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ALTERNATING CURRENT

10.

1l.

12.

13.

| MULTIPLE CHOICE

The velocity of electromagnetlc waves in ms ' is

A 3x 10° B 3x 10" C 3%10° D 3x10°
Mathematical treatment for electromagnetic waves was given by

A. Faraday . © B, Maxweil,

C Henz D Coulomb

The current which keeps on reversing direction with time is called:
A. Direct current B Alternating current

C Induced current D. None

The most common source of A. C is: ALY

A. Battery - O BN C generator

C Transformer \ A A LU D Dynamos
If Vy is the peal; vaLue of AQ,‘__voitage its root mean square value is:

: RARIR! a,.bu o _ Vo Vo

AV “Sj ,,,,, ‘JyFﬁ‘Mle B. va C. > D. \ 2
The fesonant frequency of series and parallel resonance circuit is
given by

i 1 . fr—— 21
A == B. N C.v2rLC D. =
The reactance of an inductor is
A2nflL B.2m/iL
CfL2n D12 n f1L
At resonance frequency the current in RLC series circuit is
A. Maximum B. Minimum C. Infinite D Zero
Current flowing from battery or cell is example of: '
A Electronic current : B. Direct current
C Alternating current D. Induced current -
The basic element in D.C. curcult whuch controls the current or
voltage is: 0\
A Inductor B. Resrstor C Capacnor D. Al

The device whlch allaws only the contmuous flow of A.C. through
the circuitis: ;|\ |||\

A Capagsigr |\ oo g fnductor C. Battery, D. Al
The opposition offered by capacitor to the flow of A.C. is called
capacitive reactance X, denoted by:

\ _ b
A X. =2nfC B. X. ~2~“7: C x,-;‘\/fc D. None
SI unit of reactance is:

A Farad B Volt C. Ampere D. Ohm



14.

15.

16.

17.

18.

19. )

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

A 25 pF capaator is connected to an alternatmg vnltage of 120V
and frequency 50 Hz. The reactance of the capacntor is

A 127 1) ~ BAZVR\\ U “C 7 Q S IR VINEY
The frequency af altematm} current IS

Af—J‘ ,‘Jl NI "”'""’Bf—v XTI Dé=°
The rms value of emf in a circuit is g;ven by a factor

M ' ‘,". ~ .J* \. [ D 0'537

The sum ot pésmve and negative peak values 1s taken as

A diue NPT salues
C s value oCye Vdian
In case of capacitor the unit of reactance 1s
A tarad R onn S mho D. Henry
The peak value of an A.C. current I ; is given as
S A e g & 2. D ...,

An A.C. continuously flows through the plates of a capacitor
because of PR\
A. Charging > plates RN AN (@O
B Discharging of p'ates \\\ { \\ [ =
C dielectric & esepy \ \/
D Charging anf‘-‘nscharcmg bé}w
A basnc ctﬂcmt etement in a D.C. circuit is

deL o B A esistor
C A apacior L A battery
At low frequency the value of reactance of a capacitor of A.C.

circuit is:

A Large B Smali C Zero D. Infinite
In an inductance of A.C. circuit the current:

A Leads the voitage by 90° B Lags the voitage by 90°

C Leads the voitage by 18C* D Laps the voitage by 180°

When 100 V are applied in A.C. circuit, the current flowing in it is
100 mA, its impedance is:

A 10002 B. 1000 © C 100 D. 50 Q
The resonance frequency of R-L-C series circuit is gwen by
1 {LC o~
S 2nvi L.C B. Vfr}' C \rﬂ . _ N D None

The impedance of R- L-C senes carcu:t at resonance freq uency is:
A. LessthanR O\ 22" B. Greater than R

C EqualtoR e - D. None

The.i pedanéé of the series resonance circuit at resonance

A Méx:mum B Minimum C. Zero D One
High frequency radio wave is called

A Fluctuative wave B. carrier wave

C. matter wave D. energetic wave

The total load in A.C. supply can be divided in:



A 2-parts B 3-patts, ~(O)\(LY
C. 4-parts C B Manyparts .
30. The waves which do not requre any \material medium for their
propagation are called
A. Mechanical wave B. Stationary waves
C Complex waves D. Electromagnetic wave
31.  Electromagnetic waves consist of:
A. Electric field
B. Magnetic field
C. Gravitational field
D. Magnetic field and electric field
32. Which of the following has the smallest wavelength?
A X-rays B. Radio-waves
C. y-rays D. Uitra violet waves
33. The phase angle between the voltage and A.C. current through a
resistor is

A 0" B 45° C. 180° D. 270°
e Answers:
E __1'_&._~T (7 '*..'_7. A
- 8.A | 14. A
| 1s.C - 21.B |
[2a Sy 28.8B
1 .29.B

Q1: Give the main reason for the use of A.C.?

Ans: The main reason for the world wide use of A.C. is that it can be transmitted

to long distances easily and at a very low cost.

Q2: Define alternating current. Discuss waveform of alternating
voltage?

Ans: Alternating current:

The current which reverses its direction many times

during one second is known as aiternating current.

Alternating current (A.C.) is that which is produced

by a voltage source whose polanty keeps on- A5\ (G20

reversing with time. A SR YA 4

Case 1:

In Fig., the termmal A of ‘tﬁe‘ source is
positive with respect nd'termmal B and it remams SO

during a tlrmxaJ interval 0 to T/2. At t = T/2, the .
terminais change their polarity ~ ) TR-T . fT K
Case 2: BT+

Now A becomes negative with respect to B. J

This state continues during the time interval T/2to T,




A 2-parts . .8 3pans| (COUET

C. 4-parts - O A0\ 'D.\Many parts _
30. The waves which do not require-any material medium for their

propagation are\called: '

A. Mechanicalwave B. Stationary waves

C. Co‘rhbiéx waves D. Electromagnetic wave

31. Electromagnetic waves consist of:
A. Electric field
B. Magnetic field
C. Gravitational field
D. Magnetic field and electric field
32. Which of the following has the smallest wavelength?
A X-rays B. Radio-waves
C. y-rays D. Ultra violet waves
33. The phase angle between the voltage and A.C. current through a
resistor is

A 0° B 45° C. 180° ~D.270°
3, | 5.BI/[c6eB ] 7.A
TLA\ D \12.A) /| 13.D | 14.A
B~ | 19, 20.D | 21.B
“[_25.A | 26.C_, 27.B | 28.B
1 32.C | 33.A

| SHORT & LONG QUESTIONS I

Q1: Give the main reason for the use of A.C.?
Ans: The main reason for the world wide use of A.C. is that it can be transmitted
to long distances easily and at a very low cost.
Q2: Define alternating current. Discuss waveform of alternating
voltage?
Ans: Alternating current:
The current which reverses its direction many times
during one second is known as alternating current.
Alternating current (A.C.) is that which is produced _ ) / (CLO\
by a voltage source whose polarity keepsiom \\'/ 8-
reversing with time. \\ 70\ \LIV Y U
Case 1: AN\ O NSV
In Fig., the. terminal \A- of the source is
positive w:th;.ﬁr.qépebt'-'fo'tef’rninal B and it remains so
during a time interval 0 to T/2. At t = T/2, the
terminais change their polarity ~ )izr . JT %R
Case 2: B
Now A becomes negative with respect to B.
This state continues during the time inderval T/2 to T, - - - e




after which terminal A again becomes positive with respect to B and the next cycie

Starts. As a result of this change of polar |ty the d'fed‘on dfthecurrent flow in the
circuit also changes. i

Flow of current during the t:me 0=T/ Zand T:

During the t:my 0 le it fiows in one direction and during the intervai T/2.—
T in opposite ditection.

Period T of the alternating current or voltage:

This time interval T during which the voltage scurce changes its polarity
once is known as period T of the alternating current or voitage. Thus an alternating
quantity 1s associated with a frequency f given by

TS — (1)

Output voitage of A.C. generator:

The most common source of atternating voltage is an A.C. generator. The
output V of this A.C. generator at any instant is given by

V = Vgsm——xt (2)
Where T is period of the rotatcon of the coil and is equal to the period of A.C.
and £ =2nf=w is angular frequency of rotation of the CQll Thus- xt wt is the

T
angle 6 through which the coil rotates in time t. - T:x\' AR
Eq.2 shows that the value of altarnatmg voltage V i not constant It changes

"~ with time t. O\ \~ : \ \\ oA
i Whent= 0 GJ‘-HFSH: tse'andws zero.
ii. WhaNit‘\ TM ' ETE X {—= g and V attains its maximum value V, at this
instant.

iii. At t = T/2, 6 =mand V is zero. At this instant V changes its polarity and
becomes negative henceforth.

iv. Whent=-— 6-— — and V= -V,
v. Finally at the end of the cycle whent=T,08 =2rand V = 0.
Variation of V with time t and 6:

The variation of V with time t and 8 .is shown in Fig.

1y

Waveform of alternatmg voltage (sine curve):

The graph between voitage and time is known as wavefoml of alternating
voltage. It can be seen that it is a sine curve. Thus the output voltage of an A.C.
generator varies sinusoidal with time.



Q3: Discuss instantaneous value, peak value and peak to peak Va|ue’
Ans: Instantaneous value: \\ /7 DA\ L

The value of voltage or CUrrent that exlsts in
a circuit at any mstan} of \time \t' measured from
some reference point.is. known as its instantaneous
value. It cah have any value between plus
maximum value +V, and negative maximum value
-Vo and is denoted by V. The entire waveform
shown in Fig. is actually a set of all the
instantaneous values that exist during a period T.
Mathematically, it is given by

V = V_o sind = V

v=wmﬁxt

Ta 112 BTI'&/T‘t—?

Vo Slﬂ&)t
Vo sin 2att.....00. (1)

2. Peak value:
it is the highest value reached by the voltage or current in one cycle. For
example, voltage shown in Fig. has a peak value of V.
3. Peak to peak value (p-p):
it is the sum of the positive and negative peak vques usuaﬂypwntten as p-p
value. The p-p value of the voltage waveformishownim Flg 1S 2V
Q4: Describe root mean squares (rms) value of voltage and current?
Ans: Root mean squires (rms} value' )
The root mean. quare value is the square root of average value of V2 or I’
during one conppigﬁé é&tcie It is the effective value of alternating voltage or current
Explanabon
i it can be seen in Fig. that the average value of current and voltage over a
ycle IS zero, but the power delivered during a cycle is not zero because power Is
'R and the values of | are positive even for negative values of 1. Thus the average
value of I’ is not zero and is called the mean square current.

-

Posrive Penk _

Hoak vulue

Noglwc Pcak—/ -
: Cycb a0
Mo\ WV
fm‘ J 71,

AC. Waveforn

ii. The altgmatmg J:&urrent"or voltage Is actually measured by square root ct s
mean square value known as root mean square (rms) value.

iii.  Calculation of the average value of V¥ over a cycle:
Let us compute the average value of V* over a cycle. F1g. shows an alternating
voltage and the way its V* values vary. Note that the vaiues of V2 are positive on the



negative half cycle also. As the graph of Viis, symmetrtoal about '(he ine Z Vo', s0

for this figure the mean or the averagé: value of s Vo

iv. The root mean square\value of V is obtamed by taking the square root of
Vi/e. TherefO( J, uJ :

J N

2
Vims = |22 =07V, .. (2)

Similarty limy = =

Note:
Most of the alternating current and voltage meters are calibrated to read rms values.
Q5: Whatis meant by phase of A.C.?

Ans: Phase of A.C.: .
The angle 6 which specifies the instantaneous value of the alternating

voltage or current is known as its phase.

Explanation:

i In Fig., we can say that the phase at the Vi
points A, B, C, D and E is 0, n/2,m, 3n/2 and 2n
respectively because these angles are the values A}/ ¢
of ¢ at these points. Thus each pojnt, Oﬁ the AC )]
waveform corresponds to)a\certain, pP’L el o
ii. The phase at the posmve peak is m‘2

90° and it is 3723 f&h‘ Pat'the negative peak.

iii. The' ;Bg “where the waveform crosses

the time axis correspond to phase 0 and-n. =
Q6: What do you meant by phase lag and phase lead?

Ans: Phase lag and phase lead:

The angle 6 which specifies the instantaneous value of the alternating
voltage and current gives phase lag and phase lead of one quanttty over the other.
Phase lag:

A lagging alternating quantity is one which reaches itS maximum or zero
value later than the other quantity. .

Phase lead: : :

A leading alternating quantity is one whtch reaches its maximum or zero

value earlier than the other quantity.

Explanation:




i. Fig. shows two waveforms 1 and 2 The phase angles of the waveform 1 at
the points A. B, C. D an@ E have beemghown above the axis and those of waveform
2 below the axis. |\ \\ .

il. At the J;aqrm B) Jthe phase of 1is m/2 and that of 2 is 0.

iii. Sqmﬂariy it can be seen that at each point the phase of waveform 2 is less
than the phase of waveform 1 by an angle of n/ 2. We say that A.C. 2 1s lagging
behind A.C. 1 by an angle of n/ 2. It means that at each instant, the phase of A.C. 2
Is less than the phase of A.C. 1 by n/ 2.

321 u22n

/”“\\\ \I " / A~
iv.  Similarly it can be seen in Fig., thatihe phase atueacﬁ pomt of the waveform
of A.C. 2 is greater tham.thaLpf/wave rm 4 by-an angle /2. In this case, it is said
that A.C. 2 is leading the\A.C.\1\by n+2. It means that at each instant of time, the
phase of A.C.2 s gn@hterthan that of 1 by nl 2.
Q7: esuﬁbé the vector representation of an alternating quantity?
Ans: Vector representation of an alternating quantity:
Phase lead and lag between two alternating quantities is conveniently shown by
representing the two A.C quantities as vectors.
A sinusoidal alternating voltage or current can be graphically represented by a
counter clockwise rotating vector provided it satisfies the following conditions.

Conditions:

1. its length on a certain scale represents the peak or rms value of the
alternating quantity.

2. It is in the horizontal position at the instant when the atternat!ng quantity is
zero and is increasing positively.

3. The angular frequency of the rotating vector is the same as the angular
frequency w of the aiternating quantlty T~

Explanation: mslliztnie o

i. Fig. shows a sinusoidal ‘voltage waveform leadlng an alternatmg current

waveform by 7/2. The same fact has, bgen shown vectoraally in Fig

ii. Here vector Ol represents the“peak or rms value of the current which is

taken as the referqn(;eJ quantity.”

iii. Slmﬂariy oV represents the rms or peak vaiue of the alternating voltage

which is leading the current by 90°.



X ormf2rad.
Ijﬁ

0

iv. Both vectors are supposed to be rotating in the counter clockwise direction

at the angular frequency w of the two alternating quantities. Fig. shows the position

of voltage and current vector att = 0.

Q8: How current and voltage in A.C. circuits controlled?

Ans: A.C. circuits:

i The basic circuit element in a D.C. circuit is a resistor (R) which controls the
current or voltage and the relationship between them is gwen by Ohm's law that is
V=IR ~

i. In A.C. circuits, in addition to resistor R, two_ new ~circuit( elements namely
INDUCTOR (L), and CAPACITOR (C) become relevanf Thé/current and voltages in
A.C. circuits are cont olled by three etements R Land'C/

Q9: Discuss thé fiow of wrmnmarough resistor in A.C. circuit?
Ans: AL thmugha tedistor:
i Figo, ﬁﬂ' S| | a resnstor of resistance R connected 2
with an alternc.tmg voltage source.
ii. At any time t the potential difference across the v
terminals of the resistor is given by G.D R

V = Vpsinwt ... (1)

Where V, is the peak value of the alternating
voltage. The current I flowing through the circuit is given
by Ohm's law .

L [ N
I = 5 = Fsmwt

Or I = Lisinwt ... (2)

‘Where 1 i1s the instantaneous current and |, = % is the

peak value of the current.
jii. It follows from Eqgs1 and 2 that the ||\ (C\C
instantaneous values of both vo!tage and current are;‘ (P07
sine functions which vary | thh time, ' )

iv. This figure shows,\that\ when \oftage rises, the

current also rises. ff the voitage fails, the current also does v
so - ‘both pass’ their maximum and minimum values at the —>
same instant Thus in a purely resistive A.C. circuit, —

instantaneous values of voitage and current are in phase
This behaviour is shown graphically in Fig. and vectorially in Fig.



V. Fig. shows V and | vectors for resustance They are drawn parallei because

there is no phase difference between. them. | The opposmon A
to A C. which the circuit aresems |s the\remstance ’
JFl f e (3) ’
vi. The métahtaneous power in the resistance is given by G) -
P=TR=Vl=V/R ... (4)
P is in watts, V is in volts, 1 is in amperes and R is in ohms.
Note: 7
it is very important to note that the Eq. 4 holds only B

when the current and voltage are in phase. o
Q10: Discuss the flow of current through capacitor in A.C. circuit?
Discuss phase between current and vohage? Derive a relation for

reactance of a capacitor?
Ans: A.C. through a capacitor:
b Alternating current can flow through a resistor, but it

is not obvious that how it can flow through a capacitor. This
can be demonstrated by the circuit shown in Fig.
ii. A low power bulb is connected in senes mth a \ yF
capacitor to supply mains through aswitch \

lil.  When the switchdsiclosed, thqb\ulb hghts up showmg
that the current is ﬂomng through the capacitor.

iv. Direct rfurrﬁm éénnot flow through a capacitor continuously because of the
presence of.ar méutattng medium between the plates of the capacitor.

Flow of A.C. through a capacitor:

The current flows because the capacitor plates are continuously charged,
discharged and charged the other way round by the alternating voltage. .
Relation between the charge and applied alternating voltage:

The basic relation between the charge q on a

""14

capacitor and the voitage V across its plates ie. g = CV Increasing

holds at every instant. If V= Vgsin wt is the applied Vv I} c_+q

alternating voltage, the charge on the capacitor at any - 19

instant will be given by Increasing
q = CV = CVosinwt ... (1)

Since C, V, are constants, it is obvious that g will vary the Decreasir,

same way as app“e'd VOItage e, Vand q are in phase' I\
Graphical variation of current with time: BENOAN sOI\
The current | is the rate of change of q W|th tlme??’”

| Docraasino

Le.,

$ AL = at
So the vaiue oq '\ .atJar‘lyJ mstant is the correspondmg slope of the g-t curve.

i At O Wher q = 0, the slope is maximum, so I is then a maximum. From O to
A, slope of the g-t curve decreases to zero. Solis zero at N.

ii. From A to B the slope of the g-t-curve is negative and so 1 is negative from N
to R Inthis way the curve PNRST gives the variation of current with time.



i, Referring to the Fig. it canibe séen ihat the phase at O I&:Zere-and the-pnase
at the upper maximumiis 7/2- 8o/ in Fig-the~

phase of V at O is zero) but the current at this T
point is maxlmum 80 \its' phase is /2. Thus, the P

current I1s lea@mg the applied voltage by 90° or \ q /
/2. | o"N'B S\

. Now consider the points A and N. The
phase of alternating voltage at A is n/2 but the
phase of current at N is n. Again the current is
leading the voltage by 90° or /2.
V. Similarly by comparing the phase at the
pair of points (B, R), (C, S) and (D, T) it can be seen that at all these points the
current leads the voitage by 90° or n/2. This is vectorially represented in Fig.
Reactance of a capacitor: .
Reactance of a capacitor is a measure of the opposition
offered by the capacitor to the flow of A.C. It is usually
represented by X.. Its value is given by e AN
xC = [rms O (2)
Where V,qm 1s the-tms. vaiue of the alterﬂaflng voltage
across the capacitor amq m,,\ :s th\e rms value of current passing through the
capacitor. “ NASSe

Unit of reaﬁt&ﬁ&:

The unit of reactance is ohm.

Relation between reactance (X.) and frequency:
In case of capacitor

Xe = —= = — . (3)

2nfC wC
Accordnng to Eq.3. a certain capacitor will have a large reactance at low

frequency, So the magnitude of the opposition offered by it will be large and the

current in the circuit will be small.

On the other hand at high frequency, the reactance will be low and the high
frequency current through the same capacitor will be large.

Q11: Discuss the flow of current through an inductor in A.C. circuit?
Discuss phase between current and voltage'? Derlve a relatnon for
inductive reactance of an inductor? PN\

Ans: A.C. through aninductor: e

i An inductor is usually in the form of a caﬂ cr"r.

a solenoid wound from @ thick wire so\that thas a ! =1 sinwt

large value of self dectance and'has a negligible < ’

resistance. . - N\

ii. Self \ 'mductance opposes changes of

current So when an alternating source of voltage

is applied across an inductor, it must oppose the
flow of AC which is continuously changing

a4 L




iif. Let us assume that the reslatance ‘of the cefl |s rreghgnble Suppose the
currentis | = L.sin 2t If L s the mductance of the) colt: the changing current sets up
a back emfin the coil of megnttude \ N~

NN NoUB- ™ s =Ly

iv. To malhtam the current. the applied vo!tage must be equai to the back emf
The applied voltage across the coil must, therefore. be equal to

Al
Y ”JIL a
Since L is a constant. V i1s proportional to -

Graphlcal variation of current (I) wlth time (t):
i Fig. shows how the current | varies with time TFhe value of Al/At is given by
the slope of the I-t curve at the various
instants of time .
i At O. the value of the siope is
maximum, so the maximum value of V equal
to V, occurs at O and is represented by OP.
iii. From O to A the siope of I- t graph
decreases to zero so the voltage decreases
form V, to zero at Q. A O AN
iv. From A to B. the, slope\of th A\ grapfn s negatlve so the voltage curve
goes from Qto R In tms way the %Itage Is represented by the curve PQRST
correspondmg to c]trlrrraht curve OABCD
V. :Hpﬁrmg the phases of the pair of ponts (0. Ty
P). (A, Q) (B R). (C. S) and (D, T). it can be seen that the *
phase of the current is always less than the phase of
voltage by 90° or n/2 i.e, current lags behind the applied
voltage by 90° or n/2 or the applied voltage leads the t
current by 90° or /2. - >
Inductive reactance: b '

Inductive reactance is a measure of the oppcsition offercd by the inductance
coll to the flow of AC It1s usually denoted by X, . '

X, ="’— . (1)

If Vims 1S rms value of the alternating voltage across an inductance and |
Relation between reactance of a coil and frequency:

The rms value of the current passing through it. the value

g L B VRS N P TAES

Irm

The reactance of a corl therefere depemds upon the frequency of the AC
and the inductance L A\

It is d:rectly pr?por‘nona}.to both f and L L s expressed in henry. fin hertz.

ms

$g|ven by

and X, in ohme N NN
Note:
i It 1s to be noted that inductance and capacitance behave oppositely as a

function of frequency
ii. if f1s low X, 18 sr_nail but X. 1s large For high f. X, is large but X. i1s small



PR

i, The behaviour of resistance is mdependent of frequency

Q12: Explain why there is no net change of energy in a mmplou cycle of
inductor coil (P”" Infuct r)? OR Why no power is dissipated in a
pure lﬂductor? ‘ 1310

Ans: Refer ”f‘g o) ng rt can be seen that no power is dissipated in a pure
inductor.

B In the first quarter of cycle both V P
and | are positive so the power is positive, g
which means energy is supplied to inductor.
ii. In the second quarter, V is positive
but I is negative. Now power is negative
whlch implies that energy is returned by the
inductor.

iil. Again in third quarter, it receives energy but returns the same amount in the
fourth quarter. Thus, there is no net change of energy in a compiete cycle.

Choke:

Since an inductor coil does not consume energy, the coil is often employed
for controlling A.C. without consumption of energy Such an mductance coil is
known as choke. . W\ | \

Qi3: Whatis meant by mpedm of a circmt }'_
Ans: Impedance: O\~ "\ 0\

An A.C. circuit may) cons:st of a resustance R, an inductance L, a capacitance
Cora comb ati bh‘téYf“these elements. The combined effect of resistance and
reactances i an h a circuit is known as impedance and is denoted by Z.

It is measured by the ratio of the rms value of the applied voltage to the rms
value of resulting A.C. Thus

It is expressed in ohms.
Q14: Explain R-C and R-L series circuits in detail?
Ans: R-C series circuits:
A circuit in which resistance R and capacitance C are connected in series

with the source of alternating voltage is known as R- /

C series tircuit.

Explanation: L 1 I
i Consider a series network of resistance R ) e T
and a capacitor C excited by an aiternating voltage — @v T
ii. As R and C are in series, the same ‘current"-.\. ac fr = < vi
would flow through each of them.. A Loy

iii.  If L is the value of current\the potent|a| < i

difference across Fhe reslstance R would be Ims R
and it would| ﬁe ‘in/phase with current Ins. The vector diagram of the voltage and

current is shown in Fig.
iv. Taking the current as reference, the potential difference ... R across the
resistance is represented by a line along the current line because potential drop I,n,

R is in phase with current.



V.  The potential difference across the |\\//(0 \o-=,
capacitor will be 1,, X; = I,JwC, Asthis- voitage_‘;, U )4
lags the current by 90° S0 the lme{epresentmg
the vector lm,/wC IS drawn at night angies to the
- current line (NN ol

vi. Thej," o ioed vottage Vme that will send the
current I in the circuit is obtained by the resultant

of the vectors .., R and ’;’!"5 ie.

v = J(VR)? + (V.)?
’rms 2
Vima = ﬁmR)’ +(2)

Vi = I ’RE“L(IIE):!
SN

Impedance = Z = -—f = ‘RZ + (u(.') . /:::1“\‘ e ‘1) N

vii. It can be seen in Fig. Mtl'tecurrentandﬂ\eapphedvoltagearenotln

phase. The current leads, the applied voltag;e by an ‘angle 8 such that
a'x,‘ g tan (“ - R) ........ (2)

viii. -:zn mltﬂé impedance of a series A.C. circuit

by vector adk itior. The resistance R is represented by a R
horizontal line in the direction of current which is taken as 0

reference.

ix. The reactance X. = -E iIs shown by a line iagging
the R- line by 90°. The impedance Z of the circuit is
obtained by the vector summation of resistance and txc

reactance.

Fig. is known as impedance diagram of the circuit.

X. The angle which the line representing the impedance Z makes with R line
gives the phase difference between the voltage and current. In Fig., the current is

leading the voitage applied by an angle

o () - ')
R-L series circuit: N

A circuit in which resistance R and. lndudance L are con nected in series with
the source of alternatlng _voltage is\ known as R-L'series
circuit \ 0\ -
Explanation: NN\ |
Now( gJMH Jcalculate the impedance of an R-L @ v
series circuit’ by drawing its impedance diagram. '
i. Fig. shows an R-L series circuit excited by an
A.C. source of frequency w.
ii. The current is taken as reference, so it is represented by a horizontal line

-—.'ﬂ




,7-’\ = \

. Resistance R is drawn along thiS Ime'because thB notential dFOD Lms R 18I0
phase with current. \

iv.  As the potential across the mdbctance VL = lrms. £ /“:
X = lms (wL). Ieanj(s the. current by 90°, so the vector !
line of reactapjce ‘wL is drawn at right angle to R 1,/ :
fina: X =l g l
V. The impedance Z of the circuit is obtained by <9 |
the vector sum of R and wl lines. o —>
Thus

= JR? + (wlL)?
vi. The angle 6§ = tan™ (“:) which Z makes with R line gives the R phase

difference between the apphed voltage and current. In this case the voltage leads
the current by 6°

Note:

By comparing the impedance diagrams of R-C and L-R circuits, it can be

seen that the vector lines of reactances Xn and X, are durected opposlte to each
other with R as reference. ]V x

\ \ ,:.\f:ix s
\ ~—\\\*./ =

Q15: Discuss the power drss:patmn m 'A"‘C'."‘-\clrcmi:s‘? i
Ans: Powerin A.C. circuits; | \/ U\~

i. The expre55|on For poiuer IS Po= V,ms lrrns This expression is true in case of
A.C circuits. onl jm v and'iare in phase as in case of a purely resistive circuit.
ii. The\p \fi\\"ér dzssnpahon (loss) in a pure inductive or in a pure capacitance
circuit is zero. In these cases the current lags or leads the applied voltage by 90°
and component of applied voltage vector V along the current vector is zero.

iii. in AC crcutt the phase difference between applied voltage V and the
current |, 1S 6.

iv. The component of V along current l.s, 1S Vims COs 6. Actually it is this

component of voltage vector which is in phase with current. So the power dissipated
in A C circuit

P = bms X Vrms cos @
Power factor:
The factor cosé is known as power factor.
P
Irms X Vg '
Q16: Derive a relation for resonance frequency in R- L-C C|rcu|t. Also
describe the propertles of the s:rles resonance circuit?
2Q
Explain series fesonance crpcult?
Ans: Series reson?nce c;rcuit-
i Cons: e\ [anNR:L-C series circuit which is
excited by 'an alternating voltage source whose
frequency could be varied.
il. The impedance diagram of the circuit is shown
in Fig.
iii. The inductive reattance X, = wlL and capacitor

cosf =




reactance X, =
other

iv. When the frequency of A'Cr éource is very
small X¢ = | RIS, muéh greater than X, = wl. So the SR
capacitance ‘dominates at low frequencies and the

circuit behaves like an R - C circuit. Xe=—
V. At high frequencies X, = wl, is much greater ‘”C¢
than X, - In this case the inductance dominates

and the c;rcust behaves like R-L circuit.
vi. Resonance:

in between these frequencies there will be a frequency w, at which X, = X..
This condition is called resonance Thus at resonance the inductive reactance being

equal and opposite to capacitor reactance, cancel each other and the impedance
diagram assumes the form as in Fig.

vil. The value of the resonance frequency can be obtained py puttiqg

— are d|rected,_‘opﬂps,itea tor e;?"?h“-.f‘f [

or " fr = =\ |0

Properties of tpq sg s‘-resonance circuit:
The following" re the properties of the series resonance.
(i) The resonance frequency is given by

| I = i
(ii) The impedance of the circuit at resonance is resistive so the current and
voltage are in phase. The power factor is 1

cosB=—-«P—=1

Irms X Vrms

(iili) The impedance of the circuit is minimum at
this frequency and it is equal to R.

(iv) If the amplitude of the source voltage V, is
constant, the current is a maximum at the resonance
frequency and its value is Vo / R. The variation of
current with the frequency is shown in Fig.

(v) At resonance V., the voltage drop across:

inductance and V. the voitage drop across capac}tanCe may be much larger than
the source voltage. 2

Q17: Derive a relaﬁon f0r reso\nanoe frequency in parallel resonance

circuit. Jdescnbe the properties of the parallel resonance
circuit? Explam parallel resonance circuit?
Ans: Parallel resonance circuit:

i. Fig. shows an L-C parallel circuit it is excited by an alternating source of
voltage whose frequency could be varied.

il. The inductance coil L has a resistance r which is negligibly small.

CL"!H‘.‘_'—"_'_’

1remm’" i\ 3



iil. The capacitor draws a leadmg current Whereas the oou draws a lagging
current. AN

iv. The circuit resopates, at- a fre\ eney aw= wr"' }
which makes X, = X, so| that the two-branch currents
are equal but opppsnél Hence, they cancel out with the 5 ‘

| |2

Al

result that theJ lcurrent drawn from the supply is zero In
actual practice, the current is not zero but has a
minimum vailue due to small resistance r of the coil.
Properties of paraliel resonant circuits:

Properties cf parallei resonant circuits are
i Re ' = =
(1) sonance frequency is f, = ——=

(ii) At the resonance frequency, tne circuit 1
Impedance is maximum. It ts resistive. i
(iii) At the resonance the current is minimum and it is
in phase with the applied voltage. So the power factor is
one. The variation of current with the frequency of the
source is shown in Fig.

(iv) At resonance, the branch currents IL and !c may‘ <o\ (C PP

each be larger than the source current /;, |\ 1! L

Q18: Whatdoyouknowabomﬂimephasel.c.supply?mits
advantages also? ||\ (||| 1o

Ans: Three ph: AC suppfy :
i In a Ipireé bh se A.C. generator, instead of one coil, there are three coils
inclined at 120° to each other, each
connected to its own pair of slip rings.
ii. When this combination of three PHASE 1
coils rotate in the magnetic field, each coll
generates an alternating voltage across its
own pair of slip rings. Thus, three
alternating voltages are generated. The
phase difference between these voltages
is 120°. Such a .voltage is called three
phase supply.
Explanation:
i Pair of slip rings: ~
When voltage across the first pair of slip rmgs 18/ zero havmg a phase of O,
the voltage across the second pair of slip rmgs would not be zero but it wili have a
phase of 120°. Similarly at this mstant the - - U
voltage generated across the {hlrd pair will

PHAQEJ PHASE 3
.- .-J '- - I

+

YOLTS —=

|

have a phase 240° . Thps IS\ shown in Fig. '

il. Termmalst. . i3
The machine, instead of having six -t

terminals, two for each pair of slip rings, has 230 230 v §

only four terminals because the starting point ©
of all the three coils has a common junction
which is often earthed to the shaft of the

230 v




generator and the uther three ends of the coils are- connected to three separate
terminals on the machine These frJur termma!s along with' the lines and cons
connected to them are shewn n Fl AL\ 2
iii. Voltage: AT 0 N

The voltay e ajcross eac,h of lines connected to terminals A, B, C and the
neutral line. is! 23 V2 Because of 120° phase shift, the voltage across any two lines
is about 400 V.
Advantages of three phase A.C. supply (three phase supply is better than
single phase supply):
i The main advantage of having a three phase supply is that the total load of
the house or a factory is divided in three parts, so that none of the line is over
loaded.

ii.. If heavy load consisting of a number of air conditioners and motors etc., is
supplied power from a single phase supply, its voltage is likely to drop at full load.
iii.  Moreover, the three phase supply also provides 400 V which can be used to

operate some special appliances requiring 400 V for their operation.

Q19: Explain principle of metal detectors? OR How a metal detector is
used to iocate buried metal objects? o~ Al

Ans: Principie of metal detectors: ~N [\ dOTT
Such detectors are ex'enswely’used not onf ,for vanouc secunty checks but

also to locate buried me,tal obje;.:ts VANV NS

Explanatlon. \8

i A coil and & oadpacitor are electncal components which together can produce
osciltations of! current
ii. Electrical oscillates:

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 in the operation of a
common type of metal detector.

Working of metal detectors:
i In the absence of any nearby metal object, the inductances L, and L are the
same and hence the resonance frequency of the two circuits is also same.

Qscimtor circut 8 Osciftator circyuit A

P
1 é ~3'J G nal |[ .
: for . SN
~ A (1) COULE
] ) . ™\ 7.:‘ \ ."’-‘ " . .‘-\| J,‘. ‘./ /.\; \ "

ii. When the inductor B, called the search coil comes near a metal object, its
inductance Ly decreases and corresponding oscillator frequency increases and thus
a beat note is heard in the attached speaker.



Use of metal detectors: \ A WUV )

Such detectors are extenswe \gsea‘nvot o‘nly for vanous security checks but
also to locate burigd metal objects )
Q20: What j is, ;:hoké and describe its functions?
Ans: Choke: -

It is a coil which consists of thick copper wire wound closely in a large
number of turns over a soft iron faminated cores.
Function of choke:

L Choke makes the inductance L of the coil quite large whereas its resistance
R is very small. Thus it consumes extremely small power.
if. It is used in A.C. circuits to limit current with extremely small wastage of

energy as compared to a resistance or a rheostat.

Q21: Write a short note on the electromagnetic waves?

Ans: Electromagnetic waves: ‘
The wave that consists of an electric field in conjunction with the magnetic

field, oscillating with same frequency is known as electromagnetic waves.
Electromagnetic wave requires no medium for transmussmn and \can rapidly

propagate through vacuum. e

Explanation: Q \

i In 1864 British phySnc;st/Jame§CiaYk Maxwell formulated a set of equatlons
known as Maxwel ‘s,;equat;ons which explained the vartous electromagnetic
phenomeng NS

ii. Accm'élind 1o these equations, a changing magnetic flux creates an electric
field and a changing electric flux creates a magnetlc field.

Production of electromagnetic waves:

i Consider a region of space AB as shown in Fig. <en
Suppose a change of magnetic flux is taking place \m____q -

through it This changing magnetic flux will set up a

changing electric flux in the surrounding region.

ii. The creation of electric field in the region CD will

cause a change of electric flux through it due to which a

magnetic field would be set up in the space surrounding e

CD and so on. Thus each field generates the other and UQ k’ y ]

the whole package of electric and magnetic fields will

move along propelling itself through space. Such movmg electnc and magnetic

fields are known as electromagnetic waves.

Characteristics of electromagnetic waves:

JC'\‘ " ~\ _\\ v/.\‘_
O \c¢

i The electric field, magnetlc field and th;a \ 1rect|on of their propagation are
mutually orthogonal. ' Q) .
il It can be seen that the electromagnetlc waves are periodic, hence they have

a wavelength 4 wm}ah“s given by the relation ¢ = f where f is the frequency and ¢
is the speed| tJ! the wave.

iit. In free space the speed of electromagnetic waves i1s 3 x 10°ms""



Oirecarcan of
Perpagation

Classification of electromagnetic waves:
i. radio waves, ii. microwaves, iit infrared rays, iv. visitle lignt

Note: :

Electromagnetic waves from the low radio waves to high frequency gamma rays.

Q22: Describe the princi'ple of generation, transmission and reception of
electromagnetic waves?

Ans: Principle of generation of electromagnetlc waves:
Electromagnetic waves are generated when electric or magnet:c flux is

changing through a certain region of space. ;;;,ja \\

Methods for the generatian of electromagnetic. waves- CALS

i An electric charge at rest gives, née to\a\ Cou!ombs ﬁeld which does not

radiate in space because no change of fL taKES place in this type of field. A charge

moving with constant ve!ocity IS\ equwaient to a steady

current which geg rapes b constant magnetic fieid in Transmiting

the surroundmgu pﬁc\e but such a field also does not SPSUE

radiate out because o changes of magnetic flux are

involved. Thus.only chance to generate a wave of

moving field is when we accelerate the electrcal

charges. Q
il. Shake an electrically charged object io and fro
then electromagnetic waves will be produced.

Transmission of electromagnetic waves:
Radio transmitting antenna:

A radio transmitting antenna provides a good
example of generating electromagnetic waves by
acceleration of charges. The piece of wire along which } ) ) by
charges are made to accelerate is known as transmitting FAan Y
antenna. — ) ’/} yuL !
Procedure: 5 Oanral/ e l
i. . Itis charged by an alternatmg sourc. ef pctenhai of L
frequency f and time periodT, | L NS
ii. As the charging. ;@otentlal alternates the charge on ’
the antenna alsochnbtan ly reverses. For example if the top B3

has + q charges at any instant, then after time T/2 the
charge on it will be -q. Such regular reversal of chargcs on the antenna gives rise to
an electric fiux that constantly changes with frequeny f. This changing electric flux




SE'S up 3n eicciromagnetic wave whxch propagatﬁs cu{ m sDace awa) frcm the
antenna A (¢ IARIRR

ifi. The freQUen”y thh wmch.\me fields aiterna{e is always equai tc the
freauency of the source) g“ndratmg trem These electromagnetic waves which are
prcoagaied, ug if\space from antenna of a transmitter are known as radio waves.
in free spage/these waves travel with the speed of lignt.

Reception of electromagnetic waves:

Receiving antenna:

Suppose these waves impinge on a piece of wire. The electrons in the wire
move under the acticn of the oscillating electric field which give nise to an aiternating
voltage across the wire The frequency of this voltage is the same as that of the
wave intercepting the wire This wire receiving the wave is known as receiving
anienna
Transmiiter:

As the electriz field of the wave 1s very weak at a distance of many
kilometers from tne transmitter. the voltage that appears across the receiving
antenna 3 very smalt Each transmitter propagateswadlo waves of Qne particular
frequency ; N\ (P )

Function of L-C circuit: AN

if cne adjusts the value of’ the ﬁapamtqr so tnai the natural frequency of L-C
circuit 1s the same as that of the\ trangmtttmg station to be picked up, the circuit wili
rescnate under the driving) action' 'of the antenna. Consequently, the L-C circuit will
buiid up a2 Ia foic) r}e\slpanse to the action of only that radio wave to which it is tuned. in
your radio\ He eu er set when you change: stations you actually adjust the value of C.
Q23: Describe the mcthod of modulation? Explam the difference

between its different types?
Ans: Modulation:

Moduiation s the process of combining the low frequency signal with a hxgh
freguencv radio wave called carrier wave.

Moduiated carrier wave:

Thz resultant wave is called modulated carrier wave.
Moculation signal:

The iow frequency signal is known as modulation signal.
Principle of modulation:

Moduation is achieved by changing the amphtd"e or the’f chency of the
carrer wave 10 accordance with the modu.atmg sgﬂau SONLY
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Typcs of modulatlon . . e 1e)\ [COULE
there sre twa types of madulatzons wmm are A T\ QAN S
1. Ampiitude medulation (A M) AU 2 Freqpemy modulation {(F M)
Ampliiude modulatign (AM); |\ |\ 1>
In this type of modulatisn- the amplitide of
the carrer waye|is/y 1creased or diminished as the
amplitude of ‘the superposing modulating signal ANWW\;W\“NMAWM
INCreases and decreases. - carmer wave
Fig (a) represents a high frequency

carrier  wave of constant amplitude and. ' — /F\
freiuency Fig (b) represents a low or audic®

freciuc-cy signal cf a sine waveform. Fig (c) (b’ BuGio Signsl

showe the result obtained by modulating the WMWV\MNV\N\N\N
carcr waves with the modulating wave .
Transmission frequencies range of A.M: amphitude Moduiated wave

ine A M trapsmission frequencies range
froir 240 kHz to 1600 kHz.
Ficquency modulation (F.M):

in this type of modulation the frequency of the carr,er wave Js'

dininished as the moduiating sigrai, ampmude f i

increases or 'dec"eases Bt the; ‘arqer (wave-
f[aquency mrdaiatnon The carmier wave

)‘ / \

-wéreased or

Fig showsJ
frequency of)\ [fhe

highest (point H) when the signal ampirtude is at RN
‘13 maximum positive value and is at its lowest AR
frequency (point L) when sigmal amplitude has Ak
maximum negative. When the sighal ampitude is L KL manm G,

cero  the carner frequency is " at its normal (c) MMWV\AMWMM

frequency fo. . frequency modu'ated wave
Transmission frequerncies range of F.M: .

The F.M. transmission frcquenuea range ¢

from 88 MHz to 108 MHZ: 4 .

Advantages of F.M transmission over A.M transmisgion:

i The F M transmissicn frequencrcs are much higher and | fnnges behveer 28
Mriz to 106 MHz. ‘

ii. F ™ radic wavcs arg. affected less by e!ectnuaunterfe c‘e f., AN fra0

waves anrd hence, provide a higher gquatity’ tranSmlss on of $OuT D
Disadvantage of F.M, b'aasm:ssmn overA M transmission:
F M has a shorter’ range than’ A'M “Waves and is less abie 0 i 1o

obsiacies such s fjlms and\large bwidmgs o
) J| j‘ :

1. Alternating current i3 that which is produced by a voiteage scuic whose
polanty keeps on reversing with time.



2. The time interval during which the voltage source changes its, polarlty once is
known as period T of the alternating current-or voltage i

3. The value of voltage or current; that exists in'a cu’cmt at any instant of time
measured from some reference\pemt is kriown as its instantaneous value.

4 The highest value reached by the voltage or current in one cycle is called the
peak value|of the, voltage or current.

5. The SII.E!‘I of positive and negative peak values is called peak to peak value
and 1s written as p-p value.

6. Tt;e rozot mean square value (rms) is the square root of the average value of
Vior I

7. The angle 6 which specifies the instantaneous value of the alternating
voltage or current, grves the phase lag or phase lead of one quantity over the
other.

8. An inductor is usually in the form of a coil or a solenoid wound from a-thick
wire so that it has a large value of self inductance and has negligible
resistance

9. The combined effect of resistance and reactance in a circuit is known as
impedance and is denoted by Z. g

10. Choke is a coil which consists of thick copper vwrg wounﬂ dose[y in a large
number of tumns over a soft iron laminated core AL

11. Electromagnetic waves are those whloh reqwre no ‘medium for transmission
and rapidly propagate ihraughvgcuum

12.  Modulation is the process ‘of combmmg the low frequency signal with a high
freque y‘ radio ‘wave. called carrier waves. The resultant wave is called
modula ed carrier wave.

I SOLUTION OF EXERCISE \

16.1. A sinusoidal current has rms value of 10 A. What IS the maximum
or peak value?

Ans: Giventhatl,,s = 10A

As maximum or peak value of current = I, = V2(l,u,)

= Iy = (14142) (10 A) = 14 A

16.2. Name the device that will (a) Permit the flow of direct current but "
oppose the flow of alternating current (b) Permlt flow of
alternating current but not the direct current?.\ ((O)\\V

Ans: (@) Aninductor (choke) will opposeAC due lts mductwe reactance

(b) Capacitor will oppose the flow of dlrect current but allows the flow of

alternating current. AL O

16.3. How many mmes per second will an incandescent lamp reach
maxmiu&'n brilliance when connected to a 50 Hz source?

Ans: Since in each cycle, alternating voltage reaches its maximum value two

times (once for positive peak value and one for negative peak value). Therefore

lamp will show maximum brilliance twice the frequency of A.C.

Brillance of lamp = 2 x f = 2 x 50 = 100 times



2. The time interval during which the voltage source changes its poIanty once is
known as period T of the alternating current or voltage ‘

The value of voltage or current’ that exlsts in'\a cwcuuf at any instant of time

measured from some. reference\pomt is'known as its instantaneous value.

The highest value reached by 'the voltage or current in one cycle is called the

peak value/of the voltage or current.

The\ s.dm ‘of positive and negative peak values is called peak to peak value

and is written as p-p value.

$?e rozot mean square value (rms) is the square root of the average value of

or I,

7. The angle 8 which specifies the instantaneous value of the alternating
voltage or current, gwes the phase lag or phase lead of one quantity over the
other.

8. An inductor is usually in the form of a coil or a solenoid wound from a-thick
wire so that it has a large value of self inductance and has negligible
resistance

9. The combined effect of resistance and reactance in a circuit is known as
impedance and is denoted by Z. ”

10. Choke is a coil which consists of thick copper wnre wound cioseiy in a large
number of turns over a soft iron laminated core. \o\2

11. Electromagnetic waves are those whach reqwre no medlum for transmission
and rapidly propagate through\@cuum

12. Modulation is tge process of- combnnmg the low frequency signal with a high
frequency nattl wave. called carrier waves. The resultant wave is called
modu'& carrier wave.

I SOLUTION OF EXERCISE \

16.1. A sinusoidal current has rms value of 10 A. What IS the maximum
or peak value?

Ans: Giventhatl,,s = 10A

As maximum or peak value of current = |, = s/i(l,,,,,)

= Iy = (14142) (10 A) = 14 A

16.2. Name the device that will (a) Permit the flow of direct current but
oppose the flow of alternating current (b) Permlt flow of
alternating current but not the direct current?  ~(0)\\\!

Ans: (@) Aninductor (choke) will opposeAC due |ts mductwe reactance

(b) Capacitor will oppose the flow of d;rect ‘current but allows the flow of

alternating current. A\ 0

16.3. How many | umes per seoond will an incandescent lamp reach
maximum- brilliance when connected to a 50 Hz source?

Ans: Since in each cycle, alternating voltage reaches its maximum value two

times (once for positive peak value and one for negative peak value). Therefore

lamp will show maximum brilliance twice the frequency of A.C.

Briliance of lamp = 2 x f = 2 x 50 = 100 times

I o< 4 B
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16.4. A circuit contains an iron-cored inductor, 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 switch terminals?

Ans: When a current flows thraugh the inductor energy is stored in the inductor in

the form of magnetic-field\ When'the switch is closed current grows from zero to

maximum and when the switch is opened it creases from maximum to zero. Hence
at the instant we reopen the switch the current through it is maximum which causes
the spark jumps.

16.5. How does doubling the frequency affect the reactance of (a) an

.inductor (b) a capacitor?
Ans: (@) Inductive reactance = X, = 2nfl = X «f
If frequency is doubled inductive reactance will also be doub!e]d.
(b) Capacitive reactance = X, = Zﬁif e = Xc“'f--

If frequency is doubled reantance will be halved. J
16.6. In R-L circuit, will the current lead or lag the voltage? Iliustrate
your answer by a vector diagram.
Ans: i. As the potential across the inductance
Vi = Ims. X =lms (wl) leads the current by 80°, ¢
so the vector line of reactance X,= wL is diawn\ (" \\'|"
at right angle to.R line. |

ii. Theangled= tan’("—;%) Which-Z makes
with R line . give s‘-\II;;}_)tIIHe‘ "R phase difference
between théi?t@é‘gﬁt ed voltage and current. In this
case the voitage leads the current by 6°.

16.7. A choke coil 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 lamp glows
with normal brilliance. Explain how this is possible?

Ans: Choke:

Since an inductor coil does not consume energy, the coil is often employed
for controlling A.C. without consumption of energy. Such an inductance coil is
known as choke.

Inductor offers high resistance to A.C, decreases current, so bulb becomes
dim. By adjusting value of ‘C’, we achieve resonance condition (inductive and
capacitive reactance cancel the effect of each other) so maximumcurrent flows due
to the balancing of reactances.

16.8. Explain the conditions ﬂﬂﬁﬁrWh‘Chelectromagnet;c waves are
produced from a source.|| .| |\

Ans: When antenna js connected to a.c. source which accelerates the electrons.

The vibrations, of electrons create a changing magnetic field which then produces a

changing electric filed. In this way the electromagnetic waves are produce from a

spurce.

These waves are produced by the osciliation of electric charges (either by
using some electric oscillator (LC circuit) or by waving the conductor in space or by,
regularly, reversing the polarity of the voltage attached with the conductor)



16.9. How the receptuon of a partlcular :adlo statnon is selected on our
radio set? \

Ans:  Singe respnance hewenc’ We keep changing the vare 2f C

\ESAE
‘ \ 1) S» 5 Tic
Of our radio set un, Eb%ﬁls resonance-frequency becomes equal to the freguency of

the particu’ a"radrg station. At this point resonance takes place and the staticn 18
tured cn ourradie set

16.10.What is meant by A.M. and F.M.?
Ans: Amplitude modulation’ (A.M):

tn this type of mcdulation the amplitude of the carrjer wave IS Increasgd of
F

‘minished as the amplitude of the supergesing

modulating signal increase®s and decreases. '
Fig (a) represents a high frequency carrier, N“MWWWWM ‘**'\N\

wave of constant amplitude and frequency. Fig. (b) camer wave
represents a «ow or audioefrequency signal of a _ \ o .
sine wavefcrm Fig (c) shows the result obtained L VINESIPED A -
by mooujahng the carrier waves with the . - \J N

() audio signal '

moduiating wave *
Transmission frequencies range of A.M:
The AM transmission frequanmes range
from 540 kHz to 1600 kHz | \
Frequency modulatiom (F M) , e
(n this tyn q? [medulaticn the frequency” of
the carrier w?hre‘( ircreasearor diminished as the |
moaulating © signai amplitude  inicreases  of (g NWAM\MNWUW\
decreases pu¥the carrier wave amplitude remains- -
constant ¢ _ | . CaMmIer wave
Fig. shows, trequency modulation. The,  (b) /% -
frequency of the moduiated carrier wave is highest ' ,/ \\ /_/‘\\
(pont H) when the sianal amplitude is at its ] '
max. nut pesdtve vaiue and is at its lowest

AR

H f icgni!' t

freguency (cont L) when signa! amplitude has
maxmum regarye When the signal amplitude is MIW\NNMNV\
zero the ceamer frequency s at its normal
frequency i A
Transmission frequencias range of F.M: s

The £ M trangmission frequencies range from BGMHZ tc 108 MHz

SOLUTION OF F_{RWE ‘

frequency n“oduidte" wave

Example ﬁ 1_ An A C voltmaer reads 250 V! What is its peak ar.d
mstantaneouivalues :(vthe fr’qt!,ncy of. altemntmg voltage is 50 H2?
Solution:

rvs va'ues of 2ternanng voltage 2 \V,, = 250V
. L

fequency of attarnating voltage = f = 50Hz

Peak vaue . fallernating veltage = Ve = 7



Instantaneous voltage = vaz 20 [@ O
Peak value Vo of altematmg voltage- q QSN SYS

Vo :J-—“J v = 1.414 x 25V (~v2=1414)
Vo = )
Since Angular frequeney = w = 2nf
w = 2xax50 = 1007 Hz
Instantaneous value of aiternating voltage:
\' = Vesinwt
V = 353.5 sin (100 nt) V
Example 16.2; A 100 pF capacitor is connected to an alternating

voltage of 24 V and frequency 50 Hz. Calculate
(a) The reactance o1 ii.e capacitor, and

(b) The current in the circuit

Solution:

Capacitance of capacitor C =100 pF

100x 10*1: ERRNIECA L =

Alternating voltage _ N\ H@EM\ U\
Frequency rf 250 Hz .

(a) Reactance of ¢ pacytar
(b) Currenpn-meJ circuit

(a)  The reactance of the capacitor:
_ 1
He & 2n/C
- 1 _
X = 2x3 14x50x100%107¢ y = 3180
(b) Since X, € =
] = _V.
Xc
- ¢4 _
. = 2. = 0T75A

: When 10 V are applled to an A.C. circuit, the current
following in it is 100 mA. Find its impedance.
Solution:

rms value of applied voltage = Vg =10V AT
rms value of current = e = 100 mA A~V [\ a0
rms vaiue of current = C VAL LW (VAN

Impedance =

Since

= 100VA' = 1000

Exampie 16.4: At what frequency will an inductor of 1.0H have a
reactance of 500 07
Solution:

Inductance of inductor

L =10H

]



Reactance of inductor
Frequency £\ \#7p\(O WAL
Reactance of the mductor,

X, = L AN AUV A d

II i

-
v
o
o

T 2x3.14x1.0 = 80 Hz

Example 16.5: An iron core coil of 2.0 H and 50 0, is applied in series
with a resistance of 450 0. An A.C. supply of 100 V, 50 Hz is connected
across the circuit. Find (i) the current flowing in the coll, (ii) phase angie
between the current and voitage.

Solution:

Since resistance are connected in series

Resistance = R = 500+4500n = 5000
Inductance = L = 20H

Supplied voitage = Vme= 100V ~
Frequency = f = 50Hz [
(i) - Current in the coil A

-—
-

—

-

(ii) Phase angle = 6 '

xL-%xamﬂsoxzo .6280 L

Since NN | /R2 + (wl)? -
= J(500)Z + (628)? = 803 Q"

Also, lms = (5‘;—’)

lm = 1 = 001245A = 12.45x 10°A

lms = 12.45 MA .
Phase difference = 6 = tan™ (= ) )

628

] tan’ ) = tan (1.258) = 51.5°

: A circuit consists of a capacitor of 2 uF and a
resistance of 1000 Q connected in series. An alternating voitage of 12V
and frequency 50Hz is applied. Find (i) the current in the cirmlt, and
(ii) the average power supplied. e\ 20O\

Solution: | =

Capacitance = C = 2uF+= 2 x 104;: WY

Resistance = R\& 1000n ¢

Alternating Voltage = V B 12V

Frequency i /\/1\ s o\f =50 Hz

(i) Curtent = L= ? .

(it)  Average power . = P1 = 7 -

Since X, = erft '
Xe = : = 15820

2x3.14%x50x2x10"6



z = REr (X7 7 \(0 \LAu - L
Z = J (1 000)2 H (1592)2 1880 0
Now *-J’“.-u- 5
ERNVUNNA Vrm
ms = -
Im = o= = 00084A = 64x10°A=6.4mA

Phase difference =6 = tan™ (%)

9 = tan (‘zzz) tan"' (1.592) = 57.87°
Average power = P, = Vims Ims COS 8
Pee = 12 x0.0064 A x cos 57.87°
Pew = 12V x0.00064 Ax 0532 = 0.04 W
Example 16.7; Find the capacitance required to oconstruct a
resonance circuit of frequency 1000 kHz with an inductor of 5 mH.

Solution:

'Resonance frequency = f, =100 kHz = 1000 x 10’ Hz 2 1o°
Hz Inductance =L =5mH [\ = -5"x 10 H
Capacitance =C ='> '
The formula for resonance frequency 4sm W=

fr N Ehﬁ
Squaring bothJstdes ‘we get

2
fr m‘lLC
¢ = 4n2fiL
- 1 - 12
c B 4%(3.14)2x(106)2x5x10~3 - 5.09 x 107°F
C = 5.09 pF (Since 1 pF = 10" F)

| SOLUTlON OF PROBLEMS I

16.1. An alternating current is represented by the équaﬂon
I = 20 sin 100 nt. Compute its frequency and the maxlmum and rms-
values of current. v

l : = 20 sin 100 mt\ 7\ (o AL (@) L
i = N
Since VY | = lgsin2mft (2)

Comparing equations (1) and (2) we get,
2f = 100

f = li’—"H

f = 50 Hz



z = Rz + (XC)zﬂ

Z = \/(1000)2 n (1592)2 = 1880 0
Now - J‘,J‘J

Q JI'FFII_ \ Vrm_g

]rma = 2

Im = o= = 00084A = 64x10°A=6.4mA
Phase difference =6 = tan* (%)

6 = tan’ (ﬂ) n' (1.592) = 57.87°

Average power = P.v = Vm. Irms COS 6

Pee = 12 x0.0064 A x cos 57.87°

Pew = 12V x0.00084 Ax 0532 = 0.04W
Example 16.7; Find the capacitance required to oconstruct a
resonance circuit of frequency 1000 kHz with an inductor of 5 mH
Solution:

'Resonance frequency = f, =100kHz = 1000 10 Hz (=( 10‘
Hz Inductance = % G0
Capacitance :

The formula for resonance fre:zuency 8

ff J l j
Squaring bomjs ides, we get
s = 41:311.6
¢ = 4n2fiL
- 1 - 12
c B 4X(3.14)7x(10€)Zx5x10-3 - 5.09x 10°°F
C = 509 pF (Since 1 pF- 10" F)

| SOLUTION OF PROBLEMS I

16.1 An alternating current is represented by the équauon
I = 20 sin 100 nt. Compute its frequency and the mulmum and rms-
values of current.

l : = 20sin 100 mt \ 70\ ( (LA (D Y
0 Q ﬁ J‘ ‘;‘ .
Since | = lgsin2nft . .. (2)
Comparing equatlons (1) and (2) we get,
2f = 100
f = ig—u Hz
f = 50 Hz



Also lms = 0.707 I

From Eq 1 e = 20A
Now. using values in equation (3) we get WY
Lrms = 0 707 g 20 14 A

16.2 A sinusoidal AC has a maxumum value of 15A. What are its rms
values? If the. ftime is recorded from the instant the current is zero and is
becoming ‘positive, what is the instantaneous value of the current after
1/300s, given the frequency is 50 Hz.

Solution:

b = 15A

1

t = 300 secC

1 = 50 Hz

lms = ?

I = ?
As we kncw that,

besn = 0.707 1,

Ly = 070x15 = 10.6 A
The standard equation for the instantaneous value of A.C.is;.

I = [ sin(2naf)t A AN \t f j~,;.i‘<‘:\_—.>‘*‘

x = 15!Sm(23180!50>t~e-ﬂ) 13A

16.3 Find the value of the cm‘rént and mductive reactance when A.C.
voltage of 220V aq Ssz is passed through an inductor of 10H.
Solutlon'w,ﬂ U

\" 220V
50Hz
10H
K d
? .
Since X. = wbl = 2nflL

2x3.14x50x10 = 3140 0
v

And ] =X—L

= 220
l - 1140 0.07

16.4 A circuit has an inductance of H and resistance of 20000. A 50 Hz

A.C. is supplied to it. Calculate the react.ance and impedanoa ‘offered by
the circuit. _

-
n o n ll

2<
I

v = 220V
= R§0HZ "
R WN=UN 20000
X, = ?
z = ?

We know that,



X s 2xmxs0xl = 10007 COBY
Also zZ = tWRJ | .’
Z = {007 @000 = 200250

16.5 An mduvﬁtorjpf \pure mductance H is connected in series with a

resistance/of 40 0. Find

(i)  The peak value of the current

(ii) The rms value, and

(iii) The phase difference between the current and the applied voltage
Solution:

L = = H

V- = -350 sin (100 mt) (1)

Vs = 350V (Compare from 1)
R = 40 0 ]

f = 50Hz

i(} = '?

lims = ? B

8 = ?

The formula for the impedance of an n RY c1rcu:'( BN [

AR w R J(cm)z + (er X 50 X -)2 = V1600 + 90000
Z = V91600 = 302650

Mm L = 2
_ 350 _
Iy B 302.65 118 A
(ii) Since Ims = 0.707 I,

e = 0.707 x |,
lrs = 0707 x1.16 = 0.81A
(iii) Phase difference in RL circuit is,
¢ = tan’ (-";f") .
- 2nX50x2
¢ = tan’ (mﬂ') = tan’ (—f:;a—x-" ) tan™ (%) = tan™ 75 = 82 47
166 A 10 mH, 202 coil Is connected across. 240 Vand 22 4z source.
How much power does it dissipata? (Q\BABV L
Solution: NIR\BN

L = QG ﬂOmH':‘“
R (R N0
180
f = ol ' 4
11
P = 7

Since X, anfl



X, = 2nx .‘.E'i x10 x10? = 360 (COULT

e Z =, (XL)'2 + Rz" s | \\N [ S
Z = \/(3 6)2 +(zo)z N 20 32“0
o 240
Lome = 20.3214 = 11.81A

P = 240x11.81 = 2834 Watts
16.7 Find the value of the current flowing through a capacitance 0.5uF
when connectad to a source of 150V at 50Hz.

Solution:
C = 0.5uF =05x 10°F
Vie = 150V
f = 50 Hz
Lrme = ?

i _ 1
Since Xc = 2n/C . — L oA
= & = 10 Nl
Xe = 21x0. sxw-bxsn 2x3 14xﬁ S!ﬂO“x,SD 157 - 6360 ﬂ
Vrm; o~

N'Q lm = x \ \ .-«’( ‘.” ( . A

me = u%’o U 0.024m

ating source of emf 12V and frequency 50 Hz is applied to
a capacitor of capacitance 3 uF in saries with a resistor of resistance 1kq.

Calculate the pmu angle.

Solution:
V = 12v)
f = 50 Hz
o = 3uF = 3x10*F
R = 1k = 1000 0

. - - !

Since 1xc - 2nfc
X = Zuxsa'xaxw" = 1080.88 0
) = tan"' =

6 = e . g (e gy

What s the resonant fnqu&hey ofs et which includes a coil of
inductance 2.5 H and # apldhnu 40uF?

Solutlon. (RN QB
L ARNN 25
cC = 40uF = 40 x 10%F ;
f = ?

Resonance frequency is given by

b= e



1 10} 1000

k * AT "o sa | WMz
16,10 An inductor of inductance 150uH Is connected in- panlld with a

mhbhmdtawhonapndbnaﬁnhchﬂngdﬁmﬂpszo
pF. Caiculate the maximum fnqmmd nﬁmmm frequency for which

ﬂndmltmhotund. \C

: =J W *‘50,‘“ = 150 x10*H
cw SmpF = sw“10.12F
Cm = toZOpF = 20'10_12F
foren - ;
e = .
The formula for resonance frequency is given by,
* 1
f, » znﬁ;f
Therefore frx = o

1

f =
o 2x 3.14::71 150%10-% mx'ao-u

(Since 1 pF = 10" F)

k= 9 =
I = 6.28xV300x10-18 34396 10 291 x10° = 2 91 MHz

Now frm = zg:ffcm- N
) Foe 2x3. 14x‘150x10"‘ “!5003(10‘ e\ A\ \\ ¥
= S\ e . o
fo 6. 28x273 asno** .5, 814 x 10
J‘ J' [P e
:,.:,J. J Jl M
VRN o\

\ tllu ;

b:Bx? 750001018
0.58 x 10° = 0.58.MHz



