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Unit 15

A.C Circuit
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Learning Objectives

After studying this 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 form x = % sin w t.

Describe the phase of A.C and how phase lags-and leads in A.C Circuits.
Identify inductors as important components of A.0 circuits termed as
chokes (devices which present a high resistance to alternating current).
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 capacitors and
inductors.

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 quadlitative 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

For Your Infoermation |

Alternating current is produced by Alternating Current Metal deleciors are

used 8 & pons ang
alfed dEfilive hads
Generators. In general AC generators, motors and other o Yo
obecis Cause

electrical equipment are simpler. cheaper and more reliable ol o

than their DC counterparts. The study of resistance, way & circut dstects

inductance and capacitance in AC circuits will help us in uses

of circuit elements and AC sources.

James Clerk Maxwell in 18464 describes the electromagnetic theory which
describes the relationship between electric and magnetic fields of oscillating
charges. According to this theory, the accelerating electric charges radiate
electromagnetic waves, which propagate at the speed of light. The
frequency of the electromagnetic 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 equations unified the Optics and Electromagnetism.

Q1. What is alternating voltage and current. Why they also called sinusoidal
signal?

Alternating Voltage and Current:

The cumrent which changes its magnitude continuously and direction

periodically is called alternating current.

In order to operate a circuit, we use a D.C or an A.C source. In direct current,
electrons flow continuously in one direction from the source of power through
a conductor to a load and 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 with produces potential

differance nf chonoina nolorrity with fime is called os alternating sonrce A
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voltage which changes its polarity which causes the change in direction of

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

Figure shows an alternating voltage source ——
connected to aresistor R. in Fig the upper VA =

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 are reversed, so that
current now flows in the opposite direction. This is called alternating current

because the current flows in alternate directions in the circuit.
Sinusoidal Alternating Voltage and Current:

The sinusoidal alternating voltage can be produced by rotating a coil with a

constant angular velocity in a uniform magnetic field. A.0 voltage switches

polarity over time. The graph between |

voltage and time can be expressed by the

equation:

V=Vmsinet (1)

Where V is Instantaneous value of alternating voltage, Vm, is maximum, value
of alternating voltage and-co is angular velocity of the coil. Figures shows
wave forms of voltage or current are sinusoidal and direction at regular

intervals but the magnitude is also changing continuously.

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

A.C. Terminologies:

As AC rises from zero to maximum positive value, falls to zero, increases o a
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1. Instantaneous Value:

The value of an alternating quantity at any instant is

N . w | LL ] Fisl]
called instantaneous value. The. instantaneous g i
3 v
values of alternating voltage and current are =
represented by V and | respectively. As an example, A5 witptor

the instantaneouwus values of voltage at 0° 90°and 270° are 0, +# Vi, - Vi
2. Cycle

One complete set of positive and negative value of an altermating quantity is
known as a cycle. A cycle can also be defined in terms of angular measure

One cycle comresponds to 360° electrical or 2m radians.
3. Time Period:

The time taken in seconds fo complete one cyclic of an alternating quantity

is called its time period. It is generally represented by T.
4. Frequency

The number of cycles completed in one second is called the frequency (f) of
the alternating quantity. It is measured in cycle/s (C/s) or Hertz (Hz). One hertz

isequalto 1 C/s.

The frequency of power system in Pakistan is 50 C/s or 50 Hz. It means that

alternating voltage or cumrent completes 50 cycles in one second.

5. Peak valuves:

The maximum value reached by an AC waveform is d

called its peak value. A.C reaches to its peak value f '\\\ j'

twice each cycle, once at the positive maximum - oo vaia

value and once at the negative maximum value. The peak value of a
waveform is also called its amplitude, but the term "peak value” 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
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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 area
below the time axis is negative. 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
Time T

Average=

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

As the average value of A C over one cycle iszero 1
importance of Sine Waveform:

H : i Altemabig voltages and currents
and is not suitable for power calculation. Therefore, can be produced in varety of
Y waveforms (g square waves
we use RMS value to measure the effectiveness of franguiar  waves  rectangular
waves aic). but the engineers Iﬂ*::

. : choase 1o adopl sire wavelarm
an alterating current. The equivalent average has folowing advaniages
1 The sine wavelorm produces

value for an alternating cumrent system that provides the less! disturbance i the
elgctncal ciftisl and = the

: smoothest  and Maient

the same power to the load as a D.C equivalent et P aarncie, when
v s . = cumgn N a capacior, i an
circuit is called the "effective value inductor o in a iransformer

sinuscidal the voltage across
the element & als0 sinusodal

This effective power in an alternating current system i gl ot Jhomed
A . i The mathematical
is therefore equal to (I2R Average). As power is computabons, connected with

aflemaling current 'work, ane

proportional to current squared, the effective

current, | will be equal to / I?Ave .

Therefore, the effective current in an A.C system is called the Root Mean
Squared or R.M 5. value. The effective or r.m.s. value of an altemating 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 P [

same time. | [\ [} 1] ‘

Although peak, average and peak to peak : AY ,_ s
values may be important in some engineering |

applications, but it is the r.m.s or effective
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The equation of the alternating current varying sinusoidally is given by
I=1m, Sin c t (2)

If this current is passed through a resistance R, then power delivered at any

instant is
P=ER{lwsinw 1)2R
= Im?r R sin wt (3)

Because the current is squared, power is always positive, Since the value of

sin® ot varies between 0 and 1. its average value is 1/2.
Average power delivered, P = % IZmR. (4)
If I m < is the r.m.s. (or effective) value of alternating current, then by definition,
Power delivered, P =17, ,,:R (5)
Comparing Eqs. (4) and (5), we have,
|2|‘ msR"’—' %IQmE
lrms= 2=0.7071 Im
It ms=0.707 Iy ()

An alternating current can also be represented as a cosine function of time. |

= Imcosw t. Similarly. alternating voltage can be represented as V = Vi cosat.
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Q.2 What is meant by phase of A.C and how we describe the phase
difference between two alternating quantities?

Phase of A.C. »
In electrical engineering. we are more concerned | ¥ w o

| or__:_-_ _T. r‘.'-_-_-r_— D ! |
with relative phases or phase difference between | '\ % |

, : o : | .4

different alternating quantities rather than with their | *

| Altmruating vollsge maew inem
absolute values. |

| werr ¢
The word "phasor” is short for "phase vector." It is a | / /
way to represent a sine or cosine function L/ LT -‘

. : ' "‘.';'ii.- "-'—H—-‘F st

graphically Consider an alternating voltage wave || TR A LELLE o
of time period T second as shown in figure. P st o e 1 e

The maximum positive value [+ Vm) occurs at T/4 second or n/2 radians.
Therefore, phase of maximum positive value is T/4 second or o /2 radians.
Similarly, the phase of negative peak (-Vm) is 31/4 second or 3x/2 radians.
Phase of a particular value of an alternating quantity is the fractional part of

time.
Phase Difference:

In most of practical circuits, alternating voltage and cumrent have different
phases. The alternating quantities of the same frequency have different zero

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 through

its zero point earlier is said to leading while the other is said to be lagging.

e s s —

As both alternating quantities have the same Vord v

e

frequency. the phase difference between them /\ / /“\
remains the same. Pharos of waves can be ol r/ i

g T —3
added as vectors to produce the sum of two * T\\J(:’ /

sine functions. Consider an-A.C. circuit in which
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This phase relationship is shown by waves in Figure. Thus, in figure, voltage V is
passing through its zero point 'O" and is rising in-the positive direction. Similarly,
current | passes through its zero point '‘M" as shown in fig and is rising in the
positive direction. Therefore, phase difference between voltage and current
is OM (= @). Similarly, difference at another points P and N is PN (=®). The

equations of voltage and current are:
V = Vm sinet (i)
I = Im sin (@t - @) (ii)
Alternating Quantities Representation:

The sinusoidal alternating voltage or current is represented by a line of
definite length rotating in counter clock wise direction at a constant angular
velocity (w). Such arotating line is called a phasor. The length of the phasor is
taken equal to the maximum value (on a suitable scale) of the alternating
quantity, the angle with axis of reference (i.e., X-axis) indicates the phase of
the alternating quantity (cumrent in this case) and angular velocity equal to

the angular velocity of the alternating quantity.

In AC circuits, currents and voltages are all sinusoidal functions. The general
mathematical form of such a function is: | = |, sin wt. Let line OA represents
the maximum value |, on the scale. Imagine the line OA (or Phasor, as it is
called) to be rotating in anticlockwise direction at an angular velocity @
rad/s about the point O. Measuring the fime from the instant when OA s
horizontal, let OA rotate through an angle 6 in the anticlockwise direction.

The projection of OA on the Y-axis is OB.
OB = 0OAsinB
I=lm sincot

Where |, is the value of current at that instant.
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L . .

Breunceddl Wawebem
Bnfarng Phasor ¥ Tave Diomn |

Rty vectnrs =i difleresl phase dngles |

Hence the projection of the phasor OA and the y - axis at any instant gives
the value of current at that instant. Thus, when 6 = 920°, the projection on vy -
axis is OA (=) itself. That the value of current at this instant (i.e. at © or wt =
90°) is Im, can be readily established if we put 68 = 90° 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
fime. Things start to get complicated when we need to relate two or more Ac
voltage or currents that are out of step with each other. By "out of step,” we
mean that the fwo waveforms are not synchronized: that their peaks and
zero points do not match up at the same points in time. If the sinusoidal
voltage wave V and sinusoidal current wave | of the same frequency are out

of phase such that the voltage is leading the current by @.

Then the alternating quantities can be represented on the same phasor
diagram because the phasors Vm and Im, rotate at the same angular velocity
) and hence phase difference © between them remains the same at all

time as shown in figure. When each phasor completes one revolution, it


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

More Notes, Books Fbise Visit Now: www.perfect24u.com

V = Vm sin ot
I = Imsin [t - D)

Since the two phasors have the same angular velocity («) and there is no
relative motion between them, they can be displayed in a stationary

diagram.
Instantaneous Power:

The instantaneous power supplied to a circuit is simply the product of the
instantaneous voltage and instantaneous current. The instantaneous power is
always expressed in watts, irrespective of the type of circuit used. The
instantaneous power may be positive or negative. A positive value means
that power flows from the source to the load. Consequently, a negative

value means that power flows from the load to the source.

Q.3 Describe the flow of A.0 through a resistor in detail, also discuss its power
loss.

A.C. Through Resistor:

Consider a circuit containing a pure resistance of R connected across an
alternating voltage source asshown in figure (a), then free electrons flow in
one direction for the first half-cycle of the supply and then flow in the
opposite direction during the next half-cycle. The applied voltage and
current pass through their zero values at the same instant and attain 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 altermating voltage is be

given by
V = Vm sin cat (i)

Where, Vm is the peak value of the alternating voltage.
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As aresult of this voltage, an » J

; ) ) : )
alternating current | will flow in v '-1 .

the circuit. The applied voltage A s o ¥
| ] —l—
has to overcome the dropin the I \vl T

resistance only i e., V. =R el "" 1

¥ ¥, %
Or !=E=?’“srnm1

I = I sin oot (il

The value of | will be maximum (i.e. Im) 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 (c).

In terms of r.m.s. value.

Vin _ Im
B & <R

OI’ III'H'Ilrms = |rms R
Power Loss Iin a Resistor:

The power curve for a pure resistive circuit is obtained from the product of

the comresponding instantaneous
values of voltage and cumrent. Figure

shows that power is always positive '

except at points LM and N at which it

drops to zero for a moment.

Power curve

|
+'
|
This means that the voltage source is I

constantly delivering power to the circuit which is consumed by the circuit.

The average power dissipated in resistor R over one complete cycle of the
applied is:

P <\l= = «V_. cin rat ¥y cin |2 cin et
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Vil .
p= ) n;_mj <sin @t > =

B | =

¥, I
P= r“r; * % = Vims lms

o

Q.4 Describe the flow of A.C through an inductor in detail, also discuss its
power loss. Give the significance of choke coil.

A.C. Through Pure Indicator

An inductor is a two-terminal electrical component which resists changes in
electric current passing through it. It consists of @ conducting coil. Consider
an alternating voltage applied to a pure inductance of L as shown in figure
when a sinusoidal current 1 flow in time t then a back e.m.f. (=L Al/At) is
induced due change in flux through the coil which opposes the change in
flux. As there is no drop in potential, so the applied voltage has to-overcome

the back, emf
Applied alternating voltage = Back e.m.f.

S0 the energy which is required in building up current in inductance L, is

retured back during the decay of the current.

Let the equation for alternating current is:
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| = Imsin cot (i) [
| '
The changing cumrent sets up a back e.m.f. in the coil. v ?ﬁ tgv

The magnitude of back e.m.f/is _[

@)

A1

£e=L—
At

To maintain a constant current the applied e.m.f. must

be constantly applied. The magnitude e of applied L

voltage is:

| )
Al

V=L— v
At

Al sinmt )
At

V=1

A(sinwt )

V= Ly = (ii) .

Using the result of simple calculus:

AEIngt) - o cos wt (iii)
At

Putting the values of Eq [iii) in (i) we get
V=wlncoswt [wlmn=Vm)

Or V =V, cos wt

V= Vmsin(wt +2) (iv)
From equations (i) and (iv), it is clear that current lags behind the voltage by
/2 radians or 90° Hence in a pure inductance, current lags 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.

This causes the current to lag behind the applied voltage which is indicated

by the phasor diagram shown in figure(c).
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Inductance opposes 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,.

Therefore, in analogy to ohm law we can write

Vm= |mXL
Since inductive reactance is i T e p
ratio of voltage to current. | ju P * 1: o L
- ! H
I . -"l l \ \ i -
So . X== oA,
Im 3~ .Jf 3 Ii o N | f‘d 4

| — '\\ N -

| N e/ \of

Or X ="2= gl N IV

Im I\’ -
L] ]|
| The shaded sartion of (he grass ssscales e on sddng partion |, B Bl ssd V. vecior
[ b egued b0 50 Average power owver @ comgieie cyche of AC Theough e idesl |

XL=2rfL

The reactance of coil depends upon frequency of A.C. IN case of D.C.

inductive reactance X_is zero.
Power loss in an inductor:

During the first 20° of the cycle, the voltage is positive and the current is

negative, therefore, the power supplied is negative. Wi

g ; ; , Y of nt
This means the power is flowing from the coil to the ot il gy ook

. power fom the ssurce lo e
source. During the next 90° of the cycle, both circuil. The power which 1§ actually
conslemed in the circgil & called the

voltage and current are positive and the power Pt \urrent and
i i i volage ane o phage n a resistance
supplied is positive. Therefore, power flows from the whereas they are 90" Out of phase
in L or C Therefore, we come o

the conclusion thal current in phase

source to the coil. Similarly, for the next 90° of the wilh vollBge LroduCes ue o Bctve
power whersas current 50° out of
cycle, power flows from the coil fo the source and B praria e

True Power = voltage » Curremt

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
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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=<Vl>

P =< WVmcos wt X |m, sin wt >

P = Vmlm <sin wt > < cos wt >

P=0 <sinwt><coswt>=0
Choke Coil:

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 | is the current and R is the resistance, the power loss in the form of heat is
I2R. In AC circuit, inductor is used. Its impedance is X1 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

attenuvated.

Q.5 Describe the flow of A.C through a capacitor in detail, also discuss its
power loss.

A.C. Through Capacitor:

Consider an alternating voltage applied 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 from around the
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relation between the charge g on the capacitor and voltage V across its

plates ie. g = CV holds at every instant. Let the .applied alternating voltage is:
V=Vm Sin ot (i)

Then at any instant | be the curent and g be the charge on the plates.
Charge on capdacitor.

Q=CV

Q = CVp, sin wt
And =24
At

_ Acv sinwt))

I At

By using mathematical formulae A sin (cot) = wcos(wt)

| = CVm weos (wf)

|=CVm ® sin(wt +§)

1= I sin(m: + g) (i) CVme=In

Equations, (i) and (ii) shows that current leads the voltage by

/2 radians or 90° Hence in a pure capacitance, current leads LW

2] sk chagiam
Cagmcsior i AC circul

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:

|m = ﬁJC I|"d"llr'r'|
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Just like ohm law the ratio of V/I is the measure of apposition offered by a
resistor to the flow of current. In case of capacitor this opposition is capacitive

reactance which opposes the flow of current.

Clearly, the opposition offered by capacitance to current flow is I/wC. This
quantity | /edC. This quantity I/wC is called the capacitive reactance Xc of the
capacitor. It has the same dimensions as resistance and is, therefore,

measured in Q.
1= VCIXC

Where capacitive reactance is

T

The capacitive reactance depends upon frequency of A.C. In case of D.C.,

Xc has infinite value.
Power Loss in a Capacitive Circuit:

In pure capacitive circuit the current lead the voltage by 90° in phase
therefore; the power curve for capacitor and inductor is same. The average

power loss in capacitive circuit is,
F=<Vl>=<Vysinwt x|, cos ot >

P=Vmlm < sin wt > <cos wt >

P=0 <sinwt><cosawt>=0 -

oV - F"H-“E----------- |

This fact is also illustrated in the \! "xwf..f wmpram || © I@. J
. | - y I
wave diagram shown in Fig: 15.16: |, ; m\a \ : ':' l N T '
{ [~ \ " ofl—h— —-t
Which shows that in one cycle the.[{* "=\ % /| KN/~ ™ |
positive power is equal to negative | - ‘ \lj \l} - |
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MCQ's From Past Board Papers

1. Power dissipated in pure inductor is:

(A) Large (B) Small (C) Infinite (D) Zero

2. Direct current cannot flow through:

(A) Resistor (B) Capacitor (C) Inductor (D) Voltmeter

3. Pure choke consumes:
(A) Minimum power (B) Maximum power

(C) No power (D) Average power

4. Capacitive reactance X:=

(A)2rFC (B) — (C) 4nFC (D) —

5. Phase difference between V and | of an A. C through resistor is:

(A) Zero degree  (B) ?0° (C) 180 (D) 270°

6. Choke consumes extremely small:

(A) Current (B) Charge (C) Power (D) Potential

7. At what frequency will an inductor of 1.0 H have a reactance of 500 n?

(A) 50 Hz (B) 80 Hz (C) 500 Hz (D) 1000 Hz
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8. The device which allows only the continuous flow of an A.C., through a

circuit is:

(A) Capacitor (B) Inductar (C) D.C motor (D) Battery

9. At high frequency, the curmrent through a capacitor of A.C. circuit will be:

(A) Large (B) Smaill (C) infinite (D) Zero

10. The basic circuit element in DC circuit which confrols current:

(A) Resistor only  (B) Capacitor only  (C)Inductor only (D) All of these

11. 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:

(A) Zero (B) Large (C) Very small (D) infinite

13. Inductive reactance of an inductor is:

(A) Xe=mfL (B) X =4mfL (C)Xe=2rfL (D) X.=2mL
14. Capacitor will have a large reactance at:

(A) Low frequency (B) High frequency

(C) Zero frequency (D) Negative frequency

15. In capacitor:
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(C) Current leads the voltage by (D) Both are in phase

16. Power dissipation in a pure inductive or in a pure capacitance circuit is:

(A) Infinite (B) lero (C) Minimum (D) Maximum

17. In case of capacitor, the unit of reactance is:

(A) ohm (B) mho (C) farad (D) henry

18. The phase difference between current and voltage in an Inductive circuit

is

(A) Zero (B) 90° (C) 180° (D) 45°

19. 100 pF capacitor is connected to an AC-voltage of 24 V and frequency 50

Hz. The reactance of the capacitor is

(A) 30.8 Q (B) 31.8 Q (C) 348 Q (D) 40 Q

20. The slope of q -t curve at any instant of time gives:

(A) Current (B) Voltage (C) Charge (D) Both Aand B

21. In alternating current, Inductors behave like

(A) Semiconductors (B) Inductors (C) Resistors (D) Insulators

22. The reactance of an Inductor at 50 Hz is 100 its reactance at 100 Hz

becomes


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

More Notes, Books Fbise Visit Now: www.perfect24u.com

23. Which consumes small power?

(A) Inductor (B) Resistar (C) Motor (D) All of them

24. A device which opposes the flow of A.C only is

(A) resistor (B) capacitor (C) inductor (D) None

25. In pure capacitor AC circuit, the current | and q are

(A) In phase (B) Out of phase  (C) Parallel to each other (D) None

26. XL is low for low frequency f, but X_ is

(A) Zero (B) low (C) High (D) Same as X.

27. If the frequency of AC supplied is doubled then the capacitor reactance

becomes

(A) half (B) two times (C) four times (D) one fourth

28. If the capacitive reactance of AC circuit is made four times then the

frequency of the circuit becomes:

(A) Twice (B) One half (C) Four times (D) One forth

29. The device which allows only the flow of D.C. is:

(A) Capacitor (B) Transformer (C) Inductor (D) Generator
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(A) Inductance (B) Resistance

(C) Frequency of A.C. (D) Both Frequency of A.C

31. Choke consumes exfremely small

(A) Current (B) Charge (C) Power (D) Potential

Answer Key

1.D| 2B | 3.C | 4B | 5A |6C | 7.B | BA | 9 A |10.A |11.B

12A|13.C |14 A |15 A | 16.B |17.A | 18.B | 19.B | 20.A |21.C |22 . A

23.A|24.C | 25.B |26.C | 27. A |28.D | 29.C | 30.C | 31.C

Qé. Discuss the flow of A.0 through RL series circuit. Also discuss the power
losses, impedance friangle and Q-factor for a given RL circuit.

R.L Series A.C. Circuit:

In RL-series circuit, the voltage V will be the phasor sum of the two-
component voltage Vg and V. This means that the current flowing through
the coil will lag the voltage by an amount less than 90° The phase lagging ®
depends upon the values of Vr and V| Figure (a) shows a pureresistance R

connected in series with a coil of pure inductance L.

Taking current as the reference phasor, the phasor diagram of the circuit can

be drawn as shown in figure (c).

The voltage drops Ve (= | R) is in phase with current and is represented in

magnitude and direction by the phasor OP.

The voltage drops V. (= | Xi) leads the current by 90° and is represented in

. T THSES PSR [ | S | L I | FEpE R eee—— o ]
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Vi= Vg + V¢
or ANV=JVi+ ¥

V= JUR?+ (X))

V=1/R? + X2

Or 1=

o W B VA~ AGEE o v

— )

The quantity /RZ 4+ X7 is the opposition offered to current flow and is called

impedance of the circuit. It is represented by I and is measured in ohms (Q)
1=V/1

where I=JR?2 + X} e

" ey, wn el

‘.|‘|..'F!'Ill-ll &)
//—a
r"ll \

—
—

The phasor diagram shows that circuit current | lags

behind the applied voltage V by @° This fact is also | —% . -y |

ilustrated in the wave diagram shown in figure (b). | —o— \_/;’/

The value of phase angle © can be determined from

the phasor diagram.

Vv
tan @ =-*%
L
Ix
tan ® =2
IR
X
tan @ ==
R

Since XL and R are known, @ can be calculated. If the applied voltageisV =
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I= Im Sin (wt — )
where Im = Vm/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 © =

XL IR) in the circuit.
The greater the value of this ratio, the greater will be the
phase angle @.

Power in RL circuit:

Vi ! W,
Average power, P = % cos @ =

Sl
*
ER
x

cos @

Or P=Vlcosd

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):

¥ IR
Fower factor, cos @ = TR =5 F

ba | =

Or Power factor = cos® cosin of angle between V and I.
Or P=Vicosd®=(lZ)| (R/I)=12R [cosD=R/IandV =IZ]
In a resistor, the current and voltage are in phase i.e. @ =

Therefore, power factor of a pure resistive circuit is cos 0° = |. Similarly, phase
difference between voltage and current in a pure inductance or

capacitance is 20° 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
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Figure shows that power is negative between 0°and 30° and between 180°
and 210° 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 poweris

consumed in E-L series circuit.
R-L Series Impedance Triangle:

In a DC circuit, the ratio of voltage to cumrent is called resistance. However, in
an AC circuit this ratio is known as Impedance,; . Impedance is the total
resistance to current flow in an "AC circuit® containing both resistance and

inductive reactance. In R.L. series circuit,

I=/R% + X} ,where X = 2nfl, /,.,—
|
The magnitude of impedance in R.L. series circuit z

depends upon the values of R.L and the supply

frequency f. The R-L series circuit is shown in Fig > l
-

¥

15.17(a). The phasor diagram is a triangle whose b
impedance triangle

sides represent R, X, and Z. This friangle is called an

"Impedance Triangle"

Impendence triangle is a useful concept in A.C. circuit as it enables us to

calculate:
Power angle ¢ i.e. cos ¢ = R/Z
Phase angle @ i.e tan ¢ = Xu/R

Therefore, it is always useful to draw the impedance triangle while analyzing

an a.c. circuit.
Q-factor:

lhe quality factor of a component is its energy storing ability. The Q-factor of

a circuit is a ratio of energy stored in the circuit to the energy dissipated in
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The ratio ot the inductive reactance (X.) of a coil to its resistance (R) at a

given frequency is known as Q-factor of the ceil at that frequency i.e..
whl

— Xp _ wl
G—fdcior-?- 3

maximum energy stored

Also, Q - factor=2m X —
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
lossesy impedance tringle 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 - " € ]

A
the two component voltage Ve and V.. In order to draw a 't = =

S —
vector diagram we found the current is common and can T —— ‘
therefore be used as the reference source because the !a = 2 ,
same current flows through the resistance and '.\\ hd
capacitance. The individual vector diagrams for a pure | N\

.

resistance and a pure capacitance is shown in figure. ' ,,,___u'w

The voltage drop VR (= IR) is in phase with current and is '[:""-ﬁ‘

represented by the phasor OA. The voltage drop Ve (=1X:) |—

—_—, v

lags behind the current by 90° and is represented in TR . ool SO
magnitude and direction by the phasor AB. The applied voltage V is the

phasor sum of these two drop i.e.

V2=VE+ V&

V= JZT T
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v
2 2
||R + Xz

The quantity \/R? + X offer opposition to current flow and is called

impedance of the circuit.
I=V/L
Where

1=JRE T X2

The phasor diagram shows that circuit current | leads the applied voltage V
by ¢ This fact is also illustrated in the wave diacgram and impedance triangle

(as shown in figure (b) of the circuit.
R-C Series Impedance Triangle:

The value of the phase can be determined as under: V
tan @'= - 25
IR

X
fon®=-=¢
IR

Power in R.C. Circuit:

=], enfast '#_!I
The equation for voltage i '_g/ Yo" Ve SNl i
and current are: 1 T,J L
;{'I' "‘ = ; A
V =V sin oot #
— g+ ‘u\_‘ s
And Ixw =sin (ot + @) .
Impedance triangle
(@} Phasor dragram il

S0, the average power,
<P>=<V> <>

<P>=Vlcos @
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1. The combination effect of resistance and reactance is known as:

(A) Inductance (B) Conductance (C)Resistance (D) Impendence

2. 5.1. unit of impedance is:

(A) Henry (B) Hertz (C) Ampere (D) Obhm

3. The impedance of R-C series A.C. circuit is given by I=

(A) VRT=(w0)? (B)R*—(wC)?  (C) JRZ+(wC) {D)m

4. The A.C. circuit in which current and voltage are is phase the power factor

is

(A) Zero (B) 1 (C)0.5 (D) infinity

5. Which phase diagram is true of RL-Series circuit? (Federal 2013,15)
x F—;’ F_n‘ n[
* L\—»" ® " © © -

6. Impendence is denoted by
(A) A (B) Z (e (D)Q

7. Which phase diagram is true for RC-series circuit? (Federal 2014)

; & ——b
B i -~ -
——il
[ 13
(A) R

L (IR D) %
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8. For R - L series circuit, the voltage leads the current by phase angle of:

(A) tan ' (wL/R)

(B) tan! (wC/R)

(C) tan”' (1/wCR)

9. The power factor of RL-series circuit is:

(A) 0

10. The impedance Z can be expressed as:

(A]E=‘I’r_

Ly
s

(B) 1

I
B) z = _ms
i ) Vrms

(C) Less than 1

(C) z=l+V

(D) tan' (e /RC)

(D) More than 1

(D)z=1I-V

11. When 10V are applied to an A.C. circuit, the current flowing in

(A) 50 Q

(B) 75 Q

(C)I0Q

(D)70Q

12. If L and R represent inductance and resistance respectively, then the

L
dimensions of = will be:

(A) [M°L°T] (B) [M°L°T-] (C) [MaLT2] (D) [M°L°T]
Answer Key
1.D | 2D | 3.D| 4B |5A | 6B | 7.D | 8A | 9%9.C 10.A|11.C|12.D

Q.8 Discuss the Series resonance circuit detail also write down its
characteristics.
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R-L-C series A.C. Circuit:

1
. h ﬂhfbﬂ-._ﬂm“. _‘__{ | —
Many AC circuit are very useful for || '3 ¢ -
us, which include resistance, ! |
.* & |

inductive reactance, inductive ¥ n .'._—'—'l—""'h

= i » %
reactance and capacitive | AseriuifL ond G sommmsnedin yues pemns eupie A Sieer)

T rowaling swga® curma (s | (0 Ml () phasms s

reactance. In this section, we will

R
look at some implications of 7 ’
connecting a resistor (R), an XX XX
inductor (L), and a capacitor (C) . ~ *
Irpacance g

together in what is called a series

RLC circuit. The simplest and most
important AC circuit we can analyze is the series LRC circuit, illustrated in

figure.

The analysis of this circuit is quite easy since all the circuit elements share the
same current. We can draw a phasor diagram for the current and voltages
across the inductor, capacitor, and resistor. The P.D. across R, is Ve = IR in this
case Ve is in phase with |. The P.D. across L, is V. =1X, in this case V. leads | by
90° The PD. across C, is V. = IX: in this case where V. lags | by 90° V|, and V.
are thus 180° out of phase. In phasor diagram figure (b), AB represents Vg, BE
represents VL and BD represents Ve. It may be seen that Vi is in phase

opposition to V..

It follows that the circuit can either be effectively inductive or capacitive
depending upon which voltage drop (VL or V¢ is predominant. If VL > V: then
the net voltage drop across L-C combination is Vi - Ve and their resultant is in
the direction V| represented by BC. Therefore, the applied voltage V is the
phasor sum of Ve and V. - Ve and their result is in the direction V. represented
by BC. Therefore, the applied voltage V is the phasor sum of Ve and Vi - Ve
and represented by AC.

W2 — P2 0 orWr | P
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V=JUR)? + (1X, — IX¢)*

V=1J(R)? + (X, — Xc)*

V=I

Where 7 = /(R)2 +( X, =X.)?
The quantity (X. - Xc) is called the reactance of the circuit, denoted by X

X2 = (Xi-Xc)?

So, we can write

Z=\R?+ (X, —X.)"
I=yRZ4+X?
Where 7 is the opposition offered to current flow and is called impedance of

the circuit. Circuit power factor,

by |

cos @ =

COS D= ——
L R2+( X —Xc)*

Since X, Xc and R, are known, phase angle ¢ of the circuit can be
determined.

V=V
fgn(_p:Lv_f
r

Xi-X
fgnm:%

So, if the current is represented by a cosine function, | = |, cos wt

The source voltage leads the current by an angle and its equation is

I= Im cos [ cot + )

Power consumed, P =V | cosg

We have seen that the impedance of a R-L-C series circuit is given by
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i. When X. - Xc- positive (i.e. Xz > Xc) phase angle ¢ is positive and the circuit
will be inductive. In other words, in such a case, the circuit current | will lag

behind the applied voltage V by .

il. When X, - X is negative (i.e. Xc > X.) phase angle ¢ is negative and the
circuit is capacitive. That is to say the circuit current | leads the applied

voltage V by ¢ ;the value of ¢ being given by Eq. (15.31) above.

ili. When X_- Xc =0 (i.e. XL = Xc), the circuit is purely resistive. In other words,

circuit current | and applied voltage V will be in phase i.e.
¢ = 0° the circuit will then have unity power factor.

If the equation for the applied voltage is V = V, sin @t, then equation for the

circuit current will be
I = lm Sin (w0 t+ @) where m=Vm /1

The value of @ will be positive or negative depending upon which reactant

(XL or Xc) predominates.

Figure (c) shows the impedance triangle of the circuit for the case when X, >

Xz whereas impendence triangle in Fig.(d) is for the case when X: > X,.

In the impedance equation along with the equations for the inductive and
capacitive reactance, we see that impedance has a rather complicated

dependence on the frequency of the oscillator.

I=R; + (X, — X.)?
X, = el and x,::i

When the frequency is very small, the capacitive reactance is large and XC =
L. When the frequency is very large, the inductive reactance is large and X, =
Z.7is a minimum when X. = X, and I is @ 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
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Resonance means to be in step with. When applied |
voltage and circuit current in an A.C. circuit in-step

with [i.e. phase angle is zero or power factor is unity),
the circuit is said to be in electrical resonance. If this Lo N

condition exists in aseries A.C. circuit, it is called series

Emall R

f

resonance. The frequency at which resonance
Resonance curve

occurs is called resonant frequency (fr).

An A.C. circuit containing reactive elements (L and C) is said to be in

resonance when the circuit power factor is unity.

Quiz

Q. The switch in the circuit shown in Figure is closed and the light bulb glows
steadily. 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.

[——t-gh—\iﬂ-—'_m

{
" J
{

I Illl"'i'lh

| .—.ﬂ.“‘\"\_\_

S

A. When we are inserting the iron core into the inducting coil, the flux is
changing (increasing). 5o, cm f induced in the coil which decreases the net

emf of the circuit. Hence induced cumrent decreases. 50, the bulb become

dim by following the given equation:

Resonance in R-L-C Series Circuits:

R-L-C series circuit is said to be in resonance when the circuit power factor is
unity i.e. XL = Xc. The frequency fr at which it occurs is called resonant

freauencv. The resonance fi.e. Xi = X-] in an R-L-C series circuit can be
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frequency dependent. At a certain frequency fi, X1 becomes equal to X- and

resonance takes place.

At series resonance, X(=Xc

1
2 frC

Or 2nfiL=

1

Resonant frequency, me

The above equation shows that on increasing either the inductance or the
capacitance causes the resonant frequency to decrease. For a given value

of inductance and capacitance, there is only one resonant frequency.
Resonance Curve:

The curve between current and frequency is known as resonance curve of a
typical R-L-C series circuit. Current reaches its maximum value at the resonant

frequency (fi) falling of rapidly on either side at that point.

It is because if the frequency is below f;, Xc > XL and the net reactance is no
longer zero. If the frequency is above f,, then X, > X and the net reactance is
cagain not zero. In both cases, the circuit impedance will be more than the
impedance (I = R) at resonance. The result is that the magnitude of circuit
current decreases rapidly as the frequency changes from the resonant

frequency.

The Q-factor of a seres circuit circle indicates how many times the P.D. across
L or C is greater than the applied 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:

V.=V =QVr =20 x 220 = 440 V at resonance

MCQ's From Past Board Papers
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2. At high frequency, RLC series circuit shows that behavior of:
(A) RC circuit (B) RL circuit

(C) Pure capacitive circuit (D) Pure RLC circuit

3. At resonance RLC series circuit shows the behavior of:
(A) Pure resistive circuit (B) pure capacitive circuit

(C) pure inductive circuit (D) pure RLC circuit

4. At resonance frequency, the impedance of RLC series circuit is:

(A) Zero (B) Minimum (C) Maximum (D) Moderate

5. The impedance of RLC series circuit at resonance is given by:

(A)Z=JRZ+ (K, —X.)° (B)I=+RZ+X,>? (C)Z=R\. (D)I=+RZ+X.°

6. In RLC series circuit at resonance the phase difference between capacitor

and inductor reactance is:

(A) 70° (B) 270° (C)0° (D) 180°

7. In R-L-C Circuit, the energy is dissipated in: -

(A) R only (B)Rand L (C)Rand C (D)R,Land C

8. In RLC series circuit, the condition for resonance is

FAY W, =W Yy v, - v sy 7T - W MY = W
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9. At resonance in RLC series circuit, phase difference between voltage and

current in:

(A) O° (B) 70° (C) 120° (D) 180°

10. The unit of is:

(A) Second (B) Ampere (C) Hertz (D) Farad

Answer Key

1.C| 2B |3A | 4B | 5C | 6D |7.D | 8D | %A |10.A

Q9. Write down a not on principle of metal detector.
Principle of Metal Detectors:

A coil and capacitor are electrical components, which together can
produce oscillations of current. An L-C circuit behaves just like an oscillating
mass-spring system. In this case energy oscillates between a capacitor and
an inductor the circuit is called an electrical oscillator. Two such oscillators A
and B are used for the operation of common type of metal detector in the
absence of any nearby metal object, the inductances LA and LB are the

same and hence the resonance frequency of the two circuits is also same.

ﬂs,-#a!ur cn'ruu Oscillator curcud B

T =] T L -
JW' s8] |

oaclalon A oscliator B

A f

Beal equency smplifies

Spaaker
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When inductor B, called the search coil comes near a metal object the
inductance LB decreases and corresponding 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.

MCQ's From Past Board Papers

1. In tuning circvit if capacitance is doubled and inductance is halved then

its resonance frequency
(A) Doubled (B) Halved

(C) Remain the same (D) Increases to 4 times

2. In three phase voltage across any two live lines is about:

(A) 220 V (B) 230 V (C) 400V (D) 430 V

3. In three phase A.0 supply coils are inclined at an angle of

(A)O° (B) 70° (C) 120° (D) 180°

4. Power factor is equal to:

(A)sinB (B) tan B (C)sec B (D) cos B

5. Choke consumes extremely small:

(A) Current (B) Charge (C) Power (D) Potential
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(C) At right angle to each other (D) At angle of 120°

7. 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

9. In three phases A.C. supply, if first coil has phase 0°, then the other two coils

will have phases:

(A)0° and 120° (B) 120° and 240° (C) 240° and 360° (D) 0° and 360°

10. Metal detector consists of

(A) L.C circuit (B) R.L circuit (C) R.C circuit (D) R L.C series circuit

11. In resonance circuit at resonance, the phase difference between current

and voltage is .
(A) 90° (B) 180° (C) 0° (D) 340°

Answer Key

1. | 2.C | 3.C (4D | 5C |6A|7A|B8BA| 9B |10.A|11.C

Q10. Describe the maximum power transfer principle.
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The maximum power transfer theorem
says that to transfer the maximum
amount of power from a source to a
load, the load impedance should

match the source impedance.

In the basic circuit, a source may be AC
or DC and its internal resistance (Ri) or
generator output impedance (Z5) drives

a load resistance (Ry) or impedance (7))

I P T e ey e SR T L R R "l.:_
i (e

Tl s BP Dl el bl ) e

[
S oSy
i f

= il

L= TR

g S g DT DS S RRELRCE SN & BOaE T CE B O T S e ey
Py gm lho e e sokbhievnd By realicfleg sl oacanl gdaian
s & hdn s, &M icisncy | S

(figure (a)).
F_l_ = zg
Transmimer
el BT Py
A plot of load power versus load resistance reveals [ 2,30
that matching load and source impedances will ‘i} .
achieve maximum power (figure (b)). § ol
A key factor of this theorem is that when the load =
ey

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.

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 of

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

Q.11 Discuss the Maxwell's equations in detail.
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Maxwell's Equations: . N—

A, B
In the early days of I121h century, two different units of i , T*hl+
electric charge were used, one for electrostatics and | ,ﬂ"\‘ B -~-L__h
the other for magnetic phenomena involving currents. 1\{\_I | 1t H{’/'J \
These two units of charge had different physical ] % i
dimensions. Their ratio has units of velocity and i ,

|

measurements showed that the ratio had a numerical ‘
| Cranging magratic g

value that was precisely equal to the speed of light. It
was regarded as an extraordinary coincidence that had no explanation.
Maxwell in a search for an explanation of the coincidence found that all the
basic principles of electromagnetism can be formulated in terms of four
fundamental equations, now called Maxwell's equations. These equations
exist as experimental laws in the form of Gauss' law, Faraday's law and
Ampere's law. These equations predict the existence of electromagnetic
wave and that such waves are radiated by accelerating charges. For
simplicity, we present Maxwell's equations as applied to free space. We know
that changing magnetic flux density B through a certain region of space

produces an induced emf in the region.

So, an induced current will flow in a closed loop of wire in the region as
shown in Fig(a). According fo Faraday's law the induced emf or the induced

potential difference V is given by:

A
£ = ng
Fals

A
e =2(B.A)

As potential Difference is due to an electric field, it means an electric field will
be generated at each point of the loop. BY symmetry E is circular in direction
and constant in magnitude E at each point of the loop. If a unit positive
charge is circulated once round the circular loop of radius r, the work done

will be
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= 2mrE

W
£=—
q

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

This equation shows that a changing magnetic flux gives rise to an electric
field. Experiments have shown that the electric field produced by changing

magnetic field is present even if the conducting lcop is

absent. ] - » [

Analogues to changing magnetic flux itis found that a

changing electric flux gives rise to a magnetic field. In ’

order to arrive at this statement, let a capacitor be e iy &

[y

connected to abattery as aranged in figure. Current starts growing 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.

The charge Q on an air-filled capacitor of capacitance C, plate area A,

plate separation d and potential difference V is given by

Q=CV

Q = €,AE dE:E

In figure the current through the
dielectric of the capacitor is due to
changing electric field. Suppose the

capacitor is now connected to an

alternating emf source. It is observed

that the current flows continuously in

tha ~irriait 1t Aoac At eoteus VR e e |
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battery!l The reason is that outside the capacitor the current in the wires is due
to 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
fime. There exists AE/AL. It was first conceived by Maxwell that the change in

the electric field is the cause of cumrent in the capacitor.

AQ _ A{egAE)
At AL

AQ £ A(AE)
At At

| = Egd(@)
At

Where | is the current and 4 is the electric flux through the area A. Changing
electric flux is equivalent to a current. This type of current, which is due to

changing electric flux is called displacement current.

We must extend our concept about current. A current can arise due to the
flow of charges and also due to changing electric flux. The former is called
conduction current and the later is called displacement current, According
to Ampere's law, each type of current produces magnetic field around itself.

We have thus shown that a changing E-field creates a B-field.

A changing E-field creates a B-field, which in tum creates an E-field, an
electromagnetic disturbance or waves are generated. The fundamental
requirement for generation of electromagnetic waves is an electric charge
with changing velocity (acceleration) since it will create changing electric
flux. The velocity of an oscillating charge as it moves to and from along a wire

is always changing.

Light is a type of electromagnetic waves. Maxwell predicted theoretically

that the velocity of electromagnetic waves in free space is given by

1 1

= =3 x108ms-!
Eolle V1885 x10"HExdnx 1077

c=
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Where £,=8.85x 10-12 C2N-Im-2 is the permittivity of free space and pu,= 4m x107
Wb A''m ' is the permeability of free space. Put these values in the above

relation we find that the velocity of lights is given by

Faraday's law shows that a changing magnetic field gives rise to an electric
field. Ampere-Maxwell law shows that a changing electric field gives rise to a
magnetic field. It follows that when either electric or magnetic field varies
with time, the other field is induced in space. The net effect is that an
electromagnetic disturbance is generated due to changing electric and
magnetic fields. The disturbance propagates in the form of an

electromagnetic waves.

Q.12 Describe the electromagnetic spectrum in detail.
Electromagnetic Wave:

Electromagnetic waves have some common properties such as electric field
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 sharp boundaries between the different regions.
1. Light

The Visible region of the spectrum is most familiar to us, is the electromagnetic
radiation emitted by the Suh. The wavelength of the visible region ranges

from about 400 nm (violet) to about 700nm (red]).

Light is often emitted when the outer electrons in atoms de-excites, such
transitions are called optical transitions. The color of the light tells us about

nature of the atoms from which it was emitted, so the study of the light
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2. Infrared:

Infrared radiations have wavelength stronger than the visible (from 0.7 um to
about 1 mm). They are commonly emitted by atoms or molecules 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 place your hand near a glowing light bulb is

basically the result of the infrared radiation emitted from the bulb.

All objects emit thermal radiation because of their temperature. Objects of
temperatures ranges form, 3 K to 3000 K emit their most intense thermal

radiation in the infrared region of the spectrum.

The main technology used in home remote controls in infrared light. The
signal between aremote-control handset and the device it controls consists
of pulses of infrared light, which is invisible to the human eye. infrared
radiation is also used for cooking the surface of food (the interior is then

heated by convection and conduction).

3. Microwaves:

Microwaves can be regarded as short radio waves, with typical wavelengths
in the range | mm to | m. They are commonly produced by electromagnetic
oscillators in electric circuits, as in the case of microwave ovens. Microwaves

are often used to transmit telephone conversations: figure shows a
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5. In modulation, low frequency signal is known as:
(A) Loaded signal (B) Fluctuated signal

(C) Harmonic signal (D) Modulation signal

6. The A.M. transmission frequencies range from:
(A) 540 kHz to 1000 kHz (B) 540 kHz to 1600 kHz

(C) 520 kHz to 1600 kHz (D) 540 kHz to 1400 kHz

7. Which one of the following is the velocity of carrier wave:

(A)3%10éms! (B)3x108ms’ (C)3%10°ms’ (D)3x1010ms"

8. Which one is in the order of decreasing frequency?

(A) X-rays, radio waves, infrared rays (B) Ultraviclet rays, visible light, radio

waves

(C) Infrared rays, visible light, x-rays - (D) Yellow, green, red

9. The net reactance of a circuit is zero. The circuit may consist of
(A) An inductor only (B) A capacitor only

(C) Both inductor and capacitor (D) None of these

10. Which one of the following requires a material medium for their

propagation?

(A) Heat waves (B) X-rays (C) Sound waves (D) Ultraviclet rays
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11. The range of F.M transmission frequencies is from: -
(A) 540 kHz to 1600 kHz (B) 88 kHz to 108 kHz

(C) 88MHz to 108 MHz (D) 540 MHz to 1600 MHz

12. High frequency radio wave is called as: -
(A) Fluctuate wave (B) Carrier wave

(C) Matter wave (D) Mechanical wave

13. Electromagnetic waves emitted from radio antenna are:

(A) Stationary (B) Longitudinal (C) Transverse (D) Both A & B

14. Electrons vibrating 94.000 times each second will produce radio waves of

frequency

(A) 74 Hz (B) ?40Hz (C) 940KHz (D) 94KHz

15. In frequency modulation, which factor is changed?
(A) Amplitude of camer waves (B) Frequency of carrier wave

(C) Amplitude f signal (D) Frequency of signal
16. A changing electric flux creates
(A) Electric field (B) gravitational field

(C) magnetic field (D) electric charge

Answer kev
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1.D

2.A

3.C

4.B

5.D

6.B

8.B

9.C

10.C

12. B

13.C

14. A

15. A

16.C
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