Chapter 16 (2" Year Physics) Alternating Current

ALTERNATING CURRENT

Q # 1. What do you know about alternating current?
Ans. The current that is produced by a voltage sourceswelpolarity keeps on reversing with
time is called alternating current.
Q # 2. Definefollowing for an alternating quantity: \
i. Instantaneousvalue

ii. Peak Value a;%)
iii. Peak to Peak Value (\/\

iv. Phaseof AC b
Ans. | nstantaneous Value \
The value of the voltage or current that exist inirauit at any insta ime t measured from som
reference point is known as its instantaneous valiahematically, i Pb/en by:

V =V, sind =\, sin(wt) \Lr'}
(2 : QS
V =\, sinfl —xt|=\, sinl 27 ft
psin| Zixt) =, sin ar NS
Peak Value

It is the highest value reached by the vol@m&m in one cycle. It is denoted by the sym¥pl
Peak to Peak Value

It is the sum of the positive and n@ive peakeslusually written as p-p value.

>

Phase of AC
The instantaneous vaIu:%@aIternating voltaggven by:

V=V,si
V= wt)
The angl specifies the instantaneous value of the instaoias value voltage or current
known as its e.

Q#3. W%{(do you mean by Root Mean Square (rms) Value of an alter nating quantity? Describe
itssi i@ance. Also derive an expression to calculate the rmsvalue of an alternating quantity.
g%e alternating current (or voltage) measure byasguoot of its mean square value is known as
root mean square (rms) value.
Significance of RMSValue
The average value of current and voltage over &dgczero but the power delivered during a

cycle is not zero because power’R and the values of hre positive even for negative values of I. Thus
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the average value ot is not zero and is called mean square current.alteenating current or voltage is
actually measured by square root of its mean squeoe known as root mean square (rms) value.
RMSValueof Alternating Signal

As the graph oW ? is symmetrical about the Iinévz, so from this figure, the mean or average

1
value ofV? is EVOZ. The root mean square value cf &

V is obtained by taking the square root <:92L1V02

(mean square value). Therefore,

V,
V. = 1vo2 =9 =07,

rms [

Similarly, 1, I0 —=071,
V2 J_

Q #4. What do you know about AC Circuits? .
Ans. The basic element of a direct current circuit rssta\}éﬂf:h controls the current or voltage and

the relation between them is given by the Ohm’s la
V=IR
In AC circuits, in addition to resistors ’wyo neircuit elements such as inductor L and capacitor

C are used. The current and voltage in AC*eitdaitontrolled by the three elements R, L and C.
Q # 5. Describe the relationship b instantaneous voltage and current when AC passes
through resistor. ‘b‘ M
A resistor of resistance@s connected with therahting R
voltage source is shown )&e figure. The potérdiierence V
across the terminals%@'resistor is given leyetkpression: ~

~
V =V sin(ed) -~ ® i
Where*V is the instantaneous value of alternatiolage and Y is the peak value of the

alternatln Itage.

|d|ng both sides by R, we get:

&
Q sm(wt)

I—I osin(at)

.....

Where | is the instantaneous current and 10 ispibak

value of the current. The graph of | and V vergae tdescribe that

Written and composed by: Prof. Muhammad Ali Malik. (Phil. Physics), Govt. Degree College, Naushera



Chapter 16 (2" Year Physics) Alternating Current

both | and V are proportional son wt . —— ]
Both | and V across the resistor oscillate at e frequency. Furthermore
both | and V go to zero at the same time, and bedhbh their peak value at h — I
same time. The current and voltage are in phase.

In phase diagram of resistive circuit, the voltagand current | are drawn parallel because there
is no phase difference between them. \
The opposition to the AC which the circuit presantthe resistance is given by: \

R=Y 6%

| \

Q # 6. Describe the relationship between instantaneous voltage and curré\vhen AC passes
through capacitor.
Ans. Direct current flows through a capacitor contindgusecause @ence of insulating medium
between the plates of capacitor. Q%)

While the alternating current flow through AC ci'rk:uonf:ining capacitor, because the capacitor

0?
plates are continuously charged, discharged andgett@y

other way round by the alternating voltage. ‘b‘
The applied voltage between the pIate@mac

)

@

is given by: \
V =V, sinwt YV (\
. . vy
The charge stored on the plates of t@apacﬂanyﬂnstant is
given by expression:
a=cv fé&
= q=0CV, sinw}&

Since C andv, are \%nts, it is obvious that q will vary #aene way as applied voltage i.e., V and g
are in phase@urrent | flowing through then=anting wires is equal to the rate of change oéq i

| =24
&' At

%& the value of | at any instant is the correspagdiope of g-t curve or v-t curve. Initially, when
g =0, the slope is maximum, so | is then maximbrmm O to A, slop of g-t curve decreases to zeod. S

is zero at N. from A to B, the slope to the g-tveuis negative and

HL A T _E
so | is negative from N to R. In this way, the ®RNRST gives RNY /K
the variation of current with time. g N\ B S 4

It can be seen from figure, that phase of V antd ©ds

R
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T . T
Zero andE, respectively. It means that current leads theage byE. I

This is vectorically, represented as:
Capacitive Reactance

ST

It is the measure of opposition offered by the cépato the flow M

of alternating current. It is usually representgdXy. . Its value is given by the expression:

Vi N
Xo =5 %\,

Where Vs is the value of the alternating voltage acrossciéagacitor andl . is thy\ s value of the

alternating current passing through capacitor. Shenit of the reactance is Oh?./\

The capacitive reactance is inversely proportitaahe frequency of the sou&, y

=1 -1 \)

= onfC - ac O

Q # 7. Describe the relationship between instantaneous voltage and current when AC passes

through inductor. ° g

Ans. Consider an a.c. circuit consisting of an indu \ted 000

across the terminals of an a.c. source. Assum istance L

of the coil is negligible. Suppose the curreng@at any instant

in the circuit is: Y., m\
A4

| =1,sin(at) =1, sin( 27ft )
If L is the inductance of th%coil, the changingreat set up a back emf in the coil and its

magnitude is given as: ,&
v|P LI

Lot Na
o A WA
Since there is no r nce in the circuit, thelieg 2 D
voltage V must ual to the back emf: SR\ S \ /
v C
“at R
@ L is the constant of the circuit, therefore,tagk at any instant will be proportional to thesrat

&}ge of current.

Al
The value OfE is given by the slop of I-t curve. At O, the valfethe slop is maximum, so the

maximum value of V (equal t¥,) . From O to A, the slop of I-t graph decreasegem so the voltage

decreases fronV, to zero at Q. From A to B, the slop of I-t grapmegative, so the voltage goes from Q
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to R. In this way the voltage is represented by theeQRST corresponding I
to current curveDABCD is obtained.

R

Inductive Reactance v

It is the measure of opposition offered by the tteoce coil to the flow

of AC. It is represented by the symbX¥| . By definition

Vs \/\

Where is the rms value of the alternating voltagess the capacitor ar, i m ms value of

the alternating current passing through inductbie ¥l unit of the reactance |s e reactahtieeo

inductor is usually represented by the expression:
X =2mfl=wl Q\’
Q #8. Define the term impedance. 0)
Ans. A measure of the opposition to the flow of charigean AC circulit is called impedance.
An AC circuit may be composed of a resistanc '}and capacitance or a combination of
these elements. The combined effect of resistande xces in such circuit is known as impedance
and is denoted by Z. The Sl unit of impedance i
It measured by the ratio of the rms value of ;@p oltage to the rms value of resulting current

e ¥

rms

Q #9. What do you mean hy R@@s Circuit? Calculate the impedance of the circuit by drawing

their impedance diagram.

Ans. Such a circuit in Whiza@sistor R and capacitoar€
P MWN—
connected in series ngg d RC series circuit. R C

Figure s n RC series circuit excited by an /

source. The ial difference across resistr Wwould

be in phase with current I. ()

I

\_/

@klng the current as the reference, the poten
r'eSTce across the resistor is represented bylitte along the current line because the potential

difference is in phase with current.

. , I
The potential difference across the capacdifor= %. As the current leads the voltage 8¢

. . 1 . . :
, So the line representing vecteafE is drawn at right angle to the current line.
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Calculation of Impedance

I
The value of applied voltage V is obtained by tuttant of vectord ., R and =%

| 2
Vews = \/(I RMSR)Z + (%J V. =I_R ]

1\
= Vaus = | rug| R +(Ej

[ 2 %
:>VRMS - R2 +(ij V _/ X \\\
IRMS aC \L c “lm A\
V

We know thatZ = —™S therefore Q’\v

I RMS

LY an
Z=,|F +(—j R
wC ’ AP
Figure shows that the current and the applied ;’e&'not in phase.

The phas@® by which the current leads the voltage i expression: 2
| X,
6 =tan" (ij . é v |

Q #10. What do you mean by RL Seri&eC'n%u}? Calculate the impedance of the circuit by drawing

their impedance diagram.

Ans. A circuit in which resistor R a uctor L arencected in series is called RL series circuit.
Figure shows an RL series’circuit excited b

an AC source. The potenti erence across t@sis Wy Q00

‘IR’ would be in phase Mﬁlnt . R L
Taking the ent as the reference, tl

potential diﬁ@across the resistor is repriese
by the ling-along the current line because theniate
differe g]’n phase with current.

&The potential difference across the inductor

©

V, = IRMS(a)L) . As the current lags the voltage B, so the line representing vectal is drawn at

right angle to the current line.
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Calculation of Impedance

The value of applied voltage V is obtained by tesuftant of vectord ;R and | ,,caL .

VRMS = \/(I RM5R)2 +( I RMg‘)L)2 _______________
:>VRMS =1 RMSY R* + (wL)z

= Yews =[R2 4 (L) |
I ruis BL

|

V,
We know thatZ = —™S therefore

’\ 7
RMS « \
Z =R +(wL)’ \b
Figure shows that the current and the applied geltre not in phase@hashy which the current
leads the voltage is given by the expression: Q

g=tan™ (a)_Lj .\L,'?
R \\

Q # 11. Describethe power dissipation in AC circuits! ‘b‘

Ans. The expression for power iB =Vgs| RMS xprfession is true in case of AC circudsly

when V and | are in phase as in case of puré\&eeicircuits.

In AC circuits, the potential difference betweée tapplied voltage and the current8s The
component of V along curreht,sis <Cosf. Actually, it is this component of the voltage ta@c

which is in phase with current.@ower dissipanediC circuit is:

P = lpys (VRMSCOS@

The factorcos 6 is kn power factor.
Q # 12. Find ou ion for resonance frequency for the case of series resonance circuit. Also
describeitsp ies.

A%{Consider RLC series circuit which is

excite @y an alternating voltage source who _‘VVV_\_Q.Q.QJ
f

ency can be varied. It can be seen from - R L

O ==

impedance diagram, that the inductive reactar

. 1
X, =wlL and capacitive reactanc& :E are

(~)
/

directed opposite to each other.

When the frequency of the source is very
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1 . .
small, X; :E is much greater thanX, =wL. So the capacitance dominates at low

frequencies and circuit behaves like an RC circuit.

* When the frequency of the source is high, = wL is much greater thak. = . So the

1
aC
inductance dominates at high frequencies and tibaliaves like an RL circuit.

* In between low and high frequencies, there willabfequencya) at which X, = X .\ghis

condition is called resonance.

Thus at resonance, the inductive reactance beingl @nd opposite to capacitive Cbance, cancel

each other. The value of resonance frequency céindeut by putting value in equatio, = X.:

1 b

Rl =—
C
“ X =oL A
21 L
= (k) ~1c
3%:i 1 e
JLC Xe =——
1 oC
= f,=—— { _ v

2m/LC ,
B
\/

» The resonance frequency is given by the expression:
1
for—e D
" 2m/LC

» The impedance of the:circuit is minimum at thisgfrency

and is equal to R‘bﬂx M it
» The impeda f the circuit at resonance is resisb the current and the voltage are in phase

Properties of seriesresonance cir cuit

current———>

®

and p@actor is 1.
> If the amplitude of the source voltadg is constant, the current is maximum at the resonan
ency and its value Br;%.

3. What is parallel resonance circuit? Also describe the properties of

thiscir cuit.
Ans. The LC-parallel circuit connected to alternatindtage source is shown i
in the figure. The inductance coil L has negligibipall resistance. The circui 6)

resonates at frequeney, for which capacitive reactance becomes equal
inductive reactance i.eX, = X,

BG00——
|
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?

Properties of Parallel Resonance Cir cuit
» The resonance frequency of parallel resonanceiticem be
determined by using expression:

1
2 LC I

» At resonance frequency, the circuit impedance igimam.

fr =

» At resonance, the circuit current is minimum andnigphase
with the applied voltage.
Q # 14. What do you know about choke.

Ans. It is a coil of thick copper wire wound closely owve soft iron laminate /\es It is used in AC

circuits to limit current with extremely small wage of energy as compareé\ga resistance or atdteo
The choke uses the induction phenomenon to Iine;italxrrent,@{_> circuit. As its resistance is

very small, therefore, it consumes extremely spaller. Q

Q #15. Writeanoteon three phase AC supply. NP

Ans. In three phase AC supply (generator), there ¢ ,

three coils inclined at an angli20° to each other. > ’%J
Each coil is connected to its own part of slip 9!@ %\_.‘l—? =
the coils rotate in the magnetic field, an 'ﬁ{&;{gﬂt 4@_- . 2301 2"»0' d§
voltage is generated across all slip rings. 20V) ¢

The phase difference betwe@lhe alternatiny -

voltages arel20°. It means that

the voltage between t'

first pair of slip rings is zero, oltage ag e second pair of PHASE 1 DH-\S;. 2 PHASES

slip rings 120°. Similarly, oltage generated across the th f , 'j/'

pair will have a phase/difference 2£0°. @ / \ =\ r/ "
The mai ntage of having a three phase supphat § . 3

the total loa e house or a factory is dividethree parts, so

that non fthe line is overloaded.

Q #1 @scrlbethe basic principle of metal detectors.
etal detectors are the electrical instruments dhatused for detection and security purposes. A

metal detector consist of LC-circuits, which behjust like an oscillating mass-spring system. This

circuit is called electrical oscillator. Two sucle@rical oscillators are used in the operatioraohetal

detector. The schematic diagram of a metal detéx&irown in the figure below:
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Oscillator circuit B Oscilator circurt A
r i N\ ”~ . -
l | Adavional Adnoral l Y
w R Cr e Cucur L) DRl vl
Ly Ao =1 “@ 7R o
$ : ‘-[ v, owgatot osogmor T -

e IR N
b el oo\
| oo o p)

Speaker

In the absence of any nearby metal object, theciiaheed., &\ére the same and hence the
resonant frequency of the two circuits is also sdafen the inducter’' B comes near a metal objext, it
inductancel.y decreases and corresponding oscillator freq@éﬁses and thus a beat note is heard in
the attached speaker. ‘\x

Metal detectors are used for security p@%nd
locate buried objects. . ,
Q #17. Writeanote on electromagnetic w ‘\N
Ans. The waves which don’t require gaﬁrial mediom 1

their propagation are called electro etic walkensists ~——

of vibrating electric and magn ields which reoat the

speed of light and are at rj

direction of propagation{b}
These wav Qe periodic waves, hence they h

wavelengtht, which.is given by:

o

Wher, Qnd f are is the speed and frequency o wespectively.

Depending upon the values of wavelength and fregyethe electromagnetic waves are
classified into different types such as
» Radio waves
» Microwaves
» Infrared Waves
» Visible light rays etc.
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Principle of Generation of Electromagnetic Waves
The basic principle of generation of electromagnetves is:
“A changing magnetic flux creates an electric fialad a changing electric flux

creates magnetic field” CTESE YN Greda Y

\__,.A

For example, if the change of magnetic flux tak&ee in region of
space AB. This change of magnetic flux will set aip electric field in the
surrounding region CD. The creation of the eledigtd in the region CD will
cause a change of electric flux through it due kictv a magnetic field will be

set up in the space surrounding CD and so on. D Q\__//

Thus each field will generate the other and thele/package of electricb 3

and magnetic fields will move along propelling ifshrough space. '\
' N
Frequency, Hz Wavelength
1022} |f
1021 Gam ||1m rays T 1
1020 1
1019} M

1018

~400 nm

- 1 nm
Violet
7 Blue
Green

Yellow

1017
10164

1015 —

_—!_\ 1pm
1014~ Visible light | Orange
1018} Infrared Red
1012 7] ~700 nm
1 mm
1011 —
i lcm
10104 Microwaves
100 - l —
—1m
108 - TV, FM
107 - Radio waves |
106 - AM )
. - 1 km
108 - i
104 = Long wave 7
“ 108 —

Q#18. Dﬁggthe term modulation. Describeits different types.
Ans. T cess of combining the low frequency sigrigh & high frequency

A ude M odulation
Q In this type of modulation, the amplitude of therima wave is increased or diminished as the
amplitude of the superposing modulating signaléases or decreases.

Frequency M odulation
In this type of modulation, the frequency of therier wave is increased or diminished as the

amplitude of the superposing modulating signaléases or decreases. But the carrier wave amplitude

remains constant.
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EXERCISE SHORT QUESTIONS

Q # 1. A sinusoidal current hasrmsvalue of 10 A. What isthe maximum or peak value?
Ans.

RMS value of current = L, =104

N

Using formula: \
Iyms = % /\6%
A

=1y =V2 Lo \/b

=1, =v2(10 4) Q

= [y =14.14 A 0)
Q

Thus, the maximum value of the current{s14 A.
Q #2. Namethedevicesthat will . L,‘}
(@) Permit flow of direct current but opposetheflow'wfernating current

Peak Value (maximum value) = I, =7

(b) Permit flow of alternating current but not thedirect current.
Ans. .
(@) Aninductor (choke) is a device which \mits flobwdirect current but opposes the flow of

E?b

alternating current. It is represEnte y the feifgg symbol:

>

(b) A capacitoris a device@ permits flow of aftating current but not the direct current. It is
represented by the,@éol given below:

Q#3. How m@wes per second will an incandescent lamp reaches maximum brilliance when
connected-to a 50 Hz source?
Ans. T illiance of the lamp will become maximumdein one AC cycle because the current also

blqﬂt\ps maximum two times in a cycle (i.e., for lha# cycle and —ve half cycle).
As the frequency “f” of AC cycle is 50 Hz.

So maximum brilliance shown by lamp per second = Twice the frequency of AC source
So maximum brilliance shown by lamp per second = 2f = 2 x 50 = 100 times

Hence, the brilliance will be maximum 100 time imecsecond.

V4
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Q #4. A circuit contains an iron-cored inductor, a switch and a DC sourcesarranged in series. The

switch isclosed and after an interval reopened. Explain why a spark jumps acr ossthe switch

contacts?

Ans. When a switch of circuit containing iron cored iethr is closed, current increases from zero to

maximum value. This changing current produce chafigeagnetic flux and hence emf is produced.
After an interval, when switch is reopened, therenir changes from maximum to zero. Again

emf is developed across the coil. This is back &iis produces spark across the switch co e’ds

Q #5. How does doubling the frequency affect the reactance of (a) an inductor (b) cap%

Ans. /\

Formulafor Reactance Doubling frequency Result

Ngd'l]f:tive Reactance wi

Inductor X, = wl X, =2wL = 2X,
become double

Capacitive Reactance w

1 1 1
_XC
E . becomes half

Capacitor X, =— I _
a CT wC ¢ 7 20C

Hence by doubling the frequency, the inducti e‘@m will become double, while capacitive
reaction remains half.

Q #6. InaRL circuit, will thecurrent lag or I’s@he voltage? Illustrate your answer by a vector
diagram.
Figure shows an RL series ci@,c excited by ansddrce.

The potential difference acroswr ‘IR" wobklin phase with Wy

current 1. R L
*&e reference, the potediftdrence

sented by the linegatloa current line R\

Taking the current

across the resistor i

because the pot ifference is in phase withent. &/

The ntial difference across the inductor

Vv, = IRM&L) . As the current lags the voltage B, so the line representing vectal is drawn at

r% e to the current line.
Figure shows that the current and the applied geltre not in phase. The phésey which the current

leads the voltage is given by the expression: A== mm

[ wb .
f=tan| =
% -
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Q#7. A choke cail placed in serieswith an eectric lamp in an AC circuit causesthe lamp to

become dim. Why isit so? A variable capacitor added in seriesin thiscircuit may be adjusted until
thelamp glowswith normal brilliance. Explain, how thisis possible?

Ans. Let an electric lamp connected to a source ofratiéng voltage V in AC circuit. When there is no
inductance or capacitance in the circuit, the inspee is equal to the resistance of the circuit Rsay

means that the current flowing through the lamp is \
=Y oc;x
R
(a) When a choke cail is connected in serieswith an ectric lamp 6

If, now, a choke coil of inductive reactankgis placed in series with th ﬁct ¢ lamp, the/ne

impedance of the circuit will be:

Zl=\/FXL2 %Q

Therefore, the current flowing through the cirdnithis case% be:

I = g = —V ‘\Lr‘}
From the comparison of both currents, we s tsmaller thar and that is why the electric
lamp is dimmed on placing a choke coil in the.ditc
(b) A Variable capacitor added in seri v‘\N\dn electric lamp
When a variable capacitor alsgl%syeries wighdincuit, its capacitive reactankg opposes;,

and thus the impedance of the circulit

Z, =+/R*+ (X,
Therefore, the current flowmeh ough the cirdnithis case will be:

I, zg_v\/Rz T (XL —X.)?

If the X, = Xg@r =

Henc @-} curreri becomes equal to the currérfor X; = X, as if there is no reactance in the circuit

14 14

2 JRZ+(0)2 R

NI<

hence the lamp glow with normal brilliance.
Q # 8. Explain the condition under which electromagnetic waves are produced from a sour ce.
Ans. When alternating voltage is applied across the ehdsmetallic antenna, and oscillating electric
field comes into existence which accelerates theteins again and again as the polarities of ttenaa
changes after half a cycle.

/]
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The accelerated electrons radiate energy carriechbypging electric field. A changing electric
field creates a magnetic field and a changing miagfield creates electric field. Thus each fieldlw
generate the other and the whole package of elentd magnetic fields will move along propellinggif
through space.

Q #9. How thereception of a particular radio station is selected on your radio set?

Ans. A particular radio station can be selected ord#raet by tuning it. When the frequency q%e LC-
oscillator in the radio set is equal to the freaquyeof the radio wave from a particular radio slﬁf@
resonance is produced. The current of this sigeebimes maximum and can detected n%‘nplified. The
resonance frequency: /\

o= 1 b/\
2m/LC \

Q #10. What ismeant by A.M and F.M? GDQ

Ans. Amplitude M odulation
In this type of modulation, the amplitude of therima wave is increased or diminished as the

amplitude of the superposing modulating signaldéases o&f&&?ﬁges.

Frequency M odulation
In this type of modulation, the frequency o rier wave is increased or diminished as the

amplitude of the superposing modulating sigr&lé es or decreases. But the carrier wave amplitude

remains constant.

District [<hushab
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