point by point, a sinusoidal alternating current wave is generated as shown in figure. So the
phase represents the sine wave for every instant of time. Things start 1o get complicated when we need to relate two 0f |
more Ac voltage or currents that are out of step with each other. By “out of siep,” we mean that the two waveforms aré *
not synchronized: that their peaks and zero points do not match up at the same noints in time. If the sinusoidal voltage

s A
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wave V and sinusoidal current wave | of the same frequenc
£ :
by -

1987

¥ are out of phase such that the voltage is leadirg the current

Then the alternating qu_antilies can be represented on the same phasor diagram because the phascrs Vi, and 1a
rolﬂ‘z 3{&2:?:;3:5:5!2: \;l;):llt;\;cc;) znd hence ;.)has? difference ¢ between them remains the same at all time 2- sﬁown in
ffnhrbc S ne revolution, it generates the corresponding cycle. The equations of the two waves
. V =V, sin ot
I=1nsin (01 - &)
- Since the two pha30r§ have the same angular velocity () and there is no relative motion betw cen them, they can
be displayed in a stationary diagram. . ’

The instantaneous power sy
current. The instantaneous pow
power may be positive or negat
negative value means that powe

Q3 Desribe the flow of A.C through a resistor in detail, also discuss its power loss.
.CiThrough Resistor:

Consider a circuit containin

: pplied to a circuit is simply the product of the instantaneous voltage and instantaneous 7
er is always expressed in watts, irrespective of the type of circuit used. The instantaneous
!

ive. A positive value means that power flows from the source to the load. Consequently, a
r flows from the load to the source. i

ge
d.

8 a pure resistance of R connected across an alternating voltage source as shown in
ﬁgurc_ (a), lhf:n free electrons flow in one direction for the first half-cycle of the supply and then flow in the opposite
direction during the next hdlf-cycle. The applied voltage and current pass through their zero values at the same instant and

anain their positive and negative peaks at the same instant such that current is in phase with the applied voltage as shown
in figure(b). The alternating voltage is be given by -

V=V, sin ot ...(i) e v
Where, Vi is the peak value of the alternating . ), '™ ﬂl Ve * _
voltage. v, | - ‘
As a result of this voltage, an aiternating N . | vy
current I will flow in the circuit. The applied r\J R 7 —_—
voltage has to overcome the drop in the resistance 7
onlyie.,V=IR _ .
_.\i_!m H (3) (b) [~
Or I—R—Rsmwt . <)
I =ym » AC circuit and waveform
m R
= [, sin wt (1)

The value of | will be maximum (i.e. I,) when sin wt = 1. Equations. (i) and (ii) shows that the applied voltage
and the circuit current are in phase with each other. This is also indicated by the phasor diagram shown in figure (¢),
In terms of r.m.s. value, ‘

P _leeen P

The power curve for a pure resistive circuit is | ~71772
obtained from the product of the corresponding instantaneous
values of voltage ahd current. Figure shows that power is 0
always positive except at points L,M and N at which it drops
10 2ero for a moment.

This means that the voltage source is constantly

d_clivcring power to the circuit which is consumed by the
circuit,

Power curve
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=V, 1 <si wt>
v 1 !
?=:_:;l <§'.J:..'.>=: -
= 3
P= —:3. - —.“:‘—_: = \’“;__, - —
—— ~etall, also discuss its power loss. Give the

Q.4 Describe the flow of A.C through an inductor i

significance of choke coil.

A'CThrough'Pure Inducta

which r‘szsu changes in

= 1 ;\‘ l:q.
An inductor is 2 two-terminal elecurical g{ s conducting coil. Consider an
1 urent assing U ".:L'—H -—L x CsuSs.‘: el 2 ARPESARO
! CCI.... JiTe pass ,} ’ g A Cx— L as sho\\n "] " guNe “nf"l a
ahernating voltzge 2pplicd (0 2 purt INCUCIERS induced due change
sinusoidal current 1 flow in time t then 2 back em.f. (=L AVA1) is incuces d "
wsoidal cumren - n
i flux through the coil which 0,,?35“ the change in flux. As there is no drop 1

2l eqthe 2 app! limd «‘4-;: has to overcome the back. emf

App
So the ener
back d.mr.g the
Let the equation for alemating curreat s

po:er
lied alternating voliage = B=:x e.m.f.

g up current in inductance L, is returned

which is reguired in build

decay of the current.

I=1.sinet.... 1)

3 ~0 a - 1HA fharl — H
The changing current sets up 2 back e.m.f. in the col il. The magnitudelof backle.m.f. is
LAl
N

To maintain a con

magnitude ¢ ofarp cd voltage is
= L—
At
All, sin ot)
V=] ——
- At
(sin ot
/= M
V=LI e (ii)

Using the result of simple caleulus:
———)A““; = .. (i)
Putting the values of Eq (iit)in (11) we get
V = oLl cos wt
=V, ¢os ot

=cos ot

- (0Ll.= V)
Or

V = \’n cin(@[ + 5!

applied e.m.f. must/be comstantly applied. The

-
- -

(a)

\'A
N
3>

(c)

From equations (i) and- V), it is clear that current lzgs behind the voitage bv /2 radians or 90°. Hence in a purc

inductance, currgetTags behind the voltage by 90°.

Figure (b) also shows that current lags the voltage in an inductive coil. Inductance opposes the change in current

and serves to delay the increase or decrease of current in the circuit.

I'his causes the current to lag behind the applied voltage which is indicated by the phasor dia‘grém shown in

figure(.»
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Inductance opposcs the flow of current in the circuit, so the opposition offered by an inductor to the flow of A.C.
is called inductive reactive reactance X,. N

~fore i . : | PowerWave _____. .
Thf:ruforu in analogy to ohm law we can SV =V snot i 1
\\Tllc: ’,"‘N\ = . v
Vm = lme i \\\/ = [ sin(el - 7/2) T
¢ % . . 7 B Y
Gince inductive rcaglancc is ratio of voltage to current. | 4 / —L
SO ’ v — b d)’
t(s)
XL =-—0 .
Im o/ -
g oL :
—m 2
XL=""1"=oL {a) bl
" The shaded portion of the graph indicates that on adding portion I, Ii, Il and IV, veclor
Or XL,=oL rll’s equ7| 1o zero. Average power over a complete cycle of AC through an ideal -
nductor Is zero. ) .
X, =2n/L

The reactance of coil depends upon frequency of A.C. IN case of D.C. inducti'v.e reactance Xy, is zero.

power loss in an inductor:

_ During the first 90° of the cycle, the voltage is positive and the current is
negative, therefore, the power supplied is negative. This means the power is
flowing from the coi.l to the source. During the next 90° of the cycle, both voltage
and current are positive and the power suppiied is positive. Therefore, power
flows from the source to the coil. Similarly, for the next 90°.of the cycle, power

_ flows from the coil to the source and during the last 90° of the cycle, power flow
from the source to the coil. The power curve over one cycle shows that positive
power is equal to the negative power. Hence the resultant power over one cycle is
zero i.e. a pure inductance consumes no power. The electric power merely flows
from the source to the coil and back again. '

In any circuit, electric power consumed at any instant is the product of

voltage and current at that instant. The average power loss in an inductive circuit
is, ' ' : '
P=<VI>
P =<V, cos ot x I, sin ot >
P=V,l, <sinot><cos ot>
P=0

Choke Coil:

So<sinot><coswot>=0

I SFor Yourinformation; 7t

The purpose of passing current
through a circuit is to transfer
power from the source to the
circuit. The power which is actually
consumed in the circuit is called the
true power or active power.

We know that current and
voltage are in phase in a resistance
whereas they are 90°. Out of phase
in L or C. Therefore, we come to
the conclusion that current in phase
with voltage produces true or active
power whereas current 90° out of
phase with voltage contributes to

reactive power i.e. ' :
[ True Power = voltage x Current in

A choke in an inductor used in a circuit. It offers high reactance to frequencies above a certain frequency range,
without appreciable limiting the flow of current. In a DC circuit, a resistor is used to restrict the current.

If I is the current and R is the resistance, the power loss in the form of heat is I’'R. In AC circuit, inductor is used.

Its impedance is X and is large at high frequencies. In general, a choke is used to prevent

electric signals along undesired

paths. The choke is used as a filter in power supply to prevent ripple. It also prevents unwanted signals to enter other parts
of the circuits, e.g. radio frequency choke (RFC) prevents radio frequency signals from entering audio frequency circuit.

Thus, undesired signals and noise can be attenuated.

-

Q.5 Describe the flow of A.C through an capacitor in detail, also discuss its power loss.
A.CiThrotigh Capacitor '

Consider an alternating voltage applict_ﬂ to a capacitor of capacitance C as shown in figure. When an alternating
voltage is applied across the plates of a capacitor, the capacitor is charged in one direction and then in the other as the
voltage reverses. The result is that electron move to and fro around the circuit, connecting the plates, thus constituting

_ alternating current. The basic relation between the charge q on the capacitor and voltage V across its plates i.e. 4 = cv
holds at every instant. Let the applied alternating voltage is: ' i

V=V, sinot ... %) . -
Then at any instant I be the ¢ acnt and 4 be the charge on the plates. Charge on capacitor,

—
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Q=CvV
Q=C V,sinwt
And l=%?
- A(CV,; sin(ot))
(a)

Al :
By using mathematical formulae A sin (ot) = wcos(mt)
I =CVqocos (0t)

I=CVm wsin (a)l + 12‘.)

. CVpo=In

=1, sin (ml + %) ... (i)
Equations. (i) and (ii) shows that current leads .
Hence in a pure capacitance, current leads the voltage by 90°. Capacitance opposes the
change in voltage and serves to delay the increase or decrease of voltage across the
capacitor. .
- This causes the voltage to lag behind the current. This is-also illustrated in the
phasor diagram shown in Fig: 15.16 (b): Like inductance which opposes the flow of A.C,,
capacitance also opposes the flow of AC current in the circuit. From the above: '
Im = C V,, -
Vo 1
Or 350w
"~ Just like ohm law the ratio of V/I is the measure of opposition offered by a resistor
to the flow of current. In case of capacitor this opposition is capacitive reactance which

opposes the flow of current. -

Va_ Ve L
lm | ‘C(x)

the voltage by n/2radians or 90°.

(b)

%0°

v

(c) Vector diagram

Capécilor in AC circuit

Clearly, the opposition offered by capacitance to current flow is I/ wC. Tnis quantity I/ wC. This quantity I/ &C

is called the capacitive reactance X, of the capacitor. It has the same dimensions as resistance and is, therefore, measured

in .
1 =VJ/X,
Where capacitive reactance is

¢ wC
TP
Xe= 2afC

The capacitive reactance depends upon frequency of A.C. In case of D.C., X, has infinite value.

ICapacitive Circuit:

Power Lossiin’e

/V =V_sinot

-

In pure capacitive circuit the current lcad /
the voltage by 90° in phase therefore; the power \\/I=I,.sin(...r-:,'2)
curve for capacitor and inductor is same. The ! \

) / \ w!
o —

o

average power loss in capacitive circuit is,
- - \ o
P=<VI]>=<V,sin ot x|, cos ot >

P=V_,l, <sin ot > <cos ot >
P=0 So<sinot><coswt>=0

This fact is also illustrated in the wave
diagram shown in Fig: 15.16: Which shows that

(a)

Phase diagram for current and voltage and power curve for pure capacitive circuit.

in onc cycle the positive power is equal to
negative power so power absorbed by capacitor in one cycle is zero.
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mcQ’s From Past Board Papers |
1 power dissipated in pure inductor is:
' (A) Large (B) Small (C) Infinite (O) Zero
2 Direct current cannot flow through:
' (A) Resistor (B) Capacitor (€) Inductor (D) Voltmeter
3 pure choke consumes:
' (A) Minimum power (B) Maximum power (C) No power (D) Average powe’
1 Capacitive reactance X. =
' : 1
T a2=fC (8) C) 4= fC ©) ——
2nfC £ 4= fC
5. phase difference between V and | of an A. C through resistor is:
(n) Zero degree (B) 80° : (C) 180 (D) 2707
. Choke consumes extremely small:
() Current (B) Charge (C) Power (D) Potentizl
7. At what frequency will an inductor of 1.0 H have a reactance of 500 Q7
(A) 50 Hz ' (B) 8O Hz (C) 500 Hz (D) 1000 Hz
€. The device which allows only the continuous flow of an A.C.; through a circuit is:
(A) Capacitor : (B) Inductor (C) D.C. motor (D) Battery
c. At high frequency, the current through a capacitor of A.C. circuit will be:
(A) Large (B) Small (C) infinite (D) Zero
10. The basic circuit element in DC circuit which controls current:
(#) Resistoronly (B) Capacitor only (C) Inductor only (D) All of these
1. The capacitive reactance to pure D.C. is:
(A) Zero (B) Infinite (C) Variable (D) Equal to inductive reactance
12. Resistance of pure choke is:
(R) Zero (B) Large (C) Very small (D) infinite
13. Inducitive reactance of an inductoris:
(A) X ==fl (B) X =4xfL (C)Xp=2=fL (DyX.=2=L
14. Capacigor will have a large reactance at:
(A) Low frequency (B) High frequency (C) Zero frequency (D) Negative frequency
15. In capacitor:
(A) Current leads voltage by % (B) Voltage leads voltage by-zz'-
(C) Current leads the voltage by n (D) Both are in phase
16. Power dissipation in a pure inductive orina pure capacitance circuit is:
(A) Infinite (B) Zero (C) Minimum (D) Maximum
17, In case of capacitor, the unit of reactanc is:
(A) ohm (B) mho (C) farad (D) henry
18. The phase difference between current and voltage in an Inductive circuit Is
- (A) Zero (8) 80° (C) 180° (D) 45°
19, 100 yuF capacitor i connected to an AC-voltage of 24 V and frequency 50 Hz. The reactance of the capacitoris
(A) 3080 (B)31.8Q (C)34.80Q (D)40 Q
20, The slope of g - t curve at any instant of time gives:
: (A) Current (B) Voltage (C) Charge (D) Both A and B
1. Inalternating current, Inductors behave like
. (A) Semi conductors (B) Inductors (C) Resistors (D) Insulators
. The reactance of an Inductor at 50 Hz is 10Q Its reactance at 100 Hz becomes
A
" ( )'201'2 (B)502 C)250 010
. Which consumes small power?
(A) Inductor , (B) Resistor (C) Motor
2, A device which opposes the flow of A.C only is (D) All of them
(A) resistor (B) capacitor (C) inductor
. In pure capacitor AC circuit, the current | and q are (D) None
(A) In phase (B) Out of phase (C) Parall |
el to ea |
. :(L is low for low frequency f, but Xc is F other (D)None of above
— A) Zero (B) low (C) Hi
ame
) as X .
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= = itor reactance becomes ’ el
27 If the frequency of AC supplied is doubled then the capacitor : (D) one fourth :
' (A) half (B) two times (C) four imes oy of the circuit becomes:
28 If the capacitive reactance of AC circuitis made four times then the freque y (D) One forth
’ (A) Twic: - (B) One half (C) Four times
29. The device which allows only the flow of D.C. is: D) Generator
(A) Capa:s‘tof (B) Transformer : i (C) Inductor ©)
i i il is directly proportional to:
- gﬁéﬁﬁ;;ﬁn: reactance of 2 c(;l) El;esilstanc);p : (C) Frequency of A.C. (D) Both Frequency of AC
31. Choke consumes extremely small ) rential
(A) Cutrent (B) Charge (C) Power (D) Pote —
1.D 2.B 3.C 4.B 5 A 6.C 7.B 8. A 9.A 10. A 11.B 12. A
13.C. | 14.A 15.A 16.B 17.A 18.B 19.B 20.A 24.C 22.A 23.A 24.C
25.B 26.C 27.A 28.D 29.¢ |30.Cc |31.C
discuss the power losses, impedanc,

Q.6

Discuss the flow of A.C through RL series circuit Also
triangle and Q-factor for a given RL circuit.

—

that the current flowing through the coil will lag t
upon the values of Vz and V. Figure () shows a pure resi
diagram of the circuit can be drawn as shown in figure (c).

The voltage drop Vi (
The voltage drop V¢ (=1 Xi) leads the current by 90° and is represen

The applied voltage V is the phasor sum of these two drops i.e.

or

R.[ESeries A.C. Circuit:

-series circuit, the voltage V will be the phasor sum of the two component voltage Vg and V.. This means
he voltage by an amount less than 90°. The phase lagging ¢ depend;

stance R connected in series with a coil of pure inductance L.

“InRL

Taking current as the reference phasor, the phasor
= R) is in phase with current and is represented in magnitude and direction by the phasor OP.

ted in magnitude and direction by the phasor PM.

2 2
Vi=Vp +V;

V=y(IR) + (I Xi)

v=14/R?+X]

\

R

V.
r 4
R | A % M
i
i
v‘ v : VL
|
L i
i
%0° ¢ i p
> | (0] Vv, . r
(2) : RL series circult (b) Phasor diagram (c) Phasor diagram of RL serles circult

. 2z 2 . oie .
The quantity \/R + X, is the opposition offered to current flow and is called impedance of the circuit. It :

represented by Z and is measured in ohms (Q)

where

[=V/Z

z=yR+ X

CamScanner
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The phasor diagram shows that circuit current I lags behind the
applied voltage V by ¢°. This fact is also illustrated in the wave diagram A v =V, sin wt
shown in figure (b). The valuc of phase angle ¢ can be determined from the ! = s (wt - 4)
phasor diagram. X

—’<
—_—
.,
2
v

Vi
tan ¢ ='\',':;

IX ,
tan¢=TﬁL —op—

tan ¢ =%({1‘

Wave diagram

Since X, and R are known, ¢ can be calculated. |f the applied voltage is V =
Vm sin 01, then equation for the circuit current wil] be:

[ =1, sin (ot - ¢)

where I, =V _/Z

Fig 15:17 (d): shows that in an inductive circuit current lags behind the applied voltage. The angle (i.e. ¢) of
lagging is greater than 0° but less than 90°. It is determined by the ratio of inductive reactance to resistance (tan$ =X I
R) in the circuit. : ’ 8

The greater the value of this ratio, the greater will be the
phase angle ¢. :
Powerin RLircuit: il
Average Power. P =!m‘l,m.cos ¢ ~Ya x In X cos¢

: ’ 2 V2 2

A

Or P=VIcos¢ ,

Where V and [ are the r.m.s. values of voltage and current.
The term cos ¢ is called power factor of the circuit and its value is
given by (from phasor diagram):

\
Power factor, cosd = "\'/E = % =%

Power curve

Or Power factor = cos¢ cosin of angle between V and 1.
Or  P=Vlcos¢=(1Z)1(R/Z)=R [+, cosg =R/Zand V =12)
Ina resistor, the current and voltage are in phase i.e. ¢=0°

Therefore, power factor of a pure resistive circuit is cos 0° = 1. Similarly, phase difference hetween voltage and
current in a pure inductance or capacitance is 90°. Hence power factor of pure L or C is zero.

This is the reason that power consumed by pure L or C is zero. For a circuit having R, L and C in varying
proportions, the value of power factor will lie between 0 and 1.

Figure'shows that power is negative between 0° and 30° and between 180° and 2 10°. The negative area means that
the inductance of the circuit returns the power to the source. Conversely power.is positive between 30° and 180° and so
on. But as the area of positive curve is greater than negative area of curve. So net POWer over one cycle is positive. This
shows that power is consumed in R-L series circuit.

R-L Seriésiimpedance Triangle:

In"a DC circuit, the ratio of voltage to current is called resistance.
However, in an AC circuit this ratio is known as Impedance, Z. Impedance is the
lotal resistance to current flow in an “AC circuit” containing both resistance and
Inductive reactance. In R.L. series circuit,

Z= '\/R2 + X,z_ where X = 2rfL

The magnitude of impedance in R.L. series circuit depends upon the
Yalues of R L and the supply frequency f. The R-L series circuit is shown in Fig
]§‘]7(ﬂ). The phasor diagram is a triangle whose sides represent R, X; and Z. This
riangle is called an “Impedance Triangle”. " mpedance triangle

CamScanner
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Impendence triangle is a useful concept in A.C. circuit as it cna'blcs us to calculate: |
: Power angle ¢ i.e. cos ¢ = R/Z ‘
2. Phase angle ¢ i.e. tan ¢ = X{/R . circuit
' . . .C. circuit,
Therefore, it is always useful to draw the impedance triangle while analyzing an a.c
- The quality factor of a component is its energy stori
in the circuit to the energy dissipated in one cycle.
. . Theratio of the inductive reactance (X,) of a coil t
the coil at that frequency i.e.,

X, oL
. AL _ob
Q - factor R - R

g ability. The Q-factor of a circuit is a ratio of energy stored

o its resistance (R) at a given frequency is known as Q-factor of

maximum energy stored
energy dissipated per cycle
The Q-factor is used to describe the quality or effectiveness of a coil. A coil is usually designed to have high
value of L compared to its resistance R. The greater the value of Q-factor of a coil, the greater is its inductance (L)
as compared to its resistance (R). : ?

Q.7 Discuss the flow of A.C through RC series circuit. Also discuss the power losses, impedance
triangle and Q-factor for a given RL circuit. .

R.C Series A.C.Circuit: | _
In RL-series circuit, the voltage V will be the phasor sum of the two component voltage Vg and Vy. In order to -
draw a vector diagram we found the current is common and can therefore be used as the reference source because the

same current flows through the resistance and capacitance. The individual vector diagrams for a pure resistance and a pure
capacitance is shown in figure.

- Also, Q - factor = 2n x

: R c
The voltage drop Vg (= IR) is in phase with current and is represented by the ANN- 4{ }
phasor OA. The voltage drop V¢ (= IXc) lags behind the current by 90° and is IJl | V. i |_Ll
represented in magnitude and direction by the phasor AB. The applied voltage V is the v
phasor sum of these two drop i.e. L N\ jo—

(a) RC series aircult

2
V= Ve + Ve

V='\/V,§+Vé 07y Y ‘-\J I:

V =/(IR)* + (=1Xc)

- Vv Ry V.
AR+ X}
The quantity '\/R2 + X¢ offer opposition to current flow and is called impedance of the B
S {b) Impedance triangle
circult, N . '
I=V/Z ' . '
Where .

Z=\,R1+Xé : M

The phasor diagram shows that circuit current I leads the applied voltage V by Vo TV

é. This fact is also illustrated in the wave diagram and impedance triangle (as shown in (C) Phasor disgram
figure (b) of the circuit.

R-C Series Impedance Triangle:

The value of the phase can he determined as under:

\Y
tan¢=—v§

CamScanner
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_Ixc
tan ¢ =— IR
x ‘ .
\ Ac ‘ - —
tan ¢ =—"p a ‘I/ R sur:,(;lv t,)n B
. . : v i ¥ "
Mpower in R.C. Circuit: } }r .
' The equation for voltage and current are: Y,
V=Vnsinot; L
And  Insin(ot + ¢) . T
So the average power,
g b) Impedance triangle
EP; =(Vl> ((:o>s¢ . (a) Phasor diagram (b) Imp

1. The combination effect of resistance and reactance is known as: 5
(A) Inductance ' (B) Conductance (C) Resistance (D) Impedance .
2. S... unit of impedance is: ' . .
(A) Henry (8) Hertz (C) Ampere (D) Ohm
3. The impedance of R-C series A.C. circuit is given byZ= ;
1
WVR - © (@) R+ (ecy - @©VRTF @O O)\R* + ey
4, The A.C. circuit in which current and voltage are is phase the power factor is N
(A) Zero - (8) 1 (©) 0.5 (D) infinity _ .
5, Which phase diagram is true of RL-Series circuit? (Federal 2013, 15)
L ] X ) R
' L R, - = i X i
(A) <0 8) (©)
6. Impendance is denoted by ’
(A) A (B)Z : ©p (O))e! :
1. Which phase diagram is true for RC-series circuit? (Fed 2014)
X : X R o
X, g 90* _ 90°
—_—
90°
(A) R (B) R C)R (C) X
8. ForR - L series circuit, the voltage leads the current by phase angle of: - ‘ E
(A tan™ (wLRy (B) tan™' (wC/R) (C) tan™" (1/0CR) D) tan-"
A 4 n R
8. The pawer factor of RL-series circuit is: (©) (@/RC)
(A)0 ' (B) 1 (C) Less than 1
. . D) More th
10 Theimpadance z can be expressed as:- ©) than 1
V | :
A) g =—m2 = ;
3 (Ry2=1% (B) 2 = | C)Z=1+v D)Z=1-v
. When 10V are applied to an A.C circuit, the current flowing in itis 100 mA, its impedance |s:
(A) 500 (B) 75Q .
12 (C) 100Q (D) 90
, fLandR represent inductance and

— (A) [MOLDT-'] 8) [MoLoT_zl (Fed 2017)

EZ-D 3D |48 [s.A

(C) IM°L-'7-7)

- (D) M°L°T]

&€B |70 |s.A Js.c J.10-A° l51-CJ12-° i)

CamScanner
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Q.8 Discuss the Series resonance circuit d

R-L-C series A.C. Circuit:

Many AC circuit are very useful for us, which include resista
capacitive reactance. In this section, we will look at some implications of
capacitor (C) together in what is called a series RLC circuit. The simpl_cst a

is the series LRC circuit, illustrated in figure.

etail also write down its characteristics. ke

ctance, inductive reactance and
(R), an inductor (L), and a
AC circuit we can analyze

nce, inductive rea
connecting a resistor
nd most important

same current. We can draw a

The analysis of this circuit is quite easy since all the circuit elements share the C g
phasor diagram for the current and voltages across the inductor, capacitor, and resistor. The P'D; a’crrl?SSPR{) Isacvr:) - li‘sl
this case Vy is in phase with I. The P.D. across L, is VL = IXp in this case Vy leads I by 90°. The F.L% N

E

Ve = IXc in this case where V¢ lags I by 90°. V.
and V¢ are thus 180° out of phase. In phasor 1 i
diagram figure (b), AB represents Vg, BE
represents V) and BD represents Vc. It may be seen I
v&

that V is in phase opposition to'Vc. V.V
It follows that the circuit can cither be e

effectively inductive or capacitive depending upon 1

which voltage drop (Vi or V¢) is predominant. If ——

V. > V¢ then the net voltage drop across L-C @ ;’:

combination is Vi — V¢ and their resultant is in the

direction V, represented by BC. Therefore, the ?:'c:;gt:lzlzlg i}:‘lrl;::;:?: 5 r::'o:lni:c}t(ord “:n' ;-(r;;; ko ':uppty voltage V (rm.s.)

applied voltage V is the phasor sum of Vg and V-
V¢ and their result is in thé direction V| represented

by BC. Therefore, the applied voltage V is the
phasor sum of Vg and Vi, — V¢ and represented by
AC. z

VI=Va+ (V- V)

. X -X

V=[Vi+ (V- Vo) =X,

V =J(IR)"+ (IX, - IXc)’ ¢

V = IR+ (XL~ Xc)' ' R

v=IZ

Impedance trangle

Where Z =+/(R)T+ (XL - Xc)*
The quantity (X, — Xc) is called the reactance of the circuit, denoted by X
X?= (XL - Xc)*
So, we can write
Z=4R*+ (XL - Xc)

Z=qR"+X
Where Z is the opposition offered to current flow and is called impedance ‘of the circuit.

Circuit power factor,
R
cos ¢ = 7
R

PR (Xo- Xoy
Since X1, Xc ang R, are known, phase angle ¢ of the circuit can be determined.

V,—V
tan¢=—]".;,;—c
] mn¢=-?£%?£c

So if the current is represented by a cosine function, I = I, cos wt
The source voltage leads the current by an angle and its equation is-

\ 1=1,cos (ot + ¢)
) :

CamScanner
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Power consumed, ‘P =V [ cosd
- We have seen that the impedance of a R-L-C series circuit is given by:
Z=\Ry + (X, - Xo)?
i When X, - Xc positive (i.e. Xi, > X¢), phase angle ¢ is positive and the circuit will be inductive. In other words,
in such a case, the circuit current 1 will lag behind the applicd voltage V by ¢.
ii. When Xy, - Xc is negative (i.e. Xe > X,), phase angle ¢ is negative and the circuit is capacitive. That is to say the

circuit current I leads the applied voltage V by ¢ ; the value of ¢ being given by Eq. (15.31) above. )
iii. When X, - ,)‘C 0 (i.e. Xy = X¢), the circuit is purely resistive. In other words, circuit current I.and applied
voltage V will be in phase i.c,
¢ = 0° the circuit will then have unity power factor,
If the equation for the applicd voltage is V = V,, sin wt, then equation for the circuit current will be’
I=1n Sin (wt+ ¢) | where I =V, / Z
The value of ¢ will be positive or negative depending upon which reactant (X, or Xc) predominates.
Figure (c) shows the impedance triangle of the circuit for the case when XL > Xc whereas impendence triangle in Fig.(d)
is for the case when X¢ > X, ‘

In the impedance equation along with the cquations for the inductive and capacmvc réactance, we see that
impedance has a rather complicated dependence on the frequency of the oscillator.

Z =Ry + (X = X¢)?

XL=wLan('i Xc=$ ' ‘}

When the frequency is very small, the capacitive reactance is large and
XC = Z. When the frequency is very large, the inductive reactance is large and
X, = Z.Z is a minimum when X, = X, and Z is a minimum, the current in the
circuit is a maximum. When this happens, the resistance provides the. only
impedance in the circuit. Z = R. This condition is called resonance and is
electrical analog to resonance in harmonic oscillators such as a swmgmg 7T\
pendulum or a mas on the end of a spring.

Resonance means to be in step with. When applicd voltage and circuit
current in an A.C. circuit in step with (i.c. phase anglc is zero or power factor is
unity), the circuit is said to be in electrical resonance. If this condition exists in a
series A.C. circuit, it is called series resonance. The frequency at which

resonance occurs is called resonant frequency (fr).
AnA. C circuit contammg reacuve clcmcms (L and C) is sald to bc in resonance whcn the c1rcu|t powcr factor is umty

‘ Small R
/

Large R

~

Resonance curve

Q. The switch in the circunt shown in Figure is closed and the light bulb glows steadlly The
inductor is a sample air-core solenoid. As an iron rod is being inserted into the interior of the
solenoid, the brightness of the light bulb (a) increases, (b) decreases, or (c) remains the same.

Switch

A, When we are inserting the iron core into the mductmg coil, the flux is changing (increasing). So emf induced in
the coil which decreases the net emf of the circuit. Hence induced current decreases. So the bulb become dim by
following the given equation:

_V-¢ '
=R

CamScanner
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Resonance in R-L- i ircuits: R ) |
| in R-L-C Series Ci ¢ when the circuit power factor js unity 1.¢. %1, = Xe. The frequency 7
] R-L-C series circuit can be achieved by

. " R-L+C series circuit is said to be in resonanc (e, X, = Xc) in art
- at which it occurs i uency. The resonance (1.6. AL ™ ~C "
occur[scallecirepoBini isan et ency dependent. At a cenain frequency f;, Xy becomes equal

+ changing the supply frequency because Xy and Xc are frequ
to Xc and resonance takes place.

Al serics resonance, ‘ X, = Xc

|
o 2L~ 2nf.C

1
Resonant frequency, fi= -——-2 ___[ =
he inductance O

The above equation shows that on increasing cither t ( f
frequency to decrease. Fora given value of inductance and capacitance, there 15 only one resonant Ireq

Resonance Curve:
of a typical R-L-C series circuit. Current

The curve between current and frequency is known as resonance curve ' '
reaches its maximum value at the resonant frequency (f), falling off rapidly on either side at that point.
It is because if the frequency is below £, Xc > Xi and the net reactance is no lon.ger zero. lfth‘c frequency is above
f.. then X, > Xc and the net reactance is again not zero. In both cases, the circuit impedance V{IH be more than the
impedance (Z, = R) at resonance. The result is that the magnitude of circuit current decreases rapidly as the frequency
changes from the resonart frequency.
:nes the P.D. across L or C is greater than the applied

The Q-factor of a series circuit circle indicates how many t '
voltage at resonance. For example, when R-L-C series circuit is connected to a 220V source having a Q-factor of the coil

as 20, then voltage across the coil or capacitor will be:
Ve =V, =QVg =20 x 220=440 V at resonance.

MCQ’s From Past Board Papers

1. Resonating frequency of RLC series circuit is f= ;
2= 1 1 .
3 B)s—+LC C D) 2=
s @) 5.V ©)3mice (0) 2z VIC

At high frequency, RLC series circult shows that behavior of:

r the capacitance causcs the resonant
uency.

2.
(A) RC circuit (B) RL clrcuit (C) Pure capacitive circuit (D) Pure RLC circuit
3. At resonance RLC series circult shows the behavior of: .
(A) Pure resistive circuit (B) pure capacitive circuit (C) pure inductive circuit (D) pure RLC circuit

At resonance frequency, the impedance of RLC geries circuit Is:

4.
(A) Zero (B) Minimum (C) Maximum (D) Moderate
5. The impedance of RLC series clrcuit at resonance is given by:
A Z=ART (KK B Z=ART+X’ (€)Z=R (D) Z =JRT+ X
6. In RLC series circuit at resonance the phase difference between capacitor and inductor reactances is:
(A) 80° (B) 270° () 0° (D) 180°
7. In R-L-C Circuit, the energy I8 dissipated in:-
(A Ronly (ByRand L (C)RandC (D)R,LandC
8. In RLC series circuit, the condition for resonance is ‘
(A) Xy <Xe (B) X > Xc (C)Z<Xc (D) X.=Xe¢
9. At resonance in RLC series circuit, phase difference between voltage and current in:
(A) 0* (B) 80° (C) 120° (D) 180°
10. The unit of \/LC is: ;
sl (B) Ampere (C) Hertz (D) Farad

Answers Key|

1.C 2.B 3.A 4.B 5C 6.0 7.D 8.D 9.A 10. A
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E_'g'"'v—vrite down a not on principle of metal detector.

p,in‘ciple‘of Metal Detectors:}

A coil and capacitor are electrical components, which together can produce oscillations of current. An L-C circuit
pehaves just like an °5°'|_|atm8 H}aSS-spring system. In this case energy oscillates between a capacitor and an i_nductor. The
circuit is called an electrical oscillator. Two such oscillators A and B are used for the operation of common type of metal
- Jetector. In the absen§e O.f any nearby metal object, the inductances L, and Ly are the same and hence the resonance
frequency of the two circuits is also same. .

. Oscillator circuit A - Oscillator circuit B
L L A_d_ditional | Additional 1
A _C circuit for circuit for - C Le
oscillatorA | - oscillator B
f, ‘ | f,

Beat frequency amplifier

Speaker

Metal detectors

When inductor B, called the search coil comes near a metal object the inductance LB decreases and _cqrr'¢5ponding
oscillator frequency increases and thus a beat note is heard in the attached speaker. Such detectors are extensively used
not only for various security checks but also to locate buried metal objects.

7. I e o e T
MCQ's Erom'Past BoardiPapers
1, In tuning circult if capacitance Is doubled and inductance Is halved then its resonance fraquency )
(A) Doubled . (B) Halved (C) Remain the same (D) Increases 16 4 times
2. In three phase voltage across any two live lines Is about: :
(A) 220 vV (B) 230V (C) 400V (D)430V
3 In three phase A.C supply coils are inclined at an angle of .
(A) 0° (B) 80° ‘ (C) 120° (D) 180°
4. .Power factor is equal to:
(A) sin 0 (B)tanu (C) sec 6 (D) cos 6
5. Choke consumes extremely small: :
(A) Current (B) Charge (C) Pawer (D) Potential
6. The expression P = V1 holds only when current and voltage are:- _
(A) In phase (B) Out of phase (C) Atright angle to each other (D) At angle of 120°
1. When an inductor comes close to a metallic object, its Inductance Is: :
(A) Decreased (B) Increased : (C) Becomes half - (D) Becomes 4 times
8. Metal detector consist of . ‘
(A) L.C circuit - = (B) R.L circuit . (C) R.C circuit (D) RLC:series circuit
S In three phase A.C. supply, if first coil has phase 0, then the other two colls will have phases:
(A) 0° and 120° (B) 120° and 240° (C) 240° and 360° (D) 0° and 360°
10. Metal detector consists of .
1 (A) L.C circuit (B) R.L circuit (C) R.C circuit i (D) R.L.C series circuit
1. In resonance circuit at resonance, the phase difference between current and voltage is : '
—(A) 90° (B) 180° (C)0° 0

P——

.. [2c |3.c |4p [5C |6A |7.A |8a |sB 1A T1ic
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Q.10 Describe the maximum power transfor P_I'l I vT {\
Maximum Power Transfer: e Y 7 :
The maximum pOWer transfer thcorcr? m)a. E E _
fer the maximum amount of power IT0 : ,: P
that to transfer match the ACor “Sc/r. i R ezsn

i ¢ d
source to a load, the load impedance shoul

source impedance.
i ’ or
" In the basic circuit, a source may be AC

tance (R,) or generator output

(Ry) or

DC, and its internal resis
impedance (Zy) drives a load resistance

impedance (Z) (figure (3)).

L=
A plot of load power versus load resistance reveals
that matching load and source impedances will
achieve maximum power (figure (b)).

A key factor of this theorem is that when the
load matches the source, the amount of power
delivered to the load is the same as the power

dissipated in the source. Therefore, transfer of maximum power is only 50%

efficient.

of maximum power to an antenna (figure(c)).

Maximum power (w)

MaxImum powaeris
load when the load rosistonceo 0Q

the source.

source to a load whan the

from a
tranaferred tho Intornal resistancg g

uals

Maximum powar,
. 50% efficiency

n
p

—» Lood resistance
R

Varying the load resistance on a source shows that maximum
powor to.the load Is achieved by matching load and source
Impedances. At this time, efficlency Is 50%.

The source must be able to dissipate this power. To deliver maximum
power to the load, the generator has to develop twice the desired output-
- power. One of the important application s of maximum power is the delivery } N

—
—

Transmitter
output amplifier

Z,=500

Antenna
R =500

Q.11 Discuss the Maxwell’s equatiojns in detail.

i

IMaxwell’s Equations:

In the early days of 19" century, two different units of electric charge
were used, one for electrostatics_and the other for magnetic phenomena
in_volving currents. These two units of charge had different physical
dimensions. Their ratio has units of velocity and measurements showed that the ratio had a
numerical value that was precisely equal to the speed of light. It was regarded as an
cxt:uufdipa:)' coincidence that had no explanation. Maxwell in a search for an expianation of
the coincidznce found that all the basic principles of electromagnetism can be formulated in
terms of.four fundamental equations, now called Maxwell’s equations. These euqations exist
as experimental laws in the form of Gauss’ law, Faraday’s law and Ampereg law Thls :
€quations predict the existence of electromagnetic wave and that such —wavcs are radi;tcdel:;
cek _ ity, we present Maxwell’s equations as applied to fre
We know that changing magnetic flux density B through a certain regiospof space p::c;):::s.

accelerating charges. For simplicity,

an induced emf in the region.

Antsnna Impedance must equal the transmitter
output impedance to recelve maximum power.

AA'ABA
AAA

N
Vi

\

Changing magnetlic fleld
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As potential difference is due to an electric field, it means an clectric ficld will be gencrated at cach point of the

gY symmetry E is circular in dircction and constant in magnitude E at each point of the loop. If 2 unit positive
o ¢ is circulated once round the circular loop of radius r, the work done will be :

char® W = 2nrF, = 2nr(qE)
w -

=—=2mE

e="g T2

By definition W will equal to the emf or V in the loop:- g

_Ad '

E= At 2mrE
_1l Ad__A AB

E=orr At 2n0 At »

This equation shows that a changing magnetic flux gives rise to an
electric field. E)fpenments have shown that the electric field produced by
changing magnetic field is present even if the conducting loop is absgi. '

Analogues to changing magnetic flux it is found that a changing electric l__
flux gives rise to a magnetic field. In order to arrive at this statement, let a _r
capacitor be connected 10 a battery as arranged in figure. Current starts growing | | E=—=——TF—
in the circuit but very quickly decreases to zero when the capacitor is fully
charged. An electric is established between the plates of the capacitor. -

|+++++¢¢+++0+

ZEEARA

o =

The charge Q on an air filled capacitor. of capacitance C, plate area A, Uniform electric batwean a pair of
plate separation d and potentizl difference V is given by ’ i chargeq plate.
Q=CV ' »

_E.QA . ) — - — —— '. it

Q="4"V | (e e (e TR TSR e )
. P v N ‘. -

Q=eAE i P P 2 WAVAVANIITI

In figure the current through the dielectric of E m % W "., +$ ﬁ 9

Aormic Nuel

the capacitor is'due to changing electric field. Busdngs  Humans MipryBee Precal  Prolrent  hoiatsd
Suppose the capacitor is now connected to an gt Jam f m—t_ — ! i
W0 w 107 10" 0" 10 wr

alternating emf source. It is observed that the . 4 _
current flows continuously in the circuit. It | | e e e—
. x) 1K 100K 10 000 K 10Mtion K

does not stop. Why is to so different than the

case of the battery! The reason is that outside
the capacitor the current in the wires is dueto
the conduction electrons but what is the
entity that drives that current in the dielectric
between the plates of the capacitor. We note
that in the present case the E-Field between
the plates of the capacitor changes with time.
There exists AE/At. It ‘was first conceived by
Maxwell that the change in the electric ficld

Eloctromagnatic spectrum

is the cause of current in the capacitor. ’ e s
AQ _ A(e,AE)
At At
AQ_ eA(AE)
At At
_EAW)

© At
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valent to a current, N bg
5|

|
oml

¢ area A. Changing electric flux is equi

Where 1 is the current and ¢ is the electric flux t}};'oug.h tgned o iacement curent.
Y ‘hich 1 i i X 15 C i
e of current, which is due to changing electric u '
typ . 4 our concept about current. A current can arise due to the..ﬂow of charges and also dye ol
We must ;‘:xter]rhof i ispcalled conduction current and the later is called displacement current. According o8
ux. The fo oduces magnetic field around itself. We have thus shown that a changing E-fig)y

212

changing electric
Ampere’s law, each type of current pr
creates a B-field. o ;
A changing E-ficld creates a B-field, which in turn creates an E-field, an electromagnetic .dlsturbancc or waves gry
generated. The fundamental requircment for generation of electromagnetic waves 15 an e'l_ectnc chargc. with Ch"’_"sing
velocity (acceleration) since it will create changing electric flux. The velocity of an oscillating charge as-I1t MOVeS 10 anq
fro along a wire is always changing. 3 _ :
Light is a type of electromagnetic waves. Maxwell predicted theoretically that the velocity of electro

free space is given by :
l ] =3x]0°ms™ -

= Jern \/8.85%107 Bxanx10” : o
and p, = 4nx10”7 Wb A™'m™" is the permeability of free

Where £,=8.85%107% C'N"'m™ is the permittivity of free space

space. Put these values in the above relation we find that the velocity of lights is given by
field gives rise to an electric field. Ampere-M

Faraday’s law shows that a changing magnetic
shows that a changing electric field gives rise to a magnetic field. It follows that when either electric or magnetic field
magnetic disturbance is generated due

varies with time, the other field is induced in space. The net effect is that an electro
fields. The disturbance propagates in the form of an eleCtromagnetic waves.

magnetic waves i,

axwell law

to changing electric and magnetic
Q.12 Describe the electromagnetic spectrum in detaii.

Electromagnetic waves have some common properties such as electric fiecld and magnetic field. Therefore it can
be described in terms of electric and magnetic fields and they all travel through vacuum with the same speed equal to
speed of light. These radiations are fundamentally differentiated by their wavelength or frequency. The names given to the
in figure show the different regions of the spectrum along with given names. There are no gaps in the spectrum, nor their

boundaries between the different regions.

shai
The visible region of the spectrum is most familiar to us, is the electromagnetic radiation emitted by the Sun. The

wavelength of the vis_ible region ranges from about 400 nm (violet) to about 700nm (red).
Licht is often emitted when the outer electrons in atoms de-excites, such transitions are called optical transitions.

g
The color of the light tells us about nature of the atoms from which it was emitted, so the study of the light emitted from

the Sun and from distant stars gives information about their compositions.

' Infrared radiations have wavelength stronger than the visible (from 0.7 pm to about 1 mm). They are commonly
emitted by atoms or molecuAl-es when they change their rotational or vibrational motion. Infrared radiation is an important
means of heat transfer and is .sometimes called heat radiation. The warmth you feel when you pléce your handpncar a

~ glowing light bulb is basically the result of the infrared radiation emitted from the bulb.

jects emit thermal radiation because of their temperature. Objects of temperatures ranges form, 3 K to 3000

i All obj
K emit their most intense thermal radiation in the infrared region of the spectrum.

Anlenna

" Remote
.

' Radi_a waves propagation

" et |
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Thf-'. mai:nc:\ct}r‘:glzgy used in home remote controls in infrared light. The signal between a remote control handset

gnd the dt:\l;?- the surfa: “5}5;5 of pulses of infrared light, which is invisible to the human eye. Infrared radiation is also
psed for COOKING ace o 90d (the interior is then heated by convection and conduction).

Microwaves: :

* Microwaves can be re
lect

garded as short ragj i i . They are
Commd“ly produced by electromagnet; radio waves, with typical wavelengths in the range 1 mm to | m. They a

h etic oscillators in electric circuits, as in the case of microwave ovens. Microwaves are
ofien used to transmit telephone : »

conversations: figure shows a Microwaves station that serves to relay telephones calls.
\lraterrestrial sources, :

\jicrowaves also reach us fiom ¢
l \

P

Infrared image of Milky Way galaxy Microwave relay
; station

Neutral hydrogen atoms, whjch populate the reg
of microwaves emitting radfat

4. Radio waves:

ions between the stars in our galaxy, are common extraterrestrial source
ton with a wavelength of 21 ¢m. '

Radio waves have wavelengths longer than 1 m. They are produced form terrestrial sources through electrons
oscillating in wires of electric circuits. By carefully choosing the geometry of these circuits, as in an antenna, we can
control the distribution in space of the emitted radiation (if the antenna acts as a transmitter) or the sénsitivity of the

detector (if the antenna acts as a receiver). Traveling outward at the speed of light, the expanding of TV signals
transmitted on Earth, : , .

Radio waves reach us form extraterrestrial sources, the sun being a major source

- that often interferes with radio or TV reception on Earth. Mapping the radio emissions

from extraterrestrial sources, known as radio astronomy, has provided information about
the universe that is often not obtainable using optical telescopes. A

5. Ultraviolet:

The radiations of wavelengths shorter than the visible being with the ultraviolet
(Inm to 400nm), which can be produced in atomic transitions of the outer-electrons as
well as in radiation from thermal sources such as the Sun. Because our atmosphere
absorbs strongly-at ultraviolet wavelengths, little of this radiation from the Sun reaches
the grouhd. Which is mostly done by ozone, which has been depleted in recent years as a
result of chemical reactions with fluorocarbons released from aerosol sprays,
refrigeration eqdipment, and other sources, Brief exposure to ultraviolet radiation cause

ommon’sun burn but long-term exposure can lead to more serious effects, including
skin cancer,

A lamp producing Ultraviolet (UV) radiation is emitted through clear, pre-
ﬁllcred, particle free water. This UV light is extremely effective in killing and
climinating bacteria, yeast’s, viruses, molds and other harmful organisms known to man.
Used in industr}‘r and hospitals to treat water. Many times used as a post disinfecting
method for residential water treatment. '

o e i

Sensitive elactredes ara place
on certain parts of the body. 4

CamScanner


https://v3.camscanner.com/user/download

T

$

|

~ : 4
, Unit 15 [A.C. Circ!!g‘
214 - : - : 1
m : be produced with discrete wavelengths in indivig
X rays (typical wavelengths 0.01 nm 10 10 ) czfl‘n atom, and they can also be produced when chargeq
transitions among the inner (most tightly bound) lectrons © al: te sc’)ﬂ tissue but are stopped by bone and other sojg
particle (such as electrons) are decelerated. X rays can ?aS'Iy. pene Ta
matter: for thié reason they have found wide use in "?ed‘“' diagnosis. :
7527*Gamma rays: . i ‘hortest wavelengths (less than 10 pm). They are the mog
oo CATIE 128 210 lectigmegnc ¢ rad‘:“ons e :Zcirjte:szsgamma radiation can have a harmful effect on the

i etic radiations, and exposure ) :
:Er:;;a:25:2;?:::;::;.15‘ can be emitted in transitions of an atomic mfclqus frgm onfa tslatt:véo :‘r:’;h:'; :a:i;::r:.lso
occur in the decays of certain elementary particles: for example, a neutral pfon can decay 1nto g__ y ing
ton’ - y +y : - - —
Q.13 What is electrocardiography? Describe is working in detail. 3
Electrocardiogram (E.C.G): IS - _ B _

" The electrocardiogram or ECG is worldwide used for diagnosing heart conditions. VAn electrocardiogram is a
recording of the small electric waves being generated during heart activity. : ‘

The electric activity starts at the top of the heart and 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 contract.

If the whole heart muscle contracted at the same time, there would be no pumping effect. Therefore the electric
activity starts at the top of the heart and spreads down, and then up again, causing the heart muscle to contract in an
optimal way for pumping-blood. The electric waves in the heart are recorded in milli-volts by the electrocardiograph.

Our heart produces time-varying voltages as it beats. These |
heart voltages produce small voltage difference between points on
your skin that can be measured and used to diagnose the condition of
your heart. The waves are reéistered by electrodes placed on certain
parts of the body. Which are then printed on paper in form of a curve
as shown in fig:(b). -

Some of the characteristics of ECG curve are shown in fig(b):
When the curve falls below the base line it shows a negative
deflection and when it rises above the base line it shows a positive
deflection, ' . ORSﬂplex
A negative deflection indicates that recorded wave has R enifcolsr
traveled away from the electrode and a positive deflection means it s el
has traveled towards it. ‘ T—% r;/pz?;rﬂ:;n
The small rise and fall in the voltage between two electrodes -%’- ! I
placed either side of the heart which is displayed as a wavy line either % R /\_
On a screen Or On paper. i Q
A typical plot shown in fig(b), the P deflection corresponds ° S
to the contraction of the atria at the start of the heartbeat. The QRS L iwnd
group 'corrcsponds to the contraction of ‘the ventricles. The T 4 0.2 197“' ~706 a8
S::I]:?:(::eﬁgl::f:onds o re‘p°|ariz"’ti°ﬂ or fecovcry Of thc hcan An ECG curve nﬂacum::o(inmc!lvc of th.ﬁ :
n for the next beat. electrode recording it
)
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when we accelerate the charges, which type of waves are produced

(A) Mechanical waves " (B) Travelling waves (C) Stationary waves (D) electromagnetic wave '
The velocity of an oscillating charge as it moves to and fro along a wire Is: I
(A) Changing (B) Constant (C) Infinite (D) Zero

Electromagnetic waves do not transport ' . ”
(A) Energy (B) Momentum (C) Charge (D) Information

The process of combining the low frequency signal with high frequency carrier waves is called __.

(A) Wave transmission (B) Modulation S (+)) Resonance (D) Beats !
In modulation, low frequency signal is known as: . .
(A) Loaded signal - (B) Fluctuated signal (C) Harmonic signal (D) Modulation signal

The A.M. transmission frequencies range from: . '

(A)540KHz 10 1000kHz  (B) 540 KHz10 1600kHz  (C) 520 KHz101600kHz (D) 540 KHz to 1400 kHz

which one of the following is the velocity of carrier wave: :

(A)3x10°ms™ (8)3x10°ms™" ()3 x 10°ms™ - (D)3x 10°ms”

Which one is in the order of decreasing frequency? '

(A) X-rays, radio waves, infrared rays ’ (B) Ultraviolet rays, visible light, radio waves _ i
(C) Infrared rays, visible light, x-rays (D) Yellow, green, red s : 1
The net reactance of a gjrcult is zero. The circult may consist of i
(A) An inductor only (B) A capacitor only " (C) Both inductor and capacitor (D) None of these

Which one of the following requires a material madlum for their propagation? '

(A) Heat waves - (B) X—rays (C) Sound waves (D) Ultraviolet rays

The range of F.M tranasmission frequencies is from:- ‘

(A) 540 KHz to 1600 Khz (B) 88 KHz to 108 KHz (Ci 88MHz to 108 MHz (D) 540 MHz to 1600 MHz
High frequency radio wave is called as:- .

(A) Fluctuative wave (B) Carrier wave .(C) Matter wave (D) Mechanical wave
Electromagnetic waves emitted from radio antenna are:

(A) Stationary : (B) Longitudnal (C) Transverse . (D)BothA&B

Electrons vibrating 94.000 times each second will produce radio waves of frequency

(A) 94 Hz (B) 940Hz (C) 940KHz (D) 84KHz

In frequency modulation, which factor is changad?

(A) Amplitude of carrier waves

(C) Amplitude f signal i
A changing electric flux creates

.(A) Electric field (B) gravitational field

(B) Frequency of carrier wave
(D) Frequency of signal

(C) magnetic field (D) electric charge
e

Answers Key

1.0 |2.A 3.c |4.B

5D 6.B 7.B 8.B 9.C ‘|10.C |11.C |12.B

13.

c |14.A |45.A |16.C
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Relation between

frequency and
time period of AC.

Instantaneous
value of AC
voltage

d

A

V=V, smot

V =V, sin2nft

Instantaneous
value of AC

1; I, sinot

[=1, sin2nft

J

current

Root mean
square value of

V,,, =0.707V,

AC voltage

Root mean
5 || square value of
AC current’

1. =0.707I,

Instantaneous.
power in pure

P=VI

P=I’R

resistive circuit

Charge on
capacitor on any

instant

y

q=CV, sinwt

Il

8 Reactance of a
capacitor

Reactance of an
inductor .

’10 ihpedance

f

Impedance of
RC-circuit

JR\

Impedance of RL-
circuit

g

Z=
Z=

(o)
s )

VR +(2nfL)?

Phase difference
(6) between
voltage and
current for RC-
circuit
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[T

14

Phase differere:
(0) between’
voltage and
current for RL-
clreult

———

B e TP

T ageas

o ol

]

tan

=]

Power In AC
clrcults, when
current and
voltage are in
phase

Pavy

16

Power dissipated
in AC circults

p=v

I cos0

17

—

Resonance
frequency in RLC-
series AC- circult

(1),

1

JL

!

Ol

18

Resonance
frequency in LC-
parallel AC-
circuit

o-

UNITS

Reactance

VA~

o)

Impedance

VA~

e
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erval of time is called an alternating voltage.

A voltage which changes its polarity at regular int

0:.
H > - " abirev?
& Ihe sinusoidal alternating voltage can be expressed by the equation:
V=Vm sinwt )
' i wtantznenus value of voltage of Cumrent 23 ordi,
o The shape of the curve obtained by plotting the instantzneous value of voltzg S Of dingg,

apainst time as abscissa is called 19 waveform or wave shape.
: " A H ! goon, 4%
P . ” e wrws 2 ¥ c v v ?-,r - »«:,,,.‘ z25
% One complete set of positive and negative values of a0 aliernating quantity is xnovm 25 2
m i it e poiled 115 time oeriod -
The time taken in second to compete one cycle of altemating quantity 1= C2HE2 B2 time period. ko

o
generally represented by T. ) ‘
o The number of cycle that occurs in one second is czlled the frequency (f) of the gliemating quantity,
o The average value of a waveform is the average of all it values over a periad of lime.
o The effective or r.m.s. value of a n alternating current is that steady current (d¢) wh{'c}: when f&"r;.}z
ing currers wegs

through a resistor produce the same amount of heat as that produced by the alternat

flowing through the same resistance for the same lime.

b 4 = s £ - L. Vers
e The equation of the alternating current varying sinusoidzlly is given o7
=1 sinot
< When two alterniting quantities of the same frequency have different zero point, they are said 10 havea
phase difference.
o Sinusoidal alternating voltage or current is represented b7 a ling of definite length rotzting in counier
Such 2z rotating line is called a2 phasor.

clock wise direction at a constant angular velocity(w).

< The phasor representation enables us to quiekly obtain the numerical value and 2t the szme time 25 e
events taking place in the circuit.

o The applied voltage and current zcro$s resistor@nd phase with ezch other. As they pass through thex
zero values at the same instant and attzin their positive and negative peaks at the same instznt

o When an alternating current flows through'a pure inductive coil then the current lzgs behind the voltage
by %radians or 90°. The oppesition offered by an inductor to the flow of charges is called inductive
reactance X;.

> When an alternating voltage is applied across the plates of a capacitor then the current is leading
voltage by % radians or 90°.

Example 15.1:
An A.C. circuit consists of 2 pure resistance of 20 2 and is connected across A.C. supply or 220V,

S0Hz. Calculate (a) current (b) power consumed and (c) equation for voltage and current.

Solution:
Resistance R =200

Voltage V =220V

Frequency f =50Hz
. Maximum value of an altemating voltage is vV, = J2v = V2x220=31 L1V

(2) Cumrent, 1=V/R=22020=11A 5
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(b) Average power P dissipated in the resistor is
P=VI=220x11=2420w
Maximum value of an ilternating current I,=\21=V2x11=15.554

0=27f=21x50=314rad s™
(c) Equations for voltage and current is:

V=V, sin(at)&I=1_sin (o)
Putting values
V=3111sin'(3141) & 1= 15.55 sin (314r)

Example 15.2:

A pure inductive coil allow a current of 20A to flow from a 220 V, 50Hz supply Find (1) inductive

reactance (2) inductance of the coil (3) power absc-%ed. Write down the equation for voltage an
current. »

Solution:
Current 7 =20A, Voltage V=220V
Frequency f= 50 Hz

1. Circuit current I=V/X;
: Inductive reactance, X, = V//=220/20=11Q
2. Now, X, =2nfL
X 11
B 2,-sz T oaxso YOBH
3. Power absorbt;d = Zero

V, =220xy2 =3111V 1, =20x/2 =28.28A;
w=2rx50=314rad s™

Example 15.3:

The current through an 60 mH inductor is 0.2 sin (377f =25°)A. Write the mathematical espression
for the voltage across it. '

Solution:
Inductance L =60 m H,
Current I = 0.2 sin (3771 =25°)A ‘
Mathematical expression for the voltage V=7

Inductive reactance, X, =27 fL=377x6010" =22.62Q
Maximum value of an alternating V =1 X, =0.2x22.62 =4.5V

Since the voltage leads the current by 90° therefore 90° is added to the phase angle of voltage.
V=V, sin(3771—-25°+90°) V =4.5sin(3771 +65°)V

Example 15.4: '
A318pF capacitor is connected across a 220V, S0Hz system. Determine (a) the capacitive
reactance (b) RMS value of current and (c) equations for voltage and current.
SO]ution:

Capacitance, C=318 pF=318x10"°F
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220
Voltage y=220V

| .
e reactance, Xe =5;7C‘"2”x50,3]g,1()

[=VIXc= 220/10.26 7 21,444
ge & current 15

(a) Capacitiv

(b) RMS value of current,
(c) maximum valuc ofana

v =220++2=311L1V

o

1, _ [x3 =2 x21.44=30.32A,

Frequency & = 27%50=314H7
~. Equation for voltage and current arc:
V=V, sin(w)
& 1=1,,,sin(ax+zt/2)

Jternating volta

Putting valucs
v =311.1sin314¢,

7 =30.32sin(3141+ 7/ 2),

———

f7€) and an inductance of 31.8 mH is connected t0 220V, S0Hz supply,
t (b) phase angle (c) power factor and (d) power consumed.

Example 15.5: 3
A coil having a resistance 0
" Calculate (a) the circuit curren

Solution:

Inductance, L =31.8mH -31.8x10°H

Voltage V' =220V
Coil resistance R =7£2
Frequency /= 50 Hz

(a)  Inductive reactance, X, = 27 f L =27x50x31.8x107 =100

Z= R+ X1 =T +10° =1220
1=V/Z

=220/12.2=18.03A

(b) ané=X,/R=10/7

. Phase angle, ¢=tan '(10/7)=55° lag

= cos =cos55° =.573 laé

Coil impedance,

Circuit current,

(c) Power factor

(d)  Power consumed P=VIcos¢
' =220x18.03x0.573 =2272.8W

Example 15.6: ' i
A 100V, 50Hz a.c. supply is applied to a capacitor of capacitance 79.5uF connected in series with 2

non-inductive resistance of 30 Q. Find (1) imped
for the instantaneous value of current. (1) impedance (2) current (3) phase angle and {4) equalig

Solution:

Voltage =100 V
" Resistance R=30Q .


https://v3.camscanner.com/user/download

s Feder‘l PHYSICS - XI1 (Subjcctive) 221

pld
s Frequency /= 50 Hz

Capacitance C=79.5u F

itive: 1 10° '
Capacitive reactance, X = -
| =40Q2
‘.) , 27 fC 272x5079.5
Circuit impedance, - Z = JRI +X§ . J302 +40? =500
(2) Circuit current, I1=V/Z = 100/570 =2A
&) ‘ tang=Xc/R=40/30=1.33
~. Phase angle . d=tan"'1.33=53° lead

L,=1XJ2=1, =22 =2828n
w=27f=27rx50=314rad s~
4)  equation for current is /= 2.828 sin (3141 + 53°)

— :
qample 15.7: |

A 220V, 50Hz A.C. supply is applied to a coil of 0.06 H inductance and 2.5<2 resistance connected
| series with 2 6.8 F capacitor. Calculate (a) impedance (b) current (c) phase angle between current

nd voltage (d) power factor and € power consumed.

-

olution: .
X, =27 f L=27x50x.06=18.85Q
2 1 = 6 '
X.- 1" _4680

27/C  27%50%638

)~ Circuit impedance, Z = \/R2 +(X, =X, )2

= (2.5 +(18.85-468)' =449.20
) Circuit Current, ] =V /Z=220/449.2=0.4897 A

' g ;X(. _ 18.8;468 n .

Phase angle, = ¢ =tan™' (=179.66)=-89.7°
The negative sign \;vith ¢ shows that current is leading the voltage
R 25

) Power fact = —=-——=0.00557
r factor, cos® QL) |

P =VI cos$=220%0.4897x0.00557 =0.60007w

0000 @000«

) Power consumed,

CamScanner
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a correct answer of th
no

h ,
s.'OC' ' ;ysl(‘m h(‘c:."\“,

(i)
(iii)
(iv)
(v)

(vi)
(vii)

(viii)

(ix)

(x)

(xi)

(xii)

(xiii)

The AC system is prefer red to

(@) AC Y
(h) DC motar angular veloont |
ransmission 1s

AC vol
r for: ‘
(b) alternating current

(d) none of these
nean square value of current will be: |

ped 10 mnynlludc

cffected badly

Jess efficient |
tage for their operation

gltage can be easily char
y 18

(¢} High voltage Al 1

(d) Domesti apphances require

A capacitor s pnl(-((l)" insulato

(a) dhrect current

(¢) direct as well as alternating current
nating current is 5J2 A.Ther

The peak value of alter
(b) 2.5A, (c) SV2A (d) 52 A
ance X; and resistance R are:
(b) X, =<<R (c) X, >>R
(ance is made one-1ourth, when in resonance. Then what should

{a) SA,
In choke coil the react
(a) X, =R

In an LRC circuit, the capaci
chanpe in inductince, 8o that the circuit remains in reson

a) 4 umes (b) 1/4 times (c) 8 times

In AC system we generate sine wave form because:
(b) It produces least disturbance in electrical circuj

(d) Other waves cannot be produced easily

(X, ==

ance?

(d) 2 uimes

{a) It can be casily draw

(b) It 1s nature standard
The phasc difference between the current andvoltage at resonance is:

(3) 0 (b)yr be) -1 (d) /2

An ?llcrnnling voltage is given by 20 sin 157 t. The frequency of alterrating voltage is:
(a) SOHz (b) 25Hz (c) 100Hz | (d)75Hz
In LR current which one of the following statement is correct?

(a) L. and R oppose each othef
'h) R value increases with frequency
(¢) The inductive reactance'decreases with frequency
(b) The inductive reactance decreases with frequency
An alternating quantity (voltage or current) is co'mplml KT '
1y known if we know it’s:

(o) maximum value ‘ney '
s n uz.' (b) frequency and phase (&) etfective value ' #t
or electromagnetic waves, Maxwel] generalized: : (d) poth ‘a) & (b) '

a (qu e | , 2
¢)faradays law usses iaw for electric

el rIcily

An cleetrom: : (d) amperes law )

ich of the followin

a) Radio wavec
(a) Radio waves (b) X -rays g does not change?

(c) Ultra vi iati |
rentand voltage are in ph olet radiation (d) Ultra sound wave:

(a) Ze
e (b)

(%] CamScanner


https://v3.camscanner.com/user/download

gcholar’s Federal PHYSICS _ X1

f

I(Subjecti\e) ' - : ) 0,223

e o e Y EXPLANATION A 0%
(i) hC voltagc can be ca31ly A.C can be step up or step down by mean Of
| —1° anged in magnitude transformer
i |@) direct current, For D.CI=0
N
' g i So XC=_=_=

Y 0
) @ [FA - \énfc

And

Ip - 5

Inns'='\l-'<_lr;=‘\/_%=-)§
: <> =52
(iv) | () X, >>R _

Thick copper wire c01l so it hve lafge rfactance but
v | i small re51stance . 8 ,
\} : |

4 times
|Byfi= wfa

| S et ', 2
As capacitance ‘become Zth so in order to mak_e,fr

n
K

e 2 - | constant, the inductance must be four times
(i) | () Jt produces least disturbance | Becavse their effective value (rms value) of A.C is
s n electrical circuits equal to saune amount of DC. - :
(vii) | (a) 0 V and {are in phase at resonance
(viii) | (b) 25Hz 1V =205sin 1571
' AsV=Vosinot
So
@t = 157t
2nf=157 = 2x3.14xf=157 -
f=25Hz
(ix) () The  inductive reactance | X, = 2nfL
decreases with frequency | X, o f
(x) (d) both (a) & (b) Because effective value may also be calculated by it
: maximum value
| (xi) | (d) amperes law Maxwell is responsible for important generalization
’ . of Ampere’s law.
1(xii) | (d) Ultra sound waves No option but (d) can be marked among given, as 1t 1s |
‘ not electromagnetic wave
| (xiii) | (b) 1 , . AsV aond I are in phase so 6 = 0° power factor = cos 0
' : cosO =1

it : ""s;fﬁieur*g%
1. Explain with diagrams sinusoidal alternating voitage and sinusoidal alternating current.
Ans:  See Theory Question No. 1 .
2. Define mean, peak and rms value of sinusoidal current and smusmdal voltage. Obtam

mathematical expression for the rms value of current.
Ans:  See Theory Question No. 2
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SN AC o

224 ols connected across a resisto
—_— of angular frequency PR
3. A """'°",’",'"'m,::':,g:org:gﬂuunt-"“’“’ voltago instantaneous current and the
athematical exp )
g;nlpated per cycle of the nppllod voltage
Ans:  Scc Theory ncy to @ I8 connectad across a ca
of angular frequo Pac
4. A slnuso'ida! ’,’,L’:P::‘,:‘,‘:,;ﬁg:ngr instantanoous voltage instantanoous curront and the 5,
“ind mathema tage.
l”'g:s'cr dissipated pef cycle of the applied Y2 20
T;;;: See Theorn " Pp——
e " e of angular frequency I8 connected acr n Indye
5. A ""”m'daz '":;":2:,2.:23:9/? Find mathematical expression for instantaneous v°'°’
inductance L @ : jied volta
,:,.,m,ncous current, average power dissipated per cycle of the appli ge ang
power curve. - ~
Ans Sce Ihcory
B Explain the term impedance of an AC circuit. Find expression for the of the RLC series cm\
—;;‘; See Theory Question No. 6
7. Describe that maximum power Is transferred when the impedances of source and load m“c\h
each other.
- -
Ans:  Sce Theony Question No. 10
g
8. In an RL series circuit will the current lag or lead the applied alternating voltage? Explain
answer with a phasor diagram.
:\—ns: See Theory Question No. 6
9, In an RC series circuit will the current lag or Jead the applied alternating voltage? Explaln%
answer with a phasor diagram.
Ans:  Sce Theory Question No. 7
40. What do you mean by the term phasor dlagram? Why we use it for a sinusoidal current a
voltage? _
ans: Sec Theory Question No. |
1.  Explain the resonance of a series RLC clrcuit. Show that resonance occurs at a frequen:
1
determined by: f, =
ZﬂJLC
ns:  Sece Theory Question No. 8
2. Describe that maximum power is transferred when the impedances of source and load match?
each other.
ns:  Sec Theory Question No. 10
3. Describe the statement of four Maxwell's Equations. Use Maxwell’'s theory to show thd
] A A AB z, (D)
s p= and 1=-¢——( ) ’ :
2ar Ar  2ar AL Af ‘
ns: See Theory Question No. 10& 11
. Whatis the principle of ECG? Sketch the wave curve of heart beats and explaln the tor
positive deflection and negative deflection.
ns: Sce Theorv Question No. 13 |
5. Describe the principle of metal detectors with suitable dlagram. J
See Theory Question No. 9

ns:

e

CamScanner



https://v3.camscanner.com/user/download

Scholar's Federal PHYSICS _ x

———

I (Subjective) ‘ ‘ 225

6. What is ECG and its principle, by sketching its curve identify the terms positive deflection,
negative deflection, p deflection, QRS and T deflection?
Ans:  Sce The

ory Question No: 13

____Conceptual Questions ~ = =55
(a) Sketch a graph of e.m.f, induced in an inductive coil rate of change of current. What is the
significance of the gradient? : '

Ans: The graph wil| be straight line -

Explanation:
As the self m]duccd emf can be mathematically expressed as _ I £
A ,
e=L— :
; A
. %
Or ocg
S : | | v/ i
As ind_uced emf and the time rate of change in current are directly
proportional. So the graph between them is a inclined straight line
Signification:
: A
The slope of graph between € and XI gives the value of self inductance L as
£
Slope ="/ %4
. __E : -
ie. L_A[/At (VsA™) |

L (b) Explain why it is difficult to measure the rate of change of current?

Ans: Current is sometimes a little harder to measure then voltage because an ammeter usually needs to be
inserted into a break in the line carrying the current i.e. in series rather then just connected across two
point in a circuit as just done for voltage. But it can be casily measured by its magnetic field around the
current carrying conductor.

1. (c) How do graphs of e.m.f. against time and current against time make it possible to measure self-
inductance?

Ans:

T
(= Al Al
€
At
t—= At —
€ = constant Al _
AL constant

So the ralfo of these two constants is also a constant which is known is self inductance

£
Of L_A_I

At

CamScanner
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226 T . tive and somm
2 d voltage proﬁded by an AC gcnemtor arce s-omctlmcs niﬁl:‘ akory bc'anatil\:‘?
- (2) -(;urrcnf nr? ‘,;)‘. fgr' and AC generator connccth to a resistor, powcer : A gerivat ¢
(pbo)s'é“ c; }::‘p:]m.:::,;cmh‘ graphs why the frequency of variation of power In an £ th
xplain, osIng § g y WU ,
twice as that of the current and voltage. . - — in'sﬁ"-\-
~e is connccted with 8 resistor, then the gxpression for ;}vcmgc.pow ’ ke gx et
Ans: 8) AnA.Csource 18 } the ver dissipated In a resistor can press ag
-equal to the product of Trms and Vems. Therefore the pewer o otor cas0 = €0 0= N
<P> = Vims Irms (Vs and Tms are in phase so power factor ¢ 4 '
V2 |
<p>=1.,R="Tg" (v Virms = Trms R) '
ce . 8gd s cination 1 i can never be negative,
Thus from above expression, 1118 clear that power dissipation 1n & rcsxstorp gative
b) The mean power can be written as - ' . ) G
<P> = Vims Ims \ VR
v | '
PR By J NS
VI '
<P=g
2<p>=VI , O
3 What determines thg gradient of a graph of inductive reactance against frequency?
Ans: As inductive rcactance can be expressed as
.‘4\'1. =wlL T
Or X;.=2=nfL (o = 2=f) X 4 AX,
So X,xf (linearly proportional) AT
Hence the graph between X and fis a straight line.
‘The gradient or slope of graph is expressed as o
] o _‘-}2‘_' !
Slope = Ar — (1)
‘\b .\’L ~ ..’/H.I >
X
O “—=2x1
\4r f Lilas
So equ(l) bccomes
D z AX;
. AR
] IAX'
Or L= e —._\_ ,
or i 3 oradient o . _
T using its gradient, we can measure self inductance of coil.
4. How docs doubling the frequency affect the reactance of (a) an inductor (b) a —— —
Ans: a) AsInductive reactance can be expressedas . Capacn‘ru :
X =2nfL
And X, =2af'L e fr=2f
X, =2n2f) L
X, =2(2nfL)
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0147 .
| fd/——- X, =2Xy,

So inductive reactance become doubled

b) As Capacitive reactance can be expressed as

,
kc‘anC
= 1
And )\"=271PC = f
: )|
X, =

,.
)
=

=

)
-2
(.

.
Xe=3 MC)

oo
X(:—:X(’

§o capacitive reactance become halved.

. ; ) 2
< If the peak value of a sine wave is 1,000 volts, what is the cffective (E.p) value?
“.

e  Given data: Vo= 1000 volis
1o find: Vrm\ =
, : V,
S(‘lll“k‘ﬂ \ ms ;/_5:
=0.707 V,

=0.7Q7 x 1000
= 707 volts

6 Show that reactance is measured in ohms for both inductors and capacitors.

wnis: a)  The opposition provided by the inductor in the tiov. of A C is called induction reactance

y
y \m\k
ms

Vo sinwt
ALT T, sinwt
So its unit 1s:

. volt
Unitof X = Lampere

Vo
Unit of X, :—IT: (ohms)

So it is measured in ohms : ‘ ‘ B
B g the capacitor in the flow of A.C is called capacitive reactance

b)  The opposition provided by

: Y

XC =

lrms

Vo sinwt
XN ot

lp sinwt

) ) ( volt )

Unitof X = ampere

V .
Xc= 1. . (ohms)
0 .

So it is also measured in ohms.
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: inci ECG- - . ition. lect :
7. Describe i:;":)ncr::rl;e;fECG 75 worldwide used for dlagno'smgh h::tr; :33;:';‘0“ An clectrocardiogram
: i . e :
Ans: ;Ish: ;LC::;?;ZT of tﬁe small electric wavfeshbc}:,nsng;:llgrzt;cé :dusn;fwn. \ mormal heart beat is initiated by 5
s , the he o= &
il pulse of Zﬁ’c’t’ni‘iﬁiiifh T yiny electric ‘shock” spreads rapidly in the heart and makes the hear
small p - ) | ,
muscle contract.  time, there would be no pumping effect.

If the whole heart muscle contracted at the sam
ty starts at the top 0

lectric activi i
Therefore the electric in an optimal way for pumpIng b

the heart muscle to contract 1 ; h
recorded in millivolts by the electrocardiograph.

=~ Numerical Problems - |

ply is 300 V. What is the rms voltage? =~

f the heart and spreads down, and then up again, causing
' lood. The electric waves in the heart are

v _

s A e Tk,
- - '{_ :,. -~ .‘....-:._,;_ .

1. The peak voltage of an ac sup

-Give:

Maximum voltage = Vimax = 300V

To find:
~Root mean square voltage (Vims) = ?
Solution:

The rms voltage is defined as

Vs = A£T =707 Viuax

\2

V s = 0.707 x 300V

]Vm,=212.1\/|

2. The rms value of current in an ac circuit is 10 A. What is the peak current?

Putting values:

Given:
Root mean square current Irms = 10A

To find:
© Maximum current Inax =7

Solution:
The rms current is defined as

I rms = 7‘-21
Inax = '\/5 X Irms
Putting values:

Imax =2 X 10A
I = 1.41 X 10A

Or

3. The a.c. voltage across a 0.5 pF capacitor is 16 sin (2x10° '
V. Find
(b) the peak value of current through the capacitor. ! 18) tho capacitye reactance
Given:
Capacitance C=0.5 pF=0.5 x 10° F
Instantaneous voltage Ve = 16 sin 2x10°t)v

CamScanner
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Reqoi

fation:

red:

Capacitive reactance X, =9
peak current Ly, =7

Few more dziz points can be ed '
o - Cal at . - - - -
general instantzneous voltape cfﬂf by comparing the given instantancous voltage equation with the

£ equation for capacitor,

The given equation is V.= 16si .
e ¢ = 16sin (2210°t) — (i
The general eguation is Ve=Vor sin ot ——s (ii)()

Compzring equation (i) and (ii), we get

The peak voltage is Vew =16V
nﬂangu]?:froqumjzm=2x 10 r2d / s

The capacitive reactance x, is given by the relation

(z)
: C’lc
Putting values:; X, = x 1
* 2% 10rad /5% 05x% 107°F .
" : 1
A = = Xc= =
; “ " 2x%x10Prad/s%0.5x10°C/v Xc lmeQ T2
(v) By Ohm’s aw thepeak current be written as
Imax __."_{mz
) 16 . 3
Putting values: |, 17 = 16 21077 A= 16mA
(1., =167 107 A = 16mA]
4, The voltage across a 0.01 uF capacitor is 240 sin (1.25 x 10t — 30°), write the mathematical
expression for current through it. ;

Given: Capacitance C = 0.01pF = 0,01 10°F

Instantaneous voltage V. = 240sin(] 25210°t-30°)

To find; Instantaneous current I, = 7

solution:
Few more data points can be calculated by comparing the given instantaneous voltage equation with the

general instantan€ous.
Ve = 240 sin(1.25 x 107 t = 30°) —> (i)

The given equation is
The general equation is V¢ = Vinex sin ot —> (ii)
Comparing equation (i) and equation (ii), we get

The peak voltage is ~ Vmax = 240V

The angular frequency is ot = 1.25 % 10° rad/s
Instantancous current for capacitor ic can be written as I =Imax Sin (0t = ¢ +90°) —— (iii)

By Ohm’s law the peak current can be written as

Vi
max . Xc
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Imax = Vinax ©C — (iv) since Xe =0 :
Putting equation (iv) in equation (iii), we get
L. = Voo x @ x sin (ot — ¢ +90°)
Putting : .
I = 240v x 1.25 x 10°rad /s x 0.01 x 10 F x sin (1.25 10* 1 —30° + 90°)
Or .=3x102Y/sxc/Y xsin(1.25 10 t + 60°)
Hence =3 x 107 A x sin (1.25 x 10° +60%)
[1.=3 x 107 sin (1.25 x 10"t + 60°)]
5. Aninductor with an inductance of 100uH passes a current of 10mA when its terminal voltage j
6.3V. Calculate the frequency of A.C supply. —
Given: -
Inductance L = 100puH = 100 x- 10° H
Current I = 10mA =.10x10" A
Voltage v =63V 3
Required:
Ac frequency =7
Solution:

The inductive reactance X| is
X, =w,=2afxL

_ X .
Or f=s—— 0

The :nductive reactance X can algo be written as

X V. 63V

or X, 20.63%10° Q —— (i)
Putting values in cquation (i)
o 063x10°Q
[=3%314x100%10°H
. : [f=1.003 x 10° Hz] .
6. (a) Calculate the inductive reactance of a 3.00 mH inductor, when 60.0 Hz and 10.0 kHz A40-
voltage are applied. (b) What is the rms current at each frequency if the applied rms voltage is
- 120 V?
Given:
Inductance L =3.00mH = 3.00 x 10°H

AC frequency . fiy = 60Hz
AC frequency f2=10kHz =10 x 10’ Hz
Root mean square voltage v, = 120V
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(a) Inductive reactance X, "
' =

b Inductive reactane )
(b) duc IYL reactance X, = 9
(© s at frequency f, = 9
(d) lum} at ll"C([llC!]Cy fy =9
Solution:

(a) The inductive reactiance gt f'rcqucncy fy is

. Xy 2nfy x [,
Putting values: Xiy=2x13, 14 % 60 Hz x 3.00 x 10° H

or Xy l.l3()4l/ﬂle/A

or X1,= 1.1304 ohm

ance at frequency f i

Xi2= 2nfy x |,

X12= 2% 3. 14 % 10 x 10’ Hzx 3.00 x 107 H

The inductive react

Putting values:

or X|,2f4188.41/;(xV;€/A
or )5|,2 = 188.4 ohm
(b) The rms current at frequency f; 15 Irms, =¥(m
Ly
: 120
Putting valucs: il 113000
or l'm’L; 106.16A
The rms current at frequency f; is Ims; is
l == Y—I-Im
miy Xl,z
. 120
Putting values: Ly 7 188 40
o Tms, = QB3 7A

[ For the same RLC series circuit having a 40.0 Q2 resistor, a 3.00 mH inductor, and a 5.00 pF
capacitor: (a) Find the resonant frequency. (b) Calculate /,,,; at resonance if V., is 120 V.

Given:
Resistance R = 40,002
Inductance L= 3.00mH = 3.00 x 10°H
Capacitance C = 5.00pF = 5.00 x 10°F
Root mean square voltage Vs = 120V
Required:
(@) Resonant frequency f, = ?
(b) I at frequency f,=?
* Solution:
The resonant .frcqucncy is fo= ‘Z—E\I—I{)(———E'
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1 .
Putting values: fo= 6.28~/15.00 x 107 vs/AxC/vV
Hence, , f°_6.28 1500 105vE/AxAF/vV
: o .
TS S
Hence, fo= 7691 x 10-4s

(f.= 1,300 x 10° Hz = 1.3Hz
es RLC circuit behaves as purely resistive circuit and the impedance Z=

Therefore,

Since at resonance the seri
therefore the rms current at resonance is

‘ Ims = Vims / R
putting values:
_120v
lmms =200
or I, = 3.00A
8. A coil of pure inductance 318mH is connected in series with a pure resistance of 75(2. The
* voltage across resistor is 150V and the frequency of power supply is 50Hz. Calculate the voltage
of power supply-and the phase angle.

Given: '
Inductance L =318mH =318 x 10°H
Resistance R = 7502

AC frequency-f = 50Hz

Voltage across resistor Vg = 150V

Required:
Supply voltage v = 7, Phase angle 6 = ?

Solution:

The inductive reactance X is Xo=wL=2nfxL

XL =2x3.14 x 50Hz x 318 x 10°H

or
or XL=99852x 102 V§/Ax1/§
Hence, XL =99.852V /A =99.852Q

The supply voltage relationis V =1 x Z—— (i) »
For series AC circuit the current is same through all components therefore total current ‘I’ can be

calculated by calculating the current across the resistor Ir. Such that I =1

_Y_B___]50V= B
I—R ._75(2 2A —> (1)

For series Ry circuit the impedance Z is given by the relation ]
Z=+JR* + X}

Z=~J(75Q)" + (99.85Q)"

Z = 1.24.88Q —> (iii)

Putting equation (ii) and equation (jii) in equation (i), we get
V =2A x 124.88Q2

[V =249.76V = 250V|

Putting values:

CamScanner
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l 10\ H - -1 &
The phase ange 1S 6_ tan R

alues 0 = tan™ M’Q_
’ 75Q

— A resistor of resistance 39 () g connacte

across a power supply of 50H
equation for the Instantaneou
— ‘
Given:

Capacitance C =T79.5F = 79 5 10%F

Resistance R = 30Q

AC frequency f= SQHz

Toot mean square voltage V,... = 100V
Required: (a) The impedance 7 =9

() Thecurrent1=29

(c)  Phase angle § =9

(d)  Instantaneous current | = 9
Solution: -
The capacitive reactance X, is

l)uﬂi“g v

d in series with a capacitor of capacitance 79.5pF

Z and 100V. Find (a) impedance (b) current (c) phase angle and (c)
S value of current. '

<

1 1
W 2nfxC

_ ]
2.314 x50Hz x79.5 x 10°F
_ 1
24.963 x10° I/sxC/V

Xec

Xc

= 1 . b
X~ 24963 x107 A7V - 0400 10 V/A—A4OQ

RT+X2

\ :
\[120Q) + (40Q)!

The impedance Zis  Z=
. Vo

Vimg
(b)  The current ‘I’ is given as Ims = 2“
o _ 100V
Putting values: Ims =500
I = 2A
i . a Xc
() The Phase angle 6 is 6 =tan”
; o, 400
Putting values: 0 =r tan 300

(&)  The instantaneous current I is
Tinst = Imax Sin (27ft + 0) since
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234 .
Imax = '\f:-’. Irms therefore =

Lngt =2 Ims 5in (27ft + 0) I

putting values: T =2 x 24 xsin {2x 3. 14%50) % 53.12°} 12
1., = 2.8284 x sin (3141 = 53.12%)] 1

uctance of 31.8mH is connected to 23075;; "l

4

f 7Q0 and an ind

10. A coil having a resistance O
supply. Calculate (a) the circuit current (b) phase angle (c) power factor .(d) power consumeq
Given: ) & -
Inductance L =3.18mH = 31.8 x 107 A
Resistance R =7Q .
AC frequency f=50Hz
Root mean voltage Vi = 230V '
Required:
(a) CurrentI=?
(b) Phase angle 6 =7
(c) Power factrcos 8 = ?
(d) Power consumed <p >= :
Solution: '

The inductive reactance X[ is
Putting values :

Or

Putting values:

Hence,

(a)

(b)

(c)

(d)

The impedance is Z=~/R*+ X}

XL=op =2afx L
X =2 x 3.14 x 50Hz x 31.8 10~H

X, =9985.2 x 107>V § /Awx 1 fhence, X1 = 9.9852V / A =9.9852Q

=~J(70) + (9.985202)°

zZ
Z=12.194Q
Vims
The current I is givenas  Ims =7~
Putti les: [ 4 230V
umng values: max 12, 1940
T 0i n I 2\;'*
The phase angle 0 1s =tan
, . — 9.9852Q
Putting values: =tan” T
[0 = 54.95° =557
The power factor cosB is

[cos 0 = cos 50° =0.573) _

The power consumed is
<p>=Iims Vims 08 0

Putting values <p>=1886A x 230V x 0.573

Or [<p>=2484.24 W
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Why A.C is preferred on D.C for long distance transmission?

A.C is preferred, as it can be stepped up or down. Power loss is reduced if A.C is used.

230 V A.C is more dangerous than 230 V D.C Why?

L
3,
Ans

For 230 V A.C the peak value is 325.22V but 230V D.C has same maxxmum value, So A.C is more
dangerous than D.C of the same voltage.

4, Microwaves are better carrier of signals than radio waves why?
Ans.  The frequency of microwaves is higher than that of radiowaves, therefore microwaves can propagate
through a longer distance without much loss of intensity.
5. Name the device that will (a) permit flow of direct current but oppose the flow of alternatlng
current (b) permit flow of alternating current but not the direct current, -
Ans. (a)  An inductor is a device which will permit flow of direct current (D.C), but oppose the ﬂow of
alternating current.
(b) A capacitor is a device which will permit the flow of alternating current but oppose the flow of
— direct current.
6. A circuit contains an iron-cored mductor a switch and a D.C. source- arranged in series The
switch is closed and after an interval reopened. Explain why a spark jumps across the swntch
—___ contacts?
Ans.  When the switch is closed, current grows from zero to maximum A~
value, This changing current produces change in the magnetic flux L

due to which an emf is induced in the coil.

This induced emf becomes zero when current become steady. When
the switch is reopened again induced emf (back emf) is developed

across the inductor (coil). When this back emf has a sufficiently -3
large value, it produces a spark at the cnds of the'switch contacts.

»
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tric lamp In an A.C. circuit causes the lamp to bgT;m.\

A choke coil placed in series with an elec
2 A variable capacitor added In series In this circult may be adjusted unti| the

Explain, how this is possible?

Ans.

dim. Why is it so
lamp glows with normal brilliance.
uctor) is placed in series with A.C. lamp, thus lamp glows dim, because choke %

When a choke (ind
offering more reactance (X.) and hence current through the lamp is small.
% Qf"c =

% 5

. {2

=

When a variable capacitor is added in series with the choke, then the impedance of the circuit beco.mes
d reactance of capacitor are equg)

minimum, because at a resonance condition the reactance of choke an

in magnitude and directed opposite, so they cancel each other effect and the impedance of the circyj

becomes minimwn and current becomes maximum. Thus lamp starts glowing with normal brilliance

0 000@@@O0® -

CamScanner


https://v3.camscanner.com/user/download

SCho : — :

o gncircle the correct option,
G/A—n-i;ductive coil has g resistanc

: eof 10

1" applied voltage leads the current by 4500 \%h When an AC signal of frequency 1000 Hz is fed to the coil, the

A) 10 mH (B) 12 my * Yhatis the inductance of the coil?

When a voltage V =V, cog 01 i applied (C) 16 mH (D) 20 mH
% cycle in the resistor is given by ACToss a resistor of resistance R, the average power dissipated per

A .
(Ayzero (B) —Yo_ % N
: - V2wR © 2R Bl 5ok

Maxwell derived mathematically ¢, i ¢
3. 1= s ' y lat the speed of the electromagnetic waves is

(A) — (B)

£ [ : v i
A “i:e of resist R m S : | > Habs
, i ance R is coiled i ' :
4. (requency of Fis 18 coiled Inductively so that its inductance is L. The impedance of the coil at 2
\
12 ~ '
A)(R+27 ' R+1 112 V12
w (R+27fL) ‘ ® 27 /L (©) (R*+ /L") O) (R +ar’ L)
I l . . .

5, ::;:Eu::ts)s plate is inserted in between the plate of a capacitor in series with a lighted bulb, the brightness of

(A) remains same (B) increases . o
: (C) brightness decreases (D) no light
6. IfL;is the peak value of AC supply, then its rms value is given as 1,,,, =

I I '
(A) = B) —— : A
2 ®) 8707 @421, (D)\/—z-

1. The range of F.M transmissicn frequencies is from
(A)540 kHz to 1600 kHz  (B) 88 kHz to 108 kHz (C)88 MHz to 108 MHz (D) 540 MHz to 1600 MHz
8. The slope of (q - t) curve at any instant of time gives
(A) current (B) voltage (C) charge (D) both A and B
9. Atresonance frequency, the impedance of RLC series circuit is
(A) maximum (B) minimum (C) zero (D) infinite
10.  Inthree phase AC supply, the phase difference in voltage of any two phases is
(A) 90° o (B) 180° (C) 120° (D) 360°
Q.No.2 Write Short Answers any SIX of the following questions. (6 x2=12)
1. What determines the gradient of the graph of inductive reactance against frequency?
2. Why the average value of a.c current is zero, but root mean square value of voltage is not zcro?
3 Nanie the device wiuch will permit the flow of A.C. but opposes the flow of D.C.
4, In R-1. cirruit, will the current lag or lead the voltage? Illustrate y our answer by a vector :liagram.,
5. Write down the principie of generation of electromagnetic waves.
6. Diffcrenciate Fetween resistance and the reactance.
1. Howw.!'doubling the frequency of a.c effects the capacitive and inductive reactances?
8. A choke zoil placed in series with an electric lamp in an a.c circuit causes the lamp to become dim. Why is it so?

A variable capacitor added in series in this circuit may be adjusted until the famp glows with normal brilliance.
~__Explain how this is possible?
Q.No.3Extensive Question. ' - (5+3=8)

Q. (a) Describe in detail the effect of inductance in an ac c.ircuit.. _ .
(b) A coil having a resistance of 318 mH is connected in series with a pure resistance of 75 ulims. The voltage across
resistor is' 150V and frequency of power supply is SOHz. Calculate the voltage of power supply and the phase

anglc.
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Q.No.1 Encircle the correct option. —
1. In RLC scries circuit, at low frequency n '
(A) Xe < X1 (B) Xc > Xt (C)Xc=XuL (D) none ofthc:se
2, During frequency modulation when amplitude of signal is Zf!l‘.O, the frequency of carrier waver is
(A) zero (B) maximum ~(C) minimum (D) normal
3. The reaction of an inductor at 50 Hz is 10 Q its reactance at 100 Hz becomes
(A)20 Q. (B)5Q ©25Q | (D) 1Q
4. In RLC AC circuit at resonance, the phase difference between current and voltage is
. (A) H0° (B) 180° (€) 0° (D) 360°
S. In modulation, low frequency signal is known as
(A) loaded signal (B) fluctuated signal (C) harmonic signal (D) modulation signal
6. Which one of the following requires a material medium for their propagation? '
(A) heat waves (B) x - rays (C) sound waves (D) ultraviolet rays
7. At high frequency, RLC series circuit shows that behavior of
(A) RC scrics circuit (B) RL series circuit (C) LC series circuit (D) none of these
8. An ac emf given by V =V, sin ot has a maximum valne of 10 volt and { equency ol “OHz, then {h,
instantancous emf{at t=——sis »
- 600 ‘
(2) 10 volt (b) 5 volt (©) 543 volt' (d) 1 volt
9. In which of the following sequence are the electromegnetic radiations in decreasing order of  wavelength !
(a) infrared, radio, x-rays, visible (b) radio, infrared, visible, x-rays
(c) radio, visible, infrared, x- rays (d) x-rays, visible, infrared, radio
10. In frequency modulation the amount of freguency deviation depends on the: '
(n) frequency of audio signal (b) amplitude of audio signal
(¢).both frequency and amplitude of audio signal (d) none oiihcsc ‘
Q.No.2 Write Short Answers any SIX of the following questions.
1. What is meant by root mican square value of voltage? i
p How many times docs the lamp reach to its maximum brilliance when frequency of a.c is 50 Hz.
J. What is meant by A.M and FM?
4. In R--C circuit, will the corpentlag or lead the voltage? illustrate y our answer by a vector diagram.
s Hqw the reception of a partieular radio station is selected on your radio set?
6. The peak value of ac is T0A, findats rms value.
7. What 15 an eléctrical oscillator and how it is used in metal detector?
Q.No.3Extensive Questions: o

Q. (w) Discuss RUC veries resonance circuit in detail,
(b) The ac voltage across a 0.5 micro farad capacitor is 16 sin (1.25 x 10t — 30°)V. Write the mathematical

OOEOOOO

expréssion-for the current through it.
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