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FOREWORD N

This text book is prescribed for the eleventh grade students. It covers of-the whole
course for a student studying physics in the upper secondary level of basic education
(i.e. for the eleventh grade). '

The division and order of subject content in separate fields presented in the whole
- -course of upper secondary level physics follow the sequence mentioned below:

(I) Mechanics '
(2) Heat

(3) Waves and Sound

(4) Optics

(5) Electricity and Magnetism

‘(6) Modern Physics

,_The present text book covers the above fields with certain additional material to up
date the text. -

Physics is generally defined as the study of matter and motion. In fact, neither this
nor any other one-sentence statement adequately covers the whole definition of
physics. It is a unified structure of the following features:

(a) creativity, o
(b) accumulation'of knowledge;
(c) unification of concepts, - _
(d) mathematical equations and formulation,
| (¢) philosophical reasoning,
(f') practical app]iéations.

. Both. text books are designed to give-students not only an undérstanding of the
important facts, laws and basic concepts .of physics, but the practical application of
theoretical knowledge to solving problems also.
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' CHAPTER1
WORK DONE AND POWER

1.1 POWER AND ITS UNITS o f o
Power is another-concept in mechanics. Although 1t 1s not a fundamental concept of _
~ physics, it is very useful in practice. :

| ‘Work may be defined as the product of force apphed and drsplacement
WD (work done) =W = F cos6d , 9 is the angle between F and d

WD = Feos&d .. . Wi,

0 ,
Fcos 0 '/

» d

The importance of the. concept of work (how it is related to energy) has also been
* ~described. There are many cases; where 1t i§ necessary 1o know the magnitude of the
work done, but for some other cases it 1s more. 1mportant to know the r_ate of domg'
work rather than the total amount of the work done. N
The rate of doing work is defined as power. Car engines, water pumps, refrlgerators,
atr conditioners and electrrc bulbs, ﬂuorescent tubes etc., are classified according to
‘their rated:powes. |
Let W be the work done in tlme perrod t.

.ThenthepowerPlsr | | o
o 9 R o an
g e St _

i Strlctly speakmg, it is the average POWET. When expressed in words

-1
. L, o ! work -
ol ;,‘: | power =

N time ‘f‘.'; . :
-'The umt for power in S] units is the watt (W) If the wo1k donein 1 second is 1 Jouie

',the power is | watt. -

i




T ,Therefore, s

1 W = I J g :

+ . (Care shou]d be taken not to confuse the notat1on W for watt and W for work )

The units of power which are largel than watt are k1lowatt (kW) and megawatt (MW)
LKW = 1000W=10" W
MW= 1000 000 W =10° W

In the CGS system, the umt of power is erg 5" If the work doneis l ergin 1 second
the power is 1 érg s (erg s has no other name) , -

In the British system the unit of power is foot—pound per “second (ﬂ-lb s ) and
another umit is the horse power (hp). :
The relationships between dlfferent umts of power are

AW =TSt S A

CL = ,‘-IOTergs \ _‘

7 Ihp =" 5350 b5 ’ o
T4EW

. e = ;746 X 107 ergs’” )
_ Ifsisthe dlsplacement produced by a force F actmg for the time t, the work done is’
Fs. Hence, the rate of doing work or power is;

Fs o
P = —ro- 0 -
. t , -
: $
= F2
b P eeam Lo Pl A :’_i T T

“and when expressed in words, we have: - L :
A Power ="force X' veloclty [ A DRI

r'ru',:,

. B Example (1)‘A 70 kg mari'is runhing up‘the stairs which is:3'm. hlgh m 2 s. (a) How

much work is'done by the man? (b) What is the power exerted by the man? .. ... .
(a) Since the work done is the change in the potential energy of the man |
W = mgh SR

: —70><98><3 2058]
~ (b) The power exerted by the man 1s ‘

P = ?—._;%@—mww

S i,
PRT i



(This value of power is very large A man is able to produce such a power only for a
short duratlon for a short durat1on ) SR

" the power of the water-pump A lX( I'i : sk i
The work done by the water-pump in 10 sis :,
L RECIRREFS 200 X 9 8 X 6.] o NLE '3".?.2_(!"‘:t::.ia‘-{-a 5—'.': Srutia
andthe powerofthewater—pump 1s - e T " g o
R ol psvvant o Find Lr e e el oo
P = E ' “--’:7';'5} T ‘_.‘z.-‘)f; ‘ y -‘ ;:r-»
t by o taed e tifapg e des ;
¢ 200%9.8%6. - 1176] SR "
10, . ,
Example (3) A crane s lifting a 500. lb plano w1th a velomty of 2 ft s . Express the
power of the crane in hp o
Since the force and the veloc1ty are in the same dlrectlon
_ . P Fv= = 500 X 2= 1000 fi-1b s |
‘But,smce Dl R RV AT L .f.‘"x.".'_?‘;;‘-:;iC':.?..‘:;_- SIS IR
S Thp = SSOft lbs OO0 A R ) DT

P = m%—182h
550

12 EFFICIENCY L
. Efficiency is another technical term that is derwed from everyday usage. In physics
and engineering efficiency has a precise meaning. Thls- term is._ used in, assoclatton
with machines and devices which transmlt force from one pomt to the next.
- Before we define efﬁclency, we will define the concepts of mechamcal advantage and
velocnyratlo SOl G G ] P oyt ;

CER ST e e el o sl e b sl e s s

Mechamcal Advantage ' . L o '

tf.l

Machmes in general, are made;up of, s1rnpler components - snnple rnachmes These

~

' snnple machines fall into any one of three types L

R EA P FEH S S
. )

(1) the lever/(e g a crowbar) e )
- (2) the inclined plane (e.g-'a'screw] ack) and - S
‘(3) the hydrauhc press (e. g brake system ofa car)



HEAR WHEEL

Hydraullc brakes

If a load W is raised steadlly by a machine when ar: effort P is apphed the
mechanical advantage of the machine is defined.as the ratio W/P, or ‘

.o : o load(W) .
echanical advantage = —
m‘ ' vanag (MA) . effort(P)
Suppose an effort P of 25N is applied at one end of a crowbar and just overcomes the
resistance W-of 100 N at the lid of a case. . -
Then ' T |
B mechamca] advantage (MA) of crowbar B:; = 12(—)52 =

In practice, not all of the effort is used up in lifting the load some of it is spent in
overcoming fnctlonal forces present. It should, therefore, be remembered that the MA

ofa machme depends on the friction present.

Velocity Ratio A

Let us suppose that in lifting a large load a machlne is employed. In using this
machine, the small effort applied will have to move through a large distance for the
heavy load to move through a small distance in the same time interval.

The ratio of the distance pef second moved stead11y by the effort to that of the load is
called the velocity ratio of the machine. Thus - S
| distancemoved by effoﬂ: :
distance moved by load in the same time

d R

velocity ratio (VR) =

| Supleose that in lifting a load with a pulley, the effort moves through 250 c¢m while
the load moves through 50 cm in the same time-interval. For this case

velocity ratio (VR) = ?6(1 =5



The VR is usually much greater than L. - L
Efﬁelency and 1ts Relations to Mechamcal Advantage and velocity Ratlo

Now that we have defined mechamcal advantage and veloc1ty ratio of a machme, we .
will define its efficiency and express the relat1on between rnechamc | advantage,
“velocity ratio and efficiency of the machme S : : e
In lifting a load with a machine, work.is déne on the load; thls work obtamed s called_'
the output work. At ‘the same time work is done by the effort -this‘work supplied is -
called the input work. The ratio of output: work” t0 mput ‘work is defined as the
“efficiericy of the~machine.:This quantlty is generally expressed m_the percentage

Y o2

form. Thus S s T i s T g . T
SRRy et web T mming b Doy e o

\ .7, output work
efﬁclency-— o P R T X X 100% .. ...
ey input Work ~ 7

“ Efﬁcnency is related to MA and:-VRas follows

efﬁc1ency = %}:— % 1009 b

polT
Example @A machme with a velomty ratio of g requlres 1000 J of work to raise a

~ load of 500 N through a~vertlca1 distance of 1'm. Find the’ efﬁcnency and mechamcal

o advantage of the'machiitle: i BT e L i e T

\T XU S inel o he :' .
o e ioutput work G
ef.ﬁc1ency = __p____ >< 100% UREIMD T s e
_ input work. .. :

500x1

100 %

Doty oper

o SeUTle i

ot Tamtiereie eV [lenan o :
WO GDTRG Fitetbe HI Sl i

STy ST

St b st sonsnnt e oo oo o '
- o AN Il.,:"‘l‘[':/-":g_: OGN g b o
coq st o e i gl "'rsoﬁ i -
N PRSI I TR DRSS SR PR P "l ;¢L\.-f;r:;‘ it LAy e .
o - MA HE LI Il F R R
and since .~ efficiency = —— >< F00%:iicizes, =3 i i 0
L VR ‘ “
! YRRk ;{“1 ’
’ - g SR Iy oL
gk R B N T L e ! '
. | s ’ ! . : :
SN e ,SOXS IR TPV o
CUMA CEEERR L g i . Paftinnr sl o

. L IR L O il M
L . LI " :;' ""'
He KRN STl f -



It is impossible, in pragtice; to build a perfect machine for which output .Wofk is equal’
to input work; input work always exceeds output work. Therefore, the efficiency of &

machine must always be less than 100 %. - - .

1.3 THE STRETCHING OF THREADS AND STRINGS
Consider a spring suspended as shown in Fig. = 7
1.1 (a). If a small load is attached to the freeend -

of this spring as shown in Fig. 1.1 (b) the string '
will be stretched or elongated, When the load is
taken off, the spring will return to its original
length and form. If, now, a bigger load is hanged '
at the free end, the spring will again be
elongated, but this time elongation will be larger
thari the case when the smaller load was hanged. :
Thils, as we attach bigger and bigger load the -
spring will be’ elongated more and more. Also,
whenever the load is removed the spring returns
to its original length and form. This ability to
retain, the original form is called elasticity. Not Fig, 1.1

only springs but also other objects such as '

threads and rubber bands have elastic property. -

There is a limit, however, beyond which if thé' spririg ot any other elastic object is
stretched, if will not return to its origir_lal:fgqn. Such a limit is called the elastic limit.
This limit, ‘of Gourse, is different for different elastic bodies. . : -

Hooke'sLaw - 1 e w00 e

Robert Hooke noted\thatwhenan ‘elastic body' such as a spring is'stretched by a
weight or a force, the amount of elongation of the spring is proportional to the force
that produces it.so Tong as the elastic limit is not exceeded. Hooke called the applied .
force the stress, and the elongation produced the strain. Hooke's law is formally stated
as follows: . L 7 I
As long as the elastic limit of a body is . not exceeded, the strain produced. is
proportional to the stress causing it. o ‘

In symbols Fo x. ~or. ~F=ku .. (k= constant) -

where F.is the app.!ied' force or stress and x is the elongation or strain.



i

NIRRT '

In order to lllustrate Hookes 1aw, Iet us iook at the stress and strain’ data ‘Obtained
from an idealised experiment. Table' 1.1 lists these data. Itis! 'found: that. the strain is .
proportional to the stress; that is, for each of aseries:of’ forces -applied. to the elastic.

body, the ratio of the force (stress) and elongatlon (stram) F/x, is constant.
' CTable 11 5T e

e

Force (Ib) -~ " Elc‘ihg'éit_ibﬁ"(iﬁ)"r_ L
0. N :

:‘-_--.__'1 ’ , 05 ! 2
. ) R K SRR
o E 3 it upsn g f
i 4 T X ) LT SR
i 5 5o 2_._5‘:‘:\ s ST
- he B T 2 TRt S IR LI Tt -r;‘.

The dlrectly proportxonalerelatlonshlp ‘between: Fw thie, stress, -and; x; the straln s,

shown graphlcally by a straight line (Fig: 12)' Sers Db i gfgene e
"“ [ S M S B PR
- , X In Inches(in)
SRS o
fn - SUIN i ;
. » e
- b e E NI
i B ; i,
R R o O TN EaT SN AT
I H TP A ST R Lo B .
SRR VAR s AR RN AR

'SUMMARY e L R L i

Elastic limit There is a limit beyond whlch if the spring or any other elastic object is,
stretched, it w111 not return {o,its orlgma] form. Such a lnmt is ca]]ed the elast1c limit.

TioLgoel ol

SN Ll s g e Phroaol :
L e g .t LI Ly T “"’.F"‘-a.*m‘u"-r . 4 E £
. :J .‘.'- !I

Efﬁclency The ratlo of output work to mput work is:defined as the eff’ iciency of the

machme PO el et e e G s D e b Gl

outputwork 100% - ; .

1o efficiency X101

3 “input work !

Mechamcal,Advantagg o | 0(.}___%‘_. Rry

sisaniefficiency = — Lol i
L - Velocity Ratio " o
SR T s D s B s g el T et

et




Elasticity The ability to retain the original form is called elasticity.
Hydraulic system A system that transfers force from p]ace to place using fluids.

Hooke's Law Relates to the elastic behaviour of marerzals As long as the elastic
‘limit of a body is not exceeded, the strain produced 1s proportlonal to the stress

causing it. _
Foc X or F=kx h (k = constant)

Lever An appliance which is pivoted about some point, and which generates a
turning effect when a force is applied at some point other than the pivot,

Machine An appliance that enables work to be done.

Mechanical advantage (MA) The mechanical advantage of the machine is defined

as the ratio of a load W to an effort P. 1
Power (P) The rate of doing work is defined as power. A(power = :Vork \
ime

Velocity ratio (VR) The ratio of the distance per second ‘moved steadlly by the effort
to that of the lgad is called the velocity ratio of the machine.

distance moved by effort
distance moved by load in the same time

velocity ratio (VR) =

Watt The unit of power, equal to a rate of energy transfer (or work done) of 1 Joule
persecqnd':'ﬂ U ot S s S H— co . : oo !
Work The eriétg}; transferred iﬁnﬁdny "system where a force causes movement. The
wotk done is the: product of the force and. the dlstance moved by its point of
application along the line in which the force acts. ‘ : SR

Pulleys - b o

A crane using a “block and tackle”
pulley system »



{a)iforces (b} Actual arrangement -
- Block san tackle pullej}s. o
- (Ereffort; L: Joad) ©

EXERCISES

L. Deﬁne "power;;; .
. Power is not a fundamental concept like energy but it is 2 very important concept -
) for engmeermg works Epram why power 1s a useful concept in practlcal w01ks

. Which is more: advantageous to pay wages accordmg to the amount of work done
or acoordmgtopower‘7 RS AR T :

.- The rate of doing work for the first worker is twice that of the second worker. But
the working hours per day of the second is two and a half times that-of the first.

Who is a better worker?
. Fill in thie blanks.

Since power'has 'onIy (1) and no direction, it is a _(2) . The 'SI unit for power is
(3). The powers: of motors and engines .are also expressed in (4) whichisa
unit in Br1t1sh engmeermg system.

. A machlne of hlgh power should be used if'a lot of work has to be done quickly.
True or false‘? ' :

10




7. Choose the correct answer from the following:
(a) When alarge power machine and a small power the machine are oper ated
for the same period of time, the large power machine consumes less fuel,
~ (b) Aot of work can be done only if a large power machine is used, - .
(c) A lot of work can be done by operating a small power machine for as long as
necessary. | |
Give explanation to support the chosen answer.
-8. Whatdo you understand by the efﬁmemy ofa machme
9. Define ve1001ty rat10 and mechamcal advantage

10. State Hooke's law. What is meant‘by elast1c1ty ?

11. A system of levers with a velocity ratio of 25 overcomes a resistance of 3300 N
when an effort of 165 N is applied to it, calculate:

(a) the mecHanicaI advantage of the system;
(b) its efficiency.

12. By using a block-and-tackle a man can raise a load of 720 N by an effort of 200
N. Find the mechanical advantage of the method.

13. A spring is loaded by stages and its length noted each time. The results are shown
in the table,

Load (N) 0.5 1.0 15 20 25
;Length of spring (cm) 36.0 415 485 540 60.0

Draw a graph of these results, plotting 'load’ across the page and 'length of sprmg
up the page.

(1) What will be the length of the spring when a load of 1.1 N is applied to it?
(ii) What is the length of the unstretched spring?

(iif)What load will produce an extension of 20 cm?

-



14.Ina tug—of-war A-team is leadmg B-team. The rope is moving. towards A-team at
a regular rate of 0.01 m 5 If the tensmn of the rope is 4000 N what Is. the power
output ofA-team 7 o L

15. A woman ‘'of 40 kg mass-climbs up by pu]lmg a rope '8 m long with ‘a constant
.. velaceity for 15:s. Find the power output.of the woman.. . ....5. 0.0

16. The power output of the motor of a crane is 2000 W Wlth what speed can the
machine lift a 1000 kg toad? - ST R U LU TR (VR

17. A water pump is pumpmg up water from a well whlch is 200 m deep ‘ |
(a) How much work must be done by the pump [y ralse 1 kg of watel’? R

(b) What is the power output of the pump ifit pumps up water at rate of 1 Okg -

e m]n Y SRR TIR Ot
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CHAPTER 2
PRESSUR.E

RN
K

21 ATMOSPHERIC PRESSURE "

The earth 1s surrounded by the atmosphere up toa he:ght of 1 many many miles. The
atmosphere Whlcn consists largely of 1 masses “of ¢ gases has weight, Therefore, it is
obvious tht the atmosphere éxerts pressure. Atmospherrc pressure acts on all living
and “‘non-living things on’earth. The’ atmospheric pressure which acts on.human
beiiigs and animals on the surface of the earth is actual]y very high. Since the surface
area of the body of an averagy-person is about- 2m?, thé magnitude of force acting on
him'is.200 k N or 20 tons. This is because the magmtude of the atmospheric pressure
at the earth's surface is ‘about' 100 k Nm?, Although the atmospheric pressure on a
person .is very high the, blood pressure inside the body is even a bit higher than the
atmospheric pressure. ThlS is the.reason why we are able to withstand atmospheric
pressure.. Nose. bleeding . whrch sometimes occurs at ‘a place of low atmospheric
pressure is due to the fact that the blood pressure rs hlgher than the atmospherlc
pressure. ‘

The atmospheric pressure changes according to locality and time, The atmospheric

pressure at the plains is higher than that at the hilly regions. There are occasions when

the atmospheric pressure changes from day to day for the same locality. Due to the

wossibility of this variation it is necessary to define a standard atmospheric pressure

1 r reference. The atmospheric pressure at sea level is measured many times for many

days and the average value is taken as ordinary atmospherlc pressure or normal

a.mospheric pressure. ‘
t

B: rometer '

A device for measuring atmospheric pressure. We will describe simple mercury

barometer. The mercury barometer is a simplest form. It consists of a glass tube about

| metre long sealed at one end and filled with mercury. The tube is then inverted and

the open end is submerged in a reservoir of mercury; the mercury column is held up ..

by the pressure of the atmosphere acting on the surface of mercury in the reservoir
(Fig.2.1).

14 -




. Torricellian
vacuum

¢ I’ S

mercﬁry - h=760mm

air pressure [§ air pressure

PR

| . Fig. 2.1_Mér¢ur§ bai‘orﬂetef -

This type of device was inverted by the Italian scientist Evan'geleista‘Torricelli_ (1608}
47), who first noticed the variation of pressure due to height from day to day, and
constructed a barometer in 1644.In such a device, the force exerted by the atmosphere
balanced the weight of the mercury column. |

If the height of the column is h

the cross-sectional area of the tube is A

then the volume of the mercury in the column is hA and

its weight is hApg (where p is the density of mercury) ‘

the forceisthus ~ hApg (where g is the acceleration of free fall)-
_ the pressure exerted is ( force divided by the area of the tube) hpg

Standard atmospheric pressure
A pressure of 760 mmHg is known as standard atmospheric pressure, or 1 atmosphete

[1 atm]. Its value in Pa can found by calculating the pressure at the bottom of a
column of mercury 760 mm high, as shown in Fig 2.2.

Mercury density
(p =13590 kgm™)

jh=0.760m :

Atmospheric 3
pressure '

Fig. 2.2.

15



The density of mercury, p, is 13590 kg m?> g is 9 81 m s if you use its more
accurate value rather than the approx1mat10n of 10 ms™ and the height of the mercury
his  0.760 m. vt :

Therefore,

pressure ='pgh T
—13590kgm ><981 ms x0760m 101300 Pa

Standard atmospherlc pressure, 760 mmHg or 1 atm is. therefore a pressure of 101300
Pa. , .

It must be noted that the vertlcal height of the mercury is dependent only on the
pressure outside the tube. Fig. 2.3 (a) It does not ‘dépend on the tilt of the column. (b)
' shows the barometer bemg tilted but the vertical height h of mercury column
remams unaffected and rndependent of the drameter(wrdth) of the'tube (¢): il
,The pressures dre, thé’ same at each ‘of the points marked X-in figure because the
préssure in a hqurd doesn’t depend on“thé ‘Container angle or- width | Of course if the
tube is lowered below 760 mm, the mercury would completely- fill the-tabe-ds in (d)

VLU, et
N OO 4 DUSS )
: A FURELY B W IR RN Rl FUDNIFE I

datmosphane | ks o oL
pmmpmm | .
onmmy Y IRIR AR N

Figs Frgb
STy pary i Lo L i ey e R e .
P At Sl TR T I T N B S I VRN M P SN
e S P A R O TSI F1g 23 v T ety s b
B .

v _:, ST e :i*:;_ﬂ_r*;:"¢“~-4...,n e i

Example(1) Find the pressure at the pomts A, B, C and D as shown in Fi igure,
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To find the pressure at A, p, noticé that.the space abové is a vacuum.

he’l'l , PR T B N .

From the ruler reading, we have

: _ '~.-‘h1=‘46 cnit, hy=76 ¢m, h3=1.86'cm IR s -
“Hence- ' :
Pressure atB pB -46 cm Hg

Pressure atC, ppo = 76 cm Hg
Pressure atD, p, =86cmHg
, The normal atmosphenc pressure at sea Jevel is expressed in various units as shown
Below
. latm = 1013x10°P, |
= 147Mbin?
L=ty
= 760 terr :
| = 760 mm Hg
Th1s pressere cee supeert a Jcolur.nn of mercury of helght 766 mm or- O 76 m.

: Example (2) Express 2 atm pressure in mm Hg and bars

2atm = 2X(760MHE)
- 120 mmb
and  2atm = 2% (101b)
= 2‘,.02_1):

. ,Example (3) Find the force due to the atmosphere which is acting 3 m? area on the
earth's surface.

17



The force actingisF. = pA .0 - |

00x3 . (vop=100KNmZ)

If

300 kN

" Example (4) Compare the atmospheric pressures; and. forces acting on a man and a
child who are standing side by side. ,

Pressures are the same. Let it be p. Let the surface are of the man be Aj and that of
the child be Az Then Flime s T e
Al > A2 2

CUpAIBpA;L
F1 > Fa
The force acting on the man > the fdrbé acting on the child.
Using Atomospheric Pressure o
Two simple applicati?ns of atmospheric pl'es's;ufé' in our daily life.
Sucking | o

The action of sucking increases the volume of the 1u’ng§, thereby reducing the air
pressure in the lungs and the mouth Fig. 2.4. The atmospheric. pressure acting on the
surface of the liquid will then be greater than the pressure in the mouth thus forcmg

the liquid to rise up the straw into the mouth.

18




Syringe
To draw liquid into the syringe, as shown in Fig. 2.5, the piston of the syringe is
drawn upWwards.” This decreases the pressure within the cylinder. Atmospherié ’
pressure acting on the liquid drives the liquid into the cylinder through the nozzle.

!

—

S § .

-— Cylinder

Atomospherié
‘ pressure
E e mi0zZIE

2.2 PRESSURE IN A LIQUID
The existeﬁcg of pressure in liquids has ailready béen mentioned. The pressure
depends on the depth under the surface of the liquid. The deeper the point inside the
liquid the greater is the pressure at:that-point. Since the weight of liquid becomes:
greater as the depth increases, the pressure also increases with depth. Let us fill up a
cylindrical tank of height h and having bottom surface area A with a liquid whose
density is p. : :
Since the volume of the tank is
V = Ah
The mass of liquid which fills the tank is |
m= pV=pAh

Therefore, the weight of the liquid will be

)a?= mg = pgAh

Thus, the .pressure exerted by the liquid at the bottom surface is

19



It is seen therefore that the pressure (p' = ﬁgh ) exerted by the }iquid' is directljr
proportional to the height h of the liquid. column and the density p. The above result
is true not only for a point at the bottom of the tank but also for any depth inside the -

liquid.-For example, the liquid pressure at the depth hy (h; <h) inside the liqud is p
ghy. C b
. Saviachy t:l' ‘, ! '

The pressure p' in the above discussion is. only thie hquld pressure Actually, there is
atmogpheric pressure at the surface of the quurd lin the tank. Therefore, the true

pressure at the depth h in the liquid will be e

P = Pam* P gh

there patm 1s the atmosphertc pressure,

e 370

"l'

at any pomt msrde a hquld is the S;

Rk ',

Pressure

SO e b

Let a body be totally immersed in a liquid which is,in a tank. There will be pressure -
not only at the top of the body but also upward’ pressure at the bottomn of the body and .

lateral pressures at the srdes of the body (Frg 27 - . . i .
b fre Aol e b gl el e i o ant

.
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Fig.27

If a body is sphenca] in shape pressure w111 be exerted of the body from every
direction (Flg 2, 8) ' N :

Fig. 28 -

- Example (5) ‘The. density of sea water is 1025 kg m>. How- many times is the
pressure at the depth of 2 keh under” the sea ‘surface- greater ‘than' the ‘atmospheric”
pressure'? P : Aottt
| . e Ut g e

The liquid pressure = pgh R

—1025><98><~2>< 103
~2000 X 10°Pa

' The pressure at the depth of 2 kin i is :

. pz_; km = Patm + pgh
p?.km = 1+ &
patm _ pajm
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- Example (6) The-total pressure at the bottom of a tank is 3 atm. To what height has
the water been filled in the tank? ~ . A

The pressure at the water surface in the tank is
Pam = latm

Therefore, the pressure due to water at the bottom of the tank is
Pwater = 3atm latm | L
pgh = 2atm .
1000 x 9.8 X h = 2% 1.01 x 105

and hence S ‘
_2x1.01x10°
- 10°x9.8

= 206lm

Example(7) Fmd the pressure ona dlver who is, at a depth of 5 m below the surface _
. of the water. '
The pressure on the diver is

Psm = Patm T pgh
"= 1,01 X:10° 1000 X 9.8 X 5
=150x 10°Pa

Eytample (8) The pressure at the height of | m. from the floor is the normal
atmospheric pressure 1.01 x 10° Pa. If the temperature is 0°C, what is the difference
between the pressure,on the floor and the pressure at 1'm height? (Density of air =

1.29 kg m™.)

22




The pressure on the floor is

Pfoor = Pimt 0 .gh

Patmt 0 gh (" Pim = Pam)
= 101x10°+129x98x1 -
e (101x10 +126)Pa
Therefore,‘ L pﬂm,r - p,m = 12.6 Pa
_ The pressure on the ﬂoor is greater than the pressure at the helght of 1 mby 12.6 Pa.
. Itis almost neghglble (Itisonly 1 in 10 -or 0.01 per cent.)

Pressure in liquids

Fig.' 2.9 o

We find that though the weight of the liquid co]umn depends on its base area, I:he
pressure exerted by the. column is mdependent of area. ( Fig. 2 9)

<4
o :

A It . . (.l
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Let A, B and C shown in the Fig. 2.10 above be liquids- of the;same-density; in:
~ containers all having the same height. The pressures exerted on their bases would

be the same even though their weights'differ.” ™
{ _[;.::‘-‘: w0 ]: : r\::\ n‘i_"__r; .y

23 MANOMETERS 5, o . " )

A glass tube, open at both endsandbent mto a U-shape, serves as a sensitive device
for measuring pressure when filled with: coloured-water or-light oil. Such:a:device,
shown in Fig. 2.11 is called a manometer. Mercury can also be used as the filling

liquid for:a manometer..” '« el o Gl g st ot e st e
R R IT A Tﬁi;— P E i ek b il e e

" Figi2.11

When both sides of the U-tube are exposed to the atmosphere, the respective
pressures exerted on the liquid columns in both sides are the same and the levels of
the liquid in the two sides are, therefore, the same. If, however, the pressures, on the
two liquid columns are different, the levels will no longer be the same. |

Suppose we wish to rieasure ‘the. pressuté’ of methane gas- prodiiced in a bio-gas
digester. We leave' one énd of the fube as -it"is’ and ‘coriniect the' otherend ‘to the gas’
reservoir of the digester as shown in Fig. 2.12. The liquid column which is on the side
:connected to the gas reservoir will be found to dip below the level of the other liquid -
column. This means that the pressure inside the gas chamber.of the bio-gas digesteris ~
higher than the afmospheric pressure. The liquid in each side below the line AB
balanced out. Thus, the pressure acting at A is balanced at B by the atmosphere plus
the pressure exerted by the column of liquid CB. The value of the pressure P at A can
be given in either of the following‘two";‘ways: ?

(a) Tt exceeds atmospheric pressure by. the ambunt of .plfessure»excrted by the column
of liquid CB: =~ ool L |

© 240




(b) It is equal fo atmospheric préssure + pfessure due to the liquid ¢olumnn BC.

Flg 2 12 - | Flg 2.13

Let us suppose that the 11qu1d in the manometer is mercury and that CB = 40 mm. |
Then, the pressure p = 760 + 40 = 800 mm Hg. Or, we can say that the plessure at A

exceeds that at B by 40 mm Hg, ( Note: | mm Hg = 1.33 x 10" Pa) .

Suppose the methane gas in the digester has been pumped out to such an extent that_ .
the pressure inside the reservoir dips below the atmospheric pressure. In such a
situation the levels in the manometer will be as shown in Fig. 2.13. The pressure at A
is less than that at C. The difference in the two pressures is equal to the pressure due
to the column of liqiiid BC. Here, too, if BC = 40 mm Hg and if the liquid is
mercury, then the pressure at A + 40 mm Hg = the pressure at C: or pressure at A =
760 - 40 = 720 mm Hg,. - y :

Manometers are very sensitive for measuring pressure differences, especially when
the ﬁlhng liquid is water or light oil. A manometer filled with a denser hqu1d such as
mercury is not as sensitive. e

Manometers have been used regularly until quite recently whenever pressures needed
to be measured very accurately. However, over the last few years they have tended to
give way to electncal pressure sensors. o

24 ARCHIMEDES' PRINCIPLE i _ _
When bodies are immersed in a liquid there is loss in welght Thls is because of a
* property of liquids called budyancy. o S -

Let us consider a block which 1 is totally unmersed ina Ilquld of dens1ty p as shown in
Flg 2. 14 *




. Let the top of the block be at the depth of hy from the surface of, the ]iqurd the

AT eI Dra it Gl G801y SaeRnug h SuEan kg ATerenmin of 5

thickness of the block be H, and its top and bottom surface area be A,
The pressure on the top surface of the block is

and the pressure on. the bottom-surface is
Dy

[l B
NN Lol
Therefore, the downward force which is acting on the block is

sovig ke e DY bnedy Lo F-’l.zl’ -A SOCIOLGIT U '.}u:ilil I TS T
foti gy il e KRS ),\_l P g 008 e Gl ot = g SRR aol 'f}.';;[

=i i e ' )l Ok i RN
andtheupwardforce'1s“" ‘Fgf ,,: Apz.d..J Uiy 1} J 1!”{1 0 \(J\ jind c] sy

-~ N e ’
LA

The fotees actrng orf ‘thesides of‘the b]ock cancel‘ Gut! Ther: the n!et force actmg £
e i ste v oy e ol ‘HJ WOV 28l shanin o U

the, block in.the, upward d1rect1on 18,000

sk e ol oY Lung g

N
fir

ar -
Jl ;E I AN Ir, —‘)!‘J} 'uu :

L . N - n
: i [1‘ "' O ‘f»‘\"! ARTHE NIRRT AT
e 1.:!-',‘Hli ST RS LA VO R M B

oy A i A VPR TELSS

TH by

Ve s b T RIS

N N I W N I

| Thrs force is called upward thrust.
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Smce the volume ofthe block is- ) oo o o SO AR L
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upward thrust = the weight of hqurd dlsplaced

The' upward thrust actmg on'a body wh1ch 1s m%mersed inal hqu:d is equal to thc 1
weight of the liquid displaced by the- body This is ‘called Archimedes’ puncrple This
principle was discovered by Archlmedes more than two thousand years ago. s

Only the upward thrust acting on a body can be obtamed from Archimedes' principle.
The resultant force, however, cannotbe.found:from. thls principle. If the weight of the
bady is greater than the upward thrust the body wdl smk and if the weight is smaller
* the body will rise up to the surface -
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“The' densmes ‘of ‘Various substances can also be obtamed by usmg Archlmedes
-pr1n01ple A'miethod of finding ‘denmty i§ ﬂIustrated in example (9) delen
Although Archlmedes prmmple refers to hqu1ds it will be more general and correct to
replace’thé word "liquid™ WIth‘"ﬂuld" ThlS is because Archlmedes prmclple i8 true
not onlyifor: liquids- butalsofor gasesi: «+ bl B b Doviore s Ao il b
‘A body. will float;ina liquid:(fluid)i 1ﬂ the fupward: thrust due to:the. hqu1d (ﬂUId)
acting on it:is, equal to itsrweight. If the volume of,the portion of the body whtch s

iy ginan o anh)

the upward thrust = po gVS
where p, is the den31ty of the liquid (ﬂuld)
’Ihe welght of the body s 4
T iwEmg ey (e pv)
where, p is the ‘den31ty of; the body '
Smce the bod ; s in equlhbnum { L

'.; w 1= upward thrust

ng gV |
e p V i . [ERET -
po v

Therefore, the ratlo of the densities is equal to the ratio of the volume of the
Immersed portlon to the! volume of the whole' body IThis'is’ 1Ilustrated m examp]e

seit sty be Bihog
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Hydrometer A
When an object 1s placed 1n a hquld of a. lower_‘d‘
in'a llquld ofa greater ‘density, it ﬂoats MR

ty,_the ob_]ect'_smks If 1t lS placed"

Coasn it

)
i g

cm but ﬂoats in mercury of dens1ty 13.6 g cm’, the denser the liquid, the hlgher an
object will float in the liquid. The greater the spe01ﬁc gravity of a hqurd the Iess w1ll
be submerged portlon ofa body ﬂoatmg on it Fig, 2.15. (ice p—O 92 g cm )
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More exactly, the amount of a floating body that is submerged is inversely
proportlonal to the. speclﬁc gravity ¢ of the llquld the more the submerged, the less the
specific gravity. The hydrometer is an instrument for measuring the density or
j_relatlve density of hqu1ds It usually consnsts of a g]ass tube with-a long bulb.at one
end. The bulb is weighted with lead shot so that the device floats vertically in ‘the
liquid, the relative density being read off ‘itscalibrated stem: by the depth of
immersion. If the hydrometer floats higher, it mdlcates that the hquld has a. htgher
density. One form of th1s hvdrometer s shown “in ' Fig. " 2.16

o KN DINOW
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: . Fig. 2,16 ‘ '
The hydrometer smks in the llquld untll the weight of the llqmd dlsplaced IS equal to.
the welght of the hydrometer. The hydrometer is calibrated to measure the density of
 the liquid of the liquid in kg m™.
Special hydrometers are used to test the specific gravity of solutions in storage
- batteries,.in order to determine the condition of the battery (Fig. 2.17). The relatlve‘
densnty of the acid in a fully charged car battery is 1.25. Mnlk and wme can be tested

to make sure they have not been d11uted w1th water - L
- ! o
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Example (9) The weight of a metal block of unknown volume is 10 N. The appérent
weight of the metal block is only 8 N when it is immersed in watcr. Find the density
p of the metal. ' :

Let the volume of the metal block be V.

The weight of the body before it is immersed in water is | N
' w; = pgV
_and the apparent weight when it is immersed in water is
wr= (0 -P)8V
where p, is the density of water.

E .

Therefore, W o P70
Wi P
and p canbe calculated
_ oW,
W, — W, s
_ 100010

10-8
= 5000 kg m™
Example (10) Icebergs are made of fresh-water ice, which has a density of 0.92 x10°

kg/m® at 0°C. Ocean water, largely because of the dissolved salt, has a density of
about 1.025 x10° kg/m’ What fraction of an iceberg lies below the surface?

Let the volume of the block of ice be V and the volume immersed in sea water be V.

The portion which is ithmersed is

920

= 1025

. . = 0.898
Nearly 90% of the ice block will be immersed in water. -
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Exa’ﬁl le (ll) A hehum balloon is 'désigned” to upport a; load of 1000 kg. If the
balloon is ‘filled with heliuri ‘what Shiould it Volurne be" {Thé thass of hellum 1s npt
- included in the net load of 1000 kg.) _ AL CR B

'

Pi = 129 kgm'3 Mocd duold e 0 s ud i

p]-[g = 0 1 8 ‘]fg 1:9-‘,3” _.”
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The total weight to be supported is we1ght of 1000 kg + weight of helium.
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where V = volume of hellum and p,;e = densny of hehum
Thus, the buoyant force'actmg’on the Balloons / « 9 1 sl ki

F = Vp.g e b
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Itisin equllxbrium while supporting the load .

Therefore, . F =
Vo = (1000+V Dy g”
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pEe V?= ..._.....!_Q(_).(.)___ H =1900m3f» ‘ e Seyaet T
129018

Tn this case the balloon, whose Volume is 900 m®, has a radius of about 6 m.
,\2 5 PASCAL'S LAW - L.;;.) :,‘ (i ;4“5;51.-‘f e e L E e :

When a ﬂuld completely ﬁlls a vessel and4 pressure is applled toit af any ‘part of the
surface, that pressure is transmltted equally throughout the whole of the enclosed
fluid. TP TR
This is known as Pascal's law named aﬁer the French smentlst Pascal who dxscoveled
it in 1650,
Pascal's law is very useful in practlcal apphcatxons The constructions of hydraulic
brakes and hydraulic presses are. based on-this law. Hydraulic brakes are used in cars
. and other road vehicles. Cor

" A hydraulic press is a very useful machine. It is used for baling jute; and for shaping

i steeland  metal sheets. It ‘has numerous. other: uses, from -the -compression .of soft

metals into cups of varying shapes to the pressing of automobile bodies.
The. following is an explanation of how a small effort applled ona hydrauhc press, is
turned into a large force. "
A schematic diagram of hydraulic press is shown in Flg, 2.18.

Fig.2.18 |

While the intake piston is rnov_iné downward valve V| is closed and valve V; is open.
While the intake piston is moving upward valve V is open and valve V; is closed.
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The pressure obtained by applying effort Fiy on area Aj, of the piston is

p - B
5

This pressure is exerted equally in the liquid in all directions. Therefore, the upward
pressure acting on the prston whose area rs Aout w111 be P T‘he upward pressure is

. acting normally on area Agy, - ; : R .
Therefore the upward thrust actmg on area Aom is ‘ Ry
o Fu =P XA o
= JF—".'X'A&“' ‘ _7 , W

in

e

1"1"he upward thrust is the product of the effort and the area ratlo j}:"“‘ A large upward

in

"thrust can be produced by applymg only a small effort if Aom 1s large and A.rl is small
o SPRRTRIR R A _".-:"',"_‘-"':T:} G

Very useful device based on Pascal's law is hydraulic lift shown in Fig 2.19,

By means of hydraulic lifts, vehicles are lifted high on ramps for repairs and
servicing. A force ¥ applied on the cylmder of small area A, creates a pressure p =
F/A which acts upwards on the ramp in the large cylinder of cross sectional area A'.
The upward force actmg on. the ramp (bemg equal ito F'= FA'A) is much larger than
the applied force F. .

g e
i

Hydraulic [ift
Fig. 2.19
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Example (12) The areas of the pistons of a hydraulic press are 2 in%, and 10 in®. How
much effort should be applied on the small piston|to produce an upward thrust of 500
Ib on the larger piston? - _

A= 2i%, Ay =10in> and Foy =|500 Ib, and we get

=100Tb
" /Exampie(13) The radii of the smal.]. pistbn and the large pistoh of a hydraulic press

are 1 in and 10 in respectively. Find thé upward thrust on the large piston when 20
Ib effort is applied to the small piston. - : T e

Ay = zr
= axa)
: = 7 in®
Aoul=”r?‘

Aow =7 X (10

100 7 in?

it

o Fin=201b 00

| FOlll = A
A.

in

L T L

=£Ql'j£x20 B AT T SR !

S T
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SUMMARY . T S E U IS I U R SRR
‘Atmosphertc pressure T he ‘pressure exerted ond body by the atmosphere, due to the
welght of the atmosphere At the sutfare of the earth atmospherlc pressure is 100 k
Nm (]00 kPa) :- G T L L st T

Archimedes' principle The upward. thrust acting on a body which is immersed in a
liquid is equal to the weight of the liquid displaced by the body. (The upward thrust=
. the weight of liquid displaced) -
Hydrometer The hydrometel is an mstxument for measuring the density or relattve -

‘ den31ty of liquids. It usualty consists of a glass tube with a long bulb at one end. The
bulb is weighted with lead shot so that the device floats vertically in the liquid, the

| relattve denmty being read off 1ts cahbrated stem by the depth of 1mmetslon 7 i

B SY REETEIE AR R Tr I S CIR I HNTRRR I F R RRANS RPN

Manometer A glass tube fopen at both ends and:bent into a’ U shape serves asd .
sensitive device for measuring pressure when filled: thh colourcd:watet or Tight 011 il
Such a device, is called a manometer. . Lo A :

iaie

‘ Pascal A unit of pressure equtvalent to a force of I newton acting on | m>.
- Pascal's law When a fluid completely fills a vessel, and a. pressure is applied to it at
any part of the sutface, that pressure is transmitted: equal]y throughout the whole of
the enclosed fluid. This is known as Pascal's law. b :

Pressure The force per unit area acting on a surface in such & way lhat it is tending to '

change the dimensions of the surface. S w :
L EE "\‘\.(""

EXERCISES . o

1. Write dowﬁ Pascal's law. Mention one of the usés of thislaw.,

" 2. "Although Pascal's law is not.a fundamental law, it 1s -a very useful law for
practlcal purposes. " Is this statement correct? Dtscuss -

3. Wrtte down Archimedes' principle. o
4. Calculate the height of a column of waterfvt?hiehf"eould be suppOrted by the

5. Whai will be the new height of the co]umn 1t water is used mstead of mercury?
(mercury is 13.6 times heavier than water) . (Ans: 10.27m)

/

34



6. What will be the effect, if any, on the mercury column if the glass tube used has
(a) asmaller internal diameter (b) a slightly bigger internal diameter ?
(Ans: There will be no effect forho!:h cases;_ -The ‘mercury co_lumn' will remain
at 76cm. ) |

. * e . ’\/ - /
7. Will the mercury column be higher or lower than 76 cm when the whole up of the -
.barometer is taken toa hlgh mountam top‘? Explam your observatlon‘?

- (Ans: Less, because the pressure of the surrounding air is less than that at

sea level. ThlS is because, at greater heights, air is thin.)

i

8. '. Why is mercury used n a barometer rather than water'? .

9. What is the effect on the vert1cal height of the mercury column in a barometer of

(a)using a wider glass tube (b) pushmg the tube further into the bowl {(c) tlltmg
the glass tube at an-angle ( d ) taking the barometer to the top of the mountain? -

10. At sea level, what is the approximately value of atmosphere pressure (a)inPa
(®)inmmHg (c)inatm? o
(Ans: (2)105Pa (b) 760 mm Hg (c) 1atm)

11. The mercury barometer in Fig.contains some trapped air in ‘the tube. If an

barometers reads 75 cm Hg, what is the pressure exerted by the trapped air?
{Ans: 5cm Hg) : :

12 At sea level the atmospherlc pressure is 76 cm Hg If pressure falls by lOmm Hg
“per 120m" ascent what is the hetght of a mountam where the barometer reads
7050mHg‘?(Ans'660m) v R R

13. What is the height of a column of turpentine that would exert the same pressure as
5.0tm of the mercury? (density of turpentine = 840 kg m >density of mercury
=13600 kg m) (Ans: 81 cm )

\
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14::Explain why the thickness of the dam-increases downwards. =~ fiver 0/ ey

Lot e s e e g o sl pininoed
(Ans:The thickness of the wall of the dam increases downwards because
the deeper it is, the greater the Water--'press‘ure.' ‘A thicker wall is required:to .

withstand a greater pressure.). .. W e e et

PN

15, A beaker containing water;and placed on-a pan. lS balanced by the weight ~which .

16 An ocean—lmer was’ loaded at the port of Yangon Would the ocean-lmer sink
(deeper or not when it reached the ocean?. .. .. o

TR ST A APt A

NG

(The density of sea-water is gréater than that of fresh water.), i

EEN R

17. Steel will float in liquid (mercury) but sink in water; So, h}ow;_.doee_ka s‘tee}._eh‘ig'

managetoﬂoatmwater" e RO

B

(Ans “Thére'is far more 4ir in a shlp than' steel, (because a shlp is’ hollow
and contains air),so the average: dens1ty of the ship is less than that of
water.) b :

18. At what depth will the pressure exerted on a man be twice that of the pressure at
the surface of water? Lo ;

19. The total mass of gas which fills.a kmeteorologicel balloon is°50 kg The bal]oon
string is tied to a post which is ﬁxed to the earth, Find the tenswn 1n the string if
the volume of the balloon is 1 10 m’ and the dens1ty of a1r is 1 3kg

20 The Welght of a body in 1ts normal (standard) condltlon lS 300 N and the wexght is
200 N when it is immersed in water. Fmd the den51ty and volume of the body '

21. The depmty-.of 1 cm’:cubical ice block i 1s 0.9.g cm”, What portion of the floating
ice block will be above the water surface? . .\ ' |

; e ' PRTTI .
I [ A A
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22.The den51ty of the lead block is 11.5 g cm” and itis ﬂoatmg in mercury of density
13.6 g cm” - | &
(a) What portlon of the lead block is 1mmersed in mercury‘P
(b} What force is needed to press the bIock to immerse it totally if the mass of the |
lead block is 2 kg‘? '
23. A hydraulic (water power) press conslsts of 1 cm and 5 cm diameter plstons

(a) What force must- be applled on the small plston so that the large plston will be
able to raise 10 N load? :

(b) To what height would the load be raiséd when the small piston has moved 0.1
m? '

24. A 30 kg balloon is filled with 100 m* hydrogen. What force is needed to hold the
balloon to prevent it from rising up?

(Density of hydrogen is 0 09kg rn“3 and that of helium is 0.18 kg m 3)

25. The welghted rod in figure ﬂoats w1th 60m of its length under water  (density
1000 kg m?). What length is under the surface when the rod floats in brine?

(density 1200 kg m™). (Ans: 5 cm)

26. Why is it easier to float in the sea than in a swimming pool?
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CHAPTER 3.
TRANSFER OF‘ HEAT

There are three d1fferent modes by whtch heat may be transferred from one place to
another. They aré: conduction, convection and radiation. When-one end of an iron rod:
is placed in a fire, the other end becomnés warm as a.result of the conduction of heat
throtigh the iron. When'a kettle containing water is placed oma'stove, both the kettle
and water get heated slowly. The whole mass of .water gets heated through-
convection, which is the actual movement of parts of heated water which are closest
to the stove. Radiation is a mode of heat transfer whereby energy is transported by
means of electromagnetm waves, No materral medrum is requrred for the passage of
suchwavesrf bty T T S R T
3. 1 HEAT CONDUCTION |

Heat eonductlon ,IS one mode of energy transfer The mdrwdual parts oi a medlum dor_‘

not move as a whole in heat conduction. For example if a tea spoon is putiinto a.very.
hot cup of tea, the spoon handle becomes hot. But the spoon, whrch acts as a medmm
for heat transfer does not move at all, At ﬁrst the end of the spoon p]aced |n the hot.
tea gains heat energy. Then the handle end of the spoon becomes hot by successive
distribution of heat energy among the- adjacent. parts, Heat conduction in solids,
liquids and gases takes place due to temperature difference. Heat is ransmitted from

 the region of higher' to lower temperature in heat transfer process. The two isolated
objeets separated by't the medrum will gradually reach the same temperalure

G an S

When two objects at temperatures Ty and T, are connected by a rectan‘gu]ar rod, their
temperature difference T, -.Ty will diminish steadily (Fig.3.1). The cénnecting rod is
assumed to have a cross-sectional area A and length £. The rate at which heat flows
from higher to lower temperature is found to be proportional to the cross- sectlonal

area A.

[t [ e k
i AQ '
: p At -y : ]
] ; - s 1 r
! Al [l
I’L--‘--.- r7£‘5 ----- -t;dl}-—_- —————
5= T, + AT S
' " . Fig.3.1
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The rate of heat flow also depends on temperature difference T, - T| and length 7.
Although the temperature difference T, - T; and length £ are both doubled at the
same time, the rate of heat flow remains unchanged.

Keeping the length constant and doubling the temperature difference T, - Ty, doubles
the rate of heat flow. Again the rate of heat flow also doubles if thé temperature
~ difference is unchanged and the length is halved: Thus, the rate of flow must depend
‘ontheratio (T - T)): £, and this ratio is called temperature gradient. . -

Combining: the facts discussed above, the rate of heat: ﬂow H,.which is also called.

heatcurrent canbeexpressedas

L " H= KATfT' T (3 1),-

where Kisa proportlonahty constant called the thermal conductwnty Equatlon (3 1)_
becomes exact only when T,-T; is very small. However, the process of heat
conduction becomes more comphcated if K varies with temperature or when the
georhetry of the body along’ whlch heat ﬂows is not o snnple In thlS chapter K 1s-

assumed tobe constant

The values of k for some substances are glven m Table 3 1 Since the umt of I-I 1s,

watt(W)wecanexpresstheumtofKme K osz m Kl ’

L Table31
_ Substance - - . . Thermal Conduct1v1ty,
L CIsTm Kl

Silver . 042 S
COpPEL s e QA0 e e
-‘Alum‘inum'-,:_,;; Troh o L 0240 sy e
Cee T T e ey g e
‘Glass, concrete 83T x 10t '

Water w7586 x 10°

Animal muscle, fat . " 02.00.% 10

Wood, ~asb}‘esto_s‘f_ o E,f‘. . 837 % 105

Flt U MIs x10f)

Air Vit 239ikhe

Down : ST 193 x 107 .

REACL



Table (3.1) shows that the values of K can differ by quite a large amount depending
on the type of material. For example, the thermal conductivities of metals, which are
good conductors, are greater than those of thermal insulators such as wood and
asbestos by factors of 10° to 10%. Good conductors are used where heat has to be
readily transmitted. Thus, saucepans, kettles and other cooking utensils which have to
be heated directly are made of metals such as aluminum, copper and steel.

Poor conductors or insulators are also useful. They help keep unwanted heat away.
Saucepans, kettles and electric irons usually have plastic or wooden hapdles Cloth,
plastic and wood are all poor conductors and good insulators. ;

Fig. 3.2 A saucepan makes use of good conductors and insulators.

One of the most important insulators is.air. For a person, who i{s wearing warm
clothes, it is air that keeps him warm by reducing heat losses. When wearing a
woollen sweater, the wool traps air in the woollen fibres and this air acts as an
insulator. Thus, the person wearing a woollen sweater feels warm.

Body tissue is also a gbod insulator. When the environment gets warm, the body
temperature remains quite uniform (Fig. 3.3 (a)). The interior of the body can be kept
warm even in a cold enwronment because body tissues are poor conductors (F[g 3.3

®)-

(b) _.
. Fig. 3.3 . ‘_ : ' o . -’\.
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Example (1) A-person walking at.a regular.speed generates heat at the rate of 0.07. W.
If the surface area. of the body is 1.5 m? and.heat:is to be.generated 0.03m below the
skin, what should be the temperature difference between the skin and interior of the
body if the heat-is to be conducted to the surface of the skm‘? C ol e
(Assume K = 5>< 10 Wm K ) U e 0

RV oot

For a smaIl section, of the tissue the equatlon H =KA _...__..T ;Tl _can be correctly

Therefore,

TQ'T] = _gl-:.l_
KA

0.03mx0.07W
5%107° Wm™'K ™ x1.5m>

= 28Kor 28C
Actually, the temperature difference in a body is only a few degrees. Heat cannot be
removed from the body by conduction through tissues from'the interior to the exterior
of the body In fact the ﬂow of warm blood is the major factor in body heat transport ‘

3.2 HEAT CONVECTION

_Although some heat is transferred- by conduction iy liquids'and gases, a much larger-
quantity ‘of - heat ‘may ‘be- carried by.the motion of the' fluid- itselfi: This -is-called "
convection. In Fig: 3.4; when.the liquid in the container.is heated. from the bottom, the"
lowest part of the llqutd nearest to the heat source acquires heat first and expands k

slightly.

This portion of the liquid becomes hghter than the upper portion‘.'.it ftﬁen rises and is
replaced by cooler and heavier liquid. When the warmer liquid arrives at the cooler
region of the container, it becomes cool and heavier and begins to sink again. Had
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- the container been heated from the top, convection would not have occurred and the
bulk of the liquid would have been heated by the much slower conduction process.

In cold regions where rooms sre heated .by 'ﬁr'e, heating is done.b_y_ convection
process. The fluid carrying the heat is the air in the room (Fig, 3.5).

i

window

'5951 ﬁr.e:". j 7
Fig.3.5

There are many difficulties involved in developing an exact equation for heat
convection. The approximaté equation can be derived only on the basis of
expenmental results. In still air the rate of heat convection for a surface area A is

given approximately by the equation
H= qA(T;-Ty) o (3.2)

Here Ty~ T) is'the temperature difference 'between’ the surface" and the air at some
distanice from the surface, qis the heat convectlon constant and depends to some

extent on Tz- T.

The following example 1llustrates that heat Joss by convectlon is 1mportant for lzvmg
beings. ~ Co ‘ G o .

'Example (2) In'a warm room, an animal's body has a skin témperature of 33 °C. If

the room temperature is 29°C and the surface area of the body is, I S m?, what is the
rate of heat loss due to convectxon" (Assume q=1.7 x 10° Wm™ K ) !

Usmg R - "q_“ﬁ 17><IO Wm Kl o
Wehave“-‘-.-‘ R H =q AAT T
o S IX 10K U5 X (33-29)

= 0.01W
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The animal at rest in this situation will.generate heat at about twice this rate. Thus,-50
percent of the animal's heat loss is due to heat convection process. If there is a breeze
or if the room temperature 1s lower than normaI heat losses by convectlon wnll
increase accordmgiy ' ' ‘

Some of the weather conditions are created by héat convection. The reason why thie
weather is fair at the base of mountain ranges, at the sea coast, lakes and ponds is that
the hot air in those regions rises and is replaced by cooler air, This process occurs due
to heat convection.

Fig. 3.6
3.3 HEAT TRANSFER BY RADIATION

The sun warms the carth and is the.major source’ of heat for the earth. Heat transfer
from the sun to the earth is neither by . conductlon nor convection. This is because in
the space between the sun and the earth there are hardly any molecules; and this space
1s a vacuum If so0 how can heat be transmxtted from t’ne sunto the earth‘? o

‘J< BT LRI R T .«’ 12‘:_»-.;: VT ISE R
Every obJect 1nclud1ng the sun emits energy in the form of electlomagnehc rad1at10n
Thermal radiation or infrared radiation, which is a form of electromagnetic radlatlon

has the range of wavelength. from about .1 'l m to about 100 um (1 pm= 10" m)
Electromagnetlc waves can travel through vacuum I T

Energy can be exchanged as radlant heat between the )two objects A and B If heat-
conduction and convection are not possible between two objects A and B, energy can
be exchanged as radiant heat. Suppose A emits more radiation than B, then.A-must
absorb more radiation than B.to have the same temperature. If an object has a good

rate of emission of radiation then if also has a good rate of absorption.

IR .. \



The best absorber is defined as the object which can absorb all the electromagnetic
radiations falling upon it. This object is called a black body. The black body is not
only a perfect absorber but is also the best in emitting radiation. The black body is
taken as a reference body in studying the emissivity of bodies. ' _

The total emissive power is defined as the total radiant energy of different
wavelengths emitted from unit area of a surface of a body in one second. The total
emissive power of: a black body ‘&, is directly proportional to the fourth power of
absolute temperature. ' ' '

g =. oT T (3.3)

This equation is called Stephaﬁ-BaItzmann 's law and o is called Stephan’s constant.
The value of this constant is |

The total emissive power & of objects other than a black body is
' E= g - o (3.4)

where e is the emissivity and its value is less than 1. ..

An object emits radiation, no matter whether there is tempgrature difference between
the object and its environment or not. If there is no temperature difference the amount
of heat absorbed by the object is equal to that emitted by it: If the temperature T of
the object is higher than that of its environment To, then the magnitude of the net
radiation per unit area of surface per secondis - .

ecT! - eol,} = es(T - T,) (3.5)

Loy
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Example (3) The ammal in example (2) has a skln temperature of 33 °C 306 K and
is,in a'room where the walls are at, temperatm‘e 29°.C =302 K. If the em1ssrv1ty is1
‘and the body surface area is 1.5 m find the rate of heat loss due to radlatlon (c =

5.685x 10 W m? K™%
It is necessary. to consider two. processes simultaneously. One is the emlssmn of
radlatlon by. the ammal and the other is the emission of radlatlon by the walls.

' The rate of heat radiated from the ammal at the temperature Tz. 33°C 306 k 1s

How = eGAT . .
= 1x5685x10‘8><15><306“
= T47.665W - e

The animal absorbs the heat radlated from the walls. The rate of heat absorbed by the
animal is RIS Co e R
o ‘H;,, = ecAT1
= 1x5685x% 10 ><15><3024
709:331 W R N ity
Thus the net rate of heat Ioss for the ammal 1s RRIEUURE IR

Hout—Hm . 747 665 709 331 -_;-i

il

T 38 334W

FEW
/

If the animal does not get back some heat from the surroundmg it will freeze at
temperature of 33° C

SUMMARY

Conduction is the transfer of heat through a material medium, without the medium
moving. (That is, the individual parts of the medium do not move as a whole.)
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Convection is the transfer of heat due to the movement of a fluid (i.e. a liquid or a
gas ) itself.

‘Radiation is the transfer of heat that does not require a material medium. Energy is
transferred by electromagnetlc waves(infrared radiation) that passes throngh a
‘medium or evenn vacuum. :

The object which can absorb all the electromagnetic radiations falling= ﬁpon it is
called a black body. The black body is not only a perfect absorber but is also a best
emitter of radiation. ‘

" If an object has a good rate of emlssmn of radiation then 1t also has a good rate of
absorption.- : : o

The total emissive power is defined as the total radiant energy of different
wavelengths emltted from umt area of a surface of a body in one second

-The total emissive power of a black body (&) is d1rect1y proportional to the fourth
poWer of absolute temperature. (£, = o T*) (Stephan-Boltzmann s law)

.y biackuned Intenor

Black body a sphere with very small hole in it and
with a blackened interior surface; all radiation that
falls on it wilt be absorbed, If the cavity is heated - ' body-
then radiation will be emitted from-the black body
'which will be black body radiation.

a ‘black body
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EXERCISES .
1. Define heat conduction, convection and radiation. -
2. What is thermal conductivity? Express its unit in the SI system.

3. Is the fOllOVVlng statement correct‘? S C
"The reason why we feel warm when wearing wool and down clothes is that wool
and down are very good 1nsulators " _ L

4, One end ofa poker is placed in fire. Aﬂ;er some time the other end becomes hot.
Explain how heat is transferred along the poker Name the method of heat u'ansfer »
~in this case:" . : : : L

5. A silver spoon and a wooden spoon are at room temperature The srlver spoon
. feels cold when it is touched. The reason is because . - SRS A
(a) silveris denser, =~ = =
* (b) silver is a good conductor,
(c) silver can be polished and made to shine,
- (d) silver spoon is heavier,
(e) wood is not bright.

‘Choose the correct answer from (a) (b) (c), (d) and- (e)

6: If a person wearmg ordmary clothes travels out mto space the llquld in the body
will boil. Why‘? Explam how a space suit-can. prevent this effect S
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1. A kettle on an electric stove is shown in the figure. Mark a point A where the heat
is conducted to water. Mark a point B ‘where the heat convection is occurring.
Mark a point C where heat is radiating. Mark a point D where an insulator ought

tobe used. -

8. In cold regions it is seen that birds on the branches of trees often ruffle their
feathers. Explain the reason why the birds feel warm by ruffling their feathers.

9. How does a blanket wrapped round your body keep you warm on a cold day?

10. Which of the heat transfer processes are involved in a vacuum flask?

11. Example with a diagram why a person sitting in the middle of the upper room
feels warm when a furnace is placed at the ground floor in‘winter.

12. Explain with a diagram why an air conditioner should be best positioned high,
near the ceiling of a room. '

13. What processes of heat transfer are involved in the working of a car radiator?

14. How is heat transmitted from the sun to the earth?

15. The area and thickness of a glass plate of 2 window are 0.25 m* and 4 mm
respectively. The temperature of inside surface of glass plate is 25°C and its.
outside surface temperature is 26°C. Find the amount of heat that passes through

the glass plate in one hour.The thermal conductivity of glass is 0.6276 W m"] K

16. How much heat per second is conducted through a wooden wall of area 25 m? and
thickness 0.04 m if the temperature inside is 20 °C and the tempet ature outside
is -10°C?
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17. The filament. of an 100 'W-electric:bulb. is made.of tungsten. The emissivity of
. ... .tungsten is 0.3 and its length 15 0.2.m. Find the diameter . of the. ﬁlament if its
;': temperature 1s 3000 K when the bulb is sw1tched on. ; - .

18, The temperature of the filament is 2500 K when the bulb is swrtched on. The'

diameter of the filament is 0.1 mm_aad-it.is. made of ametal of emissivity 0. 35. If
the emissive power is 40 W ﬁnd the length of the filament.

19 From calculations based on the radlanon measurement of solar energy falling on
the earth it is found that the sun is radlatmg energy at a raté of 62.5 MWm™.

Assuming that the sun is emlttmg energy asa black body, find the temperature of

the surface of the sun.

20. If the rate of energy radiation from a black body of area 100 cm? is 42 W, find the
. temperature of that black body i L

21 .Corapare the rates of energy: radlatlon of a black body at temperatures 327° C and

at 27° C

S0 0
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21 Boltzmann {1844-1906) PhD (Vienna
e 1866 at the age of 22) Professor
# 1873(University of Vienna) ‘

Discovered Boitzmann equation known
as Maxwell-Boltzmann statistics in 1872
or Maxwell-Bolizmann  * velocity
distribution law. A very deep thinking

and he was always generous with
gawarding good marks to deserving
students. In his last years of his life none
B of his students failed!

M The constant “k™ is cailed Boltzmann
S @i constant which often appears as

AE=KkT.

Professor Ludwig Boltzmann
ST RS Miax Planck(1858-1947)
PhD(Munich 1919)
1889-92 University of Berlin;
Prof/Emeritus Prof 1892-1947
University of Berlin ,
He wused Boltzmann’s equation ¢o
propose that the energy of a set of
Max Karl oscillators (particies executing a periodic
Ernst Ludwig to and fro motion} occured only in
Planck multiples of an energy packet E=hv the
famous relation between a quantum of
energy and frequency where h is now
Awarded (in 1919) the 1918 Nobel Prize-for physics for his contribu- KNOWN  as ' Planck’s constant. Einstein
tions tothe development of physics by his discovery of the element of yged the concept of quanta (plural of
action lquantum theoryl. quantum) to explain the photoelectric
‘ ' effect and this concept was applied in the ~
Rutherford-Bohr model of the atom.

1858-1947
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CHAPTER 4.
VIBRATION OF STRINGS, RESONAKNCE AND -
'VIBRATION OF AIR COLUMNS -

Sound waves which travel in air when we speak and water waves which travel on the
water surface when a stone is dropped are called progressive waves. The waves
produced in hollow tubes such as flutes and in stringed musical instruments such as
violins and mandolins are called stationary waves. Unlike progressive waves they do
not spread out but remain in the region in which they are produced.

41  STATIONARY WAVES |

Progressive waves and stationary waves are shown in Fig.4.
: The difference between a stationary wave
and a progressive wane is that in the
. foriner, certain points remain a stationary
all the time. The points marked N in the
stationary wave of Fig.4.1(b) are always
 stationary. These points are called nodes.

(a) Progressive waves

: The points between nodes are vibrating

N N N =]  with different amplitudes. The mid-points
&N g 9 between successive . nodes- have the

‘ largest amplitudes and  are called

antinodes. The points A in Fig. 4.1 (b) are

() Statfonary waves
Fig, 4. * antinodes.

The distance between two successive nodes or antinodes is equal to"A/2 where A is
the wavelength.
The distance from a node to the nearest antinodes, NA, is equal to A/4. "

electric bell

Fig. 4.2 Demonstration of production of
stationary waves

The formation of a stationary wave can be demonstrated as follows. Fasten one end of
a string to the hammer of an electric bell and hold the other end in the hand. When the
electric bell is activated while the string is held tight, stationary waves are produced
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due to the vibration of the hammer of the bell. The incident wave travels from the
hammer to the hand and the reflected wave travels from the hand to the hammer. The
resultant wave obtained from the superposition of the incident and the rcflected wave
is a stationary wave. It can be said, therefore, that a.stationary wave is obtained when
two waves having equal amplltudes and velocities travelling in opposne directions are
superposed on each other.

T EEP e
! R ;

42 VIBRATING STRINGS e

~In most of th musical msuuments (for- example v1ol1n eei]o, ete..) the' strctehed’
strings act as a source of sound (source of wave). The stationary waves produced
when the stretched strings are plucked can only have certain specmc frequencies. To -+
understand why only certain’ frequenmes can occir consider ' string of length # 7
rigidly fixed at bothi ends. When the string is plucked the stationary waves with nodes

at the fixed ends are formed. Four types of waves with nodes at the {ixed ends are
shown-in Fig. 4.3..The waves that are formed on the string are called harmonics; The
longest wave vibrating in one single segment shown at the top of Fig, 4.3. is called
the fundamental or the f rst harmomc The first four har momcs of the. wbl atmg, string
are shown m Flg 4 3. ' : : L ‘ P

The Wavelength in F:g 43 can be labelled
is a pos;twe ln-—-—--— S

[0

mteger

Fo1 the nth harmomc 7\,

The correspondmg frequenc1es are calcu!ated :
from f, A, = v, where v is the wave velocuy

Thus for a string of length £ f, =
n=123....

Since v = fI— for a string o g Snd- - R
K .
. Fig 4.3

(T = tension, p = mass Isef unit length of t'h_e string),‘

wehave et L =
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Then f=— | (first harmonic)
20\
f, =l T (second harmonic)
==
- T =—~5~— I — (ﬁtth héﬁnonib) |
AL

Example (1) Find the frequencies of the first three harmonics of the longest strmg in
a grand piano. The length of the strmg is .98 m and the velocity of the wave in the

stringis v=130ms o

For the ﬁrst harmonic, n=1

130 ms '

fj=—=————=32.8Hz
2/ 2x1.98m -
*- . For the second harmonic,n =2 S .
i ' _] . i
2 22v _ 130 ms ~'65. 6Hz
- ~2¢ 1.98m - _
For the third harmonic, n=3
g o2V 3x10msT g0 4y
27 2x1.98m ..

‘Example (2) The wave velocity in the highest frequency violin string is 435 m s o
and its length ¢ is 0.33 m. If a violin player lightly touches the string-at'a point which
is at a distance £/3 from one end, a node is formed at that pomt What is the lowest
frequency that can now be produced by the string? :

According to Fig. 4.3, the harmonic produced in the string.is third harmonic. Hence

.

. ' A NS 3 o e
and , therefore, =
. A
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Example (3) The highest and lowest . frequency strings of a piano are tuned to
fundamentals of f,; = 4186 Hz and f| = 32.8 Hz: Their lengths are 0.051 mand 1.98 m
respectwely If the tension in these two strmgs is the same, compare the masses per
unit length of the two strings.

‘For' n=1,solving 1 Fromequation

= T

T2 .
Dol = T
VT2t

is obtained. Thus the ratlo of w_ for the low frequercy: string to W, for the high
W TEOE L )
my  T/QEGEY - 5

frequency string is

----- 108
(1 9832, 8)2 '

‘-4 3 RESONANCE COLUMN AND ORGAN PIPES

Forced v1brat|ons and Resonance e e e

- Suppose a.mass, spring system having some..natural. frequency of v1brat10n fo is
pushed back and forth with a periodic force whose frequency is f. “Ths system will
vibrate at the frequency f of the driving force. This-type of motion is referred to as
forced motion. The amplitude of the motion reaches a‘maximum when the frequency
of driving force equals the natural frequency of the system, fy called the resonant
frequency of the system. Under this condition, the system is said to be in resonance,.



- T “Fig. 44 Resonance: If pendulum A is set up inito
' ' I ' osctllatlon ‘only pendulum C, whose length is the
Wbl n{g _same as that of A, will eventually 0sc1|]atc with large
tad " _L - amphtude or resondte
) el @ \h": s
L N

~Several pendulums of dtfferent lengths are. suspendcld
from a flexible beam. If one of them such as A, is set
.into motion, the others will begin to oscillate because
they : are ; coupled . by, vibrations in flexible beam.
; _Pendulum C, whose. length: is the same as that of A,
will. oscillate with the, greatest amplitude since its
natural frequenw matchev. that of pendulum A (the
e drwmg force, ' :

: Flg 4 5 A wine glass shattered by the amphlted
SRS sound of human voice. :

"

LA -
; l-nﬂl-m;wpwﬂn‘

If a v1brat1ng tuning fork is placed over the open. end of a glass tube partly filled with
water, the sound of the tuning fork can be greatly amplified under certain conditions.
The water level will rise in the glass tube 1f the reservoir is ralsed while the fork is

placedasshowantg 460 e L e

i
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Note that the distance between two successive nodes or two:successive. antmodes is A .
/2. Thus the distance from a node to the nearest antinodes is A/4. If we take the

length of the pipe ~s 8 =Ml f01 Fig. 4.7 (a) and £ = 3(A/4) for Fig. 4.7 (b) and

S0 on.

We can now easily find the corresponding resonant frequency. Here, fi = v/4¢ for the
first harmonic, f, = 3 f; for the third harmonic, f; = 5 ) for the fifth harmonic and so
on. Third harmonic and fifth harmonic are aiso called first overtone and second

overtone respectively.

At a certam height of the .water, the loud sound .at

resonance erl be heard from the tube. In factdhe resonant
sound wrll be heard at several different heights. The

s1tuat10n here is slmﬂar to the case of a vibrating string.-
The wave is sent down the air column in the tube and it is-
reflected upwards when it hits the water surface. Once
again it is reflec.ed downwards when it reaches the source

: (the_tuning-fork). If the air column is just the proper length, .
- the reflectéd: wave will be reinforced by the vibrating

* S0Urce as- it travels:down the tube a second time. In this
way the -wave is reinforced for  a nimber of times and

"“resonance is obtained from these multrple reinforcements.

The tube shown in Frg 4,6 will have.an anti-node near the
dpeti end and a node at the closed end This is because the
“air molecules cannot move at the closed end since the
water at that end will not allow them to move downward
At the open end the air molecules can easily move out into
the open air. Thus there can be maximum displacement

and an antinode will be formed at the open end. Resonance

can only be produced under the situation where a node is
formed at one end and an antinode is formed at the other.

Some of the waves conformrng to such a condition are .
showan1g 4.7, L RTINS

i
St
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The same thing happens in organ pipes as in the
tubes described above. In closed organ pipes, an

anti-node exists near the open end (blowing end), -

while a node s formed at ‘the closed end. It is

possible to obtain two tones at the same time by -

maeking the air resonate at two frequencies
simultancously. The resonant frequencies for/a
closed organ pipe are shown in Fig. 4.8.

0

t= /2 ‘ f,=vf2

| a2 (A2 f=20vf2n
lee3 (A2} f,m3 (vf2h
{=4 (3_/2} f,=d (vj2h

. Flg 4. 9 The resonance phenomena in
open organ pipes are 1llustrated. _
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When ‘two sound waves of equal mtensny (amphtude) but Sl[ghtly d1fferem
ﬁequencres mterfere the resultant wave is a pulsed dlsturbance w1th a beat trequency
The number of beats per second or beat frequency, . equals the dlfference m ﬁ'equency
between the two sources k R .

Example (4) If two tuning forks with frequencres of 512 Hz: and 5 16 Hz vnbrate
simultaneously, find the beat frequency.
fi = 6-f)
= 516~512=4Hz ...,
That is there would be four pulsating sounds will be heard. ... |

Noise Exposure limits S :
Sound with- very hlgh mtensmes can be dangerous Above the threshold of pam

.....

dB can rupture eardrums and cause permanent hearmg Toss. Consequently, -ear
protectors or ear vaives must be worn in some occupations and noise intensity levels

must be monitored.
Longer exposure to lower sound (noise) levels can also damage hearing. F or example,
there may be a hearing loss for a certain frequency range.

" Table 4.1 Permissible Noise Exposure Limits

Sr.No. | Maximum Duration | Sound St.No. | Maximum Duration Sound
per Day { Hours) level per Day (Hours) level
(dB) (dB}
! 8 90 6 1172 102
2 6 92 7 1 105
3 4 95 3 Ya 110
4 3 97 9 1/4/or less 115
5 2 100 )
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4.4 'ENERGY AND MOMENTUM IN WAVES

Although it 1§ not always apparent waves of every kmtl in iact earry enert,y and
momentum. The waves acquire energy and momentum from their sources, This may
be illustrated by some examples. The energy proyided by the light from the sun
makes life. p0331b1e on our planet. Ocean waves can transform the shape of coast
lines. They can also exert large forces on a person standing in shallow water near the
seashore. Intense sound waves can crack window glasses,

Waves which can be represented by a sine function have energy and momentum
stored in them which'are directly proportional to the square of the amplitude. ,

If the intensity and amplitude,of the wave are represented by and ‘A'respectively)

: } o A
Here the'initensity 1 is the power transported across a unit cross-sectional area. * = " .

SUMMARY

Amphtude The maximum displacement of an oscillation from ttS mean posltton

Dlﬁ'ractlon The spreading of waves as they pass by the edge of an obstacle or
throughanarrowsht L L D .

Frequency The rate at whrch some regular dtsturbance takes place For a wave this
represents the number of comp]ete osetllatlon:-. per second

hertz A umt of ﬁequency of vtbratlons 1 hertz is equlvalent to one oscnl]atlon per
second L ' e
Longltudmal wave An energy-canymg wave. in whtch the movement of the
particles is in line with the direction in which the energy 15 bemg transferred.

Osclllatmn One complete to-and—fro motton of a v1bratmg ob_lect

Transverse wave A wave’in whlch the oscnllatlons are at. rlght angles to the
direction in which the wave transfers energy.

Wave equation The relation speed “',ﬁ'equency xwavelength which appltes to all
forms of wave motion.

‘Wavelength The distance between two syccessive pomts on a wave that are at the
same stage of oscillation, i.c. in terms of their direction and d1 splacement from their
mean position. :



Progressive waves Sound waves which travel in air when we speak and water waves
.whlch travel on the water surface when a stone is dropped are C‘llled plogl essiv

Statlonary waves The waves' ploduced in’ hollow tuhes such as ﬂutes and in
strmged musmal mstruments such as v1ohns and mandohns are called statlonary
waves.

Nodes The pomts marked N m the statlonary wa\ve ale always stattonary These N\
points are called nodes.: : ‘ -

Antinodes The mid-points between successive nodes have the Jlargest amplitudes and
are called antinodes.

EXERCISES
I8 What 1sastattonarywave" A
-Describe how stationary waves can be produced.

2. There are always points that do not move i stattonax y waves. .
(a) What are those points called? (b) How is the dmtance betwecn two such

successive points related to the wavelength? ., e _
3. The distance between two successive nodes-of: stationary Waves - produced in-a

stretched string is 0.4 m. Find the wavelength of that stationary wave. If the
 frequency is 105 Hz; what is the velocity of the wave in the stnng,‘? ‘ _

4. If the distance between two consecutive nodes of a stattomry wave in a stretched
string is 0.5 m, (2) find the distance between two successive antmodes, (b) find
the distance between a nodc and the nearcst antinode. - ‘ :

S. How does the ve1001ty o[‘ a stauonary wave formed in a string, with both ends
firmly fixed, depend on the tensmnﬂ dnd mass per umt leng_.,th of the strmg"

6. Which of the folfowmg graphs cmrectly descubes the 1elatlon n- 1/— T for the _
stretched string? (n = frequency of the string, T = tension in the string.). . -

. _"'!: AR

(a) , )
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7. If the mass of a string of I'm Iength is 0.3 gand its tensmn is 48 N, find the
fundamental (the lowest) frequency of the string.

8. What is the tension required for a violin string to vibrate at” fundamental
frequency of 440 Hz? The length of the violin siring is 0.33 m, its dlametei is
0. (%Scm and the density of the mater:al of which the string is made is 3.5 x 10° kg
m”.

9. Find the fundamental frequency of a tube of length 4.5 m and diameter 2.5cm.

10. Find the harmonics which will be formed in a closed organ pipe of length 0.4m.
Velocity of sound in air is 340 ms™.

‘11. A tuning fork is struck and placed over the open end of a resonance tube with
adjustable air column. If resonances occur when the air column is 17.9 cm and
56.7 cm long, find the velocity of sound from these values. Frequency of tuning
fork is 440 Hz.

12. A vibrating tuning fork is placed over the top end of a glass tube, almost full of
water, as shown in the figure. Explain what will happen if the water surface in the
glass tube is lowered when the water tap is opened.

— o]

waler

. wp

13. At room temperature (20°C), a closed organ pipe has a fundamental frequency of
256 Hz. What is the length of the pipe?

14, What is the beat frequency of two tones with the frequencies 256 Hz and 260 Hz?
15. A violist with a perfectly tuned a string (f = 440Hz) plays an A note with another

violist, and a beat frequency of 2 Hz is heard. What is the frequency of the tonc.
ﬂom the other v101m‘7 Is there only one poss1b111ty‘? '
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CHAPTER 5
INTRODUCTION TO LIGHT

- Light.is a form of energy which stimulates our sense of vision. It is essential for life
. on.garth:. Almost all of the natural light comes to us from the sun. In this chapter we
“shallistudy the nature of light, sources of light and methods for determining the speed
of light. ’

5.1 THE NATURE OF LIGHT

By the middle. ,o'_f the seventeenth century, two theories about the nature of light were
- introduced. -

Newton suggested that light was made up of a stream of tiny particles known as
corpuscles. These corpuscles are given off or emitted by light sources such as the sun
and the candle flame, They travel outward from light sources in straight lines. Thus, a
thin pencil .or ray of light is in fact a stream of corpuscles. They can pass through
transparent materials and are bounced- back or reflected from surfaces of opague
‘materials through which they cannot pass. When they enter the eye, the sense of sight
is stimulated. By using this corpuscular theory, Newton could explain the phenomena
of reflection and refraction of light. o
Huygens, contemporary .of Newton,. suggested that like water waves -and sound
waves, light also- hasw}vave nature. However, the majority ‘of scientists did not accept
the wave theory of light immediately. Water waves and sound waves can bend around
obstacles in fhciq path.: Therefore, light, if it is.to-be considered-as-a - waveimotion,
must also be able.to bend around obstacles and it should be possible to see objects
- hidden by an obstacle: Howeyver, since, such-objects cannot be observed, the majority
did not_aqceptgthe‘.waveitheqry=of light. Light in"fact. can-bend round an obstacle: But
the wavelengths of light.are so short-compared to ithose of :water- waves. and sound:
_waves that the bending of light cannot be ordinarily observed. Fo

The phenomena of interference, diffraction.and -polarization could be w/ell, explained
only, if light was.considered as a wave motion. In addition, it was discovered by the
end of the nineteenth:century, that light consists of electromagnetic. waves. However,
it could not be;said that Newton’s corpuscular theory of light was completely wrong,
because it was, found at the-beginning of the twentieth century that in addition to the
wave nature, light has corpuscular or particle nature as well. W

Hence, light can exhibit both wave and-particle character. Light behaves like particles
«in some phenomena: and-acts:as,waves; in others. Today. it is generally accepted that
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light has wave-particle duality. Thetefore, the corpuscular theory and wave theory of
light are not contradicto re com _lementar to each other.
8 BT §ppiomentery to.gach of

5.2 VELOCITY OF LIGHT

The ‘velseinpeof tight.ioiusuallydenoted by the. symbol ¢ and it apped}]s 0 IRANY,
fundamental *F@rﬁmlaeélﬁfédvmdedsphwmcs For example Einstein has shqwn {qlpfgﬂ}%
energy E releHEEa-frdhi an Aot is. §iven by E=mc* Here:m is the decreasditemass
of the atom or the mass defect. Thus, ¢ is an important physical constant.ifioiie
methods of measuring the velocity of light are described below,

A TEHT 1.2
Gallleo s Method

By the middle of seventeenth centuw Galileo had tried to measure thé veié iy of
light by measuring the disiance between the two hilltops and the time taken by light
to trfwel between tiem. One night, Galileo stationed himself on one hilltop with en
]amp and his asmstant on another h111top with'a similar lamp The lamps were coV&ied-
at first. Then, Gallleo uncovcred the first. 1amp and his assistant UI‘]COVGILd thL Iamp
he was holding"as soon as be saw the light from Galileo's. lamp Galileo noted the
time as soon as he ‘saw the light from his assistant's: lamp. In this way, Galil eoi,tm d 10
measure the ‘time intérval taken by light. He-was unable to measureit.'as-ilight
travelled with very high speed. Galileo's method of measuring the velogity of light
was entirely correct in principle; But his experiment failed since the method of
measurmg the extremely short time mterval was.not accurate enough

Roemer s Method

Roemer was the first to successfully méasure the velocity of light! .Four of twelve
small satellites or moons mioving around Jupiter could bé obsérved with a moderately
good telescope. Roemer chose one moon and measured the time of revolution of that
~ moon about Jupiter. It was found that the period of time was longer than 42 hours
while the earth was receding from: Jupiter-and shorter than 42 hours while it was
approaching Juplter\Roemer concluded correct]y that the differences in times were
due to varying distances between Jupiter and the earth (Fig. 5.1). According to. his
calculations the time of 22 minutes was required for light to travel the distance equal
to the diameter of the, earth orbit. The best value for the diameter of the earth orbit at
that time (in Roemer's time), was about 172 000 000 miles. If that value was nsed, the
velocity of light was founcl to be ]30 000 mlles per ‘second or 2. 1 X IO metres per

second. . _ o PR
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Fig. 5.2 Fizeau's method for determiniig-the velocity of light 200118

The light from a bright source O after refragtion throughwthe lens L converges to 2
point H and is then incident on a lens ﬁ i £ ] cﬁs—of-lensB and the paral_‘lel rays
coming out of B reach a lens C which'is several iles away from B. Since a plane
mirror M s at the focus of C the reflected rays from M retrace their paths and is then

reflected from the glass plate F. The fys ‘tHenphs’ thFough a lens E into the eye of an
_gbsem&zfs’ﬂbﬁxin@ge&ﬁﬁ ‘§£}Qu§f9£§efge%iaoisv 1o mspmsmsesem seloniy Jeom ardl
18 (E5tREH Wik eIW e r%’ﬂdt'éj%ﬁhf?aﬁh&ﬂﬁémh‘f axis Qb Tierim offWois flacadatbls

; S . : ai 31 .ol \{ddfi?ﬂ:ﬁ‘::du iTehs ié
A tooth and a gap or-an-opening between g seeth have the same widin. The im

of O is observed when the Eﬂéctedaligbtﬁpa?:s through a gap of the wheel n
rotation. Before the speed of rotation exceeds 1 Tevolutions per second the image of
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O‘is continuously' observed. As' thespeed of rotation is increased, at one instarit'the
light that passes through:a gap:is reflected from M and is incident on a tooth'figkt o'
that: gap. Sifice no:reflécted light:reaches E the image of O cannot-be seefi‘andthe
field of view is dark:At that: moment; the speed of rotation is noted. If the'spe&d-of
rotation is doubled; the light:passing through any one gap returns from M and'passeés-"
through the neighbouring:gap: The image of O will thus be observed. .
Fizeau used a wheel with:720: ‘teeth. The field of view was found to be dark When~th

speed of rotation of the wheel-was12.6 revolutions per second. The distance: between !
H and'M was:8633 'metres Thus, if tj is the time taken for the light to travel frof'H '

_to\ M and back;, then.:

2%8633
C

Buit this: is :the time : taken by a tooth! to-move: toa position correspondingto'd
neighbouring gap:> . - - :

The total number of teeth and gaps of the wheel =2 X 720: .
Therefore, if t, is the time taken by a tooth to moveto the\ne'ighbc‘)uring gap, thent’

t, = < ]72() X (‘theé time taken by the wheel to make one revolufieh)™

+The time taken by the wheel to make 12.6 revolutions =1+

_ The time taken by. the:wheel to make-1-revolution =

.6
| _ i 1
Therefore, t, = — —X
2x 7200 126
Sihce ‘ =t o
. 2x8633 " [ | L .

¢ 2><720><12 6

¢ = 3.Ix 10°ms

The most precise measurement -of - velocity ‘of light:+was made by Michelson®: His
method. will not-be:presented here.: We shall _]ust guote the value of the velocity''of

hght obtained by him. It is -
C e o= 186'000‘-fﬁi:s’-‘

= 3% 10%ms™-
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The velocity of light has ijls‘b“béén meastiréd by other methods. Of the values of the
velocity of light reported to dae, the ‘oné regarded as the best value is .

¢ = 299793'x 10° ms”

Thiéﬁ valug is estimated to have an error of £ 300 ms™. Today, the velocity of light can
be medsured With the use of electionic devices'in the laboratory. :

In Fizeau's method the lenses were kept' several miles apart but electronic devires

need t0 be placed only a few metres apart. - ' o
e e T o i . —_— - E

The velogity of light in frée space ¢ is oné of the fundamental constants of nature. The

value of thi§ constant is taken'as 3 X 108 ms™. ' o

5.3 REFRACTION OF LIGHT

Now that we have studied the reflection at mirrors, we shall go on to study how light
passes' through- transparent materials’ or transparent media. A thick slab of glass
appears to have only two-thirds ‘of its real thickness when viewed from a vertical
position; water in a pond appéars to havé only three-quarters of ifs true depth, These,
and ‘many similar effects are caused by refraction, or change in direction of light
when it passés from one médium to anothér. o

Refiaction at Plane Surfaces =

Transparent media such as air, water, oil and glass have -different optical densities.
However, light travels in straight lines in each of these media. In practice, a medium
cannot exist alotie but i always in ‘contact with other media. Suppose that there is
some water in a glass cup. Watet is in contact with glass and both water and glass are
in contact with ' air. When -light passes through two media of different optical
densities, the’ direction ‘of light changes in passing from the first to the, second
medium, This phenomenon is called refraction of light. The change in direction of
light occurs because the velocity of light changes when it passes from one medium to
‘another, In réfraction, both magnitude and direction of velocity, of light change.

The velocity of light in a medium’ depends upon the optical density of that medium.
The more optically dense a medium is, the $maller is the velocity of light in that
medium: Now, consider water in 4 glass'container and air above the surface of water.
It is found that when a ray of light passes from air to water, the velocity of light in
water-decreases. On the other hand, when the ray of light passes from water to air, the
velocity of light increases. -
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An example of refraction of light ¢ ishowmwodnsBig. o2(3. 20 heiai [sulengisparthy
immersed in water, the part under thenwatesrappdarsité, bethgmas htkzlﬁi@%?lr%l@%
refraction of light coming from the immer: rsed part of the ruler.

01 x £2T00C = 4
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Flg 5.3 A ruler appears bent in water
it 18 noftoafior odi baibute sved ow st veold
Atter studym g the Iaws of refractionjthesbending of-amuler partbydmmignsedin valge,
can be explamed by drawmg a ray diagtameay 21 Yo ebiidi-ow) viao avsil of Qe bl
i lao oved of ewaqas buog s al 15w noitizog
5.4 LAWS OF REFRACTION 95 s vd boags 918 93)4113 itz eosm bog
corions of muthsrt sao motl eseasq 5 nodw
In studymg refraction through media, we shall assume that the boundary between two
media is a plane surface. In Fig. 5.4, x and y are mediaofidifferentiOpticabidenstges
and PQ js the boundary between them. Suppose that light travels from a less dense
medium x to a more dense mediurdgybifiotiexample, suppose thatixeis Eitls 1@f}€1n}*ﬂ§
water. A ray AO is incident on PQ at® foift O INON'Tis theshiopmaliigi! asvewol
! wio diver Jaginos mi eyawls et Jud snols J2izs lonass
g dive fossnou ni et 191 .quo 2zsly s ni eisw smoz
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Fig. 5.4 Refraction of light at a plane surface
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The incident ray AO changes.its.direatign When it passes from x to y. This
phenomenon is called refraction iy medium y. AO travels along a new direction OB.
In other words, AQ is refracted,alpng OB and OB is called the refracted ray. Since y
is a denser medium the refracted Tay-~OB ischedt towards the normal. The angle
between AO and the normal ON is calléd the angle of incidence and is represented by

i. The angle between OB and the normal ON is called the-angle of refraction and is
represented by r. In this case r is smaller thani. ~

In refraction of light"tie Ligh¥ rays also obey the principle of reversibility of light.
Thus, in Fig. 6.2 if BO is the incident ray in medium y, it will be refracted along OA.
b thigfeds denserdnediufm %@ Adwiill beasfsagied away from the normal. In this case r
is the angle of incidence, i is the angle of refraction and the angle of refraction will be
greater thayt.thg angle of incidence. i '

i w2 il anismet oo 3911 acdi s : : : .
IQ@J{lgvibysifggr\[g{p'}gga}ﬁg rﬁ%ﬁfégéiiof}r’pf "i[{[lg}ﬁ{i%v&l}gh are obtained from experiments are
stated below. ™ SRR o A o '

The Laws of Refraction i

(1) The incident ray, the refracted ray.and:the normal all lie in the same plane.

(2) For a particular wavelength of lightand for a given pair of media, the ratio of -
the sine of the angle of incideﬁcg t0 the sine of the angle of refraction is a
constant, AR ' _

- (The second law is called Snell's law since it was so named in honour of its
discoverer-Snell.) ~, 27 T ' ' ‘

5.5 REFRACTIVE INDEX

The ratio of the velocity of light in air, ¢, to the velocity of light in a particular
medium, v, is called the refractive index n, of the medium. The refractive index, is
given by ' o
n=< | ‘ (5.1)
v .
The more optically dense a medium is, the smaller is the velocity of light in that
medium and the greater is its refractive index.

If vy and vy are the velocities of light in media x and y respectively, and ny and ny are
the refractive indices of media x and y respectively, then
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. v C
n,=—,and n,=—
o vx 4 VY
o n, .clv
- Therefore, —X=—X
, wn, o clv,
A
vx .
or o By V. = MyVy

' Ifv is the velocity of light, f is thé frequency. of light and A, is.the wavelength of
it e S frequency, of light net
v="FAa (52)

When light passes from one medium to another the frequency. remains; the.same but
the wavelength alters. Hence, if Ax and Ay are the wavelengths of light in media x
and y respectively, we get
_ vy =fAy and v, = fA,
Since
‘ Ny Vx = TyVy
nyfAyx =n,fAy
Ne Ay =0y Ay

If the velocity of light v in a medium is known, its refractive index can be calculated
from n = c/v. Otherwise, it can be calculated from Snell's law. S

‘The refracted ray may be bent away from or towards the normal depending upon the
optical dénsity of the medium concerned; However, Snell's law states that ratio of the
sine of ‘the angle of incidence to, the sine of the angle of refraction is always a
constant. That constant is'the refractive index of; the medium, through.-which the
' réfracted ray passes. A - ‘ o S

Fig. 5.5 Refraction of light
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In Fig. 5.5 the incident ray AO in medium x is refracted along OB in the more
“optically dense medium y. Here, i is the angle of incidence and r is the angle of
refraction. - o o

BySnellslaw -~~~ ——=n R (5.3)
IO .. osinr . T |
where n is the refractive index of medium-y which contains the refracted ray OB. In
order to express the refractive index more fully, the medium containing the incident
ray must also be stated. Medium x, containing the incident ray, is shown at the left-
subscript of n and the medium y containing the refracted ray is shown at the right-
subscript of n. Therefore, for the refraction from medium x to medium vy, the

refractive index is expressed as

sini \‘

[y == SNV
.77 sinr - -

In accordance with the principle of reversibility of light. If BO is an incident ray in’
medium y, it will be refracted away from the normal along OA in medium x. In this
case, r is the angle of incidence, i is the angle of refraction and the refractive index is

_sinr R Q)

n
Y sini

Multiplying equation (1) by (2); we obtain

_sini  sinr
xnyx,ynx - . X —
sinr Sini1
S
x Uy T
y Iy

Therefore, the refractive index of the medium y with respect to x is equal to the
reciprocal of the refractive index of medium X with respecttoy. - = - i

Absolute Refractive Index

The above stated media x and y may be any two media. Spéciﬁcally, if x is a vacuum
(v) the refractive index of the medium y for light travelling from vacuum into y is vy,
For this case ,ny is called the absolute refractive index of medium y.

The refractive index of any medium for the refraction of light from vacuum to that

medium is, therefore, called. the absolute refractive index of that medium. It is,
however, seldom used in practice.. Co '
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Refractlve Index from Air toa Medlum LT

- [ BN Y

The refractlve mdex ofa medlum with" respect to dir is easief to detérmine than the
refractive index of the medium with respect to vacuum. The refractive index from air
to a mediiim is normally used to compare the refractive indices of different media..

The refractive index of a medium with respect to: air is represented by n along.
However in ‘order to dlstmgmsh between the refractive-indices of différent media, the
medlum concerned is used as a r1ght~subscnpt for 'fi. ‘Thus, the tefractive -index of”
water w1th respect to air is. wrltten as Ny, and that for g]ass with respect to’ a1r Is
wrltten as-n. Refractive lI‘ldlCEb of some medla arc g1ven in Tab]e 5 l o

R R
(L

Table 5.1 T e e .
e  Substance 'l_;ﬂ'Refractive ndex
\!f Iee: " oie 5""‘ P by .o 131, |!| .
7 W Water IR 5'1 33 ---‘-'-':'.‘.o RTINS

- Ethyl Alcohol s 36

Oleic Acid o 146 | n

Glycerine T 7 B

Quartz TO1s4t

Glass f= 1.5-1.9

Diamond . )

Iy

Relatlon between Angle of. Incldence and Anole of Emergence fcr a Ray passmg
through a Glass Slab with Parallel Sides

Fig, 5.6 Refraction through a glass slab

Y T Y
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In Fig. 5.6, a is an air medium and g is a glass slab. An incident ray AO in air is
refracted along OP in the glassslab and it emerges along PQ into the air, i is the angle
of incidence and i' is the angle of emergence.

Since glass is a more optically dense medium, the refracted.ray OP is bent towards
the normal in the glass. Again, OP is refracted along PQ away from the normal into
the air. Thus, refraction occurs twice. '

: . sini
For the first refraction Ny ==
\ sinr
' . sinr
For the second refraction gy = ——=
, _ o sini
Since | N xen, =1
sini _ sinr _ |
‘sinr  sini ‘

sini = sini

1= .
Therefore, the angle of incidence is equal to the angle of emergence for a ray passing
through a glass slab with parallel sides. This holds true not only for glass and air but
also for any two media having parallel boundary surfaces between them. In other
‘words, the incident ray and the emergent ray are parallel for such a pair of media.

Lateral Displacement of a Ray passing through a Glass Slab with Parallel Sides

Tn Fig. 5.6 the perpendicular distancé"_ PR between AO produced beyond O and the
emergent ray PQ is a lateral displacement of AO, denoted by d. The thickness of the

glass slab, that is, the distance between its parallel sides is denoted by t.
In the triangle OPR of Fig. 5.6 ZPOR = i~-r o A
. PR
Sin (i-r) = —
i-1)= 55
In the-triangle OPN , " cost = ON _ ¢t
: . op OP
op = ——
J cosr
_ t/cosr t
Since PR = d,then sin(i-r) - deosr |
Theréfore, the lateral displacement  d = Smd=0-" s gy

COST

!
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Refraction through three Parallel Media - .

Fig. 5.7 Réfféiéitign tl}:rbggh three parallel media L
In Fig. 5.7 media x, y and z have different refractiveiindices. A ray in mediur x is
refracted through media y and z and emerges into medium x. The refraction-occurs
three times and the angle of 1nc1dence Lis equal to the angle of emergence 1

For the ﬁrst refractlon
: ‘1 (DR FRAT CR R SO LN ‘-. e e el
‘:’::I,' KT BT Y -

For the second fefraictlon '

-'.A='” . ._\
sin;~ sin rz

'sini’
¢
g Tl
Therefore, : L
. PV TGN L
Since
DI
If medium x is air, we have - £ (5.5

T | R I R T S
Therefore /the refractive index of medium z with respect to y is the ratio of the

reﬁ'gcg;,ve index of z with respectito airito the refractlve mdex of 'y with reSpect to alr.f‘_ .

i SN 1 ,T

N




For example, consider two media, water (W) and glass (g).

. n, on, n,
Since. Jo==%, we have Sy = and Wl =—
n, - n, COI,
i L _ n. . sinr
In Fig. 5.7, since - : === Lo
N R g "n‘- S]n}"3 : e
ongsint =ngsinge oo . (56) L

Therefore, the product of the sine of angle of incidence and the refractive index of the
medium containing the incident ray is equal to the product of the sine- of angle of

refraction and the refractive index of the medium contaifing the refracted ray. '
Refractive Index Related to RealandApparent Depths Ve
Figs. 5.8 and 5.9 show the ﬁositfbhs ofobjectsm one mecllum and ;tbé‘ir‘.rés'béb_tivfc:,'

images when viewed from the neighbouring medium. Medium v has greater refractive’
index than medium X. o R

/. | Y . ' L e : .

Fig. 5.8 Apparent depth when .V’i'ewed - = ~Fig.59 Apparent dépthwhen ~ .- .-
~ from a less dense medium " yiewed from a denser medium

- e b I

In Fig. 5.8 an object O is in 'medium y and the observer in‘medium X, looks at it"

directly from above. A ray OP from O perpendicular to the x-y boundary passes

straight into medium x. A ray OQ from O is refracted along QR away from the
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normal, i is the angle of incidence and r is the angle of refraction. The point I, which
is the point of intersection of OP and the refracted ray QR produced backwards, is the
position of the i image of O, Therefore, the observer in medium x, viewing O dtreetly
from above, sees it in the position 1. In other words, the object appears nearer to the

observer,

In Fig. 5.9 an object O is in medium x and the observer is in medium y. A ray OQ
from O is refracted along QR which is bent towards the normal. The point which is
the point of intersection of OP produced backwards and QR produced backwards, is
the image of O. Therefore, the observer in' the medium y viewing O sees it in the
posmon L. In other words, the object appears farther away from the observer. -

Smce the retracted ray QR enters the observers eyes, Qis actually very close to P i in
practice. (For the sake of clarlty Flgs 5 8 and 5 9 are shiown exaggerated ) -

The perpendicular distance from the object O to the x-y boundary surface is called the

real depth and is represented by u. The perpendicular distance from the image [ to the
x-y boundary surface is called the apparent depth and is represented by v.

In Flgs 5. 8 and 5 9 PO u, PI=v and we have - _

Sml— ﬂ,. sinr = &
0] : IQ

_sini _ PQ/OQ. _ IQ
st~ PQ/IQ T 00

Then

Since P is very close to Q, IQ Pland OQ = PO.
Therefore . n= sini _ P =2 S (5.7)
PR ..sinr PO uw -~

Letus take up the refractlve index of the medium in which the observer is situated.

sini v apparent depth

For refraction in Flg.‘S.-S Jy =——=— =
sinr  u - real depth

sini _ v _ apparent depth

Forrefractlon mFLg 59 Wy =—=— = ld i
s, 27 sine u rea dep

The refraotlve 1ndex of the medlum in which an observer |s sutuated is the ratto of the

PSR RRTH ITIE

N e




Next, we shall take up the refractive index of the medium in which the object is
_situated. ' __ :

1 real depth

For refraction in Fig. 5.8 ,n, = =
retation eSS oy ,h,  apparent depth’
For refraction i Fig. 5.9 = L F’ep‘h;
| n apparent depth

. XY

Therefore the refractive index of the medium in which an object is situated is the ratio
of the real depth to the apparent depth. -

Critical Angle and Total Internal Reflection

When light passes from a medium to a more optically dense medium both reflection
and refraction will occur for all angles of incidence. But when light passes from a
medium to a less optically dense medium both reflection and refraction will occur
only for some angles of incidence.

s

Fig. 5.10 Iustration of total interal reflection . .

In Fig. 5.10 an object O is in medium y which has greater refractive index than
medium x. A ray OP from O'is coincident with the normal‘so that it is‘not refracted
but travels straight into medium x. A ray OQ which is not coincident with the'normal
is refracted away from the normal. Thus, the angle of refraction r is greater than the
angle of incidence i. As the angle of incidence increases, the angle ‘of refraction also
increases. At acertain.angle of incidence the angle of refraction becomes 90° .- This
means that the refracted ray lies inithé boundary plane between ‘the two media, The
angle of incidence corresponding to the angle of refraction 90° is called the critical
angle and is denoted by i.. In Fig. 5.10 the incident ray OR from O is refracted along
the x-y boundary and the angle of incidence i; is the critical angle. '
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When the angle of inciderice is gréater than i, light does not-enter medium x at all, but
is reflected back into medium y. Since the angle of incidence of the ray OS is greater
than i, that ray is reflected along ST in medium y. Thus, the light in one medium
does not enter the optically less dense medium and is reflected back into the first
medium for all angles of incidence. greater than i This phenomenon is called total

internal rcﬂectwn
Relatmn between Crltlcal Angle and Refractlve Index
In the case of refractlon 1n Flg 5 10 usmg Snell s law

yooE smr

Wheni=i, r=90
SRR sm1 .

Therefore . ynx- S e |

S ~sin 90

f

i 0 0()° = s i
Since sin 90° = 1, N =sini,
i o 1.
Since - - -
*7 sini,

The refractive mdex of the medium in which the ob}ect is situated is equal to the
reciprocal of the sine of the critical angle. L

If medium x isair * - . finy='._'ll R A TLOE R AL SR (5.8)
~ sini, '

If the refractlve mdex of glass is l 5 thc cntlcal angle of glass lS usmg the above
equatlon calculated to be 42°. . . : ‘

----- ,':.'.‘-".\"'""l"“.’ "‘ o . E ..‘

A "prism’ isa transparent object usually made of glass (F1g 5. 11) It has two. plane
surfaces, ABED and ACFD inclined to each other... L ‘ .

iy .
M oreL o LR v p T U L -
g N N N LTS LT I T T P B o B R P RPN S VU VR
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Fig.5.11 Aglassprism .~ Fig.5.12 Reftaction by a prism

Fig. 5.12 shows a cross-section -of the prism. The angle A is known as the angle of
prism and BC is its base. A ray OP in air incident at the surface AB is refracted along
PQ in the prism and emerges from the surface AC into the air along QR. The
emergent ray QR is directed towards the base. AB is called the incident surface and
AC the emérgent surface. The refractive index of glass is greater than that of air, Thus
PQ is réfracted towards the normal and QR that emerges into the air is bent away
from the normal. OPQR is'the path of light travelling through the prism. If.a ray is
incident at the surface AC along RQ it will travel along RQPO.

The incident ray OP after refraction through the prism emerges along QR and the
direction of OP is changed or deviated by it. This is called the deviation of light by
the prism. The angle D, between the direction of incident ray OP and that of emergent
ray QR is known as the angle of deviation. When the angle of incidence i is varied the
angle of deviation D also varies. When i is increased gradually, D decreases gradually
to a_minimum value and then increases. Fig. 5.13 shows the appearance of an i-D
graph obtained if the experimental valtues of i are plotted against those of D.

N :“"'_ L U . . -
~ maximum
. deviation

I

{

i

1
1\

T -

]

]
A

i~

Fig. 5.13 The minimum deviation
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The angle of minimum deviation is denoted by D,.. It is found that the angle of
incidenge is equal to the angle of emergence when the angle of deviation is minimum.
In the minimum deviation case the formula for the rpfrac'tive\index of a prism can.be
obtained as follows." ~." , .-~

Y

Ciloa p T
R e N R R Y S SRTILTE FER RS

PR 33 ,'tzj o
ah anny o Fig 5145 Deyiation in
e , W .‘.!‘,. f-n o -‘vh -E;\ e o . :

e ek Srrngh SR ean funess e anamgd ey g
From ‘Fig. 5.14¢ i v el o Ak PSQs 180 (A= BAC) . . - 1
From the triangle PQS,” *** fy+Ts ¥ ZPSQ = T80 "n 1ttt huandined

From thése equations: .+, .= =t AT Ik s
SR P TS KT S ' B E .

(RN

i

I , . AR
the [T I IR o PR

‘-”(ifif{)-’-{-5(?i2?."122‘);!"-” ronet L an i

‘From the triangle PQD+ -+ 11D

. _ = (ll + iz)'-i‘(l'l +r2)
When ‘D= Du, Dm=211— 2y 1

o =2i-A
L _(a¥D,)
By Snell's law the refractive index of the prism is

poo Sh 3)
sin # :

(2)

Substituting the valués of ijand 1 froni equations (1)and (2) into (3). we get
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. (A+D_.)
sin Ao
n=— 2 (5\.9)

ey
sin( 2).

This is the, formula for the refractwe ‘index of the prism. The refractive index of the
prism can be calculated from this formula provided that the angle of prism. A and Dy,
a(e known. :

NI i\: [N

The Angle of Devnaj:nqn; of Thm Prlsm or Small-angled Prlsm |

‘Mrlsm whose angle is very small is called a thm prlsm ln F 1g 5 14 the reﬁ'actlve-’
mdex of the pnsm is | : : Lot

ERE et ’ . . :

H sm lI o ‘Sll’l 1, LU L O T S

Or"?:n' S oTTT s e e e T e
S . S oo

] ')"l .:.’1,
R

i =

When 1 is very sma]l soarer, 1‘2 and iz

Lt .

Then S 'l ;,[,1"..=.?.;l 1 Or ;:.‘1! T .n,<1..1 -' Vll . v .
rl [ . L v - PR I . i
i, o
o=+ or =nn
r2 ‘/,' At mEm ‘. '
It has been shown that = (iy t 12) (r1 + f2)

Substituting for i; and i in the above equat1on,
= n(ry +1‘2) (r; + rz)
(n 1) (rl + rz)
Since A— nin :
= (- DA c (5.10)
Therefore, the angle of dewatlon D of a thin prlsm is constant for very small angles of
incidence. LT s Poro
Some Apphcatlons of Total Internal Reﬂectnon o

We have found that the critical angle of glass of reﬁ'actwe index 1.5 is 42°. Thus, the
total internal reflection can occur in a prism of angles 90°-45°- 45°, A prism having
such angles can be used as a total reflecting prism. In the total reflecting prism 100-
percent of the light is reflected whlle other reﬂectmg surfaces reflect only some of the
light incident on them. Dol , :
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\‘ Fig. 5.15 Totally reflecting prism (hypotenuse-surface)

A ray AO in the air is incident normally on one surface of the prism (Fig.5.15). The
ray passes normally. through this surface and is incident.on the hypotenuse-surface at
O. The angle of incidence of that ray is 45°. Since the angle of incidence is greater
‘than the critical angle of glass, which is 42°, the total internal reflection-occurs in'the
prism. The reflected ray OB is incident normally on'the other surface of the prism and
“emerges into the air. The deviation in this case 1s 90°. Total reflecting prisms are used
in periscopes and binoculars. : o L
In Fig. 5.16 a ray is incident normally on the hypotenuse-surface of the'90°-45°:45°
prism, Total internal reflection occurs at each of the other surfaces and-the ray
emerges normally from the hypotenuse-surface. The deviation in this case is 180°, ¢

Fig. 5,16 Totally reflecting prism (side surfaces)

S R el
The images seen in the 90°-45° -45° prisms are' shown in Fig. 5.17,

! : B . ]
|
o i o N .
" - .
0. ! ° .
SRS A T A S
1Y

Fig.5.17 Formation of i:ﬁage by a totally reﬂcctiﬁg prism - o
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The concept of total internal reflection is ised in cutting the facets of diamond for its
brightness. If the rays entering the diamond are totally reflected from its base and
emerge from the surfaces, the diamond becomes ‘brighter. In order to obtain the
brilliance, the facets of diamonds must be cut systematically. ’

Suppose that a ray enters one end of a glaéé rod or .akt'ransp_arent plastic rod. If the

successive total internal reflections occur in the rod the ray will emerge: from th
other end (Fig.5.18). Such a transparent red is called a light pipe. - o

Fig, 5.18 Total internal reflection . Fig. 5.19 Total internal reflection in
in a light pipe ' ' - a cluster of glass fibres

If a cluster of narrow glass fibres.is used instead of a glass rod, an image can be
transferred from one enc/! to the othier since each fibre carries intact a part of the image
(Fig. 5.19). faoT :

Light pipes are used to examine, objects: which are normally difficult to see. For
example, the light pipe or the fibre gastroscope is inserted through the throat to the
stomach. Light reflected from the stomach wall is reflected back up through the fibres
of the bundle and forms an image on the film of the camera. Visual observation is
also possible with the help of a special attachment. ' '

Example (1) The angle of incidence of a ray of light passing from air f0 a transparent.
medium x is 30° and the angle of refraction is 19¢ 28". If another ray is incident at 35°
on that medium find the angle of refraction.

i=30°, r = 19° 28
' _sini

* sinr

0 _ _sin30°
* 5in19728
= 1.5
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wal el 5_|'.,,‘___.",._.~."-= -
For'another ray iy'=
A A A TR LT TS A

FILES

sl hov el IS e

8928 RNy 1 B i g

Therefore

Example (2) When a drop;fbf ink at the bottom of a glass slab 6 cm thick is viewed
from above, it is seen at a spot 1,67 cm above the bottom. Find thg refractive index of
glass. , :

Ve
i

(S
. i

' Realdepth = 6cm ;‘:fzf\éxpparent depth= 6 - 1.67 = 4.33 cm

real depth ~ _—6
i % apparentdepth . . 4.38

£,

Since the drop of mk is ‘at the bottom of the glass slab, S
¢ s g Teftactive index.of glass, .=

‘thé Tefractive index ofidiamond of critical-angle:24% 27+ 1 e i v

@ . m =132, /sinic=_1._="_l_

Exdmple (3) (a) Find the!critical 'angle;of a-liquid-of refragtive.index-1.22. (b). Find

e b ot vilnrnan ohn o

et W ]
. L ENPUE R P
SARE s GNTERREE g

TI:]CI'EfOI'e; I ':.'"5? (&H

1y

B ST
'.(b)lf.:’.!s, SiGEGG LW

Example (4) The refractive index of a llqulcll is 1.32 and thatof glass'is 115, [fa ‘féiy"df
angle of incidence 30° enters from liquid to glass find the angle of refraction.

T £

Ay - P P
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n =
e simr o
 sinp =SB sin30 _ 44
S L, 114 "0
Thatis = ° =266

-D\isper‘s'idn' by a Prism

When a narrow pencll of white light passes through a prism as shown in Fig.5.20, it is
split into bands of different colours. Stich"a band of different colours is called a
spectrum, .

. / orange o

red yelld_w Y

green

blue

indigo

‘most deviated -

R .

B

e b Flg 520 Digper'sfibn Byprlsm

‘The violét colour-band is deviated the most:from the original path of white light.- And
the red colour-band is deviated the least. Splitting of white light into different colour-
bands is called dispersion of light. oo '
Since violet light is deviated the most, the refractive index of the prism material for
this colour has the largest value. The refractive index for the red light is the smallest.
‘We have,learnt that the velocity of light is directly proportional to the wave-length,

Thus, violet light, having a shorter wavelength than the red light, must have a velocity
less than that of the red light. T

The spectrum as obtained by the arrapgelﬁenf shown in the above figure is not sharp.
The formation of a sharp and pure spectrum can be obtained with the experimental
arfangement shown in'Fig. 5.21. -~ .~ . - i PRI g
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w‘mte screen .

- Fzg s, 21 Formatlon of pure spectrum

In Fig. 5.21 the first lens, the one between the hght source and the prism, tumed the
rays from the source into a parallel beam. This beam is. then incident onto the prism
~which disperses it. The dispersed light of different colours are focussed onto the
screen by the second lens ‘The spectrum thus obtamed is a sharp and pure one,

s

AChoose the correct answer from the followmg

Write down the names of the two theéories concerning the nature f light that were

* introduced by the middle of seventeenth century. How do they differ?

What are the optical phenomena that. cannot be explained by Newton's.
corpuscular theory? : o ‘

-
Fe

;. Why:did. the majority of smentxsts he51tate to accept I—Iuygens wave theor )/ of
" ‘light when it was first introduced?’ R CITR DL e

Why can the bending of hght not be seen although the bendmg of water waves
canbe seen“? PR T G B s s

G et oan g migie]

(a) nght has only partlcle nature (b) nght has only wave nature (c) nght has both
' partlcle and wave nature. "~ ,

6.

Choose the correct answer from the fo]]owmg

(a) All optlca] phenomena can be explamed by Huygens wave theory (b) \All optlcal

7

phenomena can be explained by Newton's corpus_cular tlleory .(c) The stateme_nts
given in (a) and (b) are both wrong. :

Why did Gahleo not succeed in measuring the velocity of light?
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8. Can an object move with a velocity greater than the-velocity of light?
9. Choose the correct answer from the following. :

If ¢, is the velocity of light coming from the sun and ¢; is that coming from the ~
candle flame, then

@ea>e () a<e ©) o=
10. Write down the values of the velocity of hght obtamed by Fizeau and Michelson.
_The rest mass of electron is 9.1 X 107" kg. If the value of the velocity of light

" obtained by Fizeau is used, what 1s the error percent in evaluating the rest
energy of electron‘? E =mc*?

1, The velocity. of sound in air is 330 m's’. A man hears a thunderclap 5 s after
seeing a lightning flash. How far away is the source of thunder from that man?

12.(a) What i is meant by refractxon ? (b) State the 1;1ws of refracnon (c) Explam the
statement: "the refractive index of glass is 1.5"

13. (a) If the velocity of light in a medium is 2 3% 108m s ﬁnd the refractive mdex
of the medmm.
~ (b) The wavelength of a ray of light in air is'5 x 107'm. Wlth what velocity will
that ray pass through diamond whose reﬁ‘actwe index is 2, 42‘7 Find- the
wavelength of that ray in diamond. : ‘

14. In the formatlon of the spectrum of- whlte light by a pnsm (1) which colour is
deviated least ? (ii) which colour is deviated most ?

15 A narrow beam of white light is incident upon a tnangular glass pnsm Draw a
clear dlagram to 1liustrate what is meant by (a) devxatzon (b) d15pers1on

16.A ray of hght in'water has a wavelength of 4, 42 %107 m, What is the wavelength
of that ray while passing through ice? (nw=1.33; nje.= 1.31) ' :

17. When a ray of light is incident on the surface of a glass slab, both reﬂecuon and

refraction of light take place If the angle of incidence of the ray is 30° and the
refractive index of glass is 1.5, find the angle between the reﬂected ray and the
refracted ray.
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18. The path of a ray of light thtough one corner of a block of ice is shown below, -

Fmd (a) the angle of incidence on the face AB, (b) the angle of refracnon at thts
" face, (c) the refractlve mdex of ice, (d) the. crltlcal angle for ice and (e) determme
whether the 1 ray will ¢ emerge from the bloék of ice.

19 A ray of hght in air is mc1dent on the surface of a glass slab 4 cm thick at an ang]e
of 60°. It emerges from the slab and travels into the air from the other side of the
glass slab;- If the refractive index..of glass is-1.5; find ‘the lateral d1sp1acement
between the 1n01dent ray and the emergent ray S e

emerges into the air from the other surface. If the emergent ray lies in the surface
_of the pnsm ﬁnd the angle of 1nc1dence The refractwe index of glass is 1.5.

21 A cube of ice of refractwe mdex I ’%1 1S placed on a glass slab of refractlve mdex
1.6, If a ray of light passing from the glass slab to the ice has an ang,le of
mcxdence of35° wnll the ray enter the 1ce’? EETEERE B i o

22 (a)y The angle of a glass prrsm is 60° and the angle of minimum dev1at10n is 39\
;.- Find the refractive index of glass (b) If the refractive.index: of glassi5'1.66.and the
angle of prism is 60°, find the angle of minimum dev1at10n S Sy ey

Lo P
o L

0

20 A ray of hght in air enters a prism (havmg an’ angle 60°) from ‘one- surface and_
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23.

D 3cmabove P N |

24.

Lo
< oiN

25,

26.

A 133
B 145

Where is the i 1mage of P after reflection and refracnon‘?
A 2 cm below P
B 2Zcmabove P
C3cmbelowP 1.5 em

E 4.5 cmbelow P

mirror

In the following experiment, what is the re_ﬁactive index of water?  x—{1
A - .

Pk

)
§<'<:

PR

B

N o

O
™~
|
£
[._‘
1
1

|
>

i
(X!
i
v

<|

In an expenment to find the refractwe index of glass (see diagram), the eye sees
that the emergent beam suddenly becomes bright when the beam is along PQ. If
ZOAP=84° the refractive index of glass is

C 1.50
D 1.67
E 1.80

In a periscope, 2 glass prisms are used as shown The 1mage seen is
A erect .

| o 45°
- B coloured due to dispersion ' white light\_ -
. C accompanied by multiple images _

D brighter than the object

E magnified Q‘
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27.

28.

29.

30.

Ap=i)
. C i2"=il. '

HUOWw>

ABC is an isosceles triangle with base angle x' suitably chosen so that the ray can
emerge from AC. Then . - . P :

D. cannot be determined because the refractive index is not given

. E  cannot be determined because the value of 'x’ isnot given -

The angle of dewatlon is

A 60°..- T /

B o395SE -
c 19°

D 9° ‘ :

E cannot be determine because the values of A, B C are not known

Mirages are formed because

. the ground acts as a reflecting surface
the air has uniform refractive index-
the refractive index of air increases with hexght
the refractive index of air decreases with height - z _
the sky acts as a reflecting surface \\

Given'nx'lv:,' = 4/3 ng = 3/2 _
the ray undergoes total internal reflection at the air-water interface -

A
B _the ray undergoes total internal reflection at the water-glass interface
C _the ray undergoes total internal reflection at the glass-alr interface
D the emergentray in airis parallel to the original ray N
E the emergent ray in air is deviated o Air \Qi
R  water_ i
' glfass-

2.




Christiaan Huygen (1629-95)
Dutch physiciét who was the leading
proponent of the wave theory ‘of light. In
Traité de la Luminére (1690), he developed
the concept of the wavefront, but could not
explain colour. In contradiction to
Newton,

Huygens cortectly believed that light
must travel more slowly when it is
refracted towards the normal, although
this was not proven until experiments
by Foucault in the nineteenth century.
Huygens alsd made important
contributions to mechanics, stating that
in a collision between bodies, neither
loses nor gains "motion” (his term for
momentum). He stated that the center
of gravity moves uniformly in a
straight line, and gave the expression
for centrifugal force as

F = mv*r

Sir Isaac Newton MA DLit FRS (1642-
1727)

Fellow of Trinity College, Cambridge (1667)
wrote “Principia” in 1687 and “Opticks” in

held by Sir Joseph Latmor , PAM Dirac
and Sir James Lighthill .

He discovered the three laws of

motion , the science of spectroscopy

using the prism , the Universal law of

Gravitation - '
F=GmM/r’

and calculus (independently of Leibniz).
He proposed a corpuscuiar and
undulatory nature of light a concept
akin to wave-particle duality of modern
physics. The laws presented in Principia
are the basis of nearly all practical
calculations in science and engineering
even today.He was not only an excellent
mathematical physicist but also a very
accomplished experimental physicist. He
invented the reflecting telescope, built a
mathematical bridge without the use of
nuts and’ bolts across the river (Beck) at
Cambridge. Although he is known for his
corpuscular theory of light he used
corpuscular and undulatory concepts to
explain optical phenomena such as
Newton’s rings and polarization of light
etc. It would be fair to say that_lic rejected
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1704. Lucasian Professor at Cambridge =~ only the purely wave theory of light. |
(1669 ~1699),Warden of the Mint( 1696), " . An extraordinary man but not an ivory
Master of the Mint (1699-1727),President of | tower type of scientist ,Newton took his
the Royal Socwty(l'][n 1727) The incumbent job as Master of Mint and the President of

(Lucasmn Prof) is SW Hawkmer and was the Royal Society very seriously although |
‘prevmusly he was not too keen a Member of the

British Parliament.
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CHAPTER 6
REFRACTION, DIFFRACTION AND

INTERFERENCE OF LIGHT

Generally dxffractton is the deviation of waves (electromagnetic waves, X rays water
waves, sound waves) in a single medium by a narrow aperture or obstacle and there is
no change in wavelength or speed. Refraction is the deviation of waves when they
cross the boundary between two different media and there is a change in both the
wavelength and speed. You will learn more about diffraction in the section dealing
with x ray diffraction [x rays (x-rays) are electromagnetic waves of short wavelengths
~1angstrom (1 A) or 0.10 nm] which has brought about an interdisciplinary nature to
physics teaching and research (See Section 6.5). A very -practical example of
interference is the production of beats which may be deséribed as the interaction or
superposition of two waves of nearly equal frequency that produces a periodic rise
and fall in intensity.

6.1 REFRACTION AT A CURVED SURFACE

In preparation for the study of thin I‘e:nson we ﬁ1 st look at refraction at a smg]c
spherical surface. ~ ! - Ce

Fig. 6.1 Refraction at a spherical surface
Consider the two rays shown leaving point object O in the above figure. The ray

incident at A will be refracted at the surface and meet the ray propagating along the
axis at point I. The light ray along the axis is incident on the.surface normally and_
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hence is not béht. An object at‘.pdint object O thus has its image at L. If the rays are
paraxial, then the angles d, B, v, 0y and 6, are all small, From Snell's law,
N - sinfy _ng ‘ .

Since the angles are small, ~ sin6y =6y and sinB =6,

In triangle O4C, 61 = o + B andin triangle IAC, B = 09 +'Y |

The aﬁgles 8y and 92 can now be eliminated between these equatibns. _SuBsti‘tuting

for 6 fom EBq. 6.1 wehave, | |
S : ' o . Dy '

= Loy +y

. Ny
o - =—- (o +P)+y
. o _ o
.Simpl'ifyipg, we get ,
. o . 'nla+‘127_=-ﬁ(11_2‘n1_)
But B={/R, «={/u and y=1[/v. Thus ‘

UL L 6
u v R U
If the first medium is gir, Cokep_nst 637 - -

Sign 'Cohy,enlti"dn' forR o

‘A 'radius R is positive if the centre of curvatﬁr'e’C"ilg on the same side of the surface as
\$hie refragted'ray. Thus; for a refracting surface; the radius R is positive if the surface

is.convex-toward the. object-(as in the above figure), where as R. is negative if the
surface fs concdve toward the object. RN 4 o
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6.2 THE LENS EQUATION

-

P

Fig. 6.2 Path of light }aye from an object at 0 through a lens to the image at [

The above figure shows the path of rays from object O, through 2 lens to image I For
the refractlon at the ﬁrst surface Sp ) _ :
_+1lz nz nl | S e
o w vy Ry
The image formed by the first surface acts as the object for the second surface of the
lens:
112‘—' o "’1 + 1 where t. is the lens thickness. The negatwe sign_comes from the

convention' we “have -adopted in -which the virtual objects have negatwe object
distancés.+In. thé thin lens approximation, the,. tl:nckness 't'of the lens is small
compared with the object and image distances. In thls approx1mat10n u2 = —v1 ‘

For the refraet_ien at the second surface Sy

[
~

Comgimp. mp My _Mysfip ofipoh

S ug vy =y v Ry Ry
Rearranging;_'We gét NS

7 —-l—+———(ﬂ2 n])[_l___l_]
up V2 Ry Ry
Considering the lens as a single entity, (i) let the object distance for the Iens as a

whole be u=uy, (i) let the image distance for the lens as a whole bev= v,, and

(iii) Jet the focal length of the lens as a whole be ‘f' The focal length 'f of the lens is
deﬁned to be equal to v as u-—> o, S ! AT

\
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If mediym 1 is air, ny=1 and the equatlon becomes ST LR

L ’ 64)
;+-‘;—(n 1)(“3’:——‘) (64

t

For the parallel rays From mﬁnrty, N

I ,1_ _;(n r)(—i—:l-
Dt ol arct g o _—( TI)I(TR—:E) S AY _rj.t'r:"-'? e (65)
Equation:(6:5). isknown;as;the lens,-makers'.equation. .-4,);{.., TIPS

It gives a prescription for making a lens with a grven focal length W1th these notatlon
changes, Eq. 6. 4 becomes the lens equatron L.

.A mitror has oné ‘focal pomt whereas a lens has' two, -as:shown in the, followmg
ﬁgure The ‘second focal pomt F2 is the position-where parallel light | merdent on the

lens'i 1s focused The ﬁrst focal pomt’Fl is’ the posmon where and ob]ect produces an

thi ot il i ' v
1mage at mf' mty : : i
e s e e o ettt oo g e e
r- :’K ;-
bt oY ~
. T 7
e Fis .5
£ PPl
‘u.,\'.. ST - Vi
=
v,

:6,3; REI‘RACTION THROUGH LENSES

‘A transparent ‘material' which:can diverge or. converge rays: of hght is. called a lens A
lens has at least one curved surface. Generally, a lens has a sphenca]_ 'f_‘ace ‘_

Lenses have different shapes and are very useful objects. They are ‘used in spectacles
cameras, projectors, telescopes and microscopes. The conver ging lens or convex lens
is used as a magnifying glass. The lenses in spectacles used by a short-sighted person

are diverging lenses or concaye lenses.
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A convex lens is thicker in the middle than at the edges. Three types of convex lens
are bi-convex, plano-convex-and converging meniscus. (Fig. 6.3)..

~ bi-convex- - . plano-convex - . coaverging meniscus

_ Converging (convex ) lenses

I

hi-concave plano-concave diverging ‘mcniscus

- S R x ;
. _;,,1 ! [ . i e [ . : j H o P | )
- . - : O T L A L S B A S S S
G e lJ_:sDll\.rcr,ig.mg.(conc_a\,rt:).l_t;nls;ia,s R e
| ‘I;,‘ l"?.li"_,‘ N ‘ AU A F]g 63 T e T Y LT o I"
oot —;;.,: " [ . [ . , R . o
. TR

A concave lens is thmner in the mldd]e than at. the edges Th1 ee. Lypes of concave ans-
are bi-concave lens, plano-concave lens and diverging meniscus (Fig. 6.3). Bi-convex
and bi-concave lens are widely used. Refraction through such. lenses will now be
studied. For. siniplicity; a bi-convex lens will be called a convex iem ’md a b1 concave

will be calledaconcave fens fromi niow oni 1 T i LU e e

\ " ; C s
1 -
i 1 Tep ot |
p g P s ,
% , )
{ [ i e ! t i
(] - ’ :
[ i IR ST by (TR N " j o
i ‘I ! .
v s . '
: . [ i i I
; [
: S R ST . '
b e i : :
) T |
17 T [
T , . !
A 13 '
;
N . o
i
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[P PSS B L Y N DT RSO ; T otrges b

. centes of ‘durvatareiii i

i
centre of curvature centre of tens
/ principal axie
' { . .y
N ) . ]

“centre of ‘Curvature

concave icns: o

IFlg 6.4 Terms in ci_}qncction with lenses |
Each surface of a lens lias a centre of curvature. Since a lens has two surfaces it has
two centres of curvature. The line joining the centres of curvature of two surfaces 1$
the principal axis of a lens, Tt passes through the middle of the lens. Radii of curvature
of the two surfaces of a lens may not be equal. If they are equal a Jens is said tobe
symmetric. A point in the middle of such a lens on the principal axis i$ the centre of

“lens’or the optical centre'of alens (Fig: 6.4) 1+ vl wii i prsnitilt o sl v
I N | A IR I NIRRT R TS BV SRR

I EESTN B e R

il . S ‘ . SR st gyt 'i Lo .‘,-:‘1‘;' RS ST l
As“in the case: of reflection at concave ;and. convex mirrors, only, rays close (o

¢
[P

T R T T
f LR P ST B Y B SR T

principal axis will be used in studying the refraction through lenses.” .. 1) : N

Principal Focus and Focal Length

Concave and convex lenses may be regarded as made up of a very. large number of
thin prisms. The_portions of a convex lens are shown-in Fig. 6.5(a). Each portion
represents-one prism. Consider the rays of light parailel to the principal axis which
pass through the lens. The bases of the prisms are facing the center of the lens. It has
been found that a ray entcring a prism is deviated towards its base. The angles of
prisms increase from the middle of the lens to its edges. It has been shown that the
angle of deviation of a ray of light in a thin prism is given by D= (n - 1) A. Thus, the
prisms nearer the centre of a lens deviates an incident ray less than those prisms
farther away from the centre of the lens.

The- central portion of a lens may be regarded as a small part of a parallel-side slab.
Rays passing through are not deviated but only slightly displaced parallel to their
original ‘direction. For a thin lens this displacement is sufficiently small and it can be
ignored. Hence we can say that rays passing through the centre of the lens remain

o
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undeviated. Rays parallel to the principal axis converge at'a point on the principal
.axis after passing through a convex lens. This point.is called the principal focus, and
is denoted by F. Since these rays.actually pass through the focus, the focus of the
convex lensisreal.. | .' T L
In Fig. 6.5(a) the rays parallel to the principal axis enter the lens from the left and
pass through the focus on the right. If the rays parallel to the principal axis enter the

lens from the right, they will pass through the focus ‘on the left, Thus, a lens has two

focii. The distance between the cenitre of lens and the foctis is the focal length of the

lens. Al
L ,rl v el ey oy ‘ S - 3 . ,_’= T e 4
[T S '-."]»._J - . L . - - ol .
' v __._V T
L {.i.;.-“-' s Co e o sf: '."4"1 o L SRR T
S0 e s Fig 6.5(a) Construction of bi-convex lens
] i R NS ] s

_ Fig. 6.5(b) Construction of bi-concave lens™ *

In Fig. 6.5(b) the bases of prisms in the concave lens are facing the edges of the lens.
Refraction through a concave ens is opposite to that through aconvex 1éns. The rays
parallel to the principal axis are divergent after passing through the concave lens.,
Those divergent rays appear to come from a point on the principal axis. This point is
called the focus of the concave: lens, Since the divergent, rays do.not actually pass
through that point the focus of the concave lens is virtual. ~ oo

Like a convex lens, a concave lens has two, focii. Int ‘Fig.- 6.5(b)- the .focus,
corresponding to the rays parallel to the principal axis which enter the concave lens
from the leR, is also on the left of the lens. The focus on the right of the concave lens
corresponds to. the-rdys parallel to the principal axis which enter the Jens from the
right‘;}_t.-‘-"' L S
The points at a distance of twice the focal length from the centre of ‘lens are’
represented by 2F. These points are very important for the lens.
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‘Formation: of Images by.Lenses . . jwiouiv o

The 1mages formed by lenses can’ be stndled by means of ray dldgrams whlch can be
drawn using the principal rays stated befow, w5 2ot st conid o

dTAL

(1) A ray paralie] to the prmc1pal axns passes. through the tocus aﬂer 1efract10n

<A

s o throughaconvex lens I;J BEEEIEE R .
R (2) Acray,paralle] to. the prmcxpal axis is, refr cted through a concave lens and
w0 othe refracted ray, produced backward passes through the foc s F. T

(3) A ray passing through the centre of the lens emerges in ‘the same derCtl(‘n

(4) A ray passing through the focus of a.convex lens emerges palallel to the

principal axis after- refractxon through the lens. A ray on one side of a
concave_-lens:: “directed towards.the.focus on the other side, emerges
parallel to the prmmpai axis after-refraction through the lens.
Only twor of the above rays are sufﬁcaent to.locate the image of an object in various
positions. The formatlon of i unages 'In a convex lens by drawing ray diagrams are
shown below. I these diagrams’ we will' 4ssme-that an object OO is placed uptight
on the principal axis. In Figure 6.6 the object 00" is at infinity. Its image is

Q) af, f

) I‘é&l,. L i 4

(3) inverted, and P I |

(4)smallerthantheobjeﬁtL SR F —2F
Y

PR LR A S
PER LSO S SN ' H :

A e sene ot

et 1 .Jth 660bject at mfmty
1-‘:"{ L RION DR oy g e

‘I Figl 6. 7 the Object 00 1s beyond 2F Its rmage II' i’s’"‘”f i

R | ORISR

() betweenFand 2F, 3
= ’(2);031 RO ol B

3) mverted and |
- (4) smaller than the Qbﬁct?f; o

F1g 6 7 Ob_]ect beyond 2F
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In Fig 6.8 the Object 00"is at 2F. Tisimage I'is =+ i+

(1) at 2F,

(2) real,

(3) inverted, and

(4) same size as the object

_Fig 6.8-Obiect atzF .

-In Fig. 6.9:the- oh_;ect OO' Js between F and 2T Its image I'is
“ (1) beyond 2 F;- S o
-:{2) real,

(3) mverted and
\ (4) larger than the object

F 1g, 6 9 ObjCCl bt.twcen F and 2F

In Flg 6. 10the object OO' is at F. Its i image is at mf“mty b e

P

B '-J_‘-"F.ig‘.?6.10 Object is atF " :
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In Fig. 6.11 the-object OO' is between F and P.Its image H'is . i v o1 g

(1) behind the object, ~ /, 5
(2) virtual, e 33
3 ‘ére‘ct;':;épfd"""__ﬁ S

(4) larger thanthe object.. L

N

Fig. 6.1 i'"‘dbj:éC£'gef\;éen Fand P

It can be seen from Figs. 6.6 - 6.9'that the'objéct and its real images are on'either side
of the convex lens, but the object and its virtual image are on the.same side n. Fig.
As shown in Fig. 6.11 when the:object is between F and P its image is ereet; Virtual
and larger than the object. Thus,'a‘convex-lens can be used as a magnifying glass..,
We can see from Figs.'6.6 - 6:11 that when the object 00" moves ‘closer to the lens,
its image moves farther away from the lens. In addition;:the image:formedi by-the
convex lens riay be either real or virtual depending upon the position of the object.
The, virtual image formed by the convex lens is larger than the object. :

~ However, the image formed by a concave lens is always virtual and smaller than the
object. The virtual image formed by the convex'or concave lens is the same side as
the object only when the object is in coritact with the lens. Fig.6.12 shows the image

formed by the concave lens. visiyey 1ovi v i il 0 e L 0T ol

Fig. 6.12 Image formed by,a concave lens
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Lens Formula

The object dista

T

hcé; u, tﬁé image distance, v, and the

focal lenigth, f, are related by the formula

L
u

1
+ — =
v

1 o
1 (66
; (6.6)

This is the general lens formula. The object distance, u, and the image distance, v, are
measured from the centre of the lens (P). The position,  and nature of the image
formed by the lens can be calculated by using the lens formula. The sign conventions

for the lenses which are the same as those for the ‘mirrors m
calculations. The lens formula can be derived as follows:

ust be used in

Fig. 6.13 Relation between u, v and fin a c_onvex_léns S

In Fig. 6.13 TI'F and APF are similar triangles.

o FL
PA PF

Therefore

1I'P and OO'P are also similar triangles -

Therefore —IL = RS
00 PO

Since PA = 00,

From equations (1) and (3)

FL_PL

~ PF PO

PI-PF _ Pl
PF PO

105

M

0PI
| EAT_F(—)— (3)
4)



InFig. 6.15 Pl =v = image distance
T PF = f = focallength

\ .4 . PO=u - 'Q}ﬁjc_r-ib't,diétange
By sign conventions, the focal length f of the convex lens is positive and the real
image distance v is also positive. Thus, equation (4) can be written as '

e e

G eavesufE v I (5)
Dividing by uvf, T S
1 1 1 1 1 !

—_—— = — o —+ —= —

f v - u u v £

In deriving this equation, OO' is situated beyond 2F: T his -equation can also be
derived when OO' is in any other position. In addition, this equation can be derived.

for a concave lens as well. However, the appropriate sign conventions must bé used in
deriving the equation. - . o -

Magnification | o ‘
The linear magnification is the ratio of the height of the image to the height of the
object. It is usually denoted by m. : ' :
If OO' is the height or the size of the object and I is the height or the size of the
image, then B N L P A T
1
m=—-—r=

00 _

In Fig. 6.15 the triangles OO'P and ITP are similar. . ;-
v
00 PO

Pl =v

Thetefore, -

image distance
T Lo i N

PO = u = object distance

When the corresponding sign conventions are used, I

v vy :
00 u 00" u | \

106"



Therefore, m = ——H—.=—X ' ' - (6.7)

_ size of image

or - ;
size of object

E image distance . |
object distance - :

The minus sign in the above equation indicates the nature and conﬁguratlon of the
image. :

64 POWER OF A LENS

The power of a lens is inversely proportional to the focal "lehg'tl‘l""of- the lens. 1t is
denoted by the letter P. If the focal length f is measured in metres, -

| P - - (638)
The shorter the focal length the greater is the power of the lens. The lens having

greater power can make the rays parallel to the principal axis more convergent or
divergent. Since the focal length of a convex lens is positive in sign it has a positive
power. The focal length of a concave lens is négative so that it has a negative power.
The signs of the powers of the lenses used. here are the same as those used by the
lens-makers.

Unit Power or Dioptre
Ifalenshasa focal length of 1 metre, it has-one umt power or one dl()plle Dioptre is

denoted by D s
Therefore P =1
.. f (m)

For example 'if the power of'a lens is + 2D, it is a convex lens and 1ts focal length 1s

0.5 m or 50 cm.
If the power of a lens is - 4D, it is a concave. lens and 1ts focal length is 0 25m or

25cm.

Example (1) (a) An object is placed 30 cm from a convex x lens of focal length 10cm.
Find the position of its image and the magnification. (b) An object is placed 30 cm
from a concave lens of focal length 10 cm. Find the pos1t1or1 of its image and the

magnification.
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@y .7: f=+10cm, u=+300m. ..

1 1 1
—t — == ,
u v f B e
G rrnd
+30 v o o+107 GV IOT‘3O
o v = 15¢ém™ e
‘Hénce the"i'i'ﬁeige'i‘s"r'er'iliarid’l‘sibm'from'th'e lens. oot oo s e
' v 15 1 o
m e — T ———— S e —
u 30 2
Since m has.a minus sign-the image is inverted. |
(b) f=-10 cm, U = +30 cm ; y
' 11 1
._._.+ — T m—
u v f _
SR GRS (RRERD IR LIRS IRt o
o S T TS T T A
J +30° v 10T v 10 30
e yEeTsem
-The image; therefore is'virtual and 7.5 cm from the- lens S r i ;3,"
o
S omo= - = 2 g5 |
u 30
Since m hasa plus: 51gn the image is erect.. L . o

Example (2) An object ti5-30 cm from a lens and 1ts 1mage is formed 10 cm on the
same side as the object from the-lens. (a) Find the type of the Iens and its focal length.

(b) Find the | power of the lens. . DTS
(a) Since the image is formed on the same side-as the object it is a virtual image.

In-addition; v =-30.cm.and:v =,10 cm so that the image-is between the object and the
]ens Thus the lens is aconcave lens. . e

s D . .
- i P R . Ll e . .
SaL AN P Do g .

= +30 em, v =-10 cm
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The focal length of the concave lens is 15 em.

(b) P= -

F = -1-5' om = -l—s-m; P = ——1—, = -6.67D
100 15

W00

Example (3} An image, which is five times the size of an o-bject', is to be produce by a -
convex lens of power + 2D on the same side as the object. How far should the object
be placed from the lens? G -

The power L p= %
1 1
Therefore, f = _E_rn = —2—-x 100 cm = 50 cm
I = % <00 |
._L[_..T = 5 -
00
L u
, o u
“herefore, v==5u
1 1 1
—_——t — = =
u A f
=
u =5u- 50
u-= 40cm

‘Example (4) An image which is ten times the size of the object is formed on the wall
by a convex lens of focal length 10 cm. (&) How far is the object‘from “th_e lens? (b)

How far is the wall from the lens?
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(a) mﬁgniﬁcation

v

l = e

u

Since the image is real and inverted

(o) v=10u= 10X 11=110cm. The wallis 110 cm from the lens.

10 = -
u
1 I I 1 1
_.| _._=._... _+._
u v f 0
10 1
10u ’

V=

10 u;

[

10

= —I- u =1 em: The object is 11 cm ﬁom the Iens lf;;va;'f. )

i Table 6.1 Images formed by a thin converging léns

Object T e |
distance Ray diagram YPE OF. . mage, Uses
Image distance (v)
W : ‘
1=s0 ' ﬁ:ﬂ Inverted v=f object lens of a
1t . real “ opposite side | telescope
M\ f . | diminished | of the
- }\l ] g lens
~" .
w>2f ; 7 inverted f<v<2f camera;;. ...
S HINg ¥ | real opposite side | -eye
mt_ﬁ.mﬂﬁg* diminished | of thelens - |-
u=2f ; inverted v'=2f . . i photocopier
i / _— real opposite side | making equal-
* 5 wp | samesize | of the lens sized copy
| ¢ [17 00 4 .
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f<u<2f T o linverted ¢ v >2f | projector;

o IN £ real opposite side | photograph
¥, F | i T e magnified | ofthe lens enlarger\ |
u - : ¥ .
Cu= - o “upright ‘imageat - | toproducea
oy e magnified- | infinity; same :| parallel beam
R —— virtual side of the of light, as in

eﬁ#i . “I\\ | "lens | a spotlight

e
uwf ' | upright ~ - |imageis | magnifying
Ve . magnified behind the glass
"“" N ~ |vimal | object;same” |

L _eeSINg | [sideofthe
] \\ﬁﬂ © | lens

EXERCISES

1. (@) Whatisalens? -
~ (b) What do you understand by focus of a convex 1ens and tocus of a concave

fens?

2, - Choose the correct answer from the following, :
* When a pencil 10 ¢m long is placed vertically 100 cm from a lens of foca] ength

- + 50 cm, the image is (a) erect and 5 cm ta]l (b) mverted and 5 cm tatl (c) erect
~and: 10 cm tall. (d) mverted and lOcm tal] B

3. Choose the correct answet from the followmg S : S
The image of an object which is 10 cm from a lens is formed on- the same 51de as
the object. If the image is 10 cm, from the obJect the focal length of the lens is

(@ +67em. ;.. . . . ()+20em. -
(b) -6.7 cm. U @a20em, T N
: s et - : ) P ,
4. 'Choose the correct answer from the following. - - =~ - \
The human eye has a lens of focal length *+ 5cm. The power of the eye
(a) 0.05D. (c).5D.

~(6)0.02D. (d) 20D.
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3. State the 31gn conventions for lenses.. Explain why sign conventions are used.

6. Whatf.‘i{siltlhe major difference between real and virtual images? Draw ray diagrams
to show how the real and virtual images can be formed by a conveéx lens.

7. The virtual image of an object is formed 24 cnﬁfro‘m a lens of focal length 8cm.

(a) Find the distance between the object and the lens. (b)-How far must the object

‘be placed: from the Jens to obtain a.real image of the same size as the virtual

simage obtained previously? o o

TR TR TN !

8. An 'bbjécf 3 em tall is 30I cm from a convex lenS':bf focal len‘gt"h'?20 em. (a) Find
. the size of the image and the image distance. (b) If the object is moved 5 cm

" closer fo the léns how far does the jmage move?- -

9. (a) State the properties of an image formed by a concave lens. :
(b) How far must the object be placed from a concave lens of focal length 10cm to
obtain an image 4 em from the lens? Draw a ray diagram to show the

- formation of the image. S ' C
'10. A magnifying glass of focal length 9 cm is used to produce an image which is
" thitee times the size of an-object. How far must the magnifying glass be placed

from the object?

11. An object is placed 60 cm in front of a screen. s it possible to obtain a sharp
image larger than the size of an object on the screen by placing a convex lens of
focal length 15 cm somewhere between the screen and the object? Answer this by
doing the necessary calculations. What chariges'can occur when the object and the
screen are interchanged?’ A

12..An object is placed 18 cm from a'screen. 'Where must.a lens of focal-Jength 4 cm

"be placed betweerl the screen and the object to produce-an image.on the screen?

13. When an object is placed 12 cm fmi}-‘,l‘g éonvexlens ’;ﬁ 1eal image fQTl‘Ii‘iréH:iS three
times the size of the object. If a real image which is ‘four times the size 'of the
object is required, how far must the object be moved?., .

14. An’obje¢t’1.05 cm tall is 80 ¢in away from ‘the' screen and the size.of its image on
the screen is 0,35 em. Find the position and focal length of the'lefs. -+

15. Determine the nature of the images formed in the mirrors and the'lens for the
magnifications given below AR SR
(a) magnification is between -1 and 0 (b) magnification is between 0 -and +1
(c) magnification is greater than.l. -+ o et T St :

L Vo \
RIS I A
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ADDITIONAL EXERCISES- .

1

* (jii) virtual

(i) on the left of O

Mmoo w >

In the diagram, F; and Fy are the principal foci and P is the optical centre. - -
The image of the object at O is: - .

(ii) larger than the object

A (i) only
B (ii).only
C (i) only ' : AT
D (ii) and (iii) only | D SIS
E  (i)i)(ii) Sy e e

IF the image of an object in a converging lens has the same size as fhe 6bj§c£ then
the object dlstance is: (t focal length of lens ) - -

A wBE T
B £
C 14t
D 2f

E infinity

vt

Lis the imagee formed in a onverging letis. The objectis: *

(i) situated between F5 and 2F;

(i1) smaller than the image
(iii) inverted with respect to the i image

(i) only

_?n—c

(ii) only RS M B, i 2F,
(i) only _ o o
(if) and (i) only =~ "
(i) (i) (ii)

The object whose image is I is: e

(i) larger than the image R T

(ii) erect with respect to the image o f; P

(iii} situated on the left of 1 - : —L '

A (i) only 2F, F, é F, 2F,

B (i) only

- C (i) and (ii) only
D _(ii) and (ii1) only
E all pf them
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An object situated at focus Fy is moved away from the lens as'shown. The image

Cowillmove , ot e
A away fromthelens . o e p T
B towards the lens until it reaches P e T A
C towards the lens until if reaches: 2F2 ' | =
D towards the lens ‘until it reaches Fy . 2?‘ i , l;?

E  toand from between C and F 9

If the object is moved away from the lens as shown, then its image;:\ir'i']]:' f
(i) move towards the lens R
(i) move away from the lens but cannot go beyond 2F
(iii) move away from the lens but cannot go beyond F

‘(iv) bécomes largerand larger:
(v) becomes smaller and smaller - . =

A () (iv) only ¥

B (i) (v) only 2F

C (i) (iv) only

D (ii) (v) only

E (i) (v) only &

An object is placed 0.2 m from a convergmg lens of iocal length 0 15 m. The
image formed is: -

imcow>=mcow>_

0.6 m from lens, real

0.6 m from lens, virtual

~0.75 m from lens, real

0.75 m from lens, virtual .

0.8 m form lens, real
the previous question, if the object distance is 0.05 m the i 1mage is:’
©0.075 m from lens, real :

0.075 m from lens, virtual

0.0375 m from lens, real

0.0375 m from lens, virtual

- 0.025m form lgns, real
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converging lens, The image distance is
A 0.4 m on same side as object

B 0.4 m on opposite side to object

C  0.025 m on same side as object

D 0.025 m on opposite side to object
E

‘9 A four time magnified erect image is formed if an object place at 0.1 m from a

cannot be determined because it is not glven whether the lmage; lS real or

virtual
0 The focal length of the lens is: Plane .
A 0lm. : © mirvor
B 02m . o
C ‘(0.2—2d)-m _ .limagé pin
D (0242dm 7 ok h
E (02-d)m Tobjcct pm |
I(—dm—>|<—02m --—}I
11 When the eye looks into the mirror, the beam seems to diverge from I. Find the
 focal length of the lens. ayeni
A 08m b Y
arallel beam ]
B 05m *.
C 03m — 2 -3
D 0Z2m . 2 ‘a” .
E 0lm i) '
03m
K- I >|605 111—9[
12 The value of x is: 4
A Olm
B 02Zm ohjec?l image p
C 03m HE i eye
D 05m 0.3 m.
E cannot be determined F=03m f=02m

‘because d is not given
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13 In'thé previous question; if the object is’ now. placed at. 0 4 m: from the, converging

lens, what is the value of x? Shrstn st T ] e '
0.1m TGN P e we e n e, LT
02m R R o S R S ST RN A
03 m P ThT

rﬂf;cow»

14 Which of the following statements about a camera is/are true?.; i oo o) F
(i) the diaphragm and the shutter regulates the amount of llght energy fallmg on
theflm ) :: - TR T
(ii) the i 1mage is always mverted e
(111) the i 1mage is always d1m1mshed TR RN

A (l) only I~f " SR T S *
B (ionly.--.... - bor s ~ ‘
C (iii) only
e @and () only i L L e e et e
E (i) (i) @i e et
o : L
I :_-_- ' -T S
Y ey s
\f ) il \. L 4
:\‘ ‘ L »
E» 7 ~ -
i viiifi N "
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CHAPTER 7

r

THE ELECTRIC FIELD -

Two electric charges, which are not'in contact, can exert electrical forces on each
“other. The concept of electric field:is used to explain this phenomenon. -~

7.1 COULOME'S LAW PR N

Just as'there is a gravitational force between two masses so there is an electric force
between two charged particles. Electrical forces bind electrons and nuclei to form
atoms. In addition, these forces hold atoms to form molecules; liquids.and solids. It,
‘has already been mentioned in mechanics that-there are.only four fundamental
forces, namely, gravitational force, weak interaction, e]ectro'm’agnétic force and
nuclear force. Of these forces gravitational and electromagnetic forces are long-
range forces. , | T A TR
Based on the values of measurements taken in the study of planhetary motion,
Newton was able to put forward his law of gravitation. This is because gravitational’
forces are appreciable only when the masses of the bodies are very large. However,
‘the law that electrical forces obey can be.readily determined in the laboratory
because these forces are so much greater in magnitude than gravitational forces.

The French scientist, Coulomb, studied Systematically the attractive and repulsive
forces acting between pairs of charges and discovered. a certain law, ‘This law is
called Coulomb's law and it states that: . S

The electric force between two charges is directly proportional to the product of the
charges and inversely proportional to the square of the distance between them.

Lo

. Fig. 7.1 Tw_q}point cﬁargé‘s :s:éparatEd by a distance
In Fig. 7.1, q and g, are electric charges and r is the distance between them. If F is

the force between q1 and qp, (fdulgmb's law can be expressed as

. 1
Since the fggcé: F is ifversely proportional to r?, Coulomb's law is also called an

inverse square-law. .
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In equation 7.1, K is a constant. The value of K depends upon the units of F, Q1, Q2
and r and upon the medium in which the charges Q and Qu are located.

Electrical force is, of course, a vector quantity. Equation (7.1) only gives the
magnitude of the force between twa electric charges. The direction of electrical
force is always along the line joining the two charges. If the charges are like
charges the force between them is repulsive and js directed outward. If the charges
are unlike charges the force between them is attractive and directed inwards. Fig. .

(72)

:

Fig. 7.2 Direction of force between two charges

In the SI system, chairge q is measured in coulomb, the distance r in metre and the
force F in newton. In the S] system,

1
ane,

-~

where ¢ is a constant called the permittivity of the medium in which the charges
are located. Then, equation (7.1) can be rewritten as

1 Qs

F=—X1%2

When charges are located in vacuum, and the value of K in air is approximately

equal to that of K in vacuum, K= yro where €, is the permittivity of
_ _ ' mE,

P

vacuum and

€, = 885 x 10" C* N'! m?, and the value of X in vacuum is_

1 1
) E K= = )
Y, dne,  Amx8.85x10

=R.98742%10° Nm*C™?

119



However for convemence in calculatlon, the value of K m vacuum will be-taken-as ..

K 9)( 109Nm C2 s T e i e e F.;.‘:'

. L R RAEIE TR \‘\. B P C BTN

B AT '\‘\‘, Ve e . o . e oL o o
Thersfore; i< F_ Qle D L T
Sttt L 4n80 .

Coulomb’s law equatlon in' vector form is
QiQs »
—T
Fois the unit vector its dzrectzon is always along the Ime jommg between two

F=K

i

charges and outwam’ o L
It shouid be noted that the above reminds one of the expresswn for the grawtauonal

force introduced by Sll’ Isaac Newton but gravitational force between two masses

m;, m; separated. by a distance r which is an attractive mteractmn

I e TE T
L A ‘{"‘..“' mn’l n‘.' ooy i
F = —G Lf

B

R S RN [N AT IV A ST r,. R ‘o ‘_‘..'\
& [

By 1/

whereas the Coulomb force may ‘oe attractive or 1epu]snve dependmg on mgn thes.
charges carty. G =6.67x107"! I m kg_2 here represen,ts:gliqv1tationai constant

Example (1) Find the force between two charges of 1'C each that are 1 m apart.

g -‘f;” ni*,,,’ r "':‘,';;‘ﬁ'i ;r Q] = 1 C,” Q2 =. 1 C

J R TR L O )

F: 1 Q Q2 § | E EEESURA R A

4ne, r"--_u_f e

T, IexIC :

=9 ><10"N 202x - -

“‘if."i,iJ|'3“.Ej‘{",";‘._';5_‘ crotlona s Ty e o lm- : ;
’ ‘ R, 9 X 109]\'] R ALy P T

Example (2) (a)’Calcu]ate ‘the'values of* two cequal charges ifithey repel,one another
with a force of 0.1 N when situated 50' ¢t apart in vacuum. (b) Calculate the values
of two equal charges if they repel one another with a force of Q 1 N when situated 50
cm apart in a liquid whose permittivity is 10 times that of vacuum. T

(@) r=50cm=05m FFLOIN o s wl o SR
F__ - Qan o

— ’) A e

Y A N R R
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Since they are equal charges, Q1= Q2 =Q

2 2
Therefore, F:—I———Q—-—z—; 0.1=9x 10° X 0 -
’ : 47, (0.5) | (0.5)"

., 0.1x(0.5)° e
2 BXED) L 9=1.67% 10°C=1.67 uC
T Q LorE

(b) The permittivity of the liquid medium & =10 €,

100, 1 0

F= — = SR
dre r 10(47s,) r

1=9><109' 0 g

10 (0.5 o s

QZ_O.lx(0.5)3x10 ,/ o A
9x10> }

Q =527x10%C =527pC

Exampie (3) If the force acting on a charge Q, 6 cm from a charge of +50X 10t c
is 0.24 N, find the magnitude of Q. -

Q =50x10°C, Q@ =Q,
L 00,

F_

4re, r’

P =6cm = 0.06m, F = 024N

50x107°Q, -
(0.06)*
Q = O.th (0.06)"_8 - 192% w'c
9%10" x50x10 S
Example (4) Find the force on the centre charge q in the figure shown below.
Q =+4x10°C, Q=-5 x 10°Cand Q3= +6 x 10°C)

0.24=9%10° X,
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) F= 1 QIQZ
. . ;,47550- "2‘
- The attractive{ fd’fée on Q exerted by Q,
| - 9X10°x(4x10)x(5x107%)
Fl= 92 -*-"__-:;;-' ‘
C 0O0SNT e i

F is directed toward Q.

‘The attractive force on Q exerted by Qa,
9%10° x (5%10®)x (6x10°)

F, = yrn
, \& = 002N
F s directed toward Q, the resultant force acting on Q is
N F =F *t sz J |

Since and F, are opposite forces |

F\-—-' F,-F,

iy 0.05-0.02 ~ . .. .

#\ 003N

F is directed toward Q\l -
k AT

7.2 ELECTRIC FIELD AND ELECTRIC FIELD INTENSITY

When a positive charge ¢ is brought close to another positive charge Q, which is
placed at a point, the charge q is found to be acted upon by a repulsive force. The
repulsive force becomes greater as q gets nearer to Q. That is, Q has a field
surrounding it where electric forces due to it may act. In other words, Q produces or
sets up an electric field around it. PN

b

o ‘
v -‘3\\“)'“ S PO TR NI
o et L o
F_+ + +O+' Fy -
+ + Nt
+ + .

Fig. 7.3 Electric Field around charged bodies
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In Fig.7.3 the force is exerted on q difectly by the electric field produced by Q.
Even though q is removed, the electric-field of Q still exists. In addition, if q is
placed at any other point in the vicinity of Q, it will be found that a repulsive force
due to elect ic field of Q still acts on q: Since Q also experiences a repulsive force,
q is said to produce an electric field in its vicinity. An electric fleld, therefore, can
be defined as a region where electrical forces act. e

Not just the positive charges but the negative charges as well are surrounded by
electric fields. '

'We may say, then, that any electric charge gives rise to an electric Sield in its
vicinity. : I :
.In order to test whether an electric field exists at a certain point, a test charge must
be placed at that point, If an electric force is exerted on the test charge, then we can
say that an electric field exists at the point under consideration. Generally, a unit
. positive charge is considered as a test charge. o R

The Electric Field lnténsity _

We have seen that when an electric charge is placed in an electric field a force is
exerted on it. If the charge is moved from a point to another point in the field, the
magnitude and direction of the force acting upon it will change. This means that the
~magnitude and direction of the force acting upon the charge will change in
“accordance with the change in position of the charge. It is necessary to know the
“electric field intensity in order to specify an electric field. The electric field
intensity is defined as follows. T o S
The electric field intensity at a point in an electric field is the electric force acting
upon a unit positive charge pldced at that point. The electric field intensity is a
vector quantity. The electric fleld intensity is represented by E . R

In Fig. 7.3 the force on q exerted by Q is P,

H__\‘\

The force exerted by Q ?n a unit positive charge is E
. q

Since the force acting upon a unit positive charge is the electric field intensity, the

electric field intensity E can be expressed as
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Frorn equatron (7 2) we.see that the dlrectlon of E is the same as that of F.
In the SI. system the unit of electric force F is newton (N) and the umt of electnc
charge q is coulomb (C). Thus, the unit of electric field 1ntensltyE 1s newton per

coulomb (N C’ )
Equation (7. 2) can be rewrrtten as

‘ :r"':

! — —

F = qE /
If the values of gand E are known the forcé £ acting upon q can be calcula d
from the above equation.
I‘Calcu]atlon of the Electric Field Intensrty l‘rom Coulomb's Law . ,
‘The_electric. field 1ntens1ty at a pomt a certam drstance from the charge can be‘
calculated by using Coulomb's law. :

" 9, qQ L
B O e C sl gl

Flg 7. 4 Force ona charge in an electrrc f' eld

j We shall consrder the electric field surroundmg the charge Q shown in. F 1g 7 4 and
then find the electric field intensity at‘a point A in the field, at a dlstance I. from Q

Suppose thata small posmve charge q is placed at, A -

By Coulomb's law the force Fong duetoQis

pa @ S
41'[8(‘ P L ewe e e D SR
The force on a unit positive charge due to Q is by deﬁnltlon the electrlc field

intensity; thus

fo_l 2 (7.3)
o 4n£0 2t ‘ :

Equation (7.3) gives the magnitude of the electric field irltensity.a,t, the point A. . -

In the SI system the unit of the charge Q is coulomb (C) and the unit of distance r is

metre (m). When these units and the ST unit of . are used in equation (7.3), the

4re,

unit of E is newton per coulomb (N ch.
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The direction of the electric field intensity at the point A is along the line joining ¢
and Q and away from Q.

If a negative charge Q is put in place of the positive.charge Q, the magnitude of the
electric field intensity at the point A will not change. But its direction will be along
the line joining q and Q and towards Q.

IF the resultant electric field intensity at a point due to two or more charges is (o be
found, the vector sum of the electric field intensities at that point must be taken.
This means that if the electric field intensities at a point due to the charges are
B, By, Egpvrivinnnns then the resultant electric field intensity E at that point is

E - El + E‘Z + E3 R AT (7'4)

Example (5) The magnitude of electric field intensity at a point in an electric field

is 2x10°NC ™. Ifa charge of magnitudes 5x10~°C is placed at that point, find
the magnitude of the force on that charge. : E :

E = 2x10°NC™, q= 5x10°C
F =qE
= 5x107C x 2x10°NC ™
=1N '
Example (6) Two charges of +2uC and -5uC are 6 m apart. Find the electric field
intensity at the point P midway between them. :

Q4 B Q,

OR S = SN
Qi = 2pC =2x10°C, Q = 5uC = 5x10°C
n=3m r,= 3m o

If E, = the magnitude of theelectric field intensity of P due to Ql_
1 Q I

E, = ——=L

4mg,

-6
= 9 x 10°% 2x10
32

= 2% 10*NC”
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‘The direction of g is to the right (toward - 5uC) -

I£ By is the magnitude of the electfic field ntensity at P dueto Q2

'—5>< 103Nc' h
The dlrectlon of E is to the nght (toward 5 uC )
E and E are in the same direction.
Therefore =~~~ B=E +E, _
The magnitude of the resultant electrlc mtensny atPis
E = E+B=2x 103+5 x 10*=7x 10°NC"
:The direction of. }? is to the right (towg;gi_ -5 C).,, o

Example (7 If the magmtude of the electrtc field mtensuy at a point ¥ m “from'

charge + Qis 2%1 0*NC? (@) find the magnitude of + Q ; (b) ﬁnd the magnitude of
the electnc field mten51ty at a point 18 m from + Q. ,

@ E=2x10°NC, r=9m
E=—Y
dme, 1

2% 10° '9><10 ><§Q—

Q =2x10"x 9% ]'0'9
1% 109CH
=18 nC:-
(b) Cr=18m -
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1 Q

E= 2

- 4me, 1

- 9% 10° x 18x107
L (18)*

= 500 NC'

Example (8) A charge +1.5XI 0% C is'0.2 m away from another charge +3X 10°°C.
Where is the electric field in their vicinity equal to zero? :

L [ EZ El ’ : T e
---—W ------------ @

— X ---q.t—ﬁ—'--.-(D.Z—,x‘).'-‘—-'—‘-q e
q = 15x10%C, @ =3x10°C, r=02m

The electric field intensity is the force acting upon a unit positive charge. Thus
forces acting on a unit positive charge will be in opposite directions only when the

unit charge is at any point between q; and ¢p. In addition, the resultant electric field
intensity at that point will be zero only when the point is further away from g
(which has greater magnitude) than from qy. It will be assumed that the resultant’
electric field intensity at the point P, x m from qy is zero.

The electric field intensity at P due to q is By = ——-J%
' 4me, x
The electric field intensity at P due to qz is Bz = = Lo .9 =
, : Ame, (0.2—-x)

$ . i ;
P . i

Since the electric field intensity. at P is zero,

\A . E, = E
e o1 4%
4me, x* 47, (0.2~x)°
q, q,

x2 (0.2-x)*
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1.5%10%  3x107
x* (0.2-x)*
ST

x*  (02-x)%

Zx2

—
o
B
O
Z
I

02-x = 14l4x - .

x = 008m T

'

Example (9) A body whose mass is 10°° kg cames a charge +10 C.If the body is
suspended in equilibrium at a pomt above the ground by an electrlc field, find the

magnitude of the electrlc field. (g 9. 8 ms?)”

m=10%kg =osc

The gravitational force.dn.the Sody Fismg .o

- l

If the magnitude of the electrlc field which lifts the body 1s E the electric force
acting on the body is F;= qE. Since the body is i equilibrium:! oy

F, = Fz
mg = qE
_mg
q - — .

-6 ‘ - ’ N

- 100x58 ->_<69'8 = 9.8 NC"
10 .
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7.3 . ELECTRIC LINES OF FORCE N

Although there’ exists an electric field in the vicinity of an electric* charge, the

electric' field, however, cannot be seen at all. The concept of lines of force was
‘introduced by Faraday as an aid in yilsu:iliZing an electric field. Electric lines of
force do not really exist. They are only imaginary lines. o
An electric line of force is a path such that the tangent, drawn at any point on it,

indicates the direction of the electric field at that point.
o ' : tangent

BN

Fig. 7.5 Finding the direction of electric field intensity - -

tangent g,

_ Electric line of
A force

e,

“The directions of the electric field intensities Ea and E; at the points A and B on an
electric. line of force can be drawn tangent to the line of these points shown in
- Fig.7.5; o - R

“The eleciric lines of force around a positive charge Q can be drawn as follows. A
‘small positive charge is placed at a point near Q. An arrow which points in the
direction of the force acting on that charge is drawn. The length of the arrow is
drawn so that it is directly proportional t@ the, magnitude of the force. The above
procedure is repeated by placing that positive charge at other points around Q
[Fig.7.6 (a)]. By Coulomb's law the magnitude of the force on q gets smaller as q
gets further away from Q. Accordingly, the.length of arrow: gets shorter as q gets
furthér away from Q. When the arrows having the same direction are joined, the
electric lines of force as shown in Fig. 7.6(b) are obtained. . '

© Fig, 7.6 Lines of force around a positive charge
/ . : .

[l
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The electric lines of force around two equal charges, one positive-and one negative,

are shownin Fig.!7.7(a); Figi«7:7(b). shows the electric lines of force. around two

equal positive.charges. In.drawing these electric lines of force the arfows are drawn

by using a small positive charge at variqus positions. When the arrows are joinedto

obtain smooth curves, the eléctric lines of force shown'in Fig: 7.7 are obtained. i i
S IE TRt SR T S e st ibnowiee o el
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) Fig. 7.7 'Liﬁéﬂshof force around two charéé’s-- .

Since, in general, the direction of the electric field varies from point to point, the
electric lines of force!are; usually. curves..In order. to know. tht?;jdirection of the
electric field at a point on the electric line of force a tangent must be drawn at that

IEE I

point. An ‘drrowhiéadion the electric line of-force indicates the direction:in which.the
tangent is to be drawn. The' electric ‘lines -Of ‘forces+ini'aii electrostatic! field: are
continuous lines which start from a positive charge and end on a negative charge: 1f
& small positive: charge is-placed in. the electric field it will move along a particular
electric Tife Of fofce. w07 5 e i g f gt e e
In Fig.7.6"(a) the ¢léctrie lines of force- arotnd-a‘'single positive charge are directed
radially outwaid. They will téfminate on négative charges situated at infinity. It can
‘be'séen* froiit Figs: 7.6 ‘and"7.7 that. the .¢lectric-lines;of furce are- close. together

“whenthe' electric’ field ‘interisity: is - largeand.ifar apart when: the electric field
intensity is'small. In addition; the eleétriei lines of foreé.never, intersect. Because the

electric”field intensity' ‘at any point can have: only. one direction,-only one electric
line of force can pass throughithat pointiii 10 vy e et n e 37y g it

The Electric Field around a Charged Metal Sphere

Suppose that a positive Chargé q is given to a metal sphere. Since the individual
electric charges which form the charge g repel each other, they-will move on the
surface of the sphere. .* Y ;
They will stop moving when they are as far apart as possible and the charge q
spreads out uniformly on the surface of the sphere. Thus, the’eléctric field around a
point charge q and that, around a metal sphere carrying a charge q can be
represented b?the same number of electric lines of force. In addition, the pattern of'
-electric-lines ‘of force around a point charge;q is identical with that around a metal
sphere carrying a charge q (Fig. 7.8) ' B

~
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Point charge .. -~ metal sphere
Fig. 7.8 Similarity of lines of force around a charge q

It is known from experiments that when a positive charge q is given to a hollow
metal sphere, the charges are uniformly distributed only on the outer surface of the
sphere. Also, when a charge is given to a conducting object of any shape the charge
is found to be spread out over the outer surface of the object. But the charge is not
uniformly distributed. The more highly curved parts of the objects have greater
concentration of charge than the less curved parts.

Therefore, we can say that charges are highly concentrated at the pointed portion of
the object (Fig. 7.9). For a charged pointed rod shown in Fig. 7.9(d) the charge
concentration at the pointed end is so large that some of the charges leak off into
-the air. This makes a pointed rod very useful as a lightning conductor. .~

Lightning Conductor

Copper rods are used as lightning conductors because -of higher conduetivity (Fig.
8.10). The copper rod is fixed to .an outside wall of the building so that its pointed
end reaches above the highest part of the building. The other end is connected to a
copper plate buried in the earth. When a thundercloud containing charged particles
of water passes over the building it induces an opposite charge. in the lightning
conductor. When the charge is concentrated at the pointed end it leaks off gradually
and neutralizes the charge of .the cloud. In this way lightning discharge is
prevented. Even if lightning occurs the électric discharge passes harmlessly to the
earth through the lightning conductor. The lightning, therefore, does not strike the
building. ‘

Lol A VUV YRS NS : o
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lectric Field in ‘a-Charged Conducting: Object [rtoi o i oo i 1y e
It has been stated that therg.is an electric field surrounding a charged conducting
object. However, the electric; fields due to the individual charges on the surface of
the charged conducting objéct all cancel out inside’ the object. Therefore, the
electric field is zero everywhere inside a charged'condiicting object of any shape.

If there were an electric:field in the interior of the charged conducting object, the
charges inside the object that are free to move:(free electrons it the case of a metal)
would move under the influence of the electric field E. But'the motion of charges or
the current is not ol}sew.ed}‘-in a-charged conducting object::Therefore the electric
field is zero ev:e;ywhere’ inside a charged condiicling object of any shape (Fig.
7.11). R R R RS T ey eV .o ‘
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Fig. 7.11 Field i/fiside a charged object
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Non-uniform Electric Field and Uniform Electric Field "

We see from equation 7.3 that the magnitude of the electric field intensity E at a

point, situated at a-distance r from the charge Q, is inversely proportional to r”. This
means that the magnitude of the ‘electric field intensity around Q depends on the
distance from Q. Thus, the electric field intensity around Q varies from point 10
point. Such an electric field is called @ non-uniform electric field.

In Fig.7.6 (b) the electric field around Q 1s represented by the electric lines of force.
The electric lines of force near Q are close together while those away from Q are

far apart. The electric .ﬁel_d;aro'undf, Q,A,is', a non-uniform qlectric field. We can

therefore say, that the electric lines of force, which represent a non-uniform electric

field, are not parallel.

If, in a certain region of space, the electric field intensity at every point is the same
in magnitude and direction, the electric field in that region of space is called a
_uniform electric field. R B L T B

GoNe

As shown in Fig. 7.12 a uniform electric field is represented by uniformly spaced
parallel lines of the same length. The arrows ‘indicate the direction of the electric
field.

- + > -
_ ‘ - |+ > 1=l
Fig. 7.12. Uniform field- - - rig. 7.13 Field between twq parallel plates - .

Two parallel metal pl’atés in (Fig. 7.13) have charges’ of -equal ‘magnitude but
opposite sign. The majority of charges are distributed on the inner surfaces of the
plates. Except for the field near the ends 'of the plates, the electric field between the
plates is uniform and the electric lines of force between the plates are-equally -
spaced and parallel. " U 0 S T
Exaniple (10) An electron of charge 1.6 x 10"%.C is situétéq in a un'ihfb;r.l_if élefqtric'
field of intensity 1.2 x.10° NC'\..(a) Find the force on the electron. ;('b) Find the
acceleration of the electron. (¢) How long does the electron take to travel a distance

20 mm from rest? (Mass of electron. = 9.1 x-1,023;'.l$g-)\_ Coee

(EFRERE
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q=16x10"C e E=12:%x10°NC"

R S AN LA SR

(a) The force on the eIectron F = q E

516x510'9c ><12><10
. o n , . r'; ’ 1 = 1 92)( 10 MN :
(b)If ais the acceleratlon of the electron, F =ma. I
-‘ LT -‘r‘:.r" Ot -l4 U :
a =F o= 192)(10_31 2 11>< lOlﬁms R
cooemes o 91x10 ' R TR
(c)s——20 mm—002m '
Smce the electron starts from rest Vo = 0 Therefore, Is=‘/zat2 B _

—

e _ [2x0.02_ -
S0 S V2iixi0®
' ' = 137 % 10%s
EXERCISES

1. (a) State Coulomb's law in'words as well as in symbols. :
(b) State, the smrlanty and the difference between Newton s glavrtatlona! law

~:i- and-Coulomb's law.

r;"charge?

! When a plastic comb is'run through dry halr for a long tlme the comb becomes
\.a charged body. and attracts small pieces of paper although the plastlc comb is
negatively charged, the pieces of | paper are mltlally uncharged Exp]am why the
: Wcomb can attract the pieces of paper. '
‘A posntlve charge of ‘4 0"% 10 'C exerts a“force’ of repulsion of 7.2:N:on'a
" gebond charge 025 m' away What is ‘the'sign-and magmtude of the second

i I IS
J ,‘w||7|‘ SR VPR W . : t ""“t N
jate - SIS ,q-]_-_ R S AT SV IS L TR NI ERPE

. Find the force between two charges of “+1°wC and +2'u Ciwhen they are. 0 031m
in apart. '




10.

11.

12.

13

A hydrogen aton is comiposed of a proton and an electron at a distance. of 5.3 x
10" m from each other. The magnitude of the charge on each particle is 1.6 x
10""° C. Compute the attractive farce between them. :
Two charges of unknown magnitude and sign are observed to repel one another
with a force of 0.1 N when they are 5 cm apart. Fmd ‘the repu!swe force
between them when they are (a) . 10 cm apart (b) 50 cm apart (c) Tem apart
Two charges, +1 % 10 Cand -1 x 10 €, are 40'cm apart. A particle carrying a
charge ‘of +6 % 107 C-is located halfway between them. If all charges L:e on
the same straight line, find the force acting on the charge: located halfway
between them. Sl e et
A small sphere carrying 2 charge of + 2 X 104C is 0 l m from another small
sphere carrying a charge of -5 x 10" C. Find the magmtude and the dlrection of
the forge exerted by the -5 x 10*C charge on the “2x104C charge '

How far apart are two electronsif the forte each’ exerts on'the: other is equal to
the weight of an electron? (g =10ms? AU B L

A test charge of -3 X 10°C is placed between two other charges SO that it is

Scm from a charge of -3 x 10° Cand 10 cm froma charge of - 6 x 10 ° C. 1fthe

three charges lre ona stralght lme ﬁnd the magmtude and the d1rect1on of the
force on the test charge. R R

Two metal spheres of the same size, one w1th a charge of ¥ 2 % 10° C and the
other with a charge of -1 x 107 C are 10 cm ‘apart. (a) What'is the force between
them? (b) The two spheres are brought into contact, and then separ'lted again to
10 ¢cm. What is the force between them now?. - .

An electron has a mass of 9.1 x 107 2! kg and an electrlc charge of l 6 X 10 | }C
The gravitational force. between tWQ bodies .of mass m and M a dlstance d apart
is

where G = 6. 6 X 10 ”N m kg Compare the gravrtatlonal and electrical forces
acting between two electrons. =~ S R

To perform a process of charging by induction, a' ‘charged rod is placed near two

' ‘uncharged metal spheres of the same size which:are initially-in contact, then the

spheres are separated while the rod is still in position. They. are found to attract
each other with a force of 9 x 10° N when 10 cm apart. How many electrons
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- ‘moved .from one;; .sphere .to - the other during . the process. of chargmg by

- induction? .. ;1 .. S VU SO OO
14. Choose the correct answer from therfollowrng e et .""j. e
’""Electrlc lmes offorce et e S R e D
“‘(a) exrsteverywhere R e

- »{b) exist only in the 1mmed|ate vrcmlty of electrlc charges : e
f “ (c) exist only when both positive and negatlve charges are near one another
; *’(d)arelmagmary Cl R
15 Choose the correct answer from the following.
’ The electrrc ﬁeld mtensrty at a pomt in space 1s equal m magmtude tor
@ the electrrc charge there " B ST
. (b).the force a charge of +1 C would experrence there " o
(c) the force an electron would experience there, ;- . ';; ‘,: / ; ” .
16 Choose the correct’ answer from the followmg B e
| When one mrllron electrons are plaoed on a soltd copper sphere they become
(a) umformly dlstrlbuted in the sphere s mterror " o '
(b) concentrated at the centre of the sphere
(c) unrformly drstrlbuted on the sphere s surface
*(d).concentrated at the bottom of the. sphere 7
17 Choose the correct answer from the following.- "~ it

The electno field intensity 2 cm from a certain ‘charge has a.magnitude of 10°
“NC. The value of the electric field intensity: 1'cm from the chargeis ; .~

(2) 2.5 x 10* NC"' . (b)5x 10*NC!
(©25% 10°NC* (@4x:10°NC""

18. (a) Define an electrrc field. (b) What 1s an electrrc ]me of force?
(c) Why don't the electrrc lmes of force 1ntersect one another‘? B , 7. | ,
.:(d)y Draw. the electric lines, of force around 2 smgle negatlve charge N

19 (2) Define electric ﬁeld intensity..(b) Is it correct to_say that an. electrrc ﬁeld
1ntensrty is a vectorf quantity (c) What is.the unit of electric. ﬁeld 1ntens1ty‘?

L IR TR ERRE S TP ey 5
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20. The electric field intensities ﬁl, E dnd E;at a point P correspond to the charges
q1, qo and g3 respectively. If E; = - 5E, and E, = Es/4, find the resultant electric
field intensity at P. . : _ o ‘

21. An insulating rod has a positive charge at one end and a negative charge of the

- same magnitude at the other. This rod is placed in 2 uniform electric field. ,/ 3
(2) How would the rod behave when the direction of the electric field is parallel
to the rod? ' -

(b) How would the rod behave when the direction of the electric field {is
perpendicular to the rod? g

79, What is the electric field intensity at a point 0.4 m from a charge of +7X 107
C? '

23. Two charges of + 4 X 10 C and +8 x 10°° C are 2m.apart. What is the electric
field intensity midway between them?

24. Find the magnitude of the force exerted on an electron in a uniform electric
field whose intensity is 1000 N C'. Find the direction of motion of the electron.

25. An electron is accelerated to 10% m s by an electric field. What is the direction
and magnitude of the field?

26. A particle carrying a charge of 10" C starts moving from rest in a yniform
electric field whose intensity is SO N ct.
-(a) What is the force on the particle? _
(b) How much kinetic energy will the particle have after it has moved 1 m?
27. Two charges, 220%10°° C and +.5x 10 C, are 2 m apart. Where is the electric
field intensity in their vicinity equal to zero?
28. Two charges, -2 X 10 C and -8 x 10 C, are 2 m apart. Where is the electric
field intensity in their vicinity equal to zero? '
29. A uranium nucleus has a charge of 92e. (a) Find the direction and the
magnitude of the electric field intensity due to the nucleus at a point 10" m
from the nucleus. (b) Find the direction and magnitude of the force on an
electron placed at that point. '

30} (a) What is meant by a uniform electric field?

A : .
' /23) What is the difference between the electric lines of force which represent a

~ T

on-uniform electric field and those which represent a uniform electric field?

14
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31. Explain, why the electnc ﬁeld mtensﬂy is zero everywhere mmde a charged

.+ .conductor. g : ‘
-32. Give two reasons why a lightning conductor is made of copper rather than iron.

43, Four charges of +1x10%C &ach are located 4t the four ¢ corners of a- square of
SIde 1 m Fmd the electrlc ﬁeld mtensny at the centre of the- square
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» CHAPTERS o
ELECTRIC POTENTIAL -

‘Work and potential energy have already been studied in mechanics. The concepts
of work and potential energy are also very useful in. the study of electrical
phenomena. Let us review what we have learned thus far about these concepts.

In Fig. 8.1 (a), a body of mass r is situated on the ground. When the body is lifted
to a certain height, work is done against the gravitational force mg. If the body is
lifted to a height h, the work done is mgh [Fig. 8.1 (b)). This work does not
disappear but resides in the body as potential energy. This means that the body has
potential energy with respect to the ground. So, external work must be done to
separate two bodies which attract each other. The work done is then transformed
into the potential energy of the body.

PE = mgh anne

+
'''''

P @ ® @

mg oS

Fig. 8.1 Mechanical analogy of electric potential energy =

If the body is released it will fall to the ground [Fig. 8.1 (¢)]. While falling to the
ground its potential energy gets less and less. But as it falls, the speed increases and
therefore its kinetic energy also increase. The potential energy of the body is
changing gradually into kinetic energy. As soon as the body strikes the ground the
potential energy is totally transformed into kinetic energy. It has been described in
mechanics that the kinetic energy of the body when it strikes the ground is equal to
the work done in lifting the body to the height h. Thus, as soon as the body strikes
the ground the potential energy stored while it is at the height h is completely
converted into kinetic-énergy. In other words, work is done on the body falling
from a height by the gravitational field. - '
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Although the above facts concernt the’ gravitational force, they are also true for
electric forces. This means that work, must-be done to separate two bodies having
opposite charges since they atiract each other. Likewise, work must be done to
bring closeritwo bodies.having the, same kind of charge:since they. repel each other.
In ‘both cases the. work done is stored up as electrrc potent1a1 energy m the charged
bodies: « - s T e o

8 1 ELECTRIC POTENTIAL AND POTENTIAL DIFFERENCE

The electrlc ﬁeld around the charge +Q, shown m Flg 8. 2 w111 now be con51dered
It has been. found that the dlrectlon of the elecmc f eld alound +Q is rad1a11y'
outward. The pomts A and B arein the electrlc ﬁeld around +Q ‘ ‘

—

Qg F=qE |
- [ P —— JIILIEY! 4’, e i = g

 Fig. 8.2 E]ectric potential at a 'point in an electric field

When a small positive charge qis placed at A the char ges Q and q repel each other:
The repulsive force acting on q is F = gE. When ¢ is brought to B, a point which is
closer to Q, work must be:done against the electric force. This work has been
‘transformed into electric’ potentlal energy of’ qat B. This means that the small
positive charge q has gamed potential energy. ‘

Let us suppose that q is initially not at A but at infinity. If q is mow brought to B
work must again be done and hence q gains electric potentia! energy. [f instead of q.
a unit posrtlve charge is brought from infinity to B, then the unit positive charge
will gain electric potential energy. The electric potential energy of the unit positive
charge at B is defined: as the electric potential at B. The electrrc potential may
therefore be defined as follows.

-

The elecmc potentzal at o pomt in an electric field is rhe work done in bringing a
unit posmve charge agamsz the electric force from.infinity to that point. .

Let W be the work done in brmgmg the small posmve charge ' from infinity to'a
pomt in the electrlc ﬁeld around Q If V 1s the electrlc potent1a1 at that pomt then it
may be expressed as ‘ A :

-~

Smce the eléctiic potent1a1 is actually’ ‘the amount of work done, it is a scalar quan-
tity. The electric potential at infinity is taken as zero by converition. The: electric
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potential at a point in the electric field around Q is expressed relative to the electric:
potential at infinity. ' 2
In Fig. 8.2 if the unit positive charge brought to B is set free it will move away from
Q to infinity. While moving away from, Q its electric potential decreases gradually
and becomes zero when it is back at infinity. The electric force does work on the
unit positive charge while it is moving away from Q..

The Unit of Electric Potential - - _

The practical unit of electric potential is the volt (V). If the work done in bringing
+1 coulomb from infinity to a point in an electric field is 1 joule, the electric
potential at that point is T:j‘o"ulé per coulomb (1 J G"') orl V. ' :

The Electric Potential Difference: =~ = -

In Fig. 8.3 the points A and B are in the electric field of a point charge + Q. Aisat
a distance of "a" from + Q and B is at a distance of "b".from + Q. Then, the
distance between A and B is (a — b). ' ' . -

+Q B . A

- e - — 0
'. la L! v
c ‘ - ‘ I“ b g

oh . , ] ML

~ Fig. 8.3 The electric poteﬁtiél difference between two points in an electric field

Let V4 be the electric potential at A and Vg be the electric potential at B. By defini-
tion, V4 and Vp can be expressed as follows. '
VY, = the work done in bringing a unit positive charge from infinity to A

Vp = the work done in bringing a unit positive charge from infinity to B
= the work done in bringing a unit positive charge from infinity to A +
the work done in bringing a unit positive charge from A to B
=V, + the work done in bringing a unit positive charge from Ato B

A
Theljefore, Vp - V4 = the work done in bringing a unit positive charge from A to B.
But Vg - Va is the electric potential difference betweenr A and B. The electric
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potential difference  between two. points in an electric field can be defi ned as

follows.
The electric. potential difference between two pomts in'an electrlc fi eld is ‘the work
done in brmgmg a unit posrtlve charge ﬁ'om ong pomt to anothel agamst electrlc

' forces L

The Unit of Electric Potential Difference

If the work done in bringing a charge of + | C from one point to another in an
electric field is 1 J, the electric potential difference between those points is 1. V.

In. Frg 8.3 the- electric potential at B is higher than that at A. If a small positive .
charge is placed at B it will move toward A since it is repelled by + Q. A small.
positive charge will move. from a point of. higher. eletric potential to a point of
lower electric potential. if a small negative charge is plac«.d at A it will move
toward B since it is attracted by + Q. A small negative charge will move from a
point of lower electric potential to a point of higher electric potential.

The Electric Potential due to a Point Charge

The electric potential at a distance r from a point charge + Q can be expressed as

1 Q N
- Ve—e—= . 8.2
. ' | 47e, 1 ‘ ( )

Therefore, the electric potential V at a point is directly proportional to the charge Q
and inversely proportional to the distance r between Q and that point. -

Suppose that the total electric potential at a point due to several point charges 1s to
be determined. First, the electric potentials at that point due to the individual
charges must be calculated. In doing so the signs of the individual charges niust be
taken into account. That is to say the individual electric potentlals must be added

algebrarcally If the electric potentials due to the charges + Qi, + Qz, + Q3,

_respectlvely, the total electric potentlal V is o
] A V1+V2+V3+ .......... T (83)
Example(1) Find the. electrlc potentlal at a point 3-m from a point charge of + 6.0 x

107C. ST >
© Q- =+60x10°C, r=3m- .
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4me, r

V=1Q | _ .

(+6 0x107° C)

=9 x 10'9Nm2c2 X
: ‘ 3m

=18V _
Example (2) Find the electric potential at a point 6 m from a pomt charge -3 U X

10°C.
Q =-30%x10°C, r =6m

yol 9
4me, r
_ ox i x (39X107)
L 6 -
=-45V |

Example (3) Two point charges of +4.0 x 10%C and.- 3.0 x 10® C are I m apart.
(a) Find the electric potential at P midway between the two charges. (b) Fmd the
work done in bringing a charge + 3.0 x 10°C from mﬁmty to P

Q p Q:
° —o °
e r :}: r _'|
Q = +4.0x10°C Q =-3.0x10°C r=05m
__1 Q
4me, T

The electric potential at P due to Q

1 Q
dmg, r

=720V

g w10 (HA0X10%) _
0.5
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The electric potential at P due to Qz,

_1 Q
41'[280 r -
T 9)(109 - (<3.0x10°%) ¢
’ 05
—-540V o )
Total electrlc potentlal atP S k‘ _
-V= Vl + Vi /
= 720 + (-540) . . - .
= 180V

(6) q=+3.0x10°C Lk
If W is the work done in brmgmg the charge q from mﬁmty to P

W=V (the electric potential at P) x q (the charge)
= 180 x 3.0 X 109 o
= 0.54 % 10°)
Example (4) Two charges of +1.0 % 10'6 C and 3.0 % 10°C are 1 m apart ‘Find -
-the points on the line joining the tiwo charges where the electric potentials are equal
to zero.
B Q. Al Q
B AR S .z

— b——¢——1 ?l’__‘ la)'—'l

Qi=+1.0x10%C Q,— - 3 0 x 10 C

AT

Since the magmtude of Q is less than that of «Q2:the! points of .equal_electric

potentials are nearér to Q..
Let us suppose that electric potential at the pomt A (between Q, and Q;) which is at

a distance "a" from Q is zero.
The electric potential at A due to Qy,




1 Q

- 4ne, a | ,
075 (HLOXI09)
a

I

=0 %1

9000
a

v

The electric potential at A due to Qz,

_ 1 Q,
P d4me, (1-2)

(-3.0x107°)

Sox10Tx 2
(1-a)

_ —27000-V"‘ ) | -
C(-a) L
VL Vo= 0
T 9000 27 000 _0“
: : a l-a =
ST . a =025 m
" We will now find the _po'mt on the other side of Q; and away from Qz, where the
electric potential is zero. Let that point be B at a distance "b" from Q.
The electric potential at B due to Q.
)
' 4mey b
;,">‘<j(+1.oi><1i0'~“')' o

.Since the'-eleétric pbtehtial at A is zero’

'.=9><10
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the electric potential at B due to Q,

1 Q2 RN

47580 1+b.
-5
V, = 9><109 M
d+b)
. _-27000 |
(1+b) P
Since the electric potential at B is zero, :
VieVa =0
9000 27000 , -
= Tp b
| b= 05m.
‘The Path of the Charge and the Work Done ' ’

in F1g 8.4 the points A and B are situated in an electric field due to. the charge +Q ;
A and B.are at distances of r; and rp, from + Q respectwely A unit posmve charge
may be taken from A to B along the path 1 or 2 or any other path.

Fig. 8.4 Work done is _indqpendént bf the path taken

——

From equation (8.1)

electric potential at A, V, = 1 Q

4re, 1,

electric potential at B, . V, ! Q
4me, 1,
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If r, > 1, Va < V. This means that the electric potential at B is higher than that
‘at A, The electric potential difference between AandBis )

oy 1l Q 1.0
TBCUA T 4me, n,. 4mE, T,

From this equation it can be seen that the electric potential difference between A
and B is just the difference in the electric potentials of the two end points of the -
path. The electric potential difference is independent of the path taken by the
charge. This means that the electrickpotential difference between A and B is the/
same, along whichever path the unit positive charge is taken. In other words, the
same amount of work must be doné whenever the unit positive charge is taken
along any path from A to B. A ' : _
The external force does work when a unit positfve charge is taken from A, a point
of lower electric potential, to B, a point of higher electric potential. The force due to
the electric field does work when a unit positive charge is taken frgm B, a point of
higher electric potential, to A, a point of lower el¢ctric potential. -
Example (5) If the points A and B are at distances of 0.5 m and 1 m respectively
from the charge + 5.0 X 10°°C, find the electric potential difference between them.

- Q=+5.0 x10°C, r;=0.5m, r,=Im ‘ , Y
ve 1 Q | |
4dme, : _ .
. . 1 Q
The electric potential at A,  V, = =
, 4me, T,
s
=9><10g,x(+5.0><10 )
0.5
= 90000V -
The electric potential at B,
-~ VB = 1 .9
4me, 1,
| o
| =9><109x(+5'0)1<10 ).

= 45000V
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- The electric:potential dlfference between AandB, 7 o o
i R/ RET VA Vg ot e

.= 90000 - 45000 -

45000V

‘Example ©) How much work i 1s ‘dong" when the charge +2,0x.10%C is brougl}t
frothoAm example (5)‘? Rt a0l L L
o “ YO o U q +20X10 C
VA VB - the work done in brmgmg a umt posmve charge fromBto A"
If W IS the work done 1n brmgmg ‘the charge qfromBto A, '
TW = (Va-Va)gq ‘
.= 45000 X20x 10920097

=‘u

. Equlpotentlal Surfaces e S
In an eclectic field the pomts at the same potentxal are usual]y represented by a
surface Such a swface drawn rhrough the pomz‘s at the same potem‘lal is called an’
eqmpotentzal surface ' T o

The surface of a eharged eonductmg sphere is"an equlpotentlal surface ThlS is
because the charges, distributed uniformly on its surface, are stationary. If its
surface were not an eqtupotentlal surface the charges would move from point to.
point, ' .
The charged conductors may have any shape but their surface s are all equ1potent1a1

surfaces (Flg 8.5)..

electric Iines of force

equlpotentlal surfaces’

N

- Fig. 8.5 Equlpotentlal surfaces

t
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_We have seen that the electric potential difference between two points in an electric

field is the work done in bringing a unit positive charge from one point to another
point. If the electric potentials at two points are the same, the work done is zero
since the electric potential difference between those two points is zero. Thus the
work done is zero in bringing a unit positive charge from one point to another point
on the equipotential surface. : T o

The equipotential surfaces around a charge + Q are shown in Fig. 8.5. They are the
spherical surfaces centred about the charge + Q. This is because equiation (8.2)
shows that electric potentials at points equidistant from + Q are equal. In Fig.8.6 the
radial lines are electric lines of force around + Q. The electric lines of force are
perpendicular to the equipotential surfaces. In addition, the electric lines of force
are perpendicular to the surface of the charged conductor. ‘

- ——
- -

electric
~~~~~ 4 lines of
force

- -
~ -
______

Fig. 8.6 Electric lines of force are perpendicular to equipotential surfaces

In Fig. 8.6 the points A and B are situated on an equipotential surface. No work is
done in bringing a charge from A to B or from B to A. The work done in bringing a
charge from A to C via any path is equal to the work done in bringing that charge
from B to C via any path. - : o

82 ELECTRIC POTENTIAL OF THE EARTH
It has been mentioned that the electric potential at an infinite distance from a charge

+ Q is taken conventionally as zero. The electric poteritials of gharged conductors
are expressed relative to the electric potential of the surface of the earth. That is the
electric potential of the carth is taken as zero. R

The earth is a good conductor. Moreover, since it is very large compared to other
conductors it can receive as well ds give out quite 4 number of electrons, When

compared to the size of the earth the number of electrons gained or lost by it is very

Vot
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small so that the net charge of the earth does not change. It is, therefore, quite
correct to take the electric potential of the earth as. zero. Thls ‘makes' it very
convenient in the study of electric potentials of conductors. Thc electric potenttal of
a conductor becomes zero when it is ¢onnected to the earth.

Suppose a negatively charged body is connected to the earth as shown th ig.- 8 7
(a). Due to repulsion between electrons, the electrons flow. nto the earth I.ll'ltlI the
body has no net charge. When a positively charged body is connected to the earth
as shown m Flg 8.7 (b) it attracts eIectrons from the ear th untll it has no net charge ”

electron

/ ‘ B o (AC['O poiential) _ _ o
Fig. 8.7 The electric potenha] of the earth o ' \
8. 3 POTENTIAL BETWEEN TWO PARALLEL CHARGED PLATES
In Fig. 8.8, A and.B are two parallel charged p[ates The dlstance between A and B

is d. The charge on A is +Q and that on B is - Q. The electric field between the
plates is umform :

llw.

A
[+] e '
| e fr— -1 \
o + )-:: -1 ‘
el SE ] -
‘_Q.‘__'_ > .__Q.'
M > ‘ N .
4] > ol e
1 _ 1 ;
/ L. d ! :

- -

: Flg 8. 8 The electnc potenttal dlfference between two paralle] charged plates .

Suppose that the electrlc field mten31ty between the . parallel plates 1s E. By the
definition of the electric field mtensxty the force actmg upon a unit posmve charge

is E If W is the work done in brmgmg a unlt posmve charge from B to A agamst
thatforce T _ .

N N A . oy
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W =.Ed_ o - (8.4)

By the definition of the electric pbtential difference, the work done in bringing a
uint positive charge from B to A is, in fact, the electric potential difference between
those two plates. If V is the electric potential difference between those two plates,

V=W
From the above two equations,
V=m0 @85

In ST units the electric potenfial difference is ineasu:ed in volts (V)' and the distance
-is measured in metres (m). And the unit of electric field intensity is volt ‘per ‘metre
1\ 'm'.i). The electric field. intensity has been defined so that its unit is newton per
coulomb(N C). The unit of the electric field intensity is expressed either inNC”!
orV m'l. o

Example (7) A 6 V battery is connected to two parallel metal plates. If the distance
between the two plates is 0.5 cm, find the electric field intensity between them.

V=6V, d=05cm= 0.005m

Vv =:Ed
g ¥
d
_ 6
0.005 -

- 1200NC* or Vm!
Example (8) A 6 V battery is connected to two paraliel metal plates. The electric
field intensity,betwéen the plates is 300 V m'].‘(a) How far are the plateé apart? (b)
Find the work done in carrying an electron from one plate to the other. .. . |
@ .V =6V, B =300Vm
' R V = Ed

d = X__ St
E
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S Coom

= 30 T T R P R
(b) q =e=1 6 X 10'19C o e
L W;._ Vq
- | =6><16x10‘9 |
=96x107°7 "
{ .

Example (9) If an electron is placed on the negatively” charged plat2 in example (8)
what is the velocity of the electron when it strlkes the positively charged plate?

. Suppose that vis the veloc1ty of eIectron when it stnkes the plate.

: -_ﬂ‘ff‘:"' "7,}':':-5».“ RN

KE of the electron = l tﬁv

KE of-the"elet:tror_l + =" the work 'doneiri carrying ‘an’electron from:one plate to
another © . e S e e
Therefore % my’ = W

-;- X©.1 - 10%)2 =96 % 101 ..

D RN IO L e e o~ .
P 2><9.:6m><1-?| -

9.1'x10" - -
Vo= 145%10° ms’ ’

EXERCISES

L. (a) What do you understand by electric potential energy ? (b) Define electric
potential.  (c¢) Write;dqwn meiunits_, of e]ectric potential energy and electric
. potential.
2. (a) Why is electrlc potentlal a scalar quanuty‘? ®) Can electrons by themselves
" move ﬁ'om a pomt of lowet eIectnc potentlal to a pomt of hlgher electrlc
: potent1a1‘7 A N : S ERASRINS EEROREEH I c s
3. Explain how work is done in carrymg a“unit posmve charge ﬁ'om a point of
. higher electric potential to a point of lower electric potential
- done in carrying a unit positive charge froma pomt of lower eIectn
a point of higher electric potential.
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4. 1f the electric field intensity at a point in an electric field is zero, is the electric
~ potential at that point necessarily zero?

5. State the definition of electric potential difference and write down its unit.

6. (a) What is an equipotential surface? (b) How much work is done in moving a
charge of + 1.6 X 10']9 C from one point to another on an equipotential

surface of 200 V7

7. Draw the equipotential surfaces between two parallel plates having charges of
equal magnitude and opposite sign.

8. Why can the earth be regarded as a body having zero electric potential?

9. Choose the correct answer from the following. _
By definition, the unit of electric field intensity E is N . An equiva]ent' unit
of BEis (@) Vm (b) Vm* ©Vm' @V m™. )

10. Choose the correct answer from the following. :

—An electric field intensity of magnitude 200 N ¢ is produced by applying a
potential difference of 10 V to two paraliel metal plates. The distance between
them is ' |

(@2cm (MSem (c)20m (d) 2000 m.

11. Choose the correct answer from the following.
A charge + 1.0 x 10" C lying between two paralle! metal plates which are 1 cm.
apart experiences a force ot 107 N. The potential difference between the plates
is(@210°V (1) 10V (©)10° V (d).10° V

12. What is the radius of an equipotential surface of 30 V ‘surrounding a point
charge of +1.5 X 10°¢C? ‘

13. The electric potential and the magnitude of the electric field intensity at a point

at some distance from a point charge are 300 V and 100 N C respectively. (a)
How far is the point from the charge? (b) What is the magnitude of the charge?

14. A carbon nucleus has a charge of + 6e. Find the electric potential and electric
_field intensity at a point 107'% m from the nucleus. (¢ = 1.6X 10°0).
15. Two charges of +1.0 X 102 Cand -4.0 x 10"* C are 5.0.m apart in air.

Determine the electric field intensity and the electric potential midway between
“them, '

- \ ] ; .
l . : . ot n
N \



16, Two point charges, +4x10° C and - 9.0x 107 C,-are 50 cm apart. (a) Find the
point where the electric field 1nten31ty is zero. (b) Find the points, of equal
electric potentlal which are on the line ; joining the two charges.

17. Find thc total electric potent;al at the pomt P in the diagram given be]ow Thc

value of q is + 5.0 x 10” C.

R

10 cm p

10em - | 10 cm

| 5
q* q

10 cm

18, The electric potential difference between two parailel metal plates which are
0.5cm apart is 0.5 x 10° V. Find the force on an electron located between. the
plates. :

19. Two parallel metal plates are 4 cm apart. If the force on an e]ectron between the
plates is 1.0 x 107* N, what is the potential difference between them?

20. An e]ectron is accelerated by a uniform electric field from rest to a velocity of 10°

_ ms". If the accelerating region is 0.2 m long, find the magnitude of the electric

field.
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CHAPTER 9
CAPACITANCE

Capacitors are widely used in electrical circuits. They are used in radio, television and
other electrical appliances. They are of different types and shapes. However, in thls
chapter we shall study only one type: the parallel plate capacitor.

9.1 CAPACITORS .
A capacitor is an electrical device that stores electrical energy in the form of an

electric field. A capacitor consists of two conductors separated by a small distance.
An inzulator is inserted between its conductors. Its conductors have charges of equal
magnitude and opposite signs; if one conductor of a capacitor has a charge + Q the
“other has a charge —Q. The magnitude of the charge on each conductor, Q, is called
the charge of the capacitor. The potential difference between two conductors of the
capacitor, V, is called the potential difference of the capacitor. The capacitance of a
capacitor is defined as follows. :

The capacitance of a capacitor is the ratio of the charge o the potential
difference between two conductors of that capacitor.

Since the capacitance is represented by C, -

. Q
C = v 9.1)

In the SI system, the unit of the capacitance C is coulomb per volt (C V"I). If the
potential difference of the capacitor is 1 V when it is given a charge I C its
capacitance is 1C viBu1cCVv'is expressed as 1 F (farad). The unit farad is
named in honour of Michael Faraday The sub- mu]tlple units of farad are used for
~ practical purposes,

1 microfarad (ptF) = 10°F

I nanofarad (F) = 10°F

I picofarad (pF) = 102 F-

The charge of a capacitor Q is found to be directly proportlonal to its potential
difference V. When Q on the capacitor is increased, V also increases proportionally.
By equation (9.1) the capacitance of a capacitor C is constant.
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Although the capacitance of a capacitor does not depend On Q and V, it depends on
the size and the shape of the capacitor and\o{the nature of the insulator between the
two conductors. : o . -
The symbol for a capacitor is shown in [Fig. 9.1 (a)]. It consists of two parallel lines
of the same length. "The symbol for a battery is shown in {Fig. 9.1 (b)]. The short line
and the long line represent the negative terminal and the positive terminal of a battery
respectively. : oo : S

@ ®

'~ Fig. 9.1 Symbols fora capacito'ri;nd abattery

A parallel-plate capacitor is the simplest capacitor. 1t consists of two parallel metal
plates separated by air or other insulating material [ Fig.-9.2 (a)]. The plates are
connected to a battery. The capacitor connected to a battery can be represented by an
electric circuit diagram shown in Fig. 9.2 (b).This diagram shows. the charging a

capacitor. .~ - .
. capacitor .

-q ‘ *-Q”_-—_—_Q___’

O |
—

®)

It has already been mentioned above how the capacitance of a capacitor consisting of -
two conductors is defined. If a conductor is given some charge its potential will also
change. The amount of charge given to a conductor to change its potential by one unit
is called the electric capacity of that conductor. The electric capacity of a conductor,
C, can be calculated from equation (9.1). R ‘

92 PARALLEL-PLATE CAPACITOR

A palallel-platc,capacitbr is shown in Fig. 9.3. One pla{te of it has a ¢hargé + Q and

/
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the other plate has a charge-Q. The potential difference between the plates is V. The
area of each plate is A and the distance between.the plates is d. Suppose that an
insulating medium of permittivity € is placed between the plates.

Fig. 9.3 Effect of a dielectric between the plates.of a capacitor

The electric field between the plates is a uniform electric field and the electric field
intensity, E, is, by equation (8.5).

The magnitude of the charge per unit area of the plate is called the surface charge
density which is represented by o

Therefore,
- Q .
o=— - (9.2
| A | (9.2)
The electric field intensity E between the two plates is related fo ¢ as
=32 ‘ : (9.3)
g :

From the above equations,

"

o<
= q

I
m|-—n
> o
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: There‘r‘ofe,

<|o
i
[}

.::..i::-

Since C ==
: v

C=e2 L (94)

d
The permittivity of a medium, €, is related to that of a vacuum, €, as i

€= KE, - ‘ (9.5)

Here x is the dielectric constant or the relative permittivity of the me_dium.
From equations (9:4) and (9.5) the capacitance of a parallel-plate capacitor is

Cx= KEA - (9.6)
d
Since £, =8.85x107"°C’'N"'m*
C:&%xm“%?' B BCOE

We find that for a given medium the capacitance of a parallel-plate capacitor is
directly proportional to the area of the plate and inversely proportional to the distance

between the plates.
For a vacuum x= ! and for o_ther media K>T.

The values of « for some insulating materials commonly used in capacitors are listed

in Table (9.1). These insulating materials are also called dielectrics.
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Table 9.1

Material Dielectric Constant K
Vacuum ‘ 1
Air (I atm) ' 1.0006
Waxed paper _ o 2
Plywood 21
Rubber (hard) ' 3
Amber 3
Nylon (solid) 3.8
Mica 3-6
Glass _ 5-8
Marble - 6
Ammonia (liquid) . 25
Ethyl alcohol (0°C) 28.4
Water (18°C) 81

Dielectric Constant
In Fig. 93 a parallel—plate capacitor has an msulatmg material between its plates and

its capacitance C is as expressed by equation (9.6). If there is a vacuum between its
plates, its capacitance Cy is

g,A
C ==
" d
When the above equation is substituted in equation (9.6),
C=«xC,
or K= E , (9.8)
CO

Therefore, the ratio of the capacitance of a capacitor with an insulating
material between its two conductors to the capacitance of that capacitor with a
vacuum between its two conductors is called the dielectric constant of that insulating

material.

The potential difference of the capacitor is found to decrease when an air medium
between its plates is replaced by an insulating material. By V = Ed, V decreases as E
decreases. Since the charge of the capacitor does not change at all, the capacitance of
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) ‘. . L.
a capacitor increases. Various types of capacitors commonly used are shown in Kig.
9.4. - oy

Fig. 9.4 Different kinds of capacitors -

Example (1) When a paralle]-plate capacitor is connected to a 50 V battery each plate
receives a charge of magnitude 0.002 C. Find its capacitance. '

Q = 0.002C, V=50V
c=9 e |
v o )
20002 C. |
50V
rd
=40 pF.
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9.3 ENERGY OF A CAPACITOR o _ "

A capac;tor stores electrical energy in the form of an electnc held We shalI now

calculate the energy stored by a capacitor.
Before a capacitor is charged each of its conductors has no charge/ and the potential

difference between two conductors is zero.
When a capacitor is charged the charge has been transferreé from a conductor at

lower potential to a conductor at higher potential. Work has been done for such a
transfer of -charge. The magpitude of the charge on the two conductors increases
gradually and the potential difference between them also increases gradually.

Suppose that after the capacitor is charged’ each conductor receives a charge of
magnitude Q and the potential difference between the conductors is V.

If/ﬁ'le average potential difference of the: capac1tor before and after it is charged is V
then

v = 0+V _ v
2.2 s
If the work done for transferring charge of Q between the two conductors is W,
/ W=VQ
| -1 VQ

This amount of work is, in fact, the electrlcal energy stored by the capacltor in the
form of an electric field. : :

Therefore the energy of the capacitor = !4 QV
Since C = Q/V, the energy, W of the capamtor can be expressed as
=% QV |
=% CV? 99)

2

9
c. .

Example (2) The area of each plate of a paraliel-plate capa01tor is 2 m* and the
distance between two plates is 4 mm. If the potential difference between the plates is’
12 000 V and the dielectric constant of the material inserted between them is 3, find
(a) the capacitance of the parallel-plate capacitor, (b) the magnitude of the charge-on
each plate, (c) the electric field intensity between the plates and(d) the energy stored
by the capacitor. p
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(a)A 2m d 4mm 40><10 m, ‘V—12 OOOV K=3

C= SSSXIOIZXKA

I e

= 8.85 X 10-‘2' 3><2 s
e TERIT 2oxi0T

| = 13. 275 X 10 E
. =132750F. .
(b) If Q is the charge on each p]ate
. Q ='"CV a . s
> '13.275-><--1o‘? %12000.
159 x 10 C

(c) If E is the electric field between the ]:;fatés

_ 12000
40><10'3 e
= 3.0 X 10° S v .

(d) If W is the energy stored by the capac:tor
. W=%BQV o
é ‘/2)(159)(10 ><12000"‘ SR
0.95 3 o

1
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9.4 CAPACITANCE OF PARALLEL-PLATE CAPACITORS
(a) Capacitots in Parallel

Jz
i

Fig. 9.5 Capacitors in parallel

TWF--
L P

In Fig. 9.5 three capacitors are connected in parallel. The plates of the capacitors
connected together at the point A have positive charges and thé plates connected to-
cether at the point B have negative charges; all the capacitors have the same
potential difference. But they carry different amounts of charges

The respective capacitors have capa01tances Cl, C; and C; and charges Q, Q and
Q3 respectively. If the potential difference of each capacitor is V, '

c -2
7 A"
Q,
C,==% 1
2=y > (1
_Q,
STy )
If Q is the total charge on the three capacitors, then
Q=Q+Q+Q _ 2)
From equat1ons (1) and (2), we get:
Q=V({C+C+GC)
X2 +CtCs ' 3)
v 1+G+ G ) S OF
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Suppose that the:same effect is obtained when the capacitors in Fig. 9.5 are replaced
by a single capacitor. That single capacitor is called an equivalent capacitor.

The charge of the equivalent capacitor is the sum of the charges of the individual
capacitors and the potential difference of it is the same as that of the individual
capacitors. . ' '
If the capacitance of the equivalent capacitor or the resultant capacitance of the
capacitors connected in parallel is C, then-

| Cf% e
From equation (3)and (4) |
C=061tG .+:C3, _ f
If n capacitors haying_;g_apacitanéég C;Cz ,C3 ..... , Cnand charges Qi Q2 Qs,
..-/Qp Tespectively, are connected in parallel, the equivalent capacitance Cis
S Qe GGyt G (010

The equivalent capacitance of the capacitors connected-in patdllel is the surti of the
capacitances of the individual capacitors. : '

(b) Capacitors in Series

o B +gll-Q € sqLQ _
42003 quqﬁ—n P
. : A | L ey :
- " (

BRI

i'_V:“'“”*-“Vz“wvi"'“'{

! S e l
; I,F e Y e vt}

Fig. 9.6 Capacitors in series .~ . /-

In Fig. 9.6 three capacitors having thé. ;Cépééitaﬁcé's:.:‘Ci,_HCg'"‘and C; respectively, are
connected in series. The negatively charged. plate of one capacitor is connected to the
positirely charged plate of the other. o L

Since the capacitors are connected in series each capacitor has the same charge. But

164




they have different potential differences.

If the charge on the individual capacitors is Q and their potential differences are Vi,
V, and V; their capacitances are

¢, -2
v |
C, v, o (1)
¢, -2
VJ.‘

Suppose that V is the potential dkifference between A and D which are the end points
of the combination of capacitors shown in Fig 9.6. If an equivalent capacitor is used
between A and D it has the charge Q and the potential difference V. If the capacitance
of the equivalent capacitor or the equivalent capacitance of three capacitors connected
in series is C, then '

Q :
C = — 2
N v @
But the potential difference between A and D is
l V.= Vi+Va+V,y ) (3)
-S_ubs,tituting equations (1) and (2) into (3), we obtain

cC C C, G

r 1 1 1
or = —

C C C G
If n capacitors having capacitances Cy, Cy, Csy casrene .. » C , respectively, are connected

in series, the capacitance of the equivalent capacitor or the equivalent capacitance of
those capacitors C is . -

T 9.11)

When the capacitors are connected in series the reciprocal of the equivalent capaci-
tance is the sum of the reciprocals of their individual capacitances. :
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Example (3) If two capacitors having the capacitances of 4 uF and 12 uF aré con-

nected in series, find the equlvalent capacitance of the combination of/the two

capacitors. If the potential difference of the combmahon is 200 V ﬁnd the potenttal

difference of the 12uF capacitor. - N
_ Ci =4uF, C; =12 pF ' ,

If the equivalent capacitance of the combination of the capacitors. in series is C, we

get : S _ - :

| 1 1

—_——t—

c ¢ g

Therefore .. . ‘.L=71_+L

I TR |

C_ A

A
C=3uF

Suppose that the magnitude of the éharge on the ‘combi_nati'ori is Q.
Then

3% e

3x10°x200

=600 X 10°C= 600 p.C"

Q

This magnitude of charge is received by the 'indi_\(idﬁai ‘capacitors. Therefore, if the
potential difference of the 12 W F capacitor is V,

Q
V, = =
S . C,

600
12
sov

Example (4) A capac1tor havmg a capamtance of 2 uF and a charge of 2000 p,C is
connected in series with another capacitor having a capacitance of 8 y Fanda chdrge
of 1600 p.C. (a) Find the potential difference of the individual capacitors prior to the
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connection. (b) Find-the-potential difference of the individugl capacitors after the
connection. '

(a) ‘For the first capacitor C; =2 pF,Q; =2000 pC

If its potential ‘H‘ifference is V, then

e
I Ci
_ 2000 X107

2%x10°°
= 1000V

For the second czipaéitor C;=8 uF, | Q; =1600 puC,
If its potential difference is Va, we get '

v,=2
Cy

_ 1600 x10°¢
810"
£ 200V

Fs

(b)If the potential differencé of the equivalent capacitor is V after the capacitors are
. -comected in series, then

V=V +V,

= 1000+ 200

= 1200V
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If the equivalent capaqiteince of the capacitors is C, we get - -

It
|._

al=

L L
+ —
_Cz -

i

+

ooi-—

Il

C=16uF .
‘After the connection of the ca'.paQi_tqr_:s: in series, each capacitor has a charge Q..
Then - Q=CV‘J
| 1.6 x 1200
1920 uC

T

If.V, is the potential difference of the first capacitor qﬁ\er connection, we get
Cl
1920 x107°
= 960V ' RTINS :._ili’ AR TR R
If V4 is the potential difference of the second capacitor after connection, we get

v-2
C,
h 1920%10°

"~ T8x10°
= 240V

Example (5) In the arrangement of the capacitors shown below, C; =2 pF, C;=3
wE, Cs=7 uF, (/,1‘4 =4 puF and V = 240 V. Find the potential difference and the

- charge on each capacitor.
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If the equivalent capacitance of the combinatigih\:of the Cy, C; and C3 capacitors in

paralle] is C,, we get
C,=C +C,+C, e e sl

=2+3+7

=12 uF

If the equivalent capacitance of the C, and. C4 capacitors connectediin series is.C,
111

+_

we get —'=
g | C )

c, C
1.1
—_— + —_—
1274 g i
_4_ {_‘ !‘?- : |

12 ' oy

C=3uF

The C, and C4 capacitors connected in series have the same magmtude of charge Q

Then :
Clponn Lo e e Qes CV Crrdossen w ey T i el (e
Loentonne b e =03 %0 240000 s e piein e o

) 720 nC

B I Ty 5
If the. potentlal dlfference of the equlvalent CaPaC“OY Ca i§ Vi » WE get Pl
; TN ‘ )

- Jo

T :
'Ql [N e,‘» PRI}
— BT -

ety Sl L Ch




Therefore the & Cy and C3 capacitors have the potential difference of 60 V., The
charge on the C, capacitor, o

Q=0CV " .
ERREe 60 e

The charge on the C2 capacitor,

-"'QZ"_ Cp V. = e
. N 3 X60 "'.‘,‘.;"5“;?5" T O R IR Criittees 4y
=180 uC e A

The charge on the C; capacitor,
Q =GV,
=7 X 60
=420 uC

i

v

If the potdntial'differerice of the Cj ‘Capacitor is Vi, thent '« 1% . sz e o

C4

720 x107°
4x107¢

= 180V

EXER)CiSES FEEE R L IR SRS PEEREE S IT LR EEIN NP ..*:f,:

1. I(a) What electrical device is a capacitor"? (b) When an insulating material is
inserted between the conductors of a capacitor in“a'vacuum, does its capacitance
increase or decrease? Explain. Ty

2 State whether the following are True (T) or Faise (F),
(i) If one condiictor ofa capacnor has'a charge +Q the other has a chiarge <2Q. "
(ii) The charge of the capacitor is the magmtude of the charge on each conductor.
(iif) The potential difference of the capacitor is the potential difference between

two conductors of the.capacitor

3. Define (a) capacitance (b) 1 farad and (c) dielectric constant. :

‘4. "(a) When the charge on a capac1tor is mcreased does its capacitance increase ?-
Explain. (b) What must be done to increase the capacitance of a capacitor?
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(2) When the distance between the two paraliel plates ot a capac1tor is doubled by
what percent does its capacitance change?,

~(b) ‘When the distance between two. parallel plates havmg the charges of equa]

magnitude and opposite signs is reduced, what will happen to the potentlal

difference between the plates? Lo N
Capacitors can be connected either in parallel or 1n senes

{(a) In which connectlon of the capacrtors has each capacitor the same charge" (b)

In which connection of the capacntors is the potentlal drfference of each eapamtor

- the same?: - .. -

CA capacrtor has a capa01tance of 5. 0 [.LF How much of the charge should be'

removed in order that the potentlal drfference between its plates decreases’ by

_40V?

" Choose the cotrect answer from the following. - -

The plates of a parallel-plate capacitor of capacrtance C are brought logcther to a

“third of their orlgmal separation; The capacitanceisnow . i : -

()—C(b) -c 3C @9cC,

(a) Is there any | k1nd of material that, when mserted between the plates ot a. .

capacitor, reduces.its capacitance 7.7 . a0 g

- (b) The plates of a parallel-plaic capacitor.of capacrtance C are moved apart to o

10

double their original separation. What is the new capacitance?
(a) How much work must be done to charge a 12 WF capacitor L until the potent1al 5

difference between 1ts p]ates is250v? ‘
(b) A parallel—plate capac1tor of capae1tance C is grven the charge Q and ‘then

" disconnectéd fromthe circuit. How 'much’ work is Tequired to pull apart the plates‘-
.+ of this capacitor:to twice their.original separation?: ... ... w.rw

11.

The plates of a parallel-plate capacitor arc 50, cm 'in area and 1 mm apart (a)

. What is its capac1tance‘? (b), When the capamtor is connected to'a 45 V batte1 Y.
: (what is the charge on etther plate‘? (c) What i is ‘the energy of iie capacitor? :

12,

“of the gliss? L

13.-(a) ‘What potential difference miist be appliediacross.a 10 pF capamtor 1t itis to

‘The capa01tance of a pmalle]-plate capac1tor is ificreased from '8’ HWFto 50°nF

when a sheet of glass i 1nserted between its plates What is the dlelectnc constant

:‘u'.-; I ARy T TR

have an energy content of 1 J ? ST N
(b) A parallel-plate capacitor has a capacitance of 5 uF when air is between its

+ " plates and 30 uF when this space is filled with a sheet of glass. Find the dielectric

constant of glass.
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14 (a) Diaw @ labelléd diagrari’ of aparallel plate capacrtor sl s o 1y /
(b) What is the relat10nsh1p between capacitance; voltage and charge‘? ’
A ZuF capacnor 1s charged to a potentlal of 200V and then dlsccnnected from the'
“Upower supply. | 1 T el At e s o e anigne
(c) What is 2uF expressed in farads’? AT ol
d), What is the size of” the charge on each plate of the capacrtor? R R
(e) One pIate of the capa01tor carrles a posrttve charge the other p},late 1s earthed
Explam why ‘thé eatthed plate cafries'a negative charge.” Pt

15. In an expenment with a capacrtor, the charge which was stored was médsured for

" different values of chargmg potent1a1 ‘différence. The results are tabulated below. *

;' Charge stored (£ C) . ~ 30,60 - 75 o0 90 v, v aran
Potential difference (V ) 1 0 40 80 100 120 SAFETR
(i) Plota graph of charge stored -onthe y-axis; agamst potentlal dlfference on X--
o LEEXES. T oo s L LT R DR TR R T N N s S !
(ii) Use the graph to- calculate. the capacitance:: of lthe CapaCltOI‘ used Ain, the
. experiment. Lo
16. Three capacitors have capacitances of 5 uF 10 uF and 15wk, g
(a) Find the‘equivalent ¢dpacitaiice when théy are connected-in: parailel' HETEES

(b) Find the equivalent capacitance when they are ‘connected:in-series.
17 Find the- capamtance that ¢an be ‘obtained by comblnmg three 10 nF capacltors in

TS BTN P A A ST T I L BT -,,H w6y it b

™ all possible ways - .
18; The equivalent capamtance is 10 i F-when' i 1dent1ca1 capacrtors are connected in'

parallel and 0. 4 ptF when they are connected 1n sertes Determme n IR
19 A 35 nF capac1tor 1s needed but only 10 n,F capacntors are avallab]e How
should a mmlmum number of 10 nF ;capacitors! be: connected S0 that the,

- Et P )8 it ;w . Loty e,
RS NI I L R e S S S A RO i

' combmatlon has 'a capaoltance of 35 ;,LF '? )

.....

MF" e e o i e e i e '
21 Three capac1tors of capacrtances 3 p.F 10 p.F and 15 p,F are connected m senesr
+i with 1100V i-battery. What -is .the charge and the . potential ; dtfference on:each;
capacltor‘? . L I TS 8 ]
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22. In the electric circuit diagram C; = 4uF ‘,'C'2'=?’:‘12 uF and C3=8 pF.(a) Find
the capacitance of the electric circuit; (b) Find the charge on.each capacitor, (c)
Find the potential difference of the C3 c,apacn:or (d) Fmd the poten’nal dlfference
across the parallel combmatlon et Bel B

NIRRT " Yoo DogtEine o s T ER I

. P BN
ity o

Pl ZOOV Do

23. Find the equivalent é;paéitdnce b-'et'v've'én_ A and B “of the arrangement of pdpla‘féit_bflsj
shown below: T

S R L2
Cawems oot
B AR ’ ::6 "F

il
iy
%

1 y
B ‘l !
{145 uF ‘
i
. "
i
----- S 0
r ; ; .
v LA T i ! t . 25y ;
i 1
i | .
t it It . e 1 ' | i;
Viceap e b ¢ 1 r i i
Ay .
i ! RS [ i
.
1 \ ] il ; ' ;
555 " i
! ) [T
1:_f; . .

173



P I CIER T I ICHAPTER 10 AR IHEan Gveanl wl el 7Y
{l CURRENT AND ELECTRIC CIRCUITS

-;41;5"':5.{‘,“} SIRbN RO NI UG, B wmili o e TR TR
Most apphcatlons of eIectnctty and magnetlsm mvolve movmg charges or, electrlc
currents in conductors. When an electric current flows through substances, it can

produce three main effects. In this chapter we éhaII discuss these effects.

10.1 CURRENT AND EFFECTS OF CURRENT

There is a potentlal difference between two charged plates If the two plates are
joined by a wire the electrons will flow from a plate of lower potential to that of
higher potential through the wire [Fig. 10. 1 (a)] Such ﬂow of electrons from a place
of lower potential to a place of hlgher potentzal is éalled an electric current. In
general, an electric current is a flow of electiic charge from one place to another. In
Fig..10.1 (a) the electrons w11] ﬂow untll the potentlal dlfference between the plates

become zero. s _ SIRENS

L Nt reye
: HE A

A B
H  H o
N c'a.ia;;ta;“ e -
! ; B
H ; 1 "a; .
o VA> VB ()19 2 €O« )
N T - cm Vi
[+ \ © electron
Va B e
electron
@ - . ®

-Fig, 10.1 Moving charges constitute the electric current
Conductors contain a large number of free electrons. If the potential difference is
established between the two ends of a conductor, electrons will flow from the end'of
lower potential to that of higher potential. In Fig 10.1 (b) the potential of the end A is
assumed to be higher than that of the end B. Thus the electrons will flow from B-to A.
The electrons flow as the electric field in the conductor exerts a force (F = qE) upon
them. The electrons keep flowing as long as there is a potential difference between A
and B. This means that an electric current flows through that conductor; An electric -
current flowing through a conductor is defined as follows.
The amount of charge passing through a cross-sectional area of a conductor in one
second is called an electric current.

-
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_‘Current is a scalar quantlty by the above deﬁmtlon Suppose that the amount of
charge Q passes through a cross- -sectional ‘area of a conductor i time . If the current
flowing through the conductor is I then by definition,: -

1= BN (10.1)

Unit of Current

In the SI system, the unit of Q is coulomb (C) and the unit of t is second (s)
Therefore the unit of I is coulomb per second- (Cs ) l Cs is called 1 ampere (A) in
honour of the French phys:c1st Andre Ampere

If the amount of charge 1 C passes through a cross- ser‘tlonal area of a conductor in l
s the current is1 A. » -
Thus, 2 Cs'is2 Aand 0.5Cs"is 0.5 A: Tn measurmg the current the followmg
-sub-multiple units are alsoused. - el Ly e e

10"3A o

I milliampere (mA)

. Umicroampere (1 A)

Dlrectlon of Current:” '~ . G et o sl BRIER
The dlrectlon of current 1s conventlonally deﬁned as the dlrectlon of the ﬂow of
positive charges In Flg 101 ‘(b) the electrons flow from the pomt B' ‘of” lower'
potential to the pomt A of hlgher potentla] This is eqmvalent to saymg ‘that the

positive charges flow from A to B, The current, then, will flow from A to B and the

direction of current is oppos1te to"that -of the fiow " of. electrons. The direction of
current is just a generally aecepted conventjon, Even- though we speak of the direction
of current it is, nevertheless a scalar quantlty '

Example (1) A charge of 6 C passes through 2 cross- sectlonal area of a eonductor in
2 5. (a) Find the current flowing through the conductor. (b) How: many electrons pass
through that area in 1 5?7 :

Aa) Q =6C, t=2s :
t BRI
¢ ' = 6_C_ I R A IO B
T Y P AP
y S O3A L e e L
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(b);The, magnitude, of the, charge of an electron, ¢= 1.6 X 10 19 C Ifnis the number

REYHETN
of, electrons  passing through the cross—sectlonal area m 1 s, e

[N YEPS AR

= Quginlen i
P t t :
) O o
It S T
Therefore n= - PRI
[+]
et Bnnoie or b b "**fj L O dohen w0 e B ol g
C 3A><ls
i A PELEDE SRR N o Sttt i s A T
I6X10‘19C SR ol ot .
B IR RO Dy i Ti
o . n = 1875 x 10‘9
P nduiia e e T Snsen ot SvEnt penns Tl
Effects of Current

When -aniveléctric’ currentuisi passed. through ‘substances it ¢4n;,produce’ three main
effects. They are (1) heating effect (2) chemical effect gn\d(&);magnet_ic;effegt; it

Lot \’7 o

(1) Heating Effect SR R S R

As shown in Fig. 10.2 (a) a small bulb glows when a battery is connected to it. As an
electric current flows through a tungsten ‘wire in the bulb the wire becomes hot and
emits light. Thus a metal conductor produces heat energy when:a;current;passes
through ir. Practical application of the.heating ¢ cffect of current, rs utilized i in elef:tncal

.“ I_I‘

apphcatron such as electne stove, ’electnc 1ron and 1m1ner51on'heater. Thc c1rcu|t

il 4 REX]

diagram st shown m Flg 10 2 (b) corresponds to the arrangemént in F 1g 10 b (a)

r
HEN ISR [PS RS TR r_.'-,-‘.“

I\‘\ I ,/ Y “1; J(Jl P s '-,V"" (;"5: bl
i ‘;.':n”w it Y T L e

. . -~
R “f,.-,-.,.-vyu\, SIS
f 1. \‘ ;

 HEIITI R UHH RIS VEon BRVGT

s hie G oo, A ot rah

W gonust 2dt oo

aniiueth a1 dios

. 3
eI by

ORI

R P s B
[F1E3GIS HEE IR P \f); s

_‘.‘J.'f."\ {Ci} n

g e g
BYNWIEISIoN

(a) R T BH ST RY
P DEEI N (5
F;g 10 2 Heating effect of current .
2) The Chemlcal Effect i

When a current is passed through copper sulphate solution with copper plates A and
C dipping into it, some copper is seen deposited on the plate C after some time [Fig.
10.3 (a)]; electric current produces chemical effect. The chemical effect of current is
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used in charging batteries, purifying metals, elqctro-plating.and in the manufacture of
aluminum by chemical methods. The circuit diagram shown in Fig. 10.3(b)
corresponds to the arrangement in Fig. 10.3(a).

N '

- -Fig. 10.3 Chemical effect of current:

(3) The Magnetic Effect

When a current flows through a coil of insulated wire which is wound round a bar of
soft iron, the bar becomes a magnet and-attracts steel pins [Fig. 10.4(a)]; the electric
current produces magrietic effect. The magnetic effect of current is used in
electromagnets. Electromagnets are used in electrical devices such as electric bell,
telephone and electric motor. The circuit diagram shown in Fig, 10.4 (b) corresponds
to the arrangement in Fig. 10.4(2). ~ - ' |

* jron core

sl

o _ Fig.10.4 Magnetic effect of current
10.2 OHM'S LAW AND ELECTRICAL RESISTANCE

When there is a potential difference betweeh the two ends of a conductor, a current
flows through it. In 1826 the German physicist George Simon Ohm carried out
experiments with different resistant wires to discover how the current through each
depended on the potential difference applied across its ends. He discovered a law.
That law is called Ohm's law and is stated as follows.

-

177



o If a conductoris kept:at a constant temperaturé, the current ﬂowmg through it
is dzrectly pmportzonal to the potential dzﬁ’erence between ftsends. . i ool

Prl oty . 2 : -
S Tl PER TR L

p.d(V) current(A) | 21
0 o ‘..0;_ .
<08y
; _ 0.2 g 06]
0'4 : 3 04|
3 0.6 - e 0z )
4 0.8 ; I
B ' paty)
Fig. 10.5a Relationbetween the potential difference and the current.
e R U . .
i (N 5 | . e '
o ) . , o
H N . . . - it
i i AR i RO SIS R ’ ST AR TRt R T B
- O-
S resistante " N

Fig. 10.5b Electrlc cncult for measurement of current and voitage

In Fig.10.5b the potent1a1 at A is assumed to be higher than the potential at B; a
current will flow from A to B. If the potential difference between A and B is V and
.the current flowing through the conductor is I, by Ohm's law -

R (F "Y1 A VAVE RV LT ' B

T
E

L
il i

T { R A T PR Y I -
Héte R i§'a constnt whlch is: cal]ed the reSIStance of the conductor The SI umt of the
T S T B ey et it et T

resistance R is ohm (Q).
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' Resistivity of a Conductor

At.a given temperature the resistance of a conductor is directly proportmnal to its
length and mversely proportlonal to its cross-sectional area. :

~ Fig. 10.6 Dependence of .reisistan.ce on length and area N

In Fig. 10.6_.the condnetor shown has a eress»éeetional area of A and le‘_ng"th'ojf.f. If
-its resistance is R, o
A
A S TUTE R,
ha - {10.3) . .
| P AL : (. ‘ __) :
Here p is-a constant called the re°1st1v1ty of the conductor and is deﬁned as the

resistance of a conductor having one unit cross-sectlonal area and one unit length.
- The unit of resistivity is ohm metre (Q m). ‘ o

Temperature Coefficient of Resistance 7

The resistance of a conductor increases with. i increasing temperature. The resistances
of carbon ‘(a’ non-metal) semiconductors such ‘as “silicon and germanium and
electrolytes, decrease with increasing temperature. Resistances of most conductors
are found to increase with increasing temperature.

Suppose that Ry is the resistance of a conductor at the femperature. of 0°C and Ry is its
resistance at t° C. Ry is related to R as follows.

e RyrsRe (b e t) D e (104)
Here o is & constant called the temperatire coefﬁclent of: resmtance The unit of, (x 1s;
per °C (°C ) By equation (10.3), if the length or the cross- -sectional area -of’a
substance changes, its resistance will also change. But its resistivity remains the
same. This means that a particular substance has only a single value of resistivity. As
the ' resistivity ‘Varies slightly: with: tempetature it can; be taken as a constant. The
resistivities and the values of the temperature coefficients. of some conductors are
given in Table 10.1. A
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Table 10._1

Substance Resistivity p (Q m) - Temperature Coefﬁclent

(at 20° C) "~ ofresistance o (°C™)
Aluminum 2.82 x 10° 3.9 %107
- Copper 1L72x 108 43 %107
ron 980 x 108 5.6 x 107
Silver o 1e2x10® 39x%10°
Tungsten 550 x10° ' 58x10°
. Mercury 95.77 x 10® 09 x 10° |
Carbor (graph1te) 3310185 X 10° 06t -0.1 x 107 |-

[

Example(2) A current of 2 A flows through a conductor when the potentlal
difference between its ends is 12 V. If the potential difference is reduced to 3 V
how much does the value of current drop'?

CVED)S12V, 1=240
ByOhmsIaw : Vv =R

Yl s
r |
Now, ,V(PD) =3, o 'R =6Q
| 1= Yoo 3o 0sa.
| R 6
Thecurrenidrop < =2-0.5=15 A

Example (3) A rectangular silver slab has dimensions 1 cm x 1 cm x 100 cm. What
is the resistance between its two square surfaces‘7 The resistivity of s1Jver is. 1.62 X

10 Qm

LT

e
e

A—lcmx1cm—10 mxho = 10'4m ¢ = 100cm 1m‘“
"'p—162x10 Qm '
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1iem
1cem

f 100 ¢m

'y

1.62 x 108 x 1—3_7 = 1.62 x10* @

]

Example (4) A tungsten wire has a length of 100 m, a diameter of 2 mm and a
resistivity of 4.8 x 10° Q m. Find its resistance. o

C I

2mm

f{ = 1'00m, r = = 1mm =107 m

C A =g =3.142 x (107)* m?

p=48x10°Qm
I
R=p—
P

100 1.53 Q

R = 48%X10*X —n——=5 =
- - D 3.142%(107)

Example (5) When a platinum resistance thermometer is placed in a mixture of ice
andswater at 0°C its resistance is 10 . When it is placed in a furnace of unknown’
temperature its resistance is 100Q. If the temperature coefficient’ of platinum is
0.0036°C’', find the temperature of the fumace. R

Rg=10 Q@

R, =100 Q

o = 0.0036°C"

t = temperature of the furnace
Re = Ro(1+0at)

100 = 10(1+0.00361)

= 2500°C

—
|

181



10.3 RESISTORS IN.SERIES -
A resistor is a ‘circuit component which-is made from a substance having resistance.

Radio and television receivers contain a large number of resistors. Resistors have
resistances of anything from a few ohms to millions of ohms. They are supplied with
leads (wire ends) for convenience in connection. There are two types of resistors:
fixed resistors and variable resistors. Fig 10.7 (2) shows the symbol for a fixed
resistor. A rheostat (A varlab]e remstor) and.its’ symbol are shown'in Fig. 10.7 (b) and

(c) respectively.
N

cml of tjeunmnce
ere PRI R

(%)

Syl i

Fig. 10.7;, Fixed and variable resistors e
//
A R;

""—|—'- - I _-—r*— I
’ I - Vot I
! ‘.\... l. ‘J'-H ":.- . ) 1
O  emmm e Y e N
o !
'——ﬁ——J

o s+ Fig. 108 Resistors:inseries; ., »

TUAT
The. resmtors are sald to be connected m senes if thcy are" connected‘

that the same current flows through cach re51stor (F(rg 10. 8) ‘The: resnstors R;,
R; are connected in series. The point Als assumcd} to havc al h1ghcr potential than'the
point B. Then a current will flow from A to B through thc resistors. Since the resistors
are connected in series the same current [ ﬂows through gach resistor.

DAY 0
If the individual potcntia‘l‘rfdiffci'chces:;acr,os,s-.:.the.:crcs‘lstors are Vi, V2 and "V;
respectively, and the total potential difference across the combination is V, then
o V = Vi+VatVagiee o 1iai = oo (i)
By Ohm's law V.‘ = |R; ' f..;‘“f,‘--‘i}.{tilj -

inSuch d" way
3 and
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oV =TRe e
Vi = IR3 I
When the above equations are substituted in equation (i),
V=I1(R; +Ry+R3) o i)

If the equ1valent résistance of the combination of the resistors is R the potential
difference across the combination is - :

V=1R S o (i)

From equation (ii) and (iii),

R=R;+R:;+R3

If n resistors of resistance§ ':R], Ri, £R3, ........ Rn are connected in series and the ~
equivalent resistance is R, then - -
R= R|+R2+R3+ ............ +Rn : _ (105)

That is, the equlvalent resistance of the res1stors in senes is equal to the sum of the
resistances of the individual resistor. :

104 RESISTORS IN PARALLEL

' Fig 109 'Rés‘ist'ofs in parallel

Resxstors are said to bs; connﬁcted in parallel if they-are connected in such a way .
that the sarhe ‘potential: appéars across each and every-resistor (Fig:.10.9). The .
resistors Ry, Rz and Rs are connected in parallel. One end of each resistor is jomcd
at the point A and the remaining ends are joined at the point B. The pomt Ais
assumed to have a higher potential than the pomt B. The current I d1v1des into three
currents at. the point A and flow through the resistors. These three carrents
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recombine at the point B. The current leaving the point B is also I.

Let ' I1 = current flowing through the resistor R; -
| I, = current flowing through the resistor Ry .
Is = current flowing through the resistor R3 ‘
I = L+L+5 | o iv)

Since the.two ends of each resistor are. joined at the points A and B, respectively, .
the potentlal difference across each resistor is the potential difference V between A -

and B. - ; .

!

By Ohm's law, o
The potential difference across the resistor R1, V = 1R
The potential difference across the resistor Ry, V = I12R; -

and the potential difference across the resistor Rs, V = I3 R3
Substituting the above equations 1n equat1on (1v) one obtams

R, R, R, ‘
If the equwalent resistance of the combmatton of the rcsmtors Rl, Rz and R3 isR

and the potential difference between A and B is V then’ e

V=1IR
or 1= X o
From the above equation and equatlon (v), one get “ 7
D SIS S g
—_—
R R, R, R, /
. S : o
If n resistors of resistances R, Ry, Ry, ..., R,,:are connected in parallel and the
equivalent resistance is R, then
i1, -1-- 1 +......;;....'...'+".—¥ (10.6)
"R R, "R, 'R, R,

That is, the reciprocal of the equivalent resmtance of resistors connected in parallel is
equal to. the sum of the rectprocal of the individual resistances. :

'Example (6) Flnd the equtva]ent re51stance when three 6 Q res1stors are connected
(@) in series and (b) in parallel. (c) | Find the equtvalent resmtance when two res1st0rs '
in parallel are connected to the remalnmg res:stor 1n senes ' o
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(a) If the gqu/ivalent resistance of three 6 Q' resistors connected in series is R, then

R = Ri+Ry+Ry
. = 646 +6
, = 18 Q |
(b) If the equivalent resistance of three 6§ Q resistors connected in*parallel is R,
then ] :
1 1 1 1
— = —
R R, R, R, w
1 1 1
= -+ =+ —
6- 6 6
~ _ i |
6
R=2Q :
'(c) If the equivalent resistance of two 6 Q resistors connected in parallel is Ry, then -
1 1 I
—_— = —
R, R, R,
[ 1
= w4 —
6 6
_2
6
R. = 3Q )
“+ Ifthe equivalent resistance of R, and the 6 Q resistor connected in series is R, then
R = R, +6 o o R
= 3+6 ° o -
=9Q ' b
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105~ ELECTROMOTIVE FORCE AND ELECTRIC CIRCUITS

When a potential difference is set up between the two ends of a- conductor, a current
flows through it. A steady current will flow through the conductor if a steady
potential difference is maintained between its ends. The steady potential difference
‘can always be maintained between the ends of the conductor by using batteries and
generators. Batteries and generators are called the sources of electromotive force.

The sources of electromotive force convert energy from some other form into
electrical form. Chemical energy is converted into electrical energy in a battery. In
generators, mechanical energy is converted into electrlcal energy.

Electromotive Force

A source of electromotive force has a positive termmal and a negative terminal. The
main function of the source is to send the positive charges from the negative
terminal to the positive terminal within the source. Alternately, it can be said that
the main function of the source is to send negative charges from the positive
terminal to the negative termmal within the source. In doing so work has to be done

by the source. i~ - Goiin oL L0s e

The electromotive force (EMF, emf) of a source before its terminals are connected
to an external circuit is defined as follows. T

The electromotive force of a source is the ‘work done in moving a unit positive
charge from its negative terminal to the positive one. The electromotive force is
abbrevzated as e.m.f (EMF, emy).

Unit of Electromotive Force - :
If 1 J of work is done in moving a unit positive charge from ‘the negative terminal to

the positive terminal of a source, then the electromotive force of that source is 1 V.

Electromotive: Forceof a Source used-in an Electrlc Clrcult [

Generally, a source of electromotive force has an mtemal resistance. A battery
which has-an internal resistance of r ml‘lst be viewed as shown in Fig 10.10 (2). This
megans that a resistor of resistance r must be regarded as being connected in series to
the battery. Or, it must be understood that the-symbol shown in Fig. 10.10 (b)
represents a battery which has an internal resistance of .

. E - l‘l . l IE’r v
. —— - {3 L
VA O ® S
O Fig. 10.10 Symbols for a battery oL o
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E.r
SN " - ln
I

Fig 10.11 A battery connected to an external circuit

In Fig. 10.11 the positive and negative terminals of a battery of internal resistance r’
are connected to a resistor R. As a result, a current flows through the resistor since the
resistor-has a potential difference between its ends. In the external circuit the current
flows from the positive terminal to the negative terminal through the resistor R. It,
however, flows from the negative terminal to the positive terminal in the battery.
Thus the current in the external circuit and the current in the battery are the same. The
e.m. f of a source when it is connected to an external ClI‘Clllt is defined as follows.

The e.m.f.(emf EMF) of a source connected to an external circuit is the work
done in moving a unit positive charge round the complete circuit
In Fig. 10.11 the wires connecting the battery to the resistor are assumed to have zero
resistance and hence they are represented by lines. There are only two resistances, the
resistance R of the resistor and the mternal reSIStance r of the battery, in the circuit, R
and r are connected in series. ya : ‘

Suppose that the current in that circuit is 1. If the potential difference across the.
resistor R is V, we have, by Ohm's law, V = IR. By the definition of the potential
difference, the work done in moving a unit positive charge. from one end to another of
the resistor R is IR. _

Similarly, the work done in moving a unit positive charge from one end to another of
the internal resistance r of the battery (from the negative termmal to the positive

“terminal of the battery) is Ir.' : C . .
~ The work done in moving a unit positive charge round the complete circuit is IR + I

B_y deﬁnmon, that work is the e.m.f. of the battery connected in the circuit. If its

e.nf. is E,

E =IR +Ir

or 1 = 10.7
N R+r _ - : ( )
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yThis equation is called the circuit equation.- '

Equation 10.7 can be rewritten as .
" IR=E-Ir '

Since the two ends of the resistor R are, of course, the positive and negative terminals
of the battery shown in Fig. 10. 1 1, the potent1al dlfference between its terminals, V (=
IR), lsglvenby S R .

y V E - II‘

This ‘equation givés the potentlal dlfference between the posmve and negatlve termi-
nals of a battéry when it is connected'to an external circuit. When a battery having an
internal resistance is part of a'complete circuit: the potent1al dlfferenee between the
termmals of the battery is always less than its emf (EMF). - SIRTI P

‘Accordmgly, when a 12 V battery havmg an mternal re51stance is connected to an
external circuit the potentlal difference across its terminals is less than 12 V. This
means. that the, potential difference: available from that battery is not 12 V but less
than 12V. Therefore,: the potential. difference across: the: terminals of a: battery
connected to an extemal circuit is. called the ava1lab1e=voltage of that battery
Charginga_‘battery means ,supplyi,ng it. .with electrical Le,ne_rgy fmnn s_pm_e exte.,; 3
source. This means the chemical energy of the battery which has been used up is now
supplied back by external electrical energy. The external electrical energy required
for unit positive charge is equal to the e.m.f. E of the battery:plus the energy per unit’
positive charge dissipated in-the battery as heat, which is Ir. Therefore, in charging a-
battery; the potential difference between the terminals mustbe.equal to E +Ir.... - .+

Use of Ammeter. and Voltmeter in Electrlc ercmts

An ammeter: isa device which is. used to measure: the current Mllhammeters and;
microammeters are used to measure very small currents: ; ‘Fig..10.12(a) shows, the
symbol for an ammeter. An ammeter. must be placed in. a circuit.in.such. a way that
the current to be medasured flows through it. In doing so theicurrent. must enter. the

1

ammeter from its positive terminal. TR

Lo
"
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(a) by

-~

K

Fig. 10.12 Connection of ammeter in a circuit

Fig. 10.12(b) shows how to use an ammeter in a circuit consisting of the resistors
R, and R; connected in series. The ammeter can be placed not only between the
battery and R; but also between R, and Ry or between the battery and Rj in the
circuit, Wherever the ammeter is in that circuit it reads the same current.

A voltmeter is a device which is used to measure the potential difference.
Millivoltmeters ‘and microvoltmeters are used to measure very small potential
differences. Fig. 10.13 (a) shows the symbol for a voltmeter. The terminals of ¢
voltmeter must be connected to two points between which the potential difference is
to be measured. For such a connection the positive terminal of the voltmeter must -
be connected to the higher potential point of the twgq;.
SRR =

.
||||||||||||||||||
K

. i
2 Y=V, +V,
0 . 4
—O— - I
€ 1" €
(a) ' (b)

Fig. 10.13 Connection of ammeter in a circuit

Fig. 10.13 (b) shows how to use the voltmeters to measure the potential differences’
between the ends of the resistor R; and that between the ends of the resistor R,. When
the potential difference across the ends of the combination of Ry and Ry is to be
measured the voltmeter must be connected as shown by the dotted line.

“Example (7) When a battery is connected to a 2 § resistor it drives a current of 0.6
A through the resistor. When it is connected to a 7 Q resistor it drives a current of 0.2.
A through the resistor. Find the e.m.f. and the internal resistance of the battery.

. !
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‘ Ri=28,1 = 06A, R=780,,b=02A
Let E

= emf of the battery"
r = internal resistance of the battery
20 7Q
06A | 0.2 A
l:l - Iy
'E,r - o 'E,r
Then the current in the first circuit, I, = —. _
: R,+r.
E=L(Ri+r) -
=06Q+0 . . )
The current in the second circuit, I, = -
_ Ry+r
E =L(Ry+r)
=02(7+r) (2)

-
e

From equations ( lj and (2),
0.6 (2+r) = 0.2 (7+1)
0.4r = 0.2
r=05Q
Substituti_ng the value of r into equation (1), |
o E=06Q2+05)
=15V

Example(8). Find. the current flowing through each resistor and ‘the potential
difference across the 1 Q resistor in the circuit diagram given below. .
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Ri=40
Rz =680
R;=18Q
E= 12V
-r =060
Ra=24Q
If the equivalent resistance of R, and R3 is Ry,
Re= RetRs=24+1=34 Q
If the total resistance in the circuit is R,
R =Ry+r
= 34+0.6
=4 Q
If the current in the circulit is 1, .
r-2-2 .34
R 4

If the potential differéﬂce across Rj is V3, _
V.3=IR3=3X1="3V. . ‘
If the potential difference between the ends of the combinétion of R and Ry

resistors is V2, ‘ _
Vip = IRy=3x24=72V
If the current flowing through Ry is Iy, - - '

Il = KQ = _?i = 1,8A
If the current flowing through Rj is Iz,
12 = Ez-—z 7—.2—- = 12 A
- R, 6
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10.6 BATTERIES IN SERIES AND IN PARALLEL

(a) Batteries in Series

When two or more sources of e.m.f. are connected in serles the. resu]tant e.m.f. is the .
algebraic sum of the mdmdual e.m.fs. ' ' -

R e

(a) series aiding (b) series opposing
Fig.10.14 Batteries in series

In Fig 10.14(a) two batteries are connected in series. In this arrangement the currents
leaving the batteries are in the same direction so that the resultant em.f. is E, + Ea.
Such a connection of batteries is cafled "series aiding". The total internal resistance of
those two batteries is ry + rp. They can be regarded as a smgle battery havmg an emf
(EMF) E; + E; and -internal resistance 1y +12. - :

In Fig 10.14 (b) ‘also two batteries are connected in series. But the e.m. f 5. of the
batteries are in opposition. The resultant e.m.f ‘is the difference between the
individual e.m.f's. Such a connection of batteries is called "series opposing”. If E; is’
greater than E, the resultant e.m.f. of those two/battelies is'Ei - Ea. But their total:
internal resistance is still ry + rp. Thus they can be regarded as a single battery having -
an e.m. f Ei - E; and an internal remstance r + rz > -

e,

R

>— - |
Resultant em.f, = E, + E;
Total r= 11+ 12

'Et, 1‘1"" Ez, | ) h T

Fig. 10. 15 Batteries in series aiding

In Fig. 10. 15 two batteries, connected in series aldmg arrangement, are connected foa
resustor R.In the circuit the total e.m.f, is By + Ez, and the total re51stance is R + r1

I
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1f the current in the circuit is I the circuit equation is-

k}

- EitE; 108
- Rtn+r,
g 1A Y Resultant e.r'n.f.;-—'. Ei- EZ' (1fE1>E2) - |

Total r=r1;+ 12

Ey 1 Ez,l'z ' .

i
'

I Fig. 10.16 Batteries in series opposing -

In Fig. 10.16 two batteries, connected in series opposing arrangement, are connected,
to a resistor R. Suppose that E; is greater than Ey. In the circuit the total e.m.f. is Ey -
E, and the total resistance is R + 1 + ry . If the current in the circuit is I the circuit
equation is o e

- Bl (109)
R+n+r,
(b) Batteries in Parallel R _
| E P >—ll— . Resultantem.f. = E .
T - ; .
| S ~ Totalr = %
+ -
E1 T
—(—I < .
. 12 "Er §
(2) (b)

Fig. 10.17 Batteries in parallel

Y1
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In Fig. 10.17 (a) two batteries having ‘equal e.m.f:s and equal internal.resistances are
connected i in parallel. It should be noticed that the. p031t1ve terminals are connected to-
gether dntl“that the same is true of the negatwe terminals. The resultant e.m.f. of that
parallel-combination is just the e.m.f. E of a single battery in that combination. Since
the internal resistances of the batteries are in parallel- ~combination, the resultant
resistance is 1/2. The-combination of b’lttcnw ‘can be regarded as- 2 smgle battery
havmg an e m. f E and an 1ntemal resmiam e r/ ), - /

“t
)7 : . H
‘w.':.

a

In Fig. 10.17 (b)f‘t"'he' tio batteries in para]Iei--cémbimtion are conneéted to a resistor
R. In the circuit the resultant e.m.f. is E and the total I‘P' 1stance is R + 5 If the

current in the circuit is I the circuit equation is

SN DRI S F .(10-10)

iva e Pt oeneire as P - N - r
ERS 00 RS SN M R T A B BT S AT LI Sy Dye ; ! ! : :
B L R L R AL S S SR AT N S T ST RIS A NI A o R
. B A R L PR IAFING " LIPS DA
‘ R R RRE L R I U PO
,.l PR ! - .
CoEy ¢

,Slnce the two batterles have equai €. m f 8 and equa] mte1 na] re51stances thecurrent’:
ST A SR LT TSP EFRR ST

flowing through each battery is 1/2. ’ e

Example!(9) Two batteries each having an é'.m.‘ff:_of_é V and an internal resistance
of 2 Q are connected: (a) in series and (b)‘in parallel. Find the current in each case
when the batteries are connected to a 1 . resistor.
(a) (i) inseries aiding '

If thég resultant € m.f, of two batteries in series aidingis E, E= 6+6 =12V

If the total résistance in the 01rcu1t isR, R=1 + 2+ 2 =5 SZ

If the current in the 01rcu1t IsI I"-I-Ei = 1?2 = 24 A

i

(ii) in series opposing

If the resultant e.m.f. of two batteries in series oﬁj&losing isE, E=6-6 =0V
If the total resistance in the circuit is R, R=1+2+2 =50 =E

- > T R IR

If the current in the circuitis I, I= g— =0
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(b) If the resultant e.m.f. of the batteries in parallel is E E=, 6V

The internal resistances of the batteries are in paral!el If the resultant res1stance is r,

1 |
——
r 2

}jwlm

_1_
2
Q

r. 1

If the total resistance in the circuit is R, .
o i .
n R = 1'[ + I b " v ' :
B + L +1 - L
Lo E 2.Q [ N
If the current in. the.circuit is L T

R N
i _ 6
2 ‘ , :
.‘ ) ; :
' = 3;A : :
| : i
| | S
i : = :
H ~ T
' |
. o : !
{
i
RN I
~ -
I
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Concept Map (DC cireuity

s

4

DC cirenit
/

Series Circuit

r characteristics

o Current
11 = Iz = IJ

¢ Potential different
E= Vl + Vz

‘e Effective resistance
Rap=R;+ Ry
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Para_ll;al Circuit
B

Py V2 c

y characteristics

Dot
-

- |-»_Potential different

"o Current —

B £ PR

+ Effective resistance
1 ] 1 ~

—_ = ~

Re R R
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Concept Map (Current electricity)

Current electricity

i
Jis astudy of

) 'Positiye and
- +{ negative:.
Moving ciharges-. charges, Q'
h - constitute an
) —Q
- Electric current, 1 t
* where
y t =time
o —.
- established produced by x
¥ —
P.d.,V ~E.m.f source ,

depends

-  inversely
, o

ot

i

R=p-
Y | p=resistivity .

Resistance, R | 1 = length

i of material A= cross-
sectional
y area
> - R= --V—
i

if constant ‘if not constant
¢ { Ohmic conductors Ohm’s law |} Non-ohmic. .
¢ - | such as pure metal MICA' conductors such as
T semiconductors,
can be connected thermistors etc.
to form
¥ |
| Series circuits - Paraliel circuits
+ common [ ¢ common V N

e R=R+Rs+ ... *R,

‘s R=1UR+1/Rp+ ... +1/R,

197




EXERCISES

1.

-electric current. ‘ r

,.-"Choose the correct answer:from the following, =
:An -electric 1ron draws a current of 15 A “When connected to a 120 V power

(a) What is an electric current ? (b) How is an electrlc current det“ ned? (c) is an
electric current a scalar quantity or a vector quanttty'? (d) WI ite down the untt of
Lt e 3. .
(a) State Ohms law. (b) Usmg Ohm § 4w define the resistance of a conductor.
(¢) What 1is "resistivity" of a oonduotor‘7 Write down the unit of resistivity, (d)
thh is more fundamental, the resrstance orthe resmtmty” Explain. :
A current of 4-A’ ﬂows through a oonductor of resistance 20 Q for 5 min (a;
How much charge will pass through a.cross-sectional area of the conductor? (b)
How many:electrons wﬂl pass.through that aiea‘? ST

" sourde. Its resistance 1s (a) 0125 Q(b) 8-Q-(c) 16 Q (d) 1800 Q.

10.

Il

12.

When the length of-a" wiréis doubled and ‘its dlameter is haived will the
resistance of the wire be the same as‘before‘? - I

(2) What is the difference. between the e, f of a battery and the potential
difference across its terminals ? (b) Under what eondmon are they the same?

‘Choose the correct answer from the followmg A certain plece of-copper is to be

shaped llnto a conductor of minimum resistange;’ s, length and cross-sectional
area should’ be (a) E and A. (b) 2!? and A/2 {c) ¢ /2 and 2A (d) can assume any
value so; 1ong asthe voiume of copper remams the’ same '

A copper wire and a silver Wire have ‘the' same, length and the same potential
difference across their ends lf the- curients through the™ w1res are the same find
the ratio of the * radii of the wires. The res1st1v1ty of.copper.is 1.72x 10 Qm and
that of silver is 1.62 x10°® 'Q m

A wire of length 100 m 1s made. of Silver-of resistivity 1.62 x10°® Q m, and has

JJJJJJ

. from- the same mass. of sﬂver but has double the radms Fmd its re51stance

A vinre of 10* Q lS stretched to" double its original iength ’If the resistivity and
densuy of the w1re do not change, 'find its| re51stance afteri stretchmg

If the ratio of the re51stances of a tungsten wire at 100 °C, and 150 °C is 6/7 what
is the temperatite coefficient of the wire?
(a) A silver wire 2 m long is to have, a. re31stance of 0.5. 8. What should its
diameter be? (b) A 2°Q resistor-is to-be ‘made-from 100 cm of copper, of
resistivity 1.7 X 10°* Q m. If the copper is drawn into a-wire ot mrcular Cross-
section, what is its diameter‘7 RPN N R e '

£2 IR " = frae i oo
1 . P PR 21 i
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13. (a) Draw diagrams to show that resistances of 20 Q and.12.5 Q. can be obtained
by using one 10 Q resistor and two 5 Q Tesistors. (b) What' resrstances can be
.obtained by using three 1 £ resistors? (¢) When the parallel combmatron of two

} resistors havmg “different res1stances is connected toa battery, which, re51stor will
- draw a greater current?

14. A cell has an e.m.f. of 1.5 V and an mternal resistance of | Q and is connected to
- 2 Q and 3 -Q resistors in series. Find the current in the e]ectrlc circuit and the
potential difference across the ends of each resistor. , S

15, A battery has an e.m. f.of 6.V and an internal resistance of 0.5 Q. How many
battenes are necessary to pass a, current of 1 A through a 22 Q 1e51stor in‘an
electric circuit?

16. A resistor is in series with an ammeter in an electric circuit. The readmg on the

. .ammeter is 0.1 A.when.the potential difference across the resistor is 3.5 V.A
second resistor is joined in parallel w1th the ﬁrst the cur, rent rising to 0 2 A and
the potential difference droppmg to 3 15 V. What are the resistances of the
resistors?

17. In the électric circuit shown below ﬁnd the readmg of the ammeter A when the
switch is: (a) open (b) closed (Neglect the mtemal resistance of the battery.)

B '2 b - sw.itch

18. When a 12 V battery of neghglble internal resistance is connected to a resistor, a
current of 3 A flows through it. When' another battery of e.m.f. 6V is in the
circuit in serles with,_the first one, the current flowing through the resistor
remains at 3 A. Find the internal resistance of the second battery.

19. Whentwo 6 V battenes, havmg the same internal re51stance and connected in
series, are connected to a 5 Q resistor, the current!in the circuit is 2 A. When
these batterjes are in parallel a current of 1.5 Aiflows through when connected to
another_remstor Find the resistance of the resistor. :

;
!
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20 Fmd the readmgs of the ammeter A n the eIectnc c1rcu1ts shown below e -
f 2 V L T " - .

21 Wh1ch of the followmg res:stances can  be obtamed by connectmg 26 Q re31st0r
with a 12 Q resistor? Explam (2) 025 Q (b)0.50 Q (c) 2. 0 Q (d) 4. 0 .Q (e)
9.0 Q L . . )

22 In the circuit shown below, ﬁnd the readmg of the ammeter A when all the

re51stors have the samere51stanceR P e

ey i

23. The circuit given below contains three ammeters Ay, Az and Az and three variable
. resistors Ry, Ry and Rs. The value of which resistor must be mcreased in order to
increase the reading of the ammeter A;? Explain.

T j._-I“r' S ‘--- Eoob o o

//"
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24. In the circuit shown below, find the readings of the ammeters A and A4 Which
resistor has greater resistance? .
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27. i the cireuit given‘below, find the readings of the voltmetm \)1 and the ammeter

Az and the values of the res1stors R1 and Ry, 70 innnvenner b o
A ) 7 .

Andre Ampere(] 775-1836) -

French mathematlcal physicist who
extended QOersted's results by showing
_‘that the deflection of a compass relative
to ‘an electrical current obeyed the right
hand rule. Ampére argued that magnetism .
~could be explained by electric currents in
molecules, and invented the solenoid,
. which behaved, as 2 bar magnet. Ampere
"also showed that parallel wires ' with
current in the same direction attract, those
:with current in opposite directions repel.
He dubbed the study of ocurrents
“electrodynamics, and also developed a
wave theory ‘of heat. Ampére maintained
that magnetic forces were linear, but this
proposition was questioned and disproved

" by Faraday.

Andre Ampere

202



Charles Augustin de Coulomb (1736~
1806) was a French physicist.

Coulomb was born in  Angouléme,
France. He chose the profession of
military engineer and spent three years,
to the decided injury of his health, at Fort
Bourbon, Martinique. Upon his return, he
was employed at La Rochelle, the Iste of
Aix and Cherbourg, ‘He discovered an
‘inverse relationship on the force between
charges and the squdre of its distance,
, laler named after him as Coulomb's law.
Cmﬁlomb is distinguished in the history of
mechanics and ol electricity and
_magnetism. In 1779 he published an
“important mvesj‘rlgat]on of the laws of
friction which was followed twenty years
later by a memoir on yiscosity, The SI
unit of charge, the coulomb, and
: Coulomb's law are/named after him

oy l:ﬁ.. 'F/
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v CHAPTERL1
| ~ ELECTRICAL ENERGY AND
Coree  POWER
:EIecti;icél: energy can fbé'ir’anléfOrlncd' into a wide variety of other useful forms of
energy. Qn’c.!;'farisformaf_ioﬁ that of electrical energy into heat energy, is very useful
and important. -Many home a}‘)}'jli;il'n'c':esj use the heat generated from sugh

transformation. In thisj"bhaj;)telj we slhaf]ifdiscuss the use of electrical power and some
applications of heating effects of current. ' :

111 ELECTRICAL ENERGY AND POWER

L 1=~

E
Fig. 11.]1 Conversion of electrical to heat energy in the resistor

In Fig. 11.1 a resistor R is connected to a battery, which is a source of em.f. As the
current I flows through the resistor R the potential at the point A is higher than that at
the point B. Suppose that the potential difference between A and B is V. By the
definition of potential difference, the work done in bringing a unit positive charge
from A to B is V. If the work done in bringing the amount of charge Q from A to Bis

W, then .
 W=QV )

Suppose the amount of charge Q passes through a cross-sectional area, of the
resistor R in the time t. By the definition of current, -




or S R Q =1 ‘ - @)
From equations (1) and (2), the wotk done W is obtéiﬁed as follows,. L

\ W=VIt N . a1y -
The work W is done by the battery in bringing the change Q from A to B. This work
is transformed into heat in the resistor R. This is because the electrons collide with the

atoms in the resistor R when they pass through it. Hence the atoms acquire additional
energy and therefore heat energy is produced.

The work done, by the battery inl taking the charge, Q from A to B is, in fact-, the
electrical energy supplied by the battery. Thus the electrical energy supplied by the
battery is transformed into heat energy in the resistor R. :

The potential difference betWeen} Aand Bis V=TR And from equation (11.1), the
work done or the electrical energy W produced by the battery is : :

W=VIt
= I’Rt

=t

. NEEN B Lo ;R . L Voo ) . .
If an electric motor is.connected between A.and B.in Fig..11.1 the gaié¢triéa1‘;{en¢;gy
will be transformed into :me_chanical energy. B

..I":‘ . V

UnitofElectric;lEnergy T TR T ST
The practical unit of electrical energy is kilowatt hour (kWh). The relation between
the unit of electrical energy kWh and the unit of work Jis |
1KWh =1000 W-x Lh -,
~ 1000 % 60% 60
= 3.60x10%Ws -
= 36 x 10°

In using electricity | kWh is taken as one unit of electricity or one unit .of electrical
energy. Electricity meters installed in homes and buildings read kWh' directly. For
example, if one 1 kW electric lamp is used for 1 h the meter shows an increase of one
unit. If one 2 kW electric lamp is used for | h the meter shows an increase of 2 units.
The electrical units recorded by the electricity meter show how much electrical
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energy is ‘used. The payment for using ;electfieity is made according to the cost of
electricity per unit and the total number of units utilized:: The horse power (hp) unit is
used in expressing the power of machines. .. .,

S it e s s 1lhp =746 W _ TP
;'Example (1) f & cufrent of 2'A flows through a. 50 Q 1es15to1 for 30 min ﬁnd the
‘amotint 'of eleéctiical enérgy dissipated in the.resistor, - SRS WIS ST

o R 50 Q, I—ZA t—30mm'=%

J ;l:;,

Let W he the electrlcai energy d1551pated in the resistor. . K 'i}_.',; PP P
'.l]“..'f.{é}5;!}1;;‘,,,:;.;5(-.‘;j L;._.W'_ I Rt . o il ey '
e : pinal i ¢ ;

: _'“2 A X SOQ X ; h RO BT N RO ;‘ ..g ,

= 100 Wh FR YT

Example (2) An electric lamp of 60 & connected to a 240 V mains lme is used for
45 min. (a) Find the amount of electrical energy d13$1pated in the Iamp (b) Fmd the
cost'of hising it if electricity costs 25 kyats per umt S v esan] A

R 60 Q V 240V t — 45 m]n ;E.h .J,:;‘-if‘rf e

Y
N

(a) Let W be the electrlcal energy d1$$1pated in the lamp

i 2 gl saln o e e ;;I;-H""‘

“W. :1/-'-}'{—’1; pii .:NEJ UG e R e g i

_ mxi DUGT =
000y 4 oy
T20Wh . -
= 0.72kWh
b) One unit of lecrcity = [kWh

«'~|l'~

25><072 o -*:-;!,' (] -'_5{.‘_: L . NESE

[ R T N PRSI O S S

The cost of usmg 0 72 kWh

I

‘; / c Tl 18'kyats ‘:3 "i‘.!"i T

[ . .
O ey e e s, b
e P L R T L il - Thoi
! 1
AT f P i i
H
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Electrical Power

Electrical p.ower is the rate of work done or the rate of transfer of electrical energy. If
the work W is done in the time t, then the electrical power P is,

p= )
t ) .
R g L
Since W=VIt =’Rt = Yt o
R ,
P=VI
. ‘2_; i
P
- i 5

Unit of Electrical Power

1 i.

The unit of electrical power P is the watt (W). Jf L J of work is done in I s the
glectrical power is 1 s Trrstisi W, as we haye already seen in the ninth standard
text. "Watt" is a very Small unit and is, therefore, not convenient for use. The more
appropriate unit is the kilowatt (kW). S

11.2 JOULE'S LAW OF ELECTRICITY AND HEAT

We have already learnt that heat energy is produced by the resistor R shown in
Fig.11.1. The work done or the electrical energy W supplied by the battery is
transformed into heat in the resistor R, Suppose that the amount of heat produced by
the resistor R is H. The work done W is related to the amount of heat H as follows.

W =JH S (11.3)

J is a constant called Joule's mechanical equivalent of heat,

where J =4273cal "

- L.

When W= IRt is substituted in equation (11:3) the foliowing equation is obtained.
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_ 'J ERSRENE -'L'.: S S S & S LD .

This equation represents Joules law of selectricity and heat wh1ch can be stated as
follows, /
The amount of heat produced in a resistor due to a current flowing through/it is
directly proportlonal to the square of the current, the value of remstance and the t1me
taken by the curren: to pass through the resistot. - % : :
'H can also be writtex as follows:

L oper Ve
J R O

Example (3) If a 60 W electric lamp is conneeted fo 2 240 V mains line find (a) the
current in the lamp (b) the resistance of tungsten wire of the lamp (c) the amount of
charge passing through the filament in 1 min and (d)- the amount of heat produced by

the filament in I min. |
(a) P=60W, V=240V
Let I be the current in the f' lament

4 " =rtl.';(;:; ::S.Il;grlx | P VI

o By

vV

60

. ‘ 240

S s e R T Pt =
e e =O2sA o
(b) LetRbe the re51stance of the ﬁlament.;".‘"f . o e

= I R

t T T T LUl IR T DL oo
(SR T REPEE P IR A, ' e ) I
i B

2

]

208 i o




(c) Let Q be the amount of charge passing through the filament in 1 min.; -

P =20

F = 025 60
=15C -
(d) Let H be the amount of heat generated in 1 min.
Sy cnoen o T e el adiinn

J

2 F i HITS e j:”r. Y “ RPN 5
. ~ (0.25)* x960%60
R L L AL A T T Ay T """:f;‘:if"" .‘-,z‘-? STy
sl st g e O DT O e G ki
= 857.14 cal
ce B

Example (4) If a 1200 W electric iron is usedtfor 50 min, by how many units does the
‘meter reading increase? Calculate the payment if one unit of electricity costs 10 kyats.

P = 1200 W, t =50 lniﬂ“ﬁ‘i%'? R © oo e et

Let W be the electrical energy. ﬁsc;d ‘by the electric iron.

P = Evt-— or W = Pt'
R R F ST E IR I UL ENF A
1200'% 2
76

i

1000 Wh
J1kWh

I

‘One unit of electricity 1 kWh

Therefore, the payment = 1 x 10 = 10 kyats

Example (5) One 5 Q, one 10 Q,Uénid one 15 § resistors are connected in

parallel. If each resistor has an electrical power of 0.5 W, find the maximum

potential difference which may" be supplied to the parallel combination and the -
i N .

4

-
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current in each.TeSISION. - 1y -0 ol wsie

<
‘
ERITE

Since the resistors are connected in parallel the potennal ds ffeience across each
resistor is the same. e

2

Since the electrical power P = %— the electnca] power dissipated in the 5 Q

resistor having minimum resistance would be maximum. Therefore, the 5 resistor
must be used to find the maximum potentlal dlfference

0s= ¥
:5: . . |
' V= 158V . | )
The current in the 5 Q resistor, , .. .’ I, =R— Lot
. R,
=18 grAl '
3
The current in the 10 Q resistor, I, = R
2
_ 158
10
="0.16 A
. . . \
The current in the 15 Q resistor, I, = '
o 3
_ 158
RIS
=0.11A
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11.3 SOME APPLICATIONS' OF.THE HEATING EFFECT OF CURRENT

"Electrical energy can be transformed into a wide variety- of other useful forms of
‘energy. We know that a resistor converts most of the electrical energy supphed to /I,E
into heat. The heating effect of electric current has spec1al application in homes. For
example electric stoves, electric cookers, electric irons and immersion heaters all
change electrical energy into heat-energy. Some eleétrical appliances-which use the'
heatmg effect of current are described below. '

lF use

If 2 a current whlch ﬂows through an electrlcal appllance is greater than the maximum
1t can carry, the apphance can be seriously damaged. To prevent this electrical fuses
are used:in electric circuits. For example suppose thata 3 A fuse is used i in the electrlc
circuit. If a current greater than 3A flows in the circuit, the fuse becomes 50 hot that it
will: melt and -break the circuit. Thus the current stops ﬂowmg and the electrlcal
appliance:in the circuit is not damaged.

“fuse wire

Fig. 1.2 Fuses

A fuse wire is usually made of tin-lead alloy. A cartridge fuse used in a 13A plug is
shown in Fig. 11.2 (a). The fuse wire is connected to metal caps at the end of a short
glass tube. Generally, 3 A fuses are used in record players and 13 A fuses are used in
electric cookers.

Fig. 11.2 (b) shows a conventional fuse used in fuse boxes. Fuses from 3 A to 15 A
are widely used.

Example (6) A 3A fuse is used in a circuit Wthh contains a source of 240 V. Find
the maximum power which can be consumed.

V=240V, 1=3A
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The electrlcal powers of some electrical apphances used in: homes are. glven in _Tablef,

Table 11.1 c i
Electrical Pow

o ‘ »;icsor:w, e

.Electrical Apphance

3 . :
oofbor o dniasls s iy

P sl e

Tape‘_;e’:co:rder ’
Readlng}aﬁiﬁ o ‘ ' " ‘40 ]OO Wi

Refngerator o0 W“ f

“Radio and television 'r-,celvers S C 150 W
Electric iron i f-?'7-5 0-1000: W5

Electric stove Lo 1200 W

L8
f“,
Ur s N
' ¢ : ,
A . ..
: ]
: i ;
-
I
A . i
. - ! .
. : . c \
« ni H 1 13 Ex Lirr oo it I 4 oy
. ! 1
’ H
ol t UL el IR AR A B | VRIS BT
‘
i ‘ I |
i . . ! RN i HEm I
Lot e D s e o e T s ey et fri LD E i
"J' -~ .
N g ! - i NS NS
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Concept Map (Practical electric circuit)

( Practical electric bircuinv) ‘

. deals with the use
" of electricity in

‘rl,‘ :,..‘:1 R - o . . ‘
Electric - | 'Bleetric [ Electric
oy | lighting e hqa_t!ing. oo | motors
which consumes ~ requires safety
S . power andenergy " measuiessuchas’ - '
STt siyen byt SRR PRI NG
|I.).=-.-\IV'= R o et e i : ot s . 1 . . - ‘
where C et Re s n e 1) Fuse to protect equipment/
P = power (W) .wiring frony excessive :
1 = current (A) L current. ' '
V=potential ! . ' . 12) Switches fitted on the live
difference (V) . wire to disconnect the high
E=Pt " ~ . voltage from an appliance.
whe;'e‘ v ' 3) Earthing to protect user in
E=energy (J) | © the event of the metal
P—ppwer Wl . |¥ casing of an appliance
t=time(s) - S becoming live.
. I Y PR I Double insulation to. - ‘
L using'in finding 10 o ot substitute for an earth wire. |
the cost of _ T e
electricity
oonsumftion in
Kilowatt-hours -
(KWh) or '
domestic units of
electricity
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EXERCISES e

L
2,

What is electrical energy? Expresa 1ts uml

(a) Define electrical power. (b) Write. down. the unit.of blecmcal power (c) How
many joules are there in | kWh" J T S e S TP

State Joule's law of electricity and heat. =

Why is glectrical energy ttansforrned mto heat energy when a curgent ﬂowq
through a resistor? ; .

An electric iron draws a current of 3 A when it is Connc,c,tcd o2 240 V mains
line. How many kcal of, heat are produced pet mm‘7 Do :

i Pkl
|

Compare the amounl of heat ploduced by’ each resmto: when the 2 Q and 3 Q
resistors are connected in series to a 12\/ battel y and when thcy‘ are connected in

parallel to that battery. -
An electric stove of 1200 W |s connected to a 240 V mamq hne (a) Find.its

resistance. (b) Find the cur:ent ﬂowmg through it. (c) F md the number of calones
produced in one second by it. (d) Find the electrical power pxoduud by it when

- the voltage of the mains. line drops to 200 V. e
“+Find the:number of calor:es produced per second by a 2 Q resistor m'the circuit

diagram’ shown be‘ow g , C
20 e

: I'| L
Find the’ 1ate of ploducnon of heat by the 2 Q, 3 Q and 6 Q resmtms

' iespec.twely in the’ circuit diagram shown below. [EMF of battery y s, 12\/ and its

internal resistance is 1 ohm] N

2 )

30
L
6 9
L
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10. Find the amount of heat produced in 10 min by a 10 Q resistor in the circuit

diagram shown below.

| 12V,1Q
|
"

 ev,esQMm . . wm6v,05Q
10 Q
11. Find the rate of productmn of heat in the’ battery in the circuit diagram shown
‘ below P . 5 . _
NE
12V,20.== o , ,...I1-59.

-

10

12. When an electric stove is connected to a 240 V mains line it draws a current of &
A. The electric stove is used for 15 min. (a) Find the amount of heat produced by
it. (b) Calculate the cost of using it if the electnc energy costs 10 kyats per unit.

13. An electric circuit installed in a house contams a 5A fuse and the voltage is 230
V. Find the maximum electrical power which can safely be used.

14. An electric circuit installed in a house contains a 5A fuse and the voltage is 230
V. Can twenty 60 W electric lamps be used at the same time in that circuit ?

15. An electric circuit installed in an office contains a 10 A fuse and the voltage is
230 V. Ten 100 W electric lamps and two 150 W refrigerators are being used
there. Find the maximum number of 6G¢ W e]ec‘mc lamps which can be safely

used in addition.

I6. F md the cost of using all the lamps and two refrigerators in problem (15) for 10 1.
(Assume that electricity costs 10 kvats per unit.)

215



iy xr

Vrens siliorm et 10T ”CHAPTER 12,; Tl
EL’ECT}{OM{&GN.ETISM

Jlilf[Jl.;r

SRS ‘ R

The stationary - electrlc charge and the magnetlc field do not affect each other.
However, a moving electrlc charge or an electric current and the magnetic field have
mutual effééts between them This means that the electric: and magnetic phenomena
are related. L ‘

. S ﬂ

12.1 MAGNETIC FlEl..D DUE TO AN ELECTRIC CURRENT

Assubstance:which has the property. of attracting:simall pieces_of iron.in, 1ls v1cmlty is
called-a-magnet. Naturally occurring magnets were found some 2500 years;ago: The
magnetic iron oxide, one of the minerals, is a. natural magnet. The magnet used in
devices such as electic bells and telephones are man -made magnets or artificial
magnets. - 1 : :

A bar magnet has two’ poles The one at the north- seekmg end is called the north pole,
_and the other at the south- seekmg end is called the south pole. The poles of a magnet
have a greater power of attgactlon than.its entral- pomon Like poles repel each other
and unlike poles attract each other. :

The region where a magnetlc force is. exerted 18 ealled a magnetic field. The magnetic
field is represented by the magnetic lines of force. If a tangent is drawn at any point
ona. magnetlc line'of forde its:direction is: the:same:as the direction:of the.magnetic
ﬁeld 1ntensxty at that pomt"The magnetxc hnes of fowe leave thefnorth pole and enter

jw Sl e

i al*,'. ER A IJPT'

The magneuc effect of an e]ectrlc curren* w1l] be Stlldlf:d noW Thiat: eftect Was
dlscove_led by Qersted in 1820. When a stralght wite carrymg a current was rplaced

T 4 o
‘ When

above a compass ‘needle as shown m Flg 12 2 (a) the needle was deﬂecte'd

the wire was placed below the needle as shown in Flg 12.2 (b) it was deflected Tn
the opposite direction. This experiment was first done by Qersted.
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> . F ig.12.2 Magnetic field d\ue to a wire carrying current
z/ .

From Oersted‘s ﬁndmgs it is obvious that the current ﬂowmg thtough the w1re
‘produces an effectjon the needle. The deflection of the needle is due to a magncttc
“force acting on.it. In other words, there is a magnetic field in the neighbourhood of
the wire. This magnetic field is the one produced by the current flowing in the wire.
Therefore, there is a magnetic field around every wire carrying an electric current.

The direction of the magnetic field due to the current flowing through the wire can be
found by using the right-hand rule [Fig.12.3 (a)]. Imagine the wire to be grasped in
the right hand-with the thumb pointing along the wire in the direction of the current.
The direction of the fingers will give the direction of the magnetic field. The north
pole of a compass needle indicates the direction of the magnetic field [Fig.12.3 (c)].

mlgmuc lmu of force

LW o " ciom-section of wire
®w & @
" TFig. 12.3 Application of the right-hand rule

As an electric field is represented by drawing clectric lines of force a magnetic field
can also be represented by magnetic lines of force. The magnetic lines of force around
the wire carrying a current I are shown in Fig.12.3 (b). Fig.12.3 (¢} shows the cross-
section of the wire as seen from the top. The dot in the cross-section indicates that the
current is flowing out of the page. The magnetic lines of force are closed circular
loops around the wire and they are in the plane perpendicular to the wire. The
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orientation of the north pole of a compass needle along the magnetic line of force is
shown in Fig, 12.3 (c). o

lf the current flowing through the wire is reversed the dlrectton .of the magnetic field
will also be reversed. However, the magnctw lmes of force wzll still be- cioscd circular

loops.

Magnetic Field of a Solenoid ‘ ha _ 7

A solenoid is a cylindrical ‘coil of wire. A solenoid has a:magnetic figld in its vicinity -
when a current flows thr ough it. The magnetic field of'a solenoid is identical with that

‘of'a bar magnet (th 12 4) ‘Thus a solenmd can’ be ‘consider ¢dds a bar magnet One

f'end ofa solenmd acts hke a north pole and the other llke a <;outh po]e s

T R IR

th 12 4 Magnetlc ﬁeld ofa solenmd

Gt [

The magnetlc poles of a solenoxd carrying a current can be found as fol]ows When
viewing one end of the solenoid, that end will be a south pole if the current is seen
flowing in a clockwise direction and a north pole if the cutrent is seen ﬂowmg in an
anticlockwise dlrect\1 n. The right end of’ the solenoid shown in F i g 12.4 is the north

pole and the left end s the south pole. _
Force on a Current—carrymg Conductor in a Magnettc Fleld

The force actmg on a current-carrymg conductor in a maonettc field can be’
demonstrated with the apparatus shown in Fig. 12.5 (a). A’ brass cylindrical rod AL is
placed across two horizontal brass rails PQ and RT. The rod AL -is between the poles
of a horseshoe magnet and perpendteular to the direction of. the magnettc field. When
PQ and RT are connected to the posmve and negatrve 'terminals of a battery
respectively as shown in Fig, 12.5(2), a current I flows along QALT in the circuit.

B I . T dra v W T . : - e N ».‘JJ‘.:Z T

P T P LR . Py s ' Lo . .
L L L A O L N M L I B N I UL TR R
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Fig. 12.5 Cunént-'carryiﬁg conductofﬁn a magnetic ficld

When the current 1 flows from A-to L the rod s ' observed to roll along . the rails
towards, the magnet. It can be seen‘that a force which is perpendlcular to both AL
and the magnetic field B acts on therod AL. = -/

~When PQ and RT are connected to the negative and posmve terminals of the battery
respectively, the current flows through the rod in the opposite cirection (from L to
-A). Tn this casé, the rod is observed to roll along the rails away fr::m the' magnet It is

‘pbvious that the force F acting on the rod is in the opposite diréction.

When the magnet is turned round so that the magnetic field B is parallel to the length
AL of the 1od, and the circuit is switched on, the rod remains still [Fig. 12.5 (b)].
There is no force acting on the rod. In'Fig. 12.5:(a) B, I'and F are at righit angles to
-one another. They can be seen ciearly in Fig 12.6 (a). The direction of the force F can'
be found by the use of Fleming's left-hand rule [Fig. 13.6 (b)].

Flemlng s Left-hand Rule

Place the forefinger, second finger, and the thumb of the left hand mutually at right
angles to one another. If the fore Finger pomts in the direction of the Field and the
seCond finger in the direction of the Current, then the thuMb will point in the
direction of the Motion along Wthh the force acts. :

wndum e '.'_.. - [eﬁhrmd AN fi.!'wf R TP T

Fw 12, 6 Hcmmu § .dt hcmd ruit," B
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Force on a Charged Particle Moving in a Magnetic Field.

When a charged particle moves .across a magnetic- field it experiences a force. In
Fig.12.7 a charged particle + q is moving perpendicular to the magnetic ficld B with a
velocity v. The direction of the forée acting on that particle is perpendicular to those
of B and v. The direction of F can be found by applying F lemmg s left-hand rule. The
second finger must point.in the dlrectmn of veloc1ty v.in lhls case.

‘\
——————

?— —

¥
i

A
1

1
1
[
|
1
[
t

N

f,r FIg 12 7 Ferce on a movmg charﬂe

If the partlcle in F1g 12 7 is a nega‘mve]y ehargcd one the foxce actmg: on that ’
parucle will be in the opposnedlrectlon Y BT T

Torque on a le in Magnetlc Fleld R

A rectangular co1l of wire abcd carrymg a current Lis placed m a, umfm m magncﬂc:
'f'e!d B between the poles ofamagnet e TR PR :

Fig. 12.8 Rotation of a rectangular coil in a magnetic field

Suppose that the side ab and cd are perpendicular to the field B and the sides ad and
bc are parallel to B. In this position, only the sides ab and cd will experience a force.
As the current flowing along ab is opposite to that flowing along cd with respect to
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the field B, the forces acting on these sides will be equal and opposite. The directions
of these forces can be found by applying Fleming's left-hand rule. These two forces
are called a couple. The moment of a couple is the product of one of these forces and
the perpendicular distance between them. The moment of a couple is also called a
torque. These forces exert a torque on the coil so that it rotates about an axis 00"

12.2 ELECTROMAGNETS

The best method of making a magnet is to use the magnetic effect of an electric
current. When a current flows through a solenoid of insulated wire a magnetic field is
set up everywhere inside. If the: solenoid consists of many turns and a very large
current flows through it a powerful magnetic field is obtained. In Fig. 12.9, a steel bar
is placed inside a solenoid of insulated wire. When a large current flows through the
solenoid the steel bar beconies magnetized permanently. Such a.magnet is called a
permanent magnet,

t

YN
-

~ Fig. 12.9 Magnetization by electric current

S‘i\rni]afly, if a soft iron bar is placed inside the solenoid of insulated wire and a
current flows through it, the bar becomes magnetized. It is demagnetized when the
current stops. As the soft iron bar is magnetized only when the current is flowing such
a magnet is called a temporary magnet or an electromagnet. - ' T

In Fig. 12.10 two solenoids are wound in opposite directions on two soft iron bars.
The ends of the bars are joined by a soft iron bar. The two bars become magnetized

when a current flows through the solenoids. The end of the bar on the left becomes a
south pole and the end of the bar on the right becomes a north pole.

e L L

. 4

L

soft iron

EXRLE!

¢
Fig. 12.10 Simple electromagnet
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The ElectricBell::. o B e ] e s g s e i

Aﬂ'electrlc bell is an example of thé: use of thelmagnenc effect of c(grrent Thé, i),
construcnoh of an electrlc(bell 1s shown in th." 12,10 7 ettt 7y

Pt O L N (PR S N E

T et I - Vo
iobnhiny o st sl vl

Fig. 12;11 Electnc‘bell

The soft iron armature T is mounted on a spring S A small metal plate wlnch is
attached to the armature acts as a contact. When the switch is pressed the current
flows through the circuit and the soft iron bars become magneltzed As they attract
the armature T, the hammer A attachéd-to-it strikes-the gong G. At that moment the
metal plate and the end of the screw are separated. so that.the current stops. When this
happens, the magnetism in the bars dlsappears and the armature is returned by the
spring - to-its 'original. position..|Contact .is..now. remade . and the, action repeated. .
Consequently, the armature; vibrates and the hammer attached to it strlkes the gong G.

VIR I N A et
Electromagnetic . dev&ces used:; ,m,{,conslructlon work and mdustry COllSlSl. o,f ,

electromagnets Fig. 12.12 shows.an electromagnet used m researoh

]
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12 3 AMMETER AND VOLTMETER

Ammeters and voltmeters are electrlcal mstruments whose constructlons a1e based
upon the pr1nc1p[e of & moving- -coil ga]vanometer ‘We know that a coil in a magnehc
field rotates when a current flows through it. The effect of such rotatlon of a coﬂ is
used in the construction of a moving-coil galvanometer. :

, Fig. 12.13 Moving coil galvanometer

control
" springs

* 1~ Linear Scale

&~ Mitror
Soft iron

aluminium support
" “for coil (fonner)
~coil of copper -

wire o

"'The constructlon ofa movmg—coﬂ galvarlometer is shown schematlcally in F 1g 12 13.
The. c011 suspended by a wire rotates, when a smal] current flows through it The
magnetic forces acting on the coﬂ constltute a torque and it leads to a twist in the wire *
which sets up a restormg torque. The electromagnetlc torque and the restoring torque ‘
are opposite 1r1 direction. The coil will stop rotatmg when they are equal in
'magmtude I the current is stopped the ‘coil will rotate’ ‘back ‘due to the restormg

torque
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The more the current flowing through the coil; the stronger the torque, and hence the
farther the coil rotates. The angle of rotation can be measured by a pmnter fastened to
the c01l as well as by a small mtrror attached to a wire. As the angle of rotation is
drrectly pr0portronal to the current the value of current c,an be me'tsmed ﬁom the
angle of rotation. e T

Fig. 12.14 Moving coil ammeter th 12.14 (c)An amﬁleiei-' :n\edsui'e currtnt

Ammete1

An ammeter which is a current-measuring mstrument is shown in Fig. I’J 14
moving-coil galvanometer functions as an ammeter when a shunt is p10v1ded to it.
wire of low resistance which is placed in parallel’ wrth the galvanometer is called a
shunt. Slnce the resistance of the shunt is so low the greater part of the cufrent flows
through it while only a small fraction of the current flows through the coil.

Suppose that a galvanometer gives a, full scale deflection when a current i flows
'through its coil. Th1s means that the mammum value of the current which can IJe
measured by the galvanometer is. i I a curlent I ‘whith is greater than i is to be
,measured a shunt must be placed in parallel thh the fralvanometer Howevet the
‘res1stance of the shunt must be chosen to ensure that the cur. rent through the cml does
not exceed i. In F1g 12, l4 (b) Rc 15 I,he 1esrstance of the galvanom ter and r 1s that

‘of the shunt.
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Suppose that current 1 is flowing through the instrument and the current i is flowing
through the coil. Thm “the current flowing through the shunt is I - i. The potential

difference between’ ‘A z.nd B the two ends of the ¢oil and the shunt, is the same.
-~ I .

Therefore (- r=iRg

. O o
.,i- = A (12.1)
s | (1—1) R
The resistance of the shunt to be ubed can be calculated from the above equation.
(reci) + - (black) ,,j

U
e -

" Blectric cument

lews ir Y . :
flows ir aloctric current

flowsout -

Fig. 12.15 Measuring an electric current using an ammeter

Voltmeter .
A voltmeter which measures the potential difference is shown in Fig. 12.16(a). A

movmg—cml ga]vanometer functions as a voltmeter-when a wire of high resistance is ...

comnected in series with its coil. Since the total resistance of the coil and the wire is

' “very high:a small current flows through the caft. By Ohm'’s law, for a given resistance
the current is directly proportional to the potential difference. The voltmeter scale is -.

s0 cahbrated that the pomter mdwates the potentlal dif ference QHectIy

I
! il H . Lo e e R (.
- . ! Sottoh Tt

P

225



moving-coil (@ (b
Fig.12. 16 Moving¥coi1 Voltmeter

Suppose that the galvanomcter gives a fiill-scale deflection when a “current i flows.
thirough it The galvanometer can be converted to a voltmeter by connecting a wire
of resistance R with its coil of resistance Rq in series [Fig. 12.16(b)]. When the
current i flows through the voltmeter the potential differences across Rg and R are.
Vae = 1 Rgand Vg =1 R, respectively. :

Let V be the total potential difference of the voltmeter.

‘Then, ' V =V Ve
PR g AR s e \
=i(Res +R) - S -
LT T e e e b
01" doLE ‘-"‘-I S R. X?'-’RG. 41:!‘-5}‘;-,111‘ Gt (12 2)

: R P P R FTT S (R Oy S TU R F NI U o
The above equatlon gives the resistance of the wire Wthh must be used in. order that
the voltmeter' may measure the max1mum potentlal dlfference s

W

Example (1) A galvanometer has a re51stance of 2 Q and glves a full scale deflectlon
when a current of 1 mA flows through it. How-can it be converted for use as (a) an,
ammeter reading up to 10 A, and (b) a voltmeter reading up to 50 V?

() - | Re=2
' i =1mA = 1.0x10° A

I =10A
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Letr be the resistarice of the wire to be connected in parallel with Re.. .

r o= ———R
I--] G

1.0x107 A
= X
10A -1.0x107° A

=20x10°Q

(b) LetR be the resistance to be connected in series with Ro.

Rz"\“./“'“R(J
1

50

1.0x107°
= 49998 0
=50k Q

" SUMMARY (ELECTRICITY AND MAGNETISM)

ELECTRICITY

Alternating current (ac) Electric current whose direction alternates -(changes) al

regular intervals.

Ammeter An instrument used to measure electric current

ampere The unit used to measure electric current.

Capacitor A component of electronic systems which can be char ged and discharg g,ed
-and which may be used to create time delays. . : -

Capacntor in series When capacitors are connected in series each capautm has thc
_same charge on its plates. The reciprocal of the equivalent capacitance is cqua[ to the

sum of the reciprocais of each capacitor. : : . ‘

Capac1t01 in parallel Wheniapacnms are connected in parallel thu(, is a dmuent

amount of charge deposited on its plates of each capacitor, but the potential difference

is the same across each of the parallel capacitors. The equivalent capacitance is equal

to the sum of the individual capacitance.

‘Conductors Materials that allow the ready transfer of heat by conduction, or 01"
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fyreEn oy o

electricity by current flowis i o v sl e e e
coulomb The unit representing the amount of charge paésing any pdiﬁf in a circuit
when a current of 1 ampere flows past that point for 1 second.
Coulomb's law The electric force between two charges is directly proportional to the
~ product of the charges and inversely prpport_ional to the square of the distance
between them. (FzKQ—’-?—zf)'f"' RS \; R '

r SRS SIS
Direct current (dc) The flow of charge through a circuit in one direction only.
Electric charge A quantity of unbalahced (positive or negative) electricity.
Electric current The rate at which charge flows through a conductor.
Dlectron current The actual current in a Cireuit, it is'a flow of ‘electrons: from ‘a
position of low potential to one of high potential. :
Conventional current A flow of positive charges in a circuit from a position of high
potential to one of low potential. :
Tlectrical energy Energy associated-with the flow_of charge through any part of a
conducting circuit. BRI
Flectric field An electric field, can be defined-asa region where electrical forces act.
Electric field intensity The electric field intensity at a point in an efectric field is the
electric force acting upon a unit positive charge placed at that point. The ﬂectric field-
intensity is a vector quantity. The eleetric field intensity is represented by E. '
F

q |
Eiectric field intensity from coulomb's law The electric field intensily at a point, 4

certain distance from the charge, is directly proportional to the magnitude of the
charge and inversely:proportional to the square of the.distance. :

Q

E=——o0if

.- st '4’]'58‘051"' P IR SR E S P S N R

Electric line of force An electric liné of force is a path such that the tangent, drawn.at
any point on it, indicates the direction of the electric field at that point,” ;. . - I
Insulators Materials that prevent, or significantly. inhibit, the ﬂo_w‘})‘f‘";h'eiét;;or
glectricity, through thems = v oo |
kilowatt-hour: A unit used by electricity; supply. companies, representing the energy
dissipated in one hour by a device with a power of 1 kilowatt. .. '. '
‘ohim ' The vnit.of clectrical resistance. .l ohm,isijt11_e::,r§sistapgc?“;§)_f::_a.,gé{m".f__f‘o_f'
conducting material across which a potential difff_:rancf.:,,.of}},iyo_L‘q,gaL:,ses_'lg} Cllrlent .0_1,'_.]

' R I

. E=

R
Mo e

P S
e :

‘amipere to flow.odon e Ch o e e

Ohm s Law A rela‘ti_on_sh\i_p between the current flowing: througha-conductor.and; the
potential difference across ‘the ends of the condictor: Ifia conductor. is kept:at a
, ‘
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constant température, the current flowing through it is. directly proportional to the
potential difference between its ends: Cin e T
Parallel circuit A circuit in which the circuit elements are copnected in such a way
that the potential difference across all the elements of the circuit.is-the.same. For a
resistive circuit, the potential difference across the resistors are equal..

Series circuit A circuit in which each element, of .the-circuit:is connected to an-
adjacent element of the circuit such that the same amount of charge flows through
each and every circuit element. For a resistive circuit, the current is the same through
cach resistor. e e

Resistance A property of matetials which resist the flow of electric current through
them to some greater or lesser degree. _ '

Resistivity The resistance per unit length of unit crosssection of a material.

volt The unit of potential difference. A potential difference of 1 volt exists between
two points when 1 joule of work is done in transferring 1 coulomb of charge between
the two points. Altematively,--a-poten'tial difference of 1 volt exists between two
points when"1 amipere of current dissipates 1 watt of power. on passing between the
two pointé. o e ' v R e

Voltage The value of the potential difference between f:w'gl points (e.g., the terminals
of a cell). '

Voltmeter An instriument used to measure potential difference (voltage).

- R MAGNETISM. L o
Bar magnet A bar magnet has two poles. The one ‘at the north-seeKing end is called =
the north pole, and the other at the south-séeking end is called the south pole. The:
poles of a magnet have a greater power of attraction than its central poﬂibh.@ce
poles repel each other and unlike poles atwact each-other.. . .7 . e g
Right-hand (wire) rule _ : C

To determine the direction of the magne;t';'c field around a wire carrying a current,
grasp the wire with the right hand, with the. thumb in the direction of the current, the
fingers will curl around the wire in the direction of the magnetic field. '
Electromagnet A soft iron core surrounded by a coil of wire, which acts as a magnet
when current flows through the coil. -~ 7 N
Electiomagnetic induction The generation of an induced electric current when a
conductor is moved through a magnetic field. The transfer of electrical power from
one circuit to another (as in the case of transformers). - . - - | ' |

Fleming's Left-hand Rule Place the forefinger, second ﬁngef, and the thumb of the

left hand mutually at right angles to one another. If the fore Finger-po'infs in the
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“‘direction of theField and'the seCond finger in the direction of the Current,, thgnl,”t,lgl;c,
thuMb will point in the direction of the Motion aloug which the force acts. )
Induced current A current that is mduced in a:conductor due tg the relatwe motlon

5 of the' ‘coniductor and a:magnetic field.-. e D
Magnetic field A space in which forces would act on maonetlc poles placed w1th1n 1t

loudspeaker
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* Concept Map (Electromagnetism) -~ i o o0 2
_ Electromagnetism '
Sy )
' ‘involves the studyv-':w‘;‘-, i | '
wof s
Magnetic forces prbdubéd Forces on i’?d"i"g o |
i by electric currents charges in a T
SEURRCHERAS | ERTU ‘ . magneticfield .- .-
flowingin .. ’ ... resultin . o ,
' Stralght \g'lre ‘Two parallel | -|: Rectarigular - (‘m";ldr
- 1mmel;se 1{1 ‘current 0011 immersed | :pal s .
-, | Bncxierma cam’ymg in an external S :
- [ maguetic. - wires U | magretic field | I ! :
field SEESETENTIN RV Cnrf i
;i -whosedirection =~ which. whose rurnmg
can be predmted ' i " effect is : 7 N
" by - ‘ “applied in the: - Lo
Fleming’s Left-| |4 attract | D C motor |
handRule || g, -
) ke
" applied in " cuwrrents .
the e repelfor .« o 0 e
¥ Lt . | unlike |
: Moving-coil .| |, Surrents . B ; h



Concept Map (Electromagnetic effects)

Elccl"rqmagnc_lic
effects '

can be
summarised by

|

Faraday's Law Lenz's Law "
The e.m.f.generated The direction of the
inacenductoris . .| . . o - induced e.m.fand * -

propcrtmnal o the
rate of change of the
magnetic lmes of
force lmkmg the
circuit

current in a closed
circuit is always .
such asto oppuse
the change in the .+
magnetlc lines ‘
of force pr.cinucmg‘it.

hence thesinduced:: . |

applied in

g T ‘ _AC.generator |

s an electromagnetic
device that . -
transforms
mechanical energy
into electrical
enérgy which is in
the form of an
alternating
output voltage
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EXERCISES , oo e e I D T s T

. (a )Why is a compass needle placed neara current-carrying wire deflected?
(b) What is the dlfference between the ‘magnetic lines of force around a bar
magnet and those around a current- can'ymg wire?
2. (a) What is a sclenoid ?
(bYWhy can a current-carrying solenmd beéconsidered as a magnet?

3. How will you know wh1ch is theior th and which is the south pole of a current-
carrymg soleno:d” e
: f,'_:f:a.'."_f: o
4. (a) What 1s an electlomagnet ? ST
(b) Write down the name: .of three devices which use the electromagnet
(c) Describe; wnh a dlagram the function 01 d{levm. conelstmg oi an’

electromavnet e l -

1
1
i

e ].
6. How must 2 mowng cml balvanometer be modlf' ed to convert-it-into a voltmetel ?

7. State the difference between an ammeter and a voltmeter.

8. Why is it necessary for the shunt of an' ammetel to have a very fow 1(:51stanee°

o

. What is meant by "a.c.” and “dc "" What type of current is produced by the
following? ' :
(a) Lawpita generator
(b) a dry cell- AT
(c) a storage battery o

10. A moving-coil ga]vanometer of re51stance 20 Q gives a full-scale deflection
when a current of 5 mA passes. thr ough it. "What modification must be made to it
so that 1t will give a full-scale deflection for (a) a current of 1 A and (b) 2
potential difference of 100 V?

1. The resistance of a moving-coil galvanometer is 25 Q and the cuwrrent required
for a full-scale deflection is 0.02 A. Find the resistance to be used to convert it
into (a) an ammeter reading up to 5 A and (b) a voltmeter reading up to 150 V.

12. When an ammeter is connected in parallel W’Qh a current-carrying resistor it reads
3 A When the ammeter and a 10 € resistor are joined in series and the

Sy
-3
n}
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combination is connected in parallel with the first resistor the ammeter reads
3.5 A. Whans the potential difference across the first resistor?

13, A 150 V voltmeter has a resistance of 20 000 Q. When it is connected in series
with a resistor across a 120 V mains line it reads 5 V. What is the resistance of the

reSIStor’?

Some more 1llustrat10ns to help students understand
the: operation and construction of electrical
appliances based on electromagnetism.......a moving
coil galvanometer is shown below o

. hinear
‘pointer scale

- fixed
soft-iron
cylinder

Iurn:nnum former

jewelled bearin/g‘/

'f

Another important device in common use today
Abased on electromagnetlsm is the motor..shown below
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Asmlpled c motorj
D C motors are motors des:gned to operate f1 oma du ect onc way )

~ current supply such as a battery A SJmpie typn of d.c. motor is
- .shown indigure oo s L s

g Tl L e

Ciotation
\ Producedy

" magnet .

carbon *.
brushes P

split- nng/
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Z Switch
(elosed)

: - (b}
Fig. - Még'n_et_ic Hux pattern due 1o current in a solenoid

Above figure gives a good illustration to improve the
understanding of the reader regarding the magnetic
field produced in a solenoid.....a very important
concept in physics and engineering. Now to learn
something about the fathers of electromagnetism
remember a great many scientists besides Faraday
and Maxwell contributed to the subject..... |
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FATHERS OF ELECTRICITY AND MAGNETISM

Mlchael Faraday (1791 1876) DLit, FRS
Professor,” Royal lnstltutlon A féunding
father of electr:cuty and  magnetism,

“electrical engineering and ele,ctro-chémistry.

Faraday “though nmot - a. mathematical
physicist but ‘an® excellent experimental
physicist, introduced the concept of fields

‘and lines of force using geometry:to explain

physics. The field concept in electricity and

magnetism appears very similar to that used '
| by Newton in his theory of gravitation, The.
N | interdisciplinary natiure of physics was

evident  since. the :days of Faraday “and

.| Maxwell. Although totally self taught apart

from the training he obtained under Sir
Humphrey Davy, his scientific contributions
were duly recognised by the award of an

FRS and a DLit, he was also a splendid

lecturer. “Faraday lectures” at the Royal
Institution are given to honour him.

‘Laboratoy, Cambridge. Sir James Maxwell,

invented electromagnetic theory - and in
particular was able to unify optics and
electnc;ty and magnetism. He also worked

on- dynamlcal theory of gases. ‘He was one of

the first physnclsts to introduce laboratm)
work into physics ~ curr iculum. ~ The
Cavendish became world famous later but it
was Maxwell who started the labo_ratory

" |'work at Cambridge.- He was a great
mathematical physwlst and was a competent

expenmentahst He introduced the.concept

| of displacement carrent_and wrote “ A

Treatise on Electnc}ty and Magnetlsm
1873 which is often (iompared with Newton §

“Prmc1p|a He was succeeded in the .

3 C Maxwell (1831-1879) MA,DLit,



FRS  Professor of  Natural
Philosophy, King’s College, Loadon
(1860),the  first  Professor  of
Experimental Physics(1974-1879),
and Director of the Cavendish

Cavendish Chair by a long line of
distinguished physicists and Nobel Prize
Winners: Lord Rayleigh DLit, OMLFRS, Sir
JJ  Thomson DSc, -OMJFRS, Lord
Rutherford OM,FRS,Sir Lawrence Bragg:
ScD, FinstP, FRS and Sir Neville Mort DSe,
FinstP, FRS.

237




Classieal
Wava

e By * A%
Atam

¥ — - gState

Energy-Laval
Diagram

The armungeraent of the silicon/ germianium atoms in the
diamond crystal. Each atom has four pear neighbors,
which arc arranged about it at the corners of a regular
tetrahedron. |Structere of semlcondutior crvsinis.

'FIG {B) ENERGY LEVEL DIAGRAM OF AN ATOM
INTERACTING WITH A CLASSICAE WaVE

MODERN PHYSICS

238 .

. conteg it

sl pressure nuclear
veinel fuel in cove

A pressurized water reactor(PWR)




- CHAPTER 13
'MODERN PHYSICS

At the tail.end of the nineteenth century, physics was considered 'by'ma‘ny_phy'si_cists'
to be a complete.science. However, the few unsolved problems existing at that time
proved to be unexplainable by the. physical theories of that time; they could. be
explained only, by, drastic assumptions that had no historical precedents. The illusion
of a complete science proved to be a result of man's lack of experience with atomic-
size particles and with objects that move at nearly the speed of light. In this chapter’
we shall take up the discovery of cathode rays, transistors, models of the atorm,
quantum théory (it “will pay good dividends 16 ‘Tevise topics on- interference and:
diffraction in'‘chapter 6) and other topics of modern physics: -~ T

13.1 THERMIONIC EMISSION

Iri 1883; an American scientist, Thomas' Edison, an.inventor of the electric Jight bulb,
observed a strange -phenomenon from his experiment. ;Thé-_ arraxilgemgintr of his
experiment is shown in (Fig. 13.1), A small metal plate is mounted near a filament in
an evacuated glass bulb. The filament lamp glows when the filament is connected to a
battery. The metal plate can bé connected:tc a positive or negative terminal of the
battery through a galvanometer G. Edison found that a small current flowed through
the galvanometer G when the metal plate was connected to the positivé terminal of
the battery. Howevet, théfe was no current when the metal plate was connected to the
negative terminal, This finding-is known-as the Edison effect. - :

_ Srhall metal plate
evacuated
glass bulb
filament

Fig. 13.1 Edison's experimeﬁt

Since the filament was not in contact with the plate, no current could be expected to
‘pass through the galvanometer. But Edison found that the galvanometer showed the
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existence of a small current and he could net explain it.

Early in the twentieth century, Richardson discovered ‘that electrons were llberated
from hot bodies and he was able to explam the Edison effect When a current flows
through the ﬁlament it becomes hot. ‘When the filament is at a high temperature it.
liberates electrons These electrons are attracted by the metal plate (the positive plate)
which is connected to the posmve termmal of the battery ‘The ‘drift of electrons from
the ﬁlament to the Dplate means the flow of current from' the’ plate to the filament. A:
small current then, ﬂows through the galvanometer although the fi lament s not in
contact wnth the plate = R R

The emission ‘of electrons from the ﬁlament at h1gh temperature is sumlar 10 the:
emission of vapour molecules from a hot liquid. Metals contain large numbels of free
electrons, When the metal is heated the electrons acquire energy.

When the temperature of .the filament becomes htgh the electrons which acquire
sufficient energy escape from: the filament. Such emission of electrons from- the
surface of metal‘at high temperature:is called thermionic emission.

13 2 DIODE TRANSISTOR AND INTEGRATED CIRCUIT

.Vacuum Dlode

In 1904, Fleming mvented a dlode using, the principle of thermlomc emlssmn It is an
evacuated glass bulb which:consists of a metal filament surrounded by a metal
cylinder. The structure of a diode is shown in F1g 13. 2(a)

PKE . ...
(a) , )

) Fl% 132 Structure of a diode

1
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Thie filament in'the diode shown in Fig. 13.2(a) is used as a _squrcérqf electrons. In the
commonly used diodes, the-filament is used as a heater.[Fig. 13.3(a)] .. The symbol
used for the vacuum diode is shown in Fig. 13.3(b). -5 . =

Diode Characteristic _
The characteristic of a diode is a graph which shows the relation between the plate
current, I, and the potential difference, Vi, between anode.and cathode. . ... .

o T S S U TR JPRE
ri Lo
' ' . )
L et TR e
: il o cathode- . 1, .. ¢

anode -~

heater -

PN

o

»

" saturated cument

1

v,
13.4(b)

i‘13.4 (a)

Fig. 13.4 Characteristics of a diode: diode circuit on the left and I, - V;, graph on the
right. R :
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The I, - Vp graph-is not a straight line. This shows.that V,, is- not directly proportlonal
to I The vacuum diode therefore does ot obey Qhm's law.

Nowadays, a p-n junction diode which is- called crystal diode s used mstead of a
vacuum diode. It is very much smaller than a vacuum diode. The cathode in a vac.uum ‘
diode has to be heated but it is not necessary to heat a crystal dlode /o
‘Trlode o : ‘ | e /
In 1907, De Forest -invented-a vacuum -tube- called a mode It LOHSIStb of lhlee
electrodes. An electrode between the cathode and the anode is called a grid [Fig. 13.5
(a)]. The grid is usually a helix of wire or a wire mesh. It is kept nearer to the cathode
than the anode. Electrons emitted from the cathode can reach the anode through the
grid. The potential on the grid controls the number of clectrons which pass through it.
Fig. 13.5 (b) shows the symbol used for a triode. .

grid

cathode

heater

Fig. 13.5 Triode -

Triode Characteristics ‘
The characteristic’ of a trlode can be studied by usmcr a cucunt shown in Fig. 1.: 0.

Fig. 13.6 Circuit of the triode
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Fig.;. 13.7 is called_the characteristic curve of a triode. They show that Ip is not
directly proportional to V,,. Therefore, a triode is a device which does not obey Ohm's
law. C ' :

Vv

 Fig. 13.7 Characteristic curves of a triode
p-n Junction Diode .
Al p-n _;unctlon diode or simply a junction diode is a 'semiconduc:or 'diode.- Materials
which have an électrical. resmtance that lies between flie high resistance values of”

insulators and the low resistance values of metals are called sémiconductors. For .
example, germanium and 51llcon are common!y used semiconductors.

In metals electrons are the charge carriers. In the= case of semiconductors, both

electrons and positive holes are the charge carriers. Of the several atoms in a
semiconductor, three atoms A, B and C are shown in Fig. 13. %

[mloondumr | o
A | ‘;oieu‘tron

positive boles

Fig. 13.8 Electron and hole charge carriers in. _semicondu’ctor

Suppose that an electron leaves the atom A as it acquires sufficient energy. The atom
‘A now has a net positive charge ‘which is equal in magnitude to the charge of an
electron. A vacancy which is left with the atom A is called a posmve hole. An
electron from the atom B moves into that hole so that a positive hole is left with B.
Again, when an electron from the atom C moves into that hole a positive hole is left
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with C Tn this way, a positiverhole will.be-left with-the neighbouring atom of:G and:
so'on.’ Axpositive hole. appears-to move:from one:place to -another. Because the,
movement of an electron from an atom leaves a vacancy or positive hole in that atom,;
the, movement of a positive charge is described as the' movement of a positive hole.

~Therefore, in semiconductors, electrons and positive holes are charge carriers. This
means that the current is carrled by both electrons ‘and holes in the case of
semiconductors, L i -

Pure semiconductors have equal numbers of electrons, and positive holes. Since these
are relatively few in number. at normal temperature, semlconductors have poor

conductivity. o IR AN

K

When a few impurity atoms are added to the pure semlconductor its conductivity-
increases. Arsenic, aluminiuim and indium atoms are used as impurity atoms. When
arsenic atoms, having five valence electrons, are added to the geunamum (Ge) atoms
having four valence electrons(see per:ochc table), ‘the- conductivity of germanium
increases. Since the number of electrons is greater than that of positive holes; in:this.
impure semigonductor it.is. called an n-type semicondugtor, (n' stands for 'negative').

Tn: the. n-type semiconductor electrons are, the majorlty carriers of eieéiﬁé lcj:lelrreln'tiSqee

below to learn-how: Ge atoms are arranged ina crystal e

. The: arrangement of the s1hconfgermamum atoms m RIS
the .diamond crystal. Bach atom has four near

., neighbours, , which,, are .arranged about it at the ) -

' comers of a regular tetrahedlon [St1ucture of R e

Flg 13 8 Ananﬂemem of Ge atoms ina dla ncmd type crystal

i ;
Wt REr :
TSI T N FA LS TR Y N T O RTS I ST

P i I D I A
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When indiumm atoms having three valence electrons are added to pure germanium:a p-
type:semiconductor-is obtained. ( 'p' stands for 'positive’ ). Ina p-type sem1conduct01
the number: of  positive holes. is; greater. than, that of electrons Thus in_ a. p—type
semiconductor that positive. holes are, the majorlty camers (See 111ustrat10ns below)

K I BRI ,;:l. (," SRRV i ';‘.57‘;.»3'?;;‘ I T PR P N
COXNDUCTION TP AS) e
BAND 4 CONDUCTION
SELEEIR PR S KRS RU PR Y onor J.. BAND . .
g el :mpurm atoms | I
R N s ..l“ RTINS J Doy A i L e ey
} BAND GAP A
Tl T
: acceptor 0666660066
t Ao | impurity atoms - A A
©, (ioms) - '*‘H' A
'\ -U.I\C'E B-\.\"D : (Al, B.) | -\L}:\CE B-L\'D
| _n-type ,.‘} o . poype
semiconductor . semiconductor

( electron conduction current ) ( hole conduction current)

“ w0 Fig, 139°hitypé and p-typé semiconductors

Bya specxal melting process, p-and n-type.semiconductors can be made in contact so
that a boundary or junction is formed between them. This Junctlon is called a p-n
jynction. A device which consists of a p-n Junct1on is called a p-n junction diode. The
structure of a p-n junction diode is shown n: FIg 13.10(a) and its symbol is shown in

\
F1g 13. 10(b)

@ (®)

The function of a p-n Junctlon dlode can be stud1ed by means of electric circuits
shown in Flg 13 L1. When a battery is Jomed with ifs posmve termmal to the p- type
semiconductor and its negative termmal to the n—type semlconductor as shown in Flg

i
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1301 (a) posmve holes from p-type semiconductor: pass through the junction easily.

'Thus a curregit ﬂow s'ifi the circuit. In' other’ words, a current {lows:through the p-n

- junctlon diode: The p~n junctjon is ‘now said to be forward- biased. When a battery is-
jomed with its negatlve ‘terminal to the p-type andits positive' ‘teriniial to the n-type,
only a very small current ﬂows through the p-n Junctlon dlode In thl:, case the p-n

junction is sald to be reverse blased (Fig. 13.11(0)]. | :
l

The curve of the current 1 agamst the voltage \Y for a lelCthl‘l dxode shown in Fig.
13.12 represents the characteristic of that diode. This cufveé is very similar to that of a
vacuum diode shown in Fig. 13.4 (b). It means that the .currerit ﬂows in-one direction
only from the anode A to the cathode K ina vacuum diode and from p ton inap-n
junction dlode e

: o -1 J+]=-= :'
: (i PR N 4.-'- il B !
o
oAb

<A junction diode with fqma;d;and‘reverse bias
R T T3IT A ju_rteti(ih?diode‘witll (a) forward-and-(b): reverse bias:i

TR IS B U S R
et LTI T T e F.J;:‘.:.. RPREPI

Current-voltage characteristic

or

F1g 13 12 Current voltage characterlstlc

....

K Thls means that the dlode must be forward blased

it
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Rectifier

A rectifier is a: device which converts an alternating current (ac or AC) into a
unidirectional current or a direct current (dc or DC). Diodes can be used as rectifiers
because the current flows in one direction only from anode A to cathode K.

Half-wave Rectifier

The circuit diagram shown in Fig. 13.13 (a) is that of a half-wave rectifier. There is
only one diode in the circuit. Since the secondary or the output coil of the transformer
delivers an a.c. voltage, voltages of opposite polarity are induced at the point a and b.
The variation of potential difference V,, between-a and b with time is shown in Fig.
13.13(b). '

During the first half of the cycle, a is at a higher potential than b, so that a current
flows in the circuit. During the second half of the cycle, a is at a lower potential than
b, so that no- current flows. in the circuit.. The variation of current 1 with the time is
“shown in Fig. 13.13 (c). The figure shows that the current I flows in the circuit only
‘when a is at a higher potential than b (only when Vb is positive). - :

Fig. 13.13 Half-wave ;qctiﬁér -

This happens for every one cycle of a.c.(AC) voltage. The current 1 flows in.- one
direction only as shown in Fig. 13.13 (a). As the current I flows in the diode for every
first half of the cycle of a.c (AC)or for every half wave this device acts as a half-wave

rectifier. -

Full-wave Rectifier - .

The circuit diagram shown in Fig. 13.14 (a) is that of a full-wave rectifier. The ciruit
consists of two diodes. Since the secondary of the transformer delivers an a.c.
voltage, voltages of opposite polarity are induced alternately at the points a and b..

The variation of the potential difference Va, between a and b with time t is shown in
Fig. 13.14(b). '
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‘ Fig. 13.14 Full-wave rectifier

+ During'thie fifst hialf'of:the cycle'a‘is’at a higher potential thari®. Therefore the-current

“Tiflows:in the:diode B-and no cutrént: flows 'in-the:didde Dy During the second half

“ofithat cyclé' b is 4t:a higher'potential than 4. Therefore thesclirentily flows in: Dy:and
orcurrent flows in D). SinceiDy-andsD; ‘operate altérnately! for: one' cycleiof-anza.c.
voltage, current alwdys flows through the resistor R. This occursalso. for: other cycles
of the output a.c. voltage::The varlatlon of current I passing through R with time is
shown in Fig. 13.14(c). As the currént ﬂows through'R for both half-cycles of the a.c.
yoltage or for a full-wave, this device i is called a full—wave rect1f‘ ier. :

Rectifiers can also be constructed by using vacuum ledB_ :E
| A H

properly. l b

SRR e iy

ut the circuits must be modified
Transrstor o

A transistor (transfer reSIStOI‘) isa semlconductor dev1ce which works as an amplifier.
In 1949, three American physwlsts Shockley, Bardeen and Brattain invented the

:transmtorm E af"'.;';'il' o 40N );..r: w S S L R '.;-g!;:l ’l' !
4 .’l.xf; ,, ‘«'["l e .. ' "

.From. that tlme onwards var1ous kads of electromc equ:pment Wthh employ
transistors were dc31gncd and constructed ssliiiget

The advantages of transistors over the vacuum tubes can be summed up as follows ‘
- They do not deterforate w1th time, whereas vacuum tubes do. o

):'Lll‘: :11[ ST

" They are physwally much more robust than vacuum tubes

S P P P LIS N

g e They waste: much less electrical power: than vacuurn ubes, <o iy
s ““There'is no"warm: Up Perlod after sw1tch1ng on ‘3"‘*-'1 B R
-They are very much smaller than vacuum tubes but they performi': i Similar
functlon
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A transistor is made of three layers of p-and n-semiconductors. There are two
common kinds of transistors called the pnp and the npn transistors. In a pnp transistor
a thin layer of n-semiconductor is sandwiched between two layers of p-
semiconductors. In a npn transistor a thin layer of p-semiconducior is sandwiched
between two layers of n-semiconductors. An electrode is- attached to each layer and
hence thererare three electrodes in a transistor.

E C K

C

‘Fig.,13..15 Traﬁsistorg and their symbols L R

Fig. 13.15 shows the transistors and their tespective circuit symbols. The three
electrodes-of a transistor are called the emitter (E), the base (B) and the collector (C):
In ‘the symbols for the transistors the arrows show the directions of* the current
flowing between the emitter E and the base B. The direction of current is the same as

that of the positive holes. The ‘electrons ﬂow in the direction opposite to that of -
positive holes. _
A transistor consists of two junctions called an emitter _]LlnCthI'l ‘and a collector

junction. When 4 transistor is in'us¢ the emitter junction must be forward-biased and .
the collector junction must be reverse-biased. In order to be so, a battery must be.

connected to the pnp and npn transistors as-shown in Fig.13.16.

=11~ . c n-p-n .
e e

Fig. 13.16 Transistor biasing circuits

L B O L SR L BN iyt I
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In Fig. 13.16 (a) the pos1t1ve termma] of a battery X'is connected to the emltter E and_‘_
the negative terminal of a battery. Y is connected to the collector Cofa pnp trans1stor :
Hence, the. emitterE is forward-biased and. the collector C is reverse- b1ased ln Fig, .
13:16(b) the negative terminal of'a-battery X, is-connected to the emltter E whereas ;
the positive terminal of a battery Y; is connected tothe collector C. IR
“In Fig. 13.16 (a), the emitter Jjunction is forward-biased and the posmve holes wh1ch
are majority carriers flows across the junction from E to the. base B. As the thickness
of the base is about 10” cm the majority of positive holes flow across the base to the
collector which is reverse-biased. A current Ic flows in the collector circuit. The
rethainder of positive holes flows into the base so that a current I is obtained there. If
I is a current whtch flows across the em1tter then I

I .="1C\_+-._IB- , S 13.1)

However, the base is so thin that I~ 0.02 I; and I; ~ 0.98 Ig". Therefore, the small
base current I can conirol a- very large. collector current 1. Because of ﬂ’lIS property a -
transnstor can be regarded as a current amphﬁer

The resistance of forward—btased emitter- Junct1on is sma]l and that of reverse-btased*.
collector junction. is large. But I is neatly. equal: to . Since the electrical power is .
IzR the power.in the emitter;side is-small whereas the power in the- collector side is .
large. Therefore the transmtor can be regarded as a power amplifier.

Integrated Clrcult

By:11950, .various electronic equ1pment whtch make use of transnstors were mdely.g
used. :Since these;equipment are small and. light-they can be used quite conveniently.
Scientists have been attémpting. to: make. the electronic circuits as.- well as, the .
components as small as’ possrble Ah arrangement whereby connectlons of electronic.
components such as resistors, capac1tors and transistors, are. ‘made is called an
electronic circuit, Generally, electronic circuits can be dwrded into three groups: (1)
vacuum tube c1rcu1t (2) transistor c1rcu1t and (3) mtegrated circuit (IC)

In the vacuum tube and trans1st0r cn'cmts it is necessary to connect the separate
electronic components to form ‘an clectronic circuit. In the integrated circuit all the
electronic components and connectlons required for an electronic circuit are all made
on one single semiconductor crystal (e.g. a silicon crystal)

Integrated circuits are so small that about 200 000 electromc components can be fitted
into ¢ne cubic inch or of less space. In the integrated circuit the resistor, capacitor,.
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d10d and transistors are made by using, the process of diffusion. Other components
are made by employmg films deposited on the crystal layers. Fig. 13.17 shows an.
integrated circuit. Integrated circuits are used in televtsmns, computers and advanced :

electronlc equtpment

R

._._f _"_"_én[n :

l.l . "-al e {H‘

Fig: ]3 17 Integrated clrcults and their uses

- 133 ELECTRONIC LOGIC GATES

In most electrlcal appllances we must input commands for the appliances to carry out
their "duties. The appliances take in mformanon from the environment,- make a
decision based on' that information and then give out the result. An electronic device
.which can be used to do this is called a logic.gate. The five common logic gates are
the AND, OR, NAND NOR and NOT { mverter) gates,

Different types of logic gates can be built from different arrangements of electronic
componetits. However, the principle of an AND gate can also be demonstrated with a -
* simple circuit such as that in Fig. 14.18. Here, manually pressing one or other &r both
-of the switches acts in the same way as applying an electric signal to a transistor used

as a sw1tch

Fi I3'18‘Asim- leAND‘ate- . \._T /)
¢ peAtbe —t

Consnder the effect of pressmg each of the switches. It We press neither or only one of the two
switches, the Iamp will not I:ght It will only llght when both sw1tch A AND swnch Bare -

closed.
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- Now compare this behaviour with the behaviour of an efectronic’ AND-gate. This
could- be_built up,,usingllrESis;ors.ahd transistors, but nowadays it.is far more
convenient to use small integrated circuits (ICs). Each circuit has afl the necessary
electronic components already connected together on a tiny piece of silicon. o /

© Fig. 13.19 shows an AND gate IC which contains four (QUAD) AND gates, eath

having two inputs and one output. Its reference number is TTL 7408; TTL stands for

Transistor Transistor Logic. The IC or chip needs a 5V power supply with positive

terminal and negative terminal connected to pin 14 and pin 7 respectively. If leads are

connected to pin 13 and 12 (inputs), and an LED and protective resistor are connected
between pin 11 and pin 7, then the properties of an AND gate can be investigated

(Fig. 13.20). - . S :

ﬁw"

| g 1319 () Commerctal 15 |
.., () Thelayoutofa.

" QUAD2 impwtAND  } )

CigatelC 0 T
| A |:.B, | Output| oo Fig. 13.20 Ci;cu;i't fo.rrin:vesltig‘ating an ANDgatet 7‘
0] 0 0 - - When leads A and B are both connected to:a:negative
10 {t.| -G . - supply (or low voltage, also kiown. as. logic .0), there Is
1 0 0 ~ no output, If A is connected to the positive supply (or
: high voltage, also known as logic 1), and B remains at
1] 1 1 logic 0, then again there is no output (low voltage, logic

0). When B is at’logic 1 and A is at logic 0 there is still:
no output (logic-0). But when both A and B are at logic 1
there is a high voltage (logic 1) at the output and the LED
Fig. 13.20(a). ‘which serves as-an indicator lights up.
These practical results can be summarized in a truth table as shown;in Fig. 13.20(a)-
Obviously, the only way that the LED will light up {output is high or logic 1), is when
bothi input A AND inpui B are at logic 1. This is why it is called’an AND gate.” " -
‘Similar experiments can be carried ouf with other gates and the resuits ¢an be tallied
with the truth tables shown in Fig. 13.21. S

low voltage = logic ‘0
high voltage = logic 1
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Output

1
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B

oS —

Fig.13.21 Symbols and truth tables for AND, NAND, OR, NOR and NOT {inverter)

gates

The actions of different types of gates can be memormed as follows:

ANDgate -
NAND gate -

OR gate
NOR gate -
NOT gate ;

The output is high only when A and B are hlgh

The output is not high when both A and B are high..

(The gate gets its name from this NOT AND behavxour).

The output is high when either A or B or both are high.

The ouﬁaut is not high when either A or B or both are high.
The output is high if the input is not high. Whatever the input
the gate inverts it.

NAND gates and NOR gates are called universal gates because they alone can be
used to build up all other types of gates.
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Combination of gates

. Figure 13. 22 shows two NOT gates and a:NAND gate. To deduce the logical output
Q of the system, we have to work out first the intermediate outputs C and D from the
NOT gates, which act as the two inputs to the NAND gate. Check the truth table
given to confirm whether this system is equwalent to an OR gate! S

f— - S
T 'Q
] { e 3
Fig 13.22(2) . :

A B C D . Q
0 0 3 R 0
0 1 ] 0 1
1 0 0 | 1
1 L 6 0 i

Fig 13.22(b)shows some of the possible arrangements of NAND gates to
form other types of logic gates. You may construct a stage-hy-stage: truth table
to contlrm their actions

nutput
—EID-—

Fig 13.23. Combining NAND
gates to build other %
Hpesoflogicgates @ - o0 Ty
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Using Logic Gate -

Example 1: A security lock |

-In this example, a security lock is designed usmg a two-switch system If a h]ddcn
switch is turned on first, a main switch will open the door lock. However if the hidden

switch is not turned on, turning on the main switch will turn on an alarm instead. Fig.
13.24 shows the system of logic gates, together with its truth table.

. m -

alBlclplQ | 2% A o Ar=—  ,r—

| ololt]of o | == Bl A S

" ol 11 0f 6] 0o | e : \

~ . {1lej o]t
| tf1f o] 1]

A= maln FWiteh e ey —
B - hidden lock -
‘P-lock
Q - alarm

Fig 13.24 A security lock
Example 2: A fire alarm

In this example, the fire alarm will turn on when smoke or heat is detectg:d. If both the
smoke and heat are detectéd, the fire extinguisher will also be set to operate. Fig.
13.25 shows the system of logic gates, together with its truth table.

i

Fig 13.25 A fire alarm =
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13.4 CATHODERAYS ' ,

During the last decade of the nineteenth century scientists performed experrments on
the conduction of electric charges through gases and electrolytes These experlments"
resulted‘in the discovery of the efectron. = =+ + = - - .~ b
Streams' of electrons moving at high speed are called cathode rays. Theu propertles
can be studied usitig special ‘cathode ray tubes:- A cathode ray. tube. is.an-evacuated.
glass tube which mainly consists of - an electron gun and a fluorescent screen. When |
electrons strike the screen, fluorescence takes place with a green light. More detailed
descriptions of cathode ray tubes will be glven later. We shall now study the electric
discharge through gases at fow pressure _ S Do

Under normal conditions air is an insulator and thus no ClCCtI‘IC dtscharge can occur in
it. It is known from experiments that a voltage of 30 000 Vis 1equrred f‘or the ‘electric
discharge between two plates in air which are 1 cm apart. It is ‘found that the lower
the pressure of the air the lesser is thé voltage required for the electrlc dtscbarge
Crookes first studied the electric discharge through air at low pressure The: apparatus
used in hrs experiment is illustrated in Fig. 13.26. R :

“to vacuum pump

S ' cathode smessim——— e i
RICPUNLIEY W BRI CUENLEE S Nt PO P U P

1

‘lﬂdUCtiOl!'l coil . >

Flg 13 26 E]ectrle dlscbarge tube. = -

The metal electrodes are sealed at the ends ofa glass tube: whlch is about 15 cm long
To apply a hrgh voltage between the electrodes they are connected to an’ induction
coil. The tube is connected to a vacuum pump through a side tube to pump the air out
of the tube. The electrode at a higher voltage is called an anode and the other
electrode is called a cathode. A voltage higher than 1000 V is apphed between the
cathode and the anode while the air inside the:tube is slowly pumped out.

The first electric discharge appears in the tube at about 20 mm Hg pressure. This first
discharge consists of thin violet streamers [Fig. 13.26 (a) below].
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pressure = 20 mm Hg

violet streamers

Fig. 13.26(a)

On further reduction of pressure the streamers broaden out into a pink discharge'

which fills the space between the electrodes. ‘

At 5. mm Hg pressure a dark region appears near. the Cathode That dark reglon is

calied the Faraday dark space. A blue negative glow appears between the cathode and"

the Faraday dark space and the pmk posxtwe colums appears between the anode and'

the Faraday dark space [Fig. ]3 26 o). .
" Faraday dark space

Fig. 13.26(b)

negative on' Faraday dark space

striations
anode glow N

cathode glow Crookes dark space o ,

: F1g 13 26 (c)

* At 0.05 mm Hg pressure the posmve column shrinks towards the anode and begins to
break up into striations. The Faraday dark space and the negative glow increase in
length and another dark region appears between the cathode and the negative glow.
That dark region is called the Crookes dark space [Fig.13.26(c)].
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i B | . S
pressure = 0.01 mm ] e Crookes dark space
{or less)

glass shows green
fluorescence

' Fig. 13.26(d)
-When the pressure reaches 0.01 mm Hg the p031t1ve column and the neganve glow
dlsappear At thlS stage the Crookes dark space extends to fill the whole of the tube'
ancl the wa[ls of the tube show a green ﬂuorescence [F4g~ 13 26(d)] This i is die to ‘the
invisible rays from the cathode, striking the walls'of the tube These mv151ble rays
emanating from the cathode are called "cathode rays": “The ‘nifne Was given by

Crookes

—

The Propertles of Cathede Rays - B

1. Cathode rays travel in stra1ght lmes 4 :
When an anode in- the shape of a. cross is’ placed in the path of the cathode rays a

sharp shadow is obtained at the other end of the tube (Fig.13. 27) This shows that the
cathode rays travel in straight Imes

shadow on fluorescencs screen

-,

anode

_ - gas at very low
pressure o

cathode -

+ . =
high voltage supply
" Fig 1327 Path of cattidde rays (Maltese cross tube)

L T X Lo : . P Lt .
RSPy IPR F TR TE R S AT R R I
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2. Cathode rays have. momentum and Kinetic energy

A light wheel having mica vanes rotates towards the anode when it is placed in the

path of cathode rays (Fig. 13.28). This experiment shows that the cathode rays consist

-of fast-moving particles which strike the vanes and make the wheel rotate. It can be

concluded that the cathode rays have momentum, and that they therefore have mass,

velocity and kinetit energy. ' '
i

node

Fig. 13.28 Paddle-wheel discharge tube

3. Cathode rays consist of negatively charged particles.

In Fig. 13.29 a narrow slit is pldced in front of the cathode. The cathode rays passing
through the slit are allowed to strike a long strip of metal coated with: a fluorescence
paint. The path of the cathode rays can be seen on the strip. The path is found to be a
straight line, By placing a horseshoe magnet across the tube, as illustrated, the path of
the cathode rays is deflected downward. When the poles of the magnet are reversed
the path is deflected upward. The deflection shows that the cathode rays are charged
and the direction of deflection determines the kind of charge. It has been mentioned
that the direction of the force acting on a charged particle moving in a magnetic field
‘can be found by using Fleming's left-hand rule: By application of this rule the cathode
rays are found to be negatively charged partlcles Cathode rays are deﬂected by a
magnetlc ﬁeld as well as by an electric field.
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: ﬂuoreseence ‘ from cathode rays ST
F1g 13 29 Deﬂectlon of cathode rays by a magnettc field

In 1895, 1.J. Thomson performed expertments on the deﬂectron of cathode 1ays by
applying™ both the electric and magnetlc fields simultaneously. From these
experiments he could determine the charge (e) to mass (m) ratio for the cathode rays.
The value he obtamed was S
L= 17539 x10 “ c ke
m
Therefore, it is found that the mass ofa cathode ray particle is extremely small and its
charge is extremely large. J.J. Thomson called the particle "the electron”.
In 1906, Millikan determined the magnitude of the charge of an electron. The value
obtained was e = 1.602 x 10’ e From the values of e/m and e, the mass of an
electron m is found to be 9.1 g3 kg, S e
The-abiove expernnental results cansbe summarized as follows. Cathode rays consist
of “fast- movmg ‘electrons. ‘These electrons are liberated from. the surface- of -the
cathode. They move very fast because an electrtc field between the cathode and anode
accelerates them D O ST : Cobl

-1

35 - CATHODERAY OSCILLOSCOPE . . . - ..

A cathode ray osc1lloscope (CRO) .consists ‘of ‘a - cathode Tay tube to Wthh is
comected an approprlate alectronic circuit; The cathode ray tube is the principal part
of the CRO 1t is an evacuated glass tube contammg the followmg essentral elements

(1) ‘the electron gun
(2) the deflection system, and
(3) the fluorescent screern.



- : eiect_pnglm daﬂoctioi_l. sylteml

k5

'_ﬂnmem T{‘L-_ kil _
B aninn's Yi[lxﬂ‘

~ control electrode  focussing ¥ plates  wave form

t electrods ‘ ,
ﬂuotucwt sorcen
accelorating’ : "

- dectipde
i Cathode ta.)r;tubéE SR
Fig. 13.30 Cathode ray tube.

Fig. 13.30 shows how.a cathode ray tube is constructed. The electron gun is made up
of a ﬁlament—cathode complex which emits electrons that are accelerated by an anode
placed at the other end of the gun. In between ‘the cathode and the ‘ariode are placed
control electrodes and focussing electrodes which converge and concentrate the
electrons into a fine beam. : ' :

The electron gun is followed by an arrangement consisting of two pairs of deflecting
plates: the first pair, Lalled Y plates; has two horizontal parallel flat plates which
deflect the electron beam vertically when a potentlal difference is applled across them
and the second pair, called X plates, has two vertical parailel flat plates which deflect
the electron beam borizontally when a potential difference exists between them.

The electron bean afier emerging from the deflection system will reach the
fluorescent screen al .he end of the Cathode ray tube. This screen is coated with
phosphor and when the clectron beam strikes the screen a bright sharp spot is
produced. 1f no potential ditference exists between the deflecting plates when the
electron beam passes through the deflection system, the bright spot formed on the
fluorescent screen will be stationary.

Let us now see how CRO waorks. The bright spot is first formed on the screen, Then
the sweep-generator or the: time-base circnit, which is the appropriate electronic
circuit mentioned above, is switched on. This circuit is connected to the X plates and
the switching on of this circuit results in a potential difference across the X plates.
The potential difference builds up uniformly to a maximum and the process repeats at
regular intervals. This has the effect of moving | the spot horizontally across the screen
and bringing it back again to the starting point when it reached the end of the screen
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and then repeating the process all over again. The person viewing the screen will see
‘a-moving spot at’ low sweep frequencies, but at higher frequencies he will see a
continuous line across the screen. The line, instead of the spot, is seen at higher
frequencies due to an ‘efféct called the persistence of vision. If now an alternating
potential difference is dpplied to the Y plates, the spot will trace out a path which
displays, the wave forms of the altérnatioris. -

The CRO is, therefoi‘e, an instrument used for studymg the current and voltage
waveforms in various &lectric circuits, Such an instrument is very useful for checking
laboralory electric and eléctronic equipments, radios and televisions. In fact, a
pr:mary compotietit of 4 television set is a cathode ray tube.

13.6 X-RAYS

In 1895, William Roentgen discovered X-rays (xrays , X-rays) by observing that some
crystals glowed brightly near a working cathode ray tube. He also found that wrapped
photographic plates were fogged as if exposed to light. ‘The tube evidently emitted
some rays which affected the photographic plates. These rays are now called x rays.

The X-ray tube

The schematic diagram of a xray tube is given in Fig. 13.31. A high potemlal
difference is applied between the anode and the cathode to accelerate electrons
emitted from the cathode. Xrays are emitted when electrons strlke the target which is
made of tungsten to w1thstand high temperatures

b .hlgh voltage g .

concave
" cathode

: ‘ X—rays \
Fig. 13 31 The X- ray tube

Productlon of X-rays

To understand X-rays properly we need to considér the structure of the atom The
atom has a very heavy central core called the nug¢leus. The nucleus is made up of
positively charged partlcles cal]ed protons (p) and uncharged or neutral particles
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called neutrons (n). Around the nucleus there are negatively charged particles catled .
electrons (e) moving in closed orbits which are often circular in shape. o
The electron is the lightest particle in the atom. The charge on the proton is the same
as that on the electron but is positive. The mass of proton and that of the neutroh are
approximately equal; mp ~ m, = 1840 m.. They are not elementary particles like the -
electron or the muon since a proton or a neutron may be considered as composed of
more fundamental particles called quarks( p = uud, n=udd ). Quarks ( u=up, d=down)
carry.fractional charges . |

The simplest atom is the hydrogen atom written, |H . The top | represents the'mass

number, A and the bottom 1 represents the atomic‘.n_umber, Z. It has one proton insjde
the L 5

nucleus (A = 1) and an electron _moving‘in a circular orbit around it. There are heavier
versions of the hydrogen atom called the deuterium written as 2H and tritium written

as H. There are thus three isotopes of hydrogen each having a single proton inside

the nucleus but différing in the number of neutrons that each has’ inside the nucleus.
Could you think of another light atom which has more than two 1sotopes‘? The most

abundant radioactive isotopes of uranium are 24U, 25U, and 28U . There are in fact
D nl, o4, 9

six isotopes of uranium having A = 232, 233, 234, 235, 236, 238 all with Z = 92.

On this atomic model ofi¢ can explain the production of X-rays. X-rays are produced.
by accelerating electrons through a potential drop, V of about 10 to 100 kV-in-a high.
vacuum and then stopping them suddenly in a target of some dense material.
Radiation consists of (a) intense sharp lines or characteristic. X-rays and (b)
continuous background or white X-rays. High energy electrons emitted from the
cathode in bombarding the target may knock an electron completely out of its atom.
Electrons from orbit havmg higher energy will fall back into the vacant position

. emlttmg the characterlstlc X-radlatnon ) -

electron”

. X-rays

electron orbit

. : electron orbit
with lower . .
having higher
energy energy

Fig. 13.32 A circular orbit for an electron in H-atom
and production of X-rays on this model

263,



To explam fhé’ continuous’ spectrum oné ‘cari- assume tliat ‘as thie electron passes
through the atoms ‘of- the target ‘material; it-will suffer a-series of deflections in' the
Coulomb’ field of the riuclei of -the target. Each' time the electron is deflected. it is
given & brief acceleration’ wh1ch produces a small burst of radlatlon This gtves rise to
the contmuousspectrum R Y S I T RO :
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Flg 13, 33 A contmuous xray spectrum with two charactertstlc hnes superlmposed

(schemattc)

'Propertles of X—rays

X-rays are electromagnet1c waves. hke hght But thelr wavelengths are much shorter
than: those .of light. They-can penetrate solid matertals including metals, but a few
millimetres ‘of - aluminium will: stop most; X-rays -They, can cause ionization by
‘strlppmg electrons from the. atoms ot e e e L

[ PN ' . . ' v, . : : .
T Poere s N0 1) Z'.‘s.”\,':-,‘,‘- ‘--. ‘ -"'1""'.’1“.:‘-;- T e

Uses of X-rays ' A _
X-rays wnth low penetratmg power ‘are called, soft X—rays The soﬂ X rays can

penetrate flesh easily but not bones. This fact is used to take X-ray photographs of
some parts of human body for medlcal diagnosis. -

Hard X-rays whlch have h1gh penetratmg power are used to: destroy cancer cells.
Extreme care is. necessary in this treatment because X-rays can “also damage normal
cells, X-rays are also used m mdustnes for ﬁndmg defects in welded Jomts and metal
castmgs : ‘ - -
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13.7 RADIOACTIVITY

In 1896, Henri Becquerel dlscovered that uranium 1 salts emitted radiations which
affected photographic plates and caused ionizations. This effect is called radioactivity
and uranium is said to be a radioactive material. Later Marie Curie discovered two
more radioactive elements called polonium and radium. Since then many radioactive
materials have been identified. |

The rays emitted from radioaétive‘ materials are of three types: namely alpha rays,
"beta rays and gamma rays. Emission of some or all of these rays from the nucleus of
an atom is called radioactivity.

Alpha rays

Alpha tays consist of positively charged particles and thus can be deflected by
electric and magnetic fields. They have the most strongly ionizing power of the three
rays. But they are the least penetrating and can be stopped by a thick sheet of paper.

Betarays

Beta rays consist of electrons with varymg speeds. They carry negative charge and
can be deflected by electric and magnetlc fields. They are much less ionizing than
alpha rays but have more penetrating power. It needs a few millimetres of alumlmum
" to stop them.

Beta rays may also consist of positively charged electrons or positrons first predicted
by theoretical physicist PAM Dirac in 1931 a year before its discovery by Anderson
of the USA in 1932 and confirmed by Blackett of Great Britain a little later. The.
positrons carry positive charge (e =+1.602 x 10'19 C) but possesses an identical
mass as the electron. ' o |

Gamma rays

Gammz rays are electromagnetic waves llke llght and X-rays but have much shorter

wavelength. Gamma rays are the least i ionizing but most penetranng of three rays. -
Their intensity is greatly réduced by several centimetres of lead but they are never’

completely stopped. They may also be considered as high energy (frequency)

photons. Gamma rays are also produced when clectrons collide w1th posﬂrons (a

process called elecuon posntron annih:lahon) : ‘
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Radloactwe substances such as radium and polonium occur in nature Radloactwe
substances can also be made art1ﬁ01a1]y Nuclear reactors, cyclotrons and other
accelerators are used for the production of these artificial radioactive samples.
Radioactive isotopes find- wide and varied- apphcatlons in medicine,. agrlculture,
“industry and in other areasr ‘ :

paper  plastic steel ‘ lead

alpha ——

—
beta =2
beta  ——°

gamma  —— AN, -

S

Relative pcnetrating powers of the three kinds of radiation

Half-life )

Radioactive samples are unstable some decay spontaneously and others decay
gradually. In other words, they decay at different rates. )
Radioactive atoms of an element change into atoms of other elements when alpha or
beta particles are emitted. The rate of decay of a radioactive sample is called its
act1v1ty “The SI unit for activity is the becquerel which is abbreviated to Bq and 1 Bq
= 1 event 5™, In practice activities are quite high so that larger units; MBq- (10° Bq)
and GBq (109 Bq), are used. These larger units are more appropriate. A unit that is
still being used today is the curie. : 2

The curie and the becquerel are related as follows:

lcurie = 3.7X 10'® events s™*

37 GBq

Sub-multlples of the curie are the m1lllcurle (10 curie) and the microcurie (]O6
curie). The activity of radium used in watch dials amounts to many microcuries.

1 curie or more than 1 curie of cobalt 60 (3;C 0) is used in radiation therapy.

The rate of decay is unaffected by Atémp’eramre but is a characteristic of the
radioactive atoms, which is described by its half-life. The half-life is defined as the
time ;or half the atoms in radigactive sample o decay. ‘
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Radium has a half-life of 1620 years. This means that if we start with N, atoms, then
only Ny/2 atoms will remain after a time of 1620 yedrs has elapsed. After another
1620 years the number remaining will be No/4, And it goes on decaying at that same
rate. We, thus, see that after each half-life period the number of atoms is reduced to
one half of the number present at the beginning of the period.

Fig. 13.34 shows the decay of the radioactive substance radon. Initially, at time t = 0,
there was 1 g of radon. Since the half-life of radon is only 3.8 days, 1/2 g of it will
remain afier a period of 3.8 days. After 7.6 days, a period of two half-lives 1/4 g (=
1/2 x1/2 g) will be left, after 11.4 days (=3 x 3.8 days), 1/8 g (=12x1/2 x1/2 g
will be left and so on. Can you find out how much radon will remain after 19 days? -

0o, of radons

1g ¢

nep

-, l’4‘#-‘-""‘4"“"-‘- - .
s »----+----+—--

33T uh T Hime

!

Fig. 13.34 Graph to illustrate the exponeotiol nature of radioactive decay

13.8 MODELS OF THE ATOM

Matter is composed of atoms. These atoms were once assurned to be the smailest
elementaty particles or-indivisible particles.

In 1897, J.J. Thomson discovered that cathode rays were negatively charge electrons
‘and that the mass of an electron was very much smaller than that of the lightest atom.

Therefore it was concluded that the mass of an electron was-just a fraction of the mass
of an atom and that the electrons could be considered as elementary partlcles of
matter : -

Normally, an atom is electrically neutral. As an atom consists of negatively charged
_€lectrons it must also consist of positively charged particles. Since the mass of an
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electron is verymuchsmallerthan that of an atb'rh,’?almc}s‘t all the mass of an atom’
“must be due to the total mass-of the positively charged particles.J.-J. Thomson:
introduced an atomic model which explains the'configuration of the charged particles.
Antheatom.: . et s DR ot S

Thomson's Atomic Model - 0

In 1906, Thomson proposed.a model of an atom. In this model, the positive charge
was, supposed to be uniformly distributed throughout a sphere in which the electrons
‘were embedded (Fig. 13.35). A riormal atorn is electrically neutral and hence the sum’
of the positive and negative charges is zero. PR T e i g T

EE :'.-!:Juz o

P R
S

Fig. 13.35 Thomson's atom

At that time, Rutherford was deyot.ing.inuch of his time to _t_‘he Stﬁdy of radioactivity.
One of his most important discoveries was the spontaneous emission of Q. - particles

by some heavy radioactive elements.

© T electron
. - {. protow

(p_u_cleus)

Atom Plum-pudding’ Ruthetford |

" {hard sphere} ‘Atem . . Atom
(hardspherey  Mem. .. RO

The. @ - particle emitted Bly'thé radi‘(:,)éé‘t‘iv'e eiahieﬁt has‘f'a.._'c'ﬁhaljééptfl- 2e, Ruth.'e'r_t'(')rd_“
and his co-workers investigated the scattering of 0. - particles by a thin gold foil by

bombarding it with . - particles. The experimental apparatus used is shown
'sbhéﬁiéfiQallgii:iﬁ Fig.1336, "~ "o SR T

Sy LN N T R T R T SRRt
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redieattive scbstance.  leadcolimeter - gofan. . Zncsubhide
e : detector
N | ) Scattering of ¢t~ particles

Flg 13.36 Alpha scattermg
it was found that most of the Q- partlcles were scattered through very sma]l angles.
However, - some . 0, - -particles - were scattered. through much larger angles.
QOccasionally an O - particle was stopped and -thrown back along its original path.
That was a rather strange phenomenon.

According to Thomson's atomic model, the positive charge of an atom is distributed

saiformly over its volume so that the magnitude of the repulsive force exerted upon

the positively charged ¢ - particle should be very:small. In addition the magnitude of
the attractive force exerted upon the ¢ - particle by the electrons- distributed in the

atom should also be very small. Therefore most of the a- particle should pass almost -
straight through the very thin gold foil [Figl13:37(a)]. This means that the o. -

‘particles could be scattered through very small angles. That did not agree with the

experiment. Therefore, Thomson's atomic model became an unacceptable model.

) ' | ® -

Alpha scattering sccording to Thomson's
and Rutherford’s utomic maodels

Fig. 13.37(a), (b) Alpha scattering on Thomson’s and Rutherford’s atomic models.
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Rutherford's Atomic Model

To explain the results of a ¢ - scattering Rutherford made the follo'wiﬁg assumptions.
An a - particle may be scattered through a large angle only if it experiences a strong
repulsive force. In order to be so the pbsitive charge should not be spread throughout
the atom but should be concentrated in a small volume at the centre of the atom. This
positively charged volume is called the nucleus which-is surrounded by electrons. The
positively charged nucleus can now exert a repulsive force upon the: ol - partlcles

The o - particle Wthh travels directly toward the nucleus expénences a strong
repulsive force. Hence the 0. - particle is stopped near the nucleus and is thrown or
scattered back along its orlgmal path [Fig. 13.37(b)]. This explanation is an
acceptable one. Thus, Rutherford's atomic model became an- acceptable a‘orhic
.model. According to thls model the space inside an atom is mostly empty.

However, Rutherford's atomic model presented some: difficulties. 1f the electrons in
an atom were assumed to be stationary, they would fall into the nucleus because they

would be attracted by the nucleus: On the other hand, if the electrons were assumed to '
move around the nucleus they would have centripetal accéleration. The accelerated
electrons would radiate energy according to electromagnetic theory. As a resull they
would lose energy gradually and its orbit would get smaller and smaller. Finally
electrons would fall into the nucleus and the atom could no longer exist (Fig. 13.38
below). This problem was resolved by Bohr in 1913.- ' ’ )

nucleus -

electron ~———>

A
§

Fig. 13.38_ Instability of Rutherford’s model.

Bohr's Atomic Model

Bohr, accepting Rutherford's model of the atom, proposed another atomic modei In
this model; electrons are moving around the nucleus in circular orbits. In addition, he

270.



made the following basic assumptions. The electrons which are moving around the
nucleus should be restricted to-allowed orbits. If an ‘electron is moving in.a certain
orbit it does not absorb or radiate energy. But it may abslrb or radiate energy -when it
jumped from one or bit to another.

Bydrogen atom

L1 4

Fig. 13.39 (left) Hydrogen atom. Fig 13.39 (right) Bohr orbital radius “r” and
wavelength “ A”associated with the electron of mass m with n=1,2,3....Due to the
relation k = 2/ corresponding to angular “frequency” @ =2m/T these terms
giveriseto p=hk=h/Aand E =hw=hv.

Using his assumptions Bohr obtained a formula (13.6) from which the energy levels '

of the.hydrogen atom can be calculated. The formula gives values which agree with

the experimental results obtained for the spectrum of hydrogen atom. Consider an

electron of charge e and mass m moving in a circular orbit of radius “r” under the

influence of cEtripetal force mv*/r [ML ?‘T—ZL_I] balanced by the Coulomb force
e : -

mv¥r = e or mv’r = € | (s

but Bohr assumed that the angular moraentum mvr could take integral values of
h/2r.

’ o mvr=nf - (13.2)
thus, dividing (13.1) by (13.2) we get '
v= ¢ fh B (13.3)
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From which we have

=@ ime? . -(134): .
The total energy of the H-atoimis ~ E=XKE+PE | . o -
%mv' -e 2fp= E; o (13.5‘).‘ |
But o :P.,='—me4l(nh)2andKE=‘/zme4f(nh)2
Thus E =% me Y(nh) * (13.6)
That is -  E=-13.6/n* (eV) = (13.7)

—e

4

Ny ..

~ bl WL
el
) E:

: TR )
Energy diagrani for on | ﬁm,— -
_ showing several poalble rrur‘umms.

T~

: Flg 13 .40 Energy level dlagmm for an stom showmg possible Uansmons B

In the tenth grade you have already: leamt that there exists what is known as wave
parhcle duality for lnght here we assume that it is true for all atomic parhclw and
write k = 2 /A in much the same way as we wrote v = 1/T(frequency is 1/period )
and © = 2/T.In quantum theory,ehergy comes in packets E=hv=# o{energy
packet) ; similarly p = Ak =h/A.where h/2n =k and is a wnit-of angular momentum -
(defined as mvr) in quantum theory in any case Jik has the dimension of momentum
justaskmhasﬂmdlmensxonofenergy From p = jik =h/A and the fact that any
Bohr’s orbit contains an integral number of A, Zm nA » using the vake of
A=2m/ninp ,we get mve= nh,theBohreondth fortheangularmommhnn of

the electron (n=integer).

m..



wave vector

k=2n/A
1) et Ao
sin(wt)
or os}f
sin (kx) 1
- .ls 0 1285 - A8 :I.'J'..S tor x

—T —

@ = 211:/T
angular velocity

Flg 13 4] The angulal frequency and the wave vector ina penodlc motlou

By= hvg

) SRS gState

Clasgical . Energy-Level
Wave oo e

Simpiified Energy-Level Diagmm of an atom inuraeting with a
clmmd wave i

Fig. 13.42 Simplified energy- level dlagram of an atom interacting with a classmal
' wave. Ly : , .

Bohr's atomic model is a uv.eful -model. This model can be used not only for the
hydrogen atom but also for hydrogen-like atoms.
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Table of energy levels in eV and joules

EnergyleV. - Energyl)

n

1 ~13.60 - -218 x 107'*
2 -339 -5.42-% 10°Y
3 -1.51 -2.4zx10""
4 ~0.85 . . ~136x10""
[3 '=0.54 . -, =871 x107%

M

:‘

Although a simple hydrogen atom has no neutron’ in, its nucleus the nuclei of other
atoms consist of both protons’ and neutrons. A!though in some nuclei the number. of
protons is equal to the number of neutrons in other 11110161 that form a majority, there

“are more neutrons than protons,

The number of electrons or the number of protons in an’ “atom is called the atomic
number. Fhe total number: of protons and neutrons in the nucleus of an atom is called
the mass number, Thus the atomic number and mass number of an mdmary hydrogen

atom are both 1.
The atomic number of helium atom is 2 and that.of lithium atom is.3. The structures
of these atoms are shown in Fig. 13.43. '

e proton’
Q neutron ‘
o electron

1

Y

helium atome |
i ithium atom
: structures. sf helium atorm and lithiwir atom

Flgl343 Structures of He and Li atoms.

The masses of'el'octroo,lproton;ziﬁd neutron are gi\?on be!ow RO L .
- mass ofelectron_= 9.1091x 107 kg .
1.6725 x 107 kg RRRE

il

mass of proton

' “7 " mass of neutfon' =" 1.6748 >;<_10__2,7kg__i“_"{, o

Gob T i T e
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From these values it can be assumed that

mass of neutron

i

mass of profon
1840 x mass of electron,

it

mass of proton

All the mass of an atom is concentrated in its nucleus. /

In a normal atom the number of electrons negatively-charged pamcles is always
_equal to the number of protons, 1.051t1\{e]y charged particles. An electron and a proton
‘have the same magnitude of electric-charge: 1.60 x 107° C. A neutron is an
uncharged-particle. Therefore, a normal atom is electrically neutral.

Isofo‘pes

We have already learnt about the structure of an atom; it is a system with a central,
core called the nucleus, and an electron cloud surrounding that nucleus. The nucleus
in turn is made up of protons and neutrons. Are all atoms of the same chemical
element structured in the same way? The answer 151 a deﬁnlte no.

Let us look at a particular element, say, cop\per There are two kinds of naturally
occurring atoms for this e'ement; these two kinds of atoms have the same atomic
number but different mass numbers. '

That is, an atom of one kind has the same number of protons and electrons as an atom
of another kind; but the masses are different. It means that the two have different
number of neutrons. These atoms are called the isotopes of copper. Isotopes, then, are
atoms of the same element that have different masses. In the case of copper one
isotope has 29 protons and 34-neutrons while the other has the same number of

protons but 36 nelitrons. They are represented by the symbols SCuand 5Cu
respectively. |

The element hydrogen with atomic number one has three known isotopes. These three
are hydrogen (| H ), deuterium (;H ) and tritium (JH).

Naturally occurring isotopes do not occur m equal amounts. For instance, there occur
in nature about twice as many ;Cuas 5 Cu. Of the over 1000 isotopes known thus

far the most abundant one in the entire universe is the hydrogen isotope. Al[ of the
known 1sotopes are not found in nature many of ’them are made art1ﬁ01a11y G

Isotopes of a single element have the same chermcal propertles since they have the
same distribution of electrons and it is this electromc distribution that determines the:
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cheémical properties. They, however, have consrderably drfferent phys1cal propertres
because of the difference in mass.

13.9 USES OF RADIOACTIVITY Tt S e S
Radioactivity isotopes are called radioisotopes (or radio nuctides). Some are produced
artificially in'a nuclear reactor when nuclei.absorb neutrons or. gamma radiation. For
example,: all natural cobalt is. cobalt:59,. which is stable. If cobalt—59 absorbs a
neutron, it becomes cobalt-60 whrch 18, radroactwe e
Here are some of the practical uses of rad1orsotopes e L

o L T B TP ST S SRR SR N S

Tracers o et . : PEOTa R LT e D ey e r,/ ML
Radioisotopes can, be detected in very small (and safe) quantities, so they can be used;

as tracers —their movements can be tracked. Examples include: ,

. Checking the function-of body organs., For example to cneck thyrord functlon
: ..a patient drinks a 11qu1d containing,. 1odme-123 a gamma, emitter. Over the;
next 24 hours, a detector measures the actmty of the tracer to ﬁnd out how
quickly it becomes concentrated in the thyrord gland. e '

.-+ Tracking a plant’s uptake of fertilizer from roots to leaves by addmg a tracer

oot to-the soil water. - . e D e ohn Tt '

.o Detecting leaks in- underground pipes by addmg a tracer to the ﬂurd in; the

4
I

pipe.
For' tests lrke those above artlﬁcla] radrorsotopes wrth short half lrves are/used so th

N,,f

‘ml' al

there 1s no deteetable radratron after a rew days

1

Radrothelapy " PR

Cobalt 60 1s a strong gammaemrtter Gamma rays :ean penetrate deep mto the body
~and kill hvrng cells. So a highly conderitrated bearm from a cobalt-60 source can be
used to klll cancer cells in.a fumour. Treatment like this is called Radlotherapyl o
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Testing for cracks

Gamma rays have the same properties as short-wavelength X-rays, so they can be
used to photograph metals to reveal cracks. A cobalt~60 gamma source is compact
and does not need electrical power like an ‘(—ray tube.

Thickness monitoring
In some production processes a steady thickness of matenal has to be mamtamed The
diagram below. shows one way of doing this.

; Fig 13. 44

beta source

rollers T- v ,/—._-?‘
’ tyve cotd L @.‘fj : R _ B
i, . % (he mowing band of tyre cord
=f@) ! C. e a heta'source on one side and o
P A drnetor one the otéer, If the cord

srenr the riiters becomes Loo thin,
" mor bela ragation rearhes the
detector This sends signals to the
~ contrel unit, which adjusts the gap;
betweon the roliers,

datactor

- signals

" comolunit -

Carhon datmg
“There is carbon in the atmmphere (m car bon d10x1de) dnd in the bodles of ammals .
and plants. A small proportion is radioactive carbon-14 (half-life 5730 years).
_Although carbon-14 decays, the amount in the atmosphere changes very little because
“more is continually being formed as nitrogen in the upper atmosphere is bombarded
. by comic radiation from space. While plants and animals are living, feeding, and
breathing, they absorbed and give out carbon, so the proportion of carbon-14 is
gradually reduced by radioactive decay. By measuring the activity of a sample, the
age of the remains can be estimated. This is called carbon dating. It can be used to
find the age of organic materials such as wood and cloth, However, it assumes that
the proportion of carbon-14 in the atmosphere was the same hundreds or thousands of
years ago as it is today. - T e -

Human remains from a Danish peat bog.
Carbon dating showed that thlS man dled
around 220-240BC. o
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Dating rocks :

thn rocks are formed some radlolsotopes become trapped i thun For example,
potassium-40 is trapped ‘when moIten material coo]s to form' igneous rock. As the
potassium-40 decays, more and more of its stable decay product, argon-40 is created.
Provided none of this argon gas has escaped, the age of the rock (which may- be
hundreds of millions of years) can be estimated from the proportmns of potassiumid0
to argon-40. Igneous rock can also be dated by the ploportion of uranium ‘to -lead
~ isotopes ~ lead being the final, stable product of a serles of a series of decays that
starts with uranium.

13.10 NUCLEAR ENERGY

When alpha or beta particles are emitted by a 1ad10act1vc isotope, they coltide with
surroundmg atoms and make them move faster. In other words, the temperature rises
as nuclear energy (potentlal energy stored in the nuclcus) is transformed into therma]
energy (heat). '

In radioactive decay, the energy released per atom is around a million tlmes greater
than that from a chemical change such as burning. However, the rate of decay is
usually very slow. Much faster decay can happen if nuclei are made more unstable by
bombarding them with heutrons. Whenéver a partlcle pcnctrates and changes a
nucleus thlS is calledanuc]eal leactlon SR :

Fig. 13.45 Nuclear Fission
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Fission :

Natural uranium is a dense radloactwe metal consisting mamly of two 1sotopes
uranium-238 (over 99%) and uranjum-235 (less than 1%). The diagram (Fig 13.45)
shows what can happen if a neutron strikes and penetrates a nucleus of uranium-235.
The nucleus becomes highly unstable and splits into two lighter nuclei, shooting out
two or three neutrons as it does so. The splitting process is called fission, and the ‘
fragments are thrown apart as energy is released. If the emitted neutrons go on to Spllt |
other nuclei ... and so on, the result is a chain reactlon and a huge and rap1d release
of energy. :

For a chain reaction to be mamtamed the uran1um—235 has to be dbove a certain
critical mass, otherwise too many neutrons escape.. In the first atomic bombs an
uncontrolled chain reaction was started by bringing two lumps of pure uranium-235
together so that the critical mass was exceeded. In plescm day nucleal weapons.
plutonium-239 is used for fission. o . ‘

\Pﬂl‘cﬂ.'.ul m 3

The steet flasks on ths train contain TR e
waste fromea nuclear reaclor pl essm ized water reactor(P\v R)

Flssmn ina nuclear reactor

In a nuclear reactor in a nuclear power station, a controlled cham reaction takes, place
and thermal energy (heat) is released at a steady rate. The energy is used to make
steam for the turbines, as in aconventional power station. In many reactors, the
nuclear fuel is uranium dioxide, the natural dranium being enriched with extra
uranium-235. The fuel is in sealed cans (or tubes).

)
!

279



To maintain the chain reaction in a reactor, the neutrons have to be slowed down,
othermse many of them get absorbed by the uramum -238. To slow them, a mateiial
called a moderator is needed Graphlte is used in some reactors, water in others. The
rate of the react1on is controlled by ratsmg or lowermg control rods These contam
.boron or cadmtum matertals wh1ch absorb neutrons e T e
Nuclearwaste : Ty
After a fuél can has been ina reactor for three of four yedrs, it must be removed atid
replaced. The amount of uranium-235 in it has fallen and the fission products are
building up Many of thcse products are themselves radioactive, and far too
dangerous to be released into the envxronment They mclude the followmg ISotopes,
none of which occur naturally o
¢ Strontium-90 and iodine-131, which are easrly absorbed by the: body.
Strontium becomes concentrated in the bones; iodine in the thyroid gland.
o Plutonium-239, which is produced when uranium-238 is bombarded by,
‘neutrons. It is itself a nuclear fuel and]is used in nuclear weapons. It also.
highly toxic. Breathed in as dust, the smallest amount can kill.

Spent fuel cans are taken to a reprocessing plantl where unused fuel and plutonium are
removed. The remaining waste, now a liquid, is sealed off and stored with thick
shielding around it. Some of the isotopes have long half-lives, so safe storage will be
needed for thousands of years, The problem of finding acceptable sites for long-term
storage hias still not been' solved

Energy and mass

According to Albert Einstein (1905) energy itself has mass. If an object gains energy,
its mass increases; if it loses energy, its mass decreases. The mass change m (kg) is
linked to the energy change E (joules) by this equation:

E=mc? (where c is the speed of light, 3 X 10%n/s): ~

The value ‘of ¢* is so high that enefgy gained or.lost by everydady objects has a
negligible effect on their mass. However, in nuclear reactions, the energy changes per
atom are much larger, and produce detectable mass chanigés. For example, 'whei the
fission products of uranium-235. are slowed down ina nuclear reactor, their total mass
lS found to be reduced by about 0 1 % T T Bt IR SR TO NI
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EXERCISES

1.

8.
9,

Explain the following.
(a) Edison effect,
(b) Thermionic erission.

(a) Explain how an n-type semiconductor and a p-type semiconductor can be
obtained.

(b) What are the majority carriers in the above semiconductors?

(a) Describe the constructions of a vacuum diode and a p-n junction diode.

(b) Do these diodes obey Ohm's law? Explain.

(a) What is a positive hole? What is the difference between a positive hole and an
electron? (b) What are the carriers of charge in a metal and in a semiconductor?
What is meant by "forward-biased" and "reverse-biased"? Explain these terms
using circuit diagrams.

(a) What is a rectifier? (b) Descrlbe the functlon ofa !u]l—wave rectifier.

‘(a) Describe the constructlon of a triode. (b) When ‘cj‘oes a triode .behave like a

diode?
(¢) Does a triode obey Ohm's law?

- (a) What is a transistor? (b) Mention some types of transistors.

Why do people use transistors instead of vacuum tubes?

10. Explain how a transnstox can be used as a current amplifier and as a power

amplifier.

1. Multiple Choice Questions

(i). Thermionic emission requires which of the following?
A Ananode and a cathode
B A hot filament
C An evacuated bulb
D Ions

(ii).An electric field is set up between plates P and Q as shown in the Fig. An’
glectron beam 1 is then directed through the fi eld. In whlch direction w111 the
electron béam be deflected? '
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.l-a-m"!'oﬂq*'ﬂ-—b \ E:iﬁ _
s ----O
. A
ol
- .A. Out of the paper
"B Into the paper - -
‘o U’p” o
D  Down

(111) An electron beam is dlrected out of the paper When it passes between “the
" poles of the two magnets which direction will it be deflected in?

‘ . N . ‘
slectron geam_ | |
outof paper T t-e

electron beam out of paper

A Left : ey, e
B Right ‘
c Up

D ' Down

(1V) An Osc1Iloscope 1s used to measure au a.c. voItage and nges the fo]lowmg
readmg The trace is 5 cm long and the Y gam 1s set at 0 1 V cm The peak

voltage, therefore, is
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A 025V
B 05V
c 25
D

[0 00

(v).The two peaks X arid Y, shown in Fig. were produced on the screen of a
cathode ray oscilloscope when high frequency radio waves (radar) were sent
“out (X) and returned (Y) after bouncmg off an aeropl'me The time-base was
set at 0.5 millisecond per cm and XY measured 4 ¢m tong. What was the time
taken for the radio wave from the radar station to reach the aeroplane? -

A lms
B 2ms
C 2s
D 20ms

Lo
.

12. Structured Questions o |
- (i) (a) What is meant by the phrase the thermionic emission of electrons?.
(b) Draw a labe!led dlagram of a cathode ray tube as used i in an osc1lloscope

{c) Explam how the beam is produced how 1t may be deﬂected and how itis
. made visible. How do the brlghtness and focus contro[s effect the beam '
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13,
14.
15.

16.

(i)A microphone connected to a cathode ray oscilloscope-is placed in front of a
vibrating tuning fork. The waveform of the output from the mlcrophone is
shown in Fxg (a)

"(é}‘d -.“‘-4 v f(b)ﬁ” o ?.*ui(c) t::f.nl;"'

(a) Assummg that thc controls of the C R 0. are unaltered draw m F1g (b).the
. trace that would be obtamed if the same tunmg forlc gave a louder note

(b) What adjustment has to'be made'in order to obtam the trace as shown in Fig.
(c) usmg the c'rlgmal tuning fork?

(111)F1gure shows the screen of a cathode ray osc1lloscope The time-base is set at -
2.0 mrcroseconds per mm and the length of the timé-base sweep MN is 100
mm. & : .

(a) What time span does the length MN represent? A radar signal sent from a-
radar station to a distant aircraft is displayed en the CR.O. at X and the
signal received back from the arrcraﬂ by reﬂectlon, is dlsplayed at Y where
the distance XY is 80 mm. :

(b) How far i the aircraft from the radar station? The’ speeda of radar:waves:is -

L 3.0x108ms? T T IR TTON o S PR

'Draw the symbols and g1ve the truth tables for the ﬁve cornmon log1c gates

. Suggest how two NAND gates can b connected to behave as an AND gate.

Describe the differeiit stages of electric d1scharge 4t various' ‘préssurés’ when the

air inside the cathode ray tube is pumped out.

.2) What are cathode rays? (b) State the properties of cathode rays.
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17.
I8,
19.

20.

21.

29.
30.

How can it be known that cathode rays are electrically charged particles ?
Why do the walls of the cathode ray tube show a green fluorescence?

Label the diagram.

J;a_'r-.:..r:'ﬂg\
S
i |

{a) What are X-rays (xrays)? -

(b) How are X- -rays produced"

(c) G:ve two propertiés of X-rays

(d) How do X-rays and gamma rays snmlar'? .
(e) Are the wavelengths of X-rays longer than those of' hght’ |
(a) What is radioactivity ? )

(b) Who discovered radioactivity?

(c) What are the properties of alpha, beta and gamma rays?
Define hal-life of aSubstance.

What is meant by "Radium has a half-life of 1620 years™?
Explain Thomson's atomic model and Rutherford's atomic model.
Why was Rutherford's atomic model unacceptable? Explain.

Explain Bohr's atomic model.

State Bohr's basic assumptions, Why does an electron moving around the

nucleus not fall into the nucleus?

What are the mass numbers and atomic numbers of the following elements?
() %o (i) HU i) He

Distinguish between half-wave and full-wave rectification.

If a piece of either an- n-type or p-type semiconductor were placed in a battery
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circuit, would there be conductwn in each case? Explam What if the polarity
were reversed ?

EXERCISES: USING RADIOACTIVITY .

(a) What are radioisotopes?
(b) How are artificial radioisotopes produced?
(c) Give two medical uses of radicisotopes.
Give two uses of gamma radiation.
In the thickness monitoring system shown in F ig 14, 55 :
(a) Why is a beta source used, rather than alpha or-gamma source?

(b) What is the éffect on the detector if the thickness of the tyre cord increases? |
(a)Give two uses of radioactive tracers.
(b)Why is it important to use radioactive tracers with short half-lives?-

Carbon-14 is a radioactive isotope of carbon.,
{a)What happens to the proportion of carbon—14 in thc body of a plant or an

animal while alive? o
(bYWhy does the proportion . of carbon 14 in, the remains_of deqd plants and

animals give Llues about thelr age?
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Appendix : A Glossary of Nuclear Terms

activity: The rate of radioactive decay.

alpha particle (alpha radiation, alpha ray): A *He nucleus. It is made up of two
neutrons and two protons. It is the least penetrating of the three common form of
radiation, being stopped by a thin sheet of paper.’It is not dangerous to living things
unless the alpha-emitting substance is inhaled or ingested or comes into contact with
the lens of the eye. '

‘atom: A partlele of matter indivisible by chemical means. It is the fundamental
building block of molecules. It consists of a posmvely charged nucleus and orbiting
electrons. The number of electrons is the same as the number of protons in the

nucleus. - '

atomic mass (sometimes mistakenly called atomic weight): The mass of a neutral
atom. Its value in atomic' mass units (u) is approximately equal to the sum of the
number of protons and neutrons in the nucleus of the atom. ' -

_ atomic mass number A, the total number of nucleons (protons and ncutrons) found
in a nucleus.

atomlc numher. VA the total number of protons found in a nucleus.

atomlc mass unit (amu or u): Unit of mass defined by the convention that the atom
12C has a mass of exactly 12 u; the mass of 1 uis 1.67 x10° kg,

becquerel (Bq): Unit of activity in the International System—one disintegration per
- second; 1 Bq 27 pCi. |

beta partlcle (beta radxatnon, beta ray) An electron of erther p051t1ve charge (¢’ or A
g ) or negative charge (e, e or B) emitted by an atomic nucleus or neutron in the
‘plocess ofa transformatton Beta partlcles are more penetrating than alpha partlcles
‘but less than gamma rays or xrays. Electron capture 1sa form of beta decay -

~curie (Ci): The or1g1na1 unit used to describe the mtens1ty of rad1oact1v1ty ina sample

" of material. One curie equals thtrty-seven billion dtsmtegrat1ons per second, or
approximately the radioactivity of one gram of radium. This unit is no longer -
récognized as part of the International System of units. The becquerel has replaced it.

decay (radioactive): The change of one radioactive nuclide into a different nuclide
by the spontaneous-emission of radiation such as’alpha, beta, or gamma rays, or by.
electron capture. The end product is a less energetic, more stable nucleus. Each decay
process has a definite half-life.
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decay rate: The ratio of act1v1ty to the number of rad1oact1ve atoms. of a part1cular
species. o

decay time: The time required for a quantity to fall to //e times the.original value.

detector: ‘A -device ‘or. series of devices used. to measure nuclear particles and
radiations. . e N IR E i

electromagnetrc radiation: Radiation consmtmg of electnc and magnetlc ﬁelds that
travel at the speed of light. Examples light, radio wavés, gamria rays x-rays

electron: An elementary particle with a unit electrical charge and 2 mass 1/ 1837 that
of the proton Electrons surround’. an atom s posmvely charged nucleus and determme
that atom s chem1cal propernes ‘ '

electron—volt (eV): Energy unit used as th,e ba51s of measurement for atomlc (eV)

electronic (keV), nuclear (MeV), and. subnuclear processes (GeV. or TeV)., One
electron-volt is.equal to. the, amount of energy. gamed by an electron droppmg through
a potent1a1 difference of one volt, wh1ch 15 1.6 % 10 _]oules ;

gamma ray: A highly penetrating type of nuclear radiation, sxnular to. x-radiation,
~ except that it comes from within the nucleus of an atom, and, in general has a, shorter
wavelength.

half-life: The fime in wlnch half the (large number of) atoms of a partrcular
radiodctive ‘nuclide d1s1ntegrate The half—hfe is a characterlsnc property of -each
radioactive i isotope. S e

ion: 'An’ atomic part1c1e thatis electncally charged, e1ther neganvely or posmvely

ionizing radlatlon Rad1at1on that is capable of producmg 1ons elther dlrectly or
1ndlrectly a - , RN ot R

' |sotope' Isotopes of a, glven element have the same atomlc number (same number of
protons in their nucle1) but d1fferent mass numbers (dIfferent number of neutrons in
thelr nuclel) 238U and 235U are 1sotopes of uramum

mass number The total number of protons and neutrons 1n the nucleuS' A—Z{-_I-‘M
ThlS rs also the total nucleon number of the nucleus e o

[T
ERE L PP LoeE ot IR R S
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MeV: One (million) mega electron volts.

neutrino: An electrically neutral particle with negligible mass. It is produced in
processes such as beta decay and reactrons that involve the weak force

neutron One of the basic parncles that rnake up a nucleus. A neutron and a proton
have about the same mass, but the neutron has no electrical charge.

nuclear reactor° A devrce in- which a fission charn reaction can be initiated,
maintained, and controlled Its essential components are fissionable fuel, moderator
shielding, control rods, and coolant.

nucleon A constltuent of the nucleus ‘that 15, @ proton ora neutron
‘ /

nucleus: The core of the atom, where most of its mass and all of its positive charge is

concentrated ‘Except for 9, the nucleus consists of a combmanon of protons and
neutrons.

nuclide: Any species of atom that exists for a measurable length of time. Its atomic
mass, atomic number, and energy state can distinguish a miclide.

photon: A packet of eIectrornagnetxc energy. Photons have momentum -and energy,
but no rest mass or electrical charge -

proton: One of the basic particles that makes up an atom. The proton is found in the
nucleus and has a positive electrical charge equal to the negative charge of an electron
and a mass similar to that of a neutron: a hydrogen nucleus.

fproton number: The total number of protons in the nucleus, Z.

’*QCD Quantum chromodynamlcs the gauge theory describing the color strong
;mteractlon
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QED: Quantum electrodynamlcs the gauge theory 'describing-eléctromagnetism.
AT . .

quark. A strongly 1nteractmg ferrmon that 1s a butldrng block of hadrontc matter.
Quarks come in Six ﬂavors up, down, charm strange top, and bottom o

radloactlve waste:. Matenals that are radteacttve and for whtch there 18 no: further
use.

radloactlvrty The spontaneous decay or dlsmtegratlen of an unstable atomtc nuoleus
accompanied by the emtssmn of radiation. '

'

SRR VT

radioisotope: A radtoacttve 1sotope A common term for a radronuchde

HERN l_'.‘r s .,_'. ,d_‘.hi..""

radionuclide: A radicactive nuclide. An unstable 1sotope of an element that decays
or disintegrates spontaneously; emitting radiation. ...~ ooty s o

source: A radioactive material that prodtices radiation for e:lrperintental"o'r indnstrlal
use. ' o
stable: Non-radioactive.. . R

tracer: ‘A small- amount of radioactive isotope. 1ntroduced into'a system in. order to
' follow the behavior of some component of that system. S R BT

Ultravwlet radlatlon' Elect1 omagnetlc radlatton; hav1rlg wavelengthsbetween the "
Visible part of the spectrum and x—rays A SR PR

R

x-radiation: Electrom'agnetic radiation. usually produced | in-transitions.of the. inner
electrons of atorns The wavelength is between ultrav1olet and gamma rays

~

x-ray: Electromagnetic radiation with wavelengths between ultraviolet and garnma
rays.
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x-ray: Electromagnetic radiation with wavelengths between ultraviolet and gamma

rays.
PERIODIC TABLE OF ELEMENTS (Simplified Form)
| i
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ALBERT EINSTEIN |

|

Albert Einstein(1879-1955).
Diplom(Phys)(1900),PhD(1905,Zurick,
Academictan{PAC)

‘Einstein and Planck proposed the law

E=hv = Ao in 1900. Einstein explained
the Brownian motion as a kind of
“atomic agitation” mathematically in his
PhD thesis and in a research paper on
heat and thermodynamics submitted to
Annalen der Physik in1901. He obtained
his PhD in 1905 four years after his
initial submission to-the University of
Zurich. He was at that time working as
an Engineer Class III in the Patent Office
he was promoted to Engineer Class II
after the award of his doctorate and
became Professor in 1909 in Zurich and
was working as a Lecturer(Privatdozent)

'| at Bern a year before. Between 1900 and
| 1505 he developed theorles related to the

photon as a packet of energy, Browman
motion, photo electric effect, spec1a1
relativity (mc uding the famous formula
E = mc® which is of importance in

| nuclear fission and fus1on)and in 1915 he

‘dlscovered general relat1v1ty a theory of |

_ curved spacetlme appllcable to the
: Umverse (the largest physrcal system)

: [ I v
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THE MEN WHO BUILT ATOMIC MODELS

1937)MA, DLit, FRS,0M

Manchester(1907-199)

1937}

famous for Bohr-Rutherford

and Mrs Bohr,” 1T L The degree was instituted at

"',ti.]_r Do ':"I'A.l

1920.

Ernest Rutherford (187]-

Professor of Physics ati
McGill  (1898-1907)  at

Cavendisk Lab  ( 1919-

ol | Father of nuclear physics,

model, splitting the atom with
Cockcrolt  and Walton
experimental  researches  in
radioactive  transformations
and training nuclear physicists
of Nobel Laureate calibre. He
won Nobel Prize in chemistry.
although he had never worked
or studied chemistry! He was
instrumental in  awarding
overseas scholars: PhD’s at
‘Lord Rutherford ‘and Nlels Bohr in Cambrtdge 1930. Cambridge after two to three
: ;Front row left to r1ght Lad)r Rutherfmd Mrs Oliphant ,yeaﬁ;\ of successful research.

Cambridge and London in

? -Before that there were, much tougher eamed senior doctorates DSc, DLit or FRS or FlnstP

for hfelong devotton to physms résearch’!
Niels Boht(]885 1962)PhD(1911 UmverSIty of Copenhagen) Professor (]916 -1962) and

Director of Instituté of Theoretical Physics(1920-1962) ,Copenhagen

Father of quantum theory and famous for his investigations of the atomic structure of matter

1 and the radiation which emanates from them. Also famous for Bohr-Wheeler model of the

nucleus and work on the ‘atomic bomb, “Almost all the then famous theoretical physicists
including Dirac, Heisenberg, ancl Pauli spent post doctoral years with Bohr and for the
experimental physicists a visit 'to the Cavendtsh to do research under Rutherford was “a
must” at that tlme.
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THE MEN WHO SPLIT THE ATOM

K

The Cockeroft-Waltor Accelerator

Lord Rutherford, Walton and Cockcroft were
Cavenish physicists who split the atom using the
Cockeroft — Walton accelerator. Cockeroft and
Walton shared the 1951 Nobel Prize for physics

on the pioneering work on  the
transmutation of atomic nuclei by

artificially accelevated atomic particles.

Shown below is such an accelerator with
Dr Cockeroft doing experiments inside
the chamber. In
discovered how to change onc efement

_into another by bombardment with alpha

particles from a radimn source. However
only a few fransmutations could be
produced by the natural projectiles, and
at first it seemed that the enormous
energies required might not be attainablic
for artificially accelerated  atomic
particles, But using the laws of modern
guantum theory as discovered by Dirac,
Heisenberg and Schroedinger il onc
aftributes  wave  propertics |t the
bombarding particles one finds that they
have a minute but finite probability of
“tunnelling” through the potential barrier
around the nucleus if protons have about

1 0.3 MeV for a target nucleus like boron.

Using Li as target protons were found to

| knock off alpha particles from the Li

nucleus. The alphas revealed themselves
bright scintillations on & ZnS screen.

in the accelerator that they built,
Cockeroft and Walton arranged a high-
voltage transformen, voltage-doubling
circuits and rectifying tubes in a four-
stage system to apply up to 6x10°V 1o
the evacuated tube down whics
protons were accelerated.

1919  Rutherford’

the |

E
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THE MAN WHO MADE THE ATOM‘}IC BOMB /

Control Flunge Radar Antenna ngh
Explosives

RADAR ANTENNL

HIRHLNCTOST ES
1

Plutoniam Sphere Beryllium Source

| Robert Oppenheimer  (1904-1967) a
e : | physicist who wrote a PhD thesis on

. | quantum mechanics under Max Born in
. ‘Germany (1926-1927) was able to make an
S | atom bomb at Los Alamos in which many
o physicists contributed.
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THE MAN WHO BUILT THE NUCLEAR REACTOR

Dr Enrico Fermi (1901-1954) was a physicist
who was equally at home with quantum
| theory and experimental nuclear physics. To
** | his credit he was not only able to build the
first nuclear reactor but also to construct his
own innovations for experimental work like
the target holder for a cyclotron. "

He was awarded the Nobel Prlze for the
discovery of the new radioactive elements
produced by neutron irradiation, and for the
———— | discovery of nuclear reactions induced. by
. Sl slow neutrons. Look for the photo of a nuclear

n BRI

Fermi and Oppenhelmer | reactor somewhere in the text.."

T R
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THE MAN WHO DISCOVERED. THERMIONIC EM]SSION

Sll‘ Owen lelans B\

: -1
t

' DS TI (T LS PR O

W Aw,ndad (ln lnﬂ lhc 1928 Nubel Prirg for physics | Inr hia work on .
- hermalodic phencmiend ind especlally for ¢ dhcovcry of the lm whith' |
e bunhhmm i et et ‘ ..
Sir Owen Rlchardson was: awarded the 1928
Nobel Prize for Phy31cs in 1929, Physwlsts had
| accepted the concept of the electron before the
‘| physical atom. Edison had detected an electric
current across the vacuum in a bulb containing

a heated filament and 2 collector.

L
RITIT

dea b b

Richardson’s law expresses the dependence of
the saturation current emitted per unit area J
(ampere/m°)on the temperature T(kelvin) of
the filament: |

= A"faexp(—b/’f } where A ,b=w/k

are characteristic constants of emitter, wis
electronic work function in joules of the metal
and k the Boltzmann constant.

| radio,

C ;The phenomenon had been used by
.. | Fleming to device a rectifier and Lee de
.| Forest to construct a diade. hut it was
. .| Richardson who worked out the theory
. .| of electron and ion emission, and made

possible the rapid development of
telephony and  xray(x-ray)
technology. Freely moving electrons in

| the interior of a hot conductor escape
"| when they reach the surface provided
thelr kinetic energy is great enough to

overcome the attraction .of the positive

' _chalges in the material. Richardson
worked;on therinionics™~ "

(aferm he
coined) for 15 years resulting in the
book “The Emission of Electricity from
Hot Bodies” in 1910. He was pleased
that his basic equation of thermionic
emission survived the quantum
mechanical revolution of 1920’s.
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a3, +2m(/T)

SR, "“% Rlchardson s ]aw l]lustrated
. dn the fo: m ln Js +2In(l/T)——ln Auh(l/’ﬂ")
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THE MAN WHO INVENTED THE WWW MEN WHO ]NVENTED THE TRANSISTOR '

Iohn Bardeen

" 1908

Sir Bernard Lees physicisf:‘;and
inventor of World Wide Web;,
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| noted
Technology and Communications form a

It is truism that physicists have a knack of
making surprising inventions. The current [T

| era and following it the Knowledge Age would'

not have taken place if World Wide Web had
not been invented by Sir Bemard Lees a

British physicist who had been-honoured-like .
Sir Isaac Newton by conferring a knighthood

for Scierice by the British Monarchi It is to-be
that  EBlectronics, Information

prominent group in the learned society
Instittite of Physics , London established in
1879, the same year that the Cavendish
Laboratory at Cambridge was established by
Sir James Clark Maxwell. The IOP like IEE
has the Royal Charter to confer very high
qualifications such ‘as CEng (chartered
engineer) to scientists and engineers.

Below the critical temp Tg, the superconductor
shows (a) no resistivity and a superconducting
loop shows persistent  current, (b) that lasts
for 1 07 seconds . See fi gzrre on the RHS ¢

Professor Johnrﬁiarrcriéeﬁ dbtamed hlsPthl‘lPhySICS ‘

under Eugific Wigner and had the distinction of :
being awarded the Nobel Prize twice for- Physncs

He was also for many years Professor of Physics and
Electrical Engineering (E]ectromcs) at the.

University of Itlinois Champagne’ Illmms, USA. He.

first worked on transistor and sem1conductor physms |
and ' shared the Nobel Prize’ w1th Shockley and
Brattain for the-discovery’ of the “transistors” in%

1956. In 1972 he won. his- second Nobel Prize in’

Physics and- shared it with L Cooper and J Schrieffer
for the quantum theory of super-conductivity -
known.. as. BCS . theory. Super . conductors . lose
resistivity below a certain critical temperatute due, to
the ‘interaction of the electron and 3 gquantum of
lattice v1brat10n known as a phonon. In
superconductors two electrons form a “Cooper pair”

near a state known as a Fermi leve] as: they are
weakly attracted to one another by the exchange of
phonons( quanturm mechanically) . The pairs have a
common momentum which is not affected by
random scattering of the individual electronis so the
effective resistance is zero. :

PN

LR Tr 75-_.05
)]
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" THE MEN WHO INVENTED THE TRANSISTOR -

William Shockley

I e

Sharcd the 1956 Nobel Prize for physics with John Bardeen and Walter
Brattaiw for their investigations on cemiconductors and their discovers
of the transistor effect.

William Shockley earned his PhD from MIT
and joined the Bell Telephone Laboratory in
1936 until he retired in 1975 as. Excutive
Consultant (1962-1975). In the meantime he
was also Professor of  Engineering and
Applied Science at Stanford , President of
Shockley Transistor Corporation'(1958-60) .

Shared the 1956 Nobel Prize with
John Bardeen and Walter Brattain
for  their  investigations  on
semiconductors and their discovery
of the transistor effect.

He considered the portable tape
recorder as perhaps his own most
important application of the
transistor,

Shockley invented the junstion
transistor  which  avoided  the
troublesome metal contact (of the
point  comtact  tramsistor) by}
controlling the impurity distributions
so as to produce an n-p-n or p-n-p
transistors.; rectification and
amplification occurring inside the
crystal.

Brattain worked as a research physicist at
Bell Telephone Lab from 1929 to 1967.

He obtained his PhD in Physics in 1928,
He was awarde with the Nobel Prize
together with Schokley and Bardeen in 1956
for semiconductor and transistor physics. . -

A’ transistor (transfer -resistor) is a
| semiconductor device that will amplify or
process electrical signals. The imiehtid_n of
the transistor announced in July 1948,
resulted from research of semiconductors at
Bell Lab when Brittain and Becker started

Walter Houser -
Brattain

1902~

Shared the 1956 Nobel Prire for physies with William Shockley snd
John Bardeen for their invesligations wn jeonductors and their
dlscovery of the Lransistor ¢ffect,
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| to investigate ‘them. and: found’ -that | pei ooy Contribution had been the.
're\ctliicatlon';wos asu i*t‘ace Prooertyi | discovery of the photo electric effect’
- ' free surface of a semiconductor the.
invention of the point-contact;
transistor with Bardeen.

-, Physicists who .discovered radioactivity
P Curie (1859-1906), M Curle(1867-
- 11934), -

|-# Curie obtamed hlS doctorate on
magnetic propert:es of crystals There
is ‘a law named after him. and also
© | Curie - point- I8 s —well known. .in.
1| magnetism and with his wife M Curie,
Antmne Hen*i ‘ hef-’is’o!atetﬂ'and'd&iscove’redl radivim and
Becquem | induced radioactivity .in- the action of
poloniumy» or : radium i on,. .inert
o R T substances. M Curie did her PhD in
| AH BeQUerel(l"SSZI-owOS).x;;-:‘:.;i-‘-.:f:«j.:l- -+ | the:field of radioactivity (emuss:on of
. . ; ‘radiation . from. uraniumj. - tmder P

Bequerel.obtained his doctorate'in optical rCun e
|| properties of crystals but made “a - :
| discovery  that crystals of potassium
‘| uranyl sulphate made a record on a
; photographlc plate wrapped in black
_ | paper although both crystals and platef Marie -Curie wag awarded :again- w:th‘
were in total darkness, He thus discovered. | the “1911 Nobel Prize_f,org_c_h,emnstl_y
: spontaneous radloactmty it | after::the death ;of: her- husband for

s o discovering polonium and radium.:. ... '

* 18521908

Becquerel and | (“unes vtéie
awarded the Nobel Pnze for physws m
: 1903 for then work m radloactwity
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Pierre Cuzie

", -1859-1906

pio

ared lhe"l‘mﬁ i\'nbrl Prize (or physi¢s
I a af the radiati

‘Marie Sklodewsla
Curic

18071434

B 4
' 3
: ! , ! \
—_ '
1 - v N
- R
- '
! B ' " .
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Addendum and Erratum

Chapter 4, p*

“Progressive waves Sound waves which travel in air when we! speak and water waves
which travel on the water surface when 2 stone is. dropped are called progressive
waves. e

Or

‘Progressive waves ~Waves pr opag,atmg through an infinite: 0 homogeneous
medium Progressive waves may be represented by a since wave, :

()

y=a sin k(vt x)—a sm 7/ A (vt-x)

where a is the dlsplacemmt at dlstance X, from a. hxed point along the' dn‘ectton of
motion v is the wave velocity, ‘A the wavelength and t 1s the tlme measured from a

“fixed mstant

For a glven value of X, the dlsplacement y chang,es throug,h a complete cycte when_
271'//1 (vt-x) changes by27. radlans the correspondmg change in t is T, the penod

That is
VI27/A =27 orT= Alv
.(l)mﬁnlteuwnhout 11m1t (2) homog,eneous—~of the same kind or nature umf‘orm

Stationary waves: The waves produced in hollow tubes such as flutes and in strmged
muswal instruments such as violins and mandolins are called stationary waves.

Ol‘f}

Statlonary or standmg wave A superposmon of an m(:ldent and reﬂected waves
creates an mterference pattem of nodes and antmodes :

A standmg wave, may be gwen by |
Y—-Zasmkxcoskvt - SRR ﬂ_ 3
whlch is obtamed from a superposmon of the incident wave . , SR
_y1 a sin k(vt-x) ; g P

and the reﬂected wave

yz— -a sin k(vt-x)

It remains staionary the displacement bemg always zero at the nodes (x 0,4/2,4,3/24
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etc) and vibrating with amphtude 2aat the antmodes (x =A/4,3/42,5/42 etc). See
Fig(4.3). X, '

Addendum to Chapter 13 p246 Fig 13 9 n-type and p- type semiconductors

N-Type Semiconductor: When a donor impurity like. P(valency 5} is inserted into
Ge(valency 4) crystal lattice the donor dopant becomes a cation (positive ion), located close
to the edge of the conduction band, donating an clectron to the conduction band. For every
donor atom introduced into Ge crystal, an electron is created in the conduction band. Many
such electrons so created will constitute.a majority electron current which fiows in the
conduction band, under the influence of an apploed electric field. ‘An important ener gy level
called the Fermi-level is respresented by a line close to bottora of the impurity energy levels
slightly more than half way up the band gap. Energy band means a band of energy levels
lumped together for electrons or hples inside a crystal,

P-Type Semiconductor: When an acceptor Impurlty like Al (valency 3) is inserted into Ge
(valency 4) crystal lattice the’ acceptor becomes an anion (negativé ion), located closed to the
edge of the valence band, after acéepting an electron from the Ge atom of the host germanium
crystal. This introduces a hole in the valence band. For every acceptor atom introduced into
the Ge crystal, a positive hole is created in the valence band. ‘Many such holes so created will
constitute a majority hole current which flows in the valence band., under the influence of an
applied electric field. An important energy level called the Fermi-level is represented by a
line close to the top of impurity energy levels slightly more than half way down the band gap.
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after donating an electronto the  germanium crystal
conductionband . . .producing a+heleinthe -,
¥ ! velence band
coxpucriox | o (s
R I f-“-_:."_n : codosor | t‘.o:\_.zt\c_glo.\
o L EE I T e - | lmpurity atoms | _ L
. Ghdeaeeeedt “Y T
BANDGAP «

Addendum to Chapter 11 .

Do

dangling bond

[1oose elsctron]

-~ -

Phosphoreus anion i# Eom;ad‘

++

VALENCE BAND

p-iype

}

- impurity atoms

Ho==ek

dangling bond

" [loose elegtron)

. Al cation is formed after

accepting'an clectron from.

(lonﬁ)
O @ALB)

- semiconduzgtor . .

P
b

‘Resisfors and Colour Codes

.. ... { electrou conduction:current )

accepror 0686060606

R

‘] VALENCE PAND |-

| petype

t

.- ., semiconductor N
{ bole conductien current)

18 What are the resistar«e values of the given resistrs?

(i)Resistance=56 x 10°%,10%Q, (i) Resistance = 10 x 10°£5%8

green green

e

brown
N

il

red
Fi

o)

bie pldck
Colour codes for resistors |
R=AB x 10° £ D%
ABC D
black | brown | red | Orange | yellow grcen- blue | purple | gray | white | Gold | Ag white
0 Lol 2] 3 s |Ys e | 7] 8 | o | s% | 10%] 20%
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A

Elements of guantum theory may be found (Bohr atomic theory, wave particle

duality

of deBroglie, xray diffraction of Bragg and laue, electron diffraction of G P

Thomson, Davisson & Germer, Planck-Einstein relation) in the following sections of
this text.

Section on interference experiments of waves, bullets and electrons of Chapler
6 where some differentiation is pointed out between intensity and probability

See also Chapter 3 Section 3.3 on heat transfer by radiation for a treatment ol
Stephan-Boltzmanl's law, B{ownian motion of Einstein

Section 5.] The nature of light. Wave particle dvality light as corpuscles or
particles of light or energy packets or quantum of light or photons (modern
terminology) :

Chapter 13 particularly the illustration of band diagrams of n-type and p-type
semiconductors figures 13.8 and 13.9, explanation of characteristic xrays and
continuous spectrum based on Bohr's theory figures 13.32 and 13.33

Bohr's atomic model and energy level diagram of hydrogen atom and

-explanation of . E=wh (planck-Einstein relation) and p= A# (deBroglie

relation) and @ = 2#/T and k= 27/A paticularly figures 13.38 10 13.42.

dum to Chapter 13 :
ity S Injection from the linear accelerator into BeVproton-
synchrotron at CERN(The European Organization for
Nuclear Research, Geneva, Switzerland). The beam
enters from the right, is deflected into the circle of the
"tnain accelerator and then completes the 630 meter
circumference to rejoin the point of " injection.
- Crossing through the wall separaling :the linear
accelerator {ram the synchrotron is the ejection line
towards the Intersecting Storage 'Rings started

serveral hundred meters (o the right.

e
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ANSWERS TO ODD-NUMBERED PROBLEMS ™~~~

" Chapter1’ () '10cm
11. (@ 20 9. 6.67 cm ‘ :
. (b) 80% 11..  ltisnot possible to obtamasharp
13. () 43cm. - image largerthanthe size of the
(ii) 30cm object "
(D) 165N - 13- 0.75 cm (towards the lens)
15. 2133 W . Chapter 7 . e
17. @ 20005 3 2.5 uC
L) 33333w[’_' B 0082 % 10°N *
‘Chapter2 T 2700N(toward 1x10‘4C)
19. 930N 9. 5032 m et
2L oL e KL (@) 18N
e A0, (®) 25N
23. (a) 04N - R '
(b) 0004N ‘ 130 Tedsx 19

157

< Chiapter 3-

Yoo vt 23.. . 36X 10°NC (toward4x10 C)
14121 kY o |

: . 25. i 5.69 x 10"*NC™ (Opposite to the
17. 15697 ARARRURTIIN .=+ . direction of motion of electron.)
19. 0.1635 m 27. 2m
21 52135K - (a) 1.325 x 10 NC
Chapterd =~~~ " o (away from the nucleus) -
3. 08m” T (k). 212 %-10°N
‘ ; 84ms e (toward the nucleus) -
7. 200 Hz . L Chapter 8
9, . 378Hz .. o e L 130(8). 3m
189 Bz o s (b) 0.1 pC
1. 3414msT o st 12X 10° Nc‘ | |
Chapter 5§ : Lo (toward the negative charge)
19. 0.45 pm o -10.8mV
20, (@) 70° 17. 1218 V
(b) 41° . - 19. 2.5kV
) 1432
d 44°17 | y
(¢) The ray will not emesge, it » | :

23.
25.

will be reflected intematly.

27°55°
(a) 1.52L
(b) 52°12°
Chapter 6
(a) 6em
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11.

13.

17,

19.
21

23,

11.
13.

15.

(a)
(&)
(c)
(a)

. (b)

(a)

Chapter 9

4425 107 F
199 % 10°C
448 %1087
4472V

6

3.33 uF, 30 pF

15uF, 6.67 uF

5
2x10°C,667V,20V

133V

425 uF

Chapter 10

(a)

(b

©

. 1200C
(b)

. @
- (b)

@

75 x 10%

+ 8 times greater

0.516 Q
0.032 Q

- 5x10° °C”
-All in'series
"Two 5 Q are in parallel

and that coimbination is in
series with 10 Q

3Q ‘

1.5 Q

033 Q

0.67 Q

Resistor of less resistance

4

17. (@) 4A

(b) SA
19. 3.75-0
23. Resistor Rz must be mcreased

" I3 is decreased when R; is
increased. Therefore I is increased
25. Reading of Aj =4 A, As= 6A -
27. Vi= 12V ‘
Az = 1A
R=12Q
Ry= 158

Chapter 11

5. 10.29 keal T
7. (a) 48 & o
(b) 5A -
(c) " 285.7 cal
(d) 833.3W
9. 2.74 cal s (by 2Q re51stor)
1.83 cal s (by 3 Q resistor)

o 0.91 cal s (by 6 re51stor) ,
1./ 429cals’ .
13, 1150 W
15 - 16 lamps
-+ Chapter 12
17. (@) 0.1Q
© (b)) 7475kQ
19. 460k Q
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. "APPENDIX

Common ST base unit and derived units

'Quéntity | L ' B.ase Unite §ymbols
‘length - metre N ~om
mass | kilog "~ - kg
time second . - 8
electric current . zﬁnpere A
thermodynamic . - - - kelvin | . K
luminous intensity candela o ed
substance mole o r mo}lj

Co "Qu'an;ti'ty: T o

Drived Units (Selected) * " Formula

- — . N - . - - _'1. -
acceleration metre per second squared .. - - T
area squate metre’ + TR e m
density .+ Kilogram per cubic metre . kgmn

. . i
electric capacitance -, , .

'
Al

electric charge 40U

(quantity of electricity)
energy '
force
ffeﬁluency
magnetic flux density

. power

pressure

Chad® AV
Coulomb (C):"";“j e ':;Il;‘AS'.( \
joule r.";f-‘_;l-Nm
newton (N) kg ms™
hertz (Hz) cycles
tesla (T) | Wb m
watt (W) - js!
pascal (Pa) | N
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-

thermal conductivity - .." watt per metre per kelvin wm' K
- velocity ' metre per second ms’

work - joule (§) ' Nm

SI unit prefixes, symbols and power of ten

multiple and submultiple values

; Preﬁx Symbol _ Value as Power of Teq ._ M"';‘i;)::z:ﬁo" ~
deka da _ 10 o | 10

liecto h w 100

kil;)' k 10° 1 600

‘mega M 10° | 1 000 000
giga G 109- ’ o ‘ o 1 OOOlOOR 000
tera T 10" 1000 000 000 000
Prefix \Symbol Value as Power Multiplication Factor

of Ten

deci d o T 0.1

centi c 10° 0.01

milli m 107 0.001 .

micro p 10°¢ 0.000001

nano n 107 0. 000 000 001

pico” P 10712 0 000 000 000 001

femto f 10 _ 0. 000 000 000 000 001 -

atto

a 1078 0. 000 000 000 00C 000 001
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 Appendigs T o

Solutions from chapter 13 no, 13

R PL AR ' .
e AR Lt e

A e output
, B o

AND gate -

j—o—C imp
o

. a1 gl Output
B— A A |
| 0 !
NAND gate ] 1 0 "
A | B | Output
9 ]..0 9 ’
ORguta, -, LT
el e L

w
o
=S

3
=3

A ‘ output
B |

© NOR gutﬂ

- b

o e e
M Ay

B PR



| " CONVERSION FACTORS
Length ~ | :

1 metre(m) = 394 HT i Toot(fr) o= 0.305m
o 328ft - 1 inch(in) 0.0833 ft
1 centimetre(cm) 0.394 in o = 2.54cm
1 kilometre(km) =  0.621 in_ 1 mile(mi) = 1.61 km

i
i

4
'

Area S N

v = dotem® | 1R .A==-.'..,‘=L"929x10'2m.

; L 155‘103“1 J Co Ll 929 cm®.
L
i om’® S=10% m?
= Q155 in’

Volume ' 0o b | C

im Lowqetem® T LR o= 283 107 m?

Pom 35387 T 28.3 litres
E 6 10x10“m o= 7.48 gal

JUS gal s = 0134 f°

T~ ~1Imperialgal . 1244 . = 3.79x10°m’

I
Al

fl-

Mass : T ~ S .
: T s i . L - " .- E ) ™ —
: o : : : I =

- .t

] kilogram(kg) = 0.0685 slug . Dshg(sh) = MSTkg-
o e {lbmass = 454¢ .

TR
Lol SU3mRs' 1fsT = 0305ms’

3.60 kmh' + E = 0682 mih!
= 224mih’ = 1.10kmh

N

lkmh' = = 0278ms’ C imik! = 1478
o 0913 fts? - = 0.447ms"

I
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Force

1 newton(N)

Pressure

| I pascal(Pa) =

Il

1 atm

_Energy

1 joule(J) =

1 kilocalorie(kel) =

1 electron volt (eV) =

Power

1 watt{W) =
.- 1kilowatt(kW) =
1 horse power(hp) =

Temperature

Tg. =
Te-
Tr =

-

U

746 W

0.621 mi h'' _
| 60 mih!

11b
1 inch(in)

0.2251b
3.60 0z
10° dynes

1N m? 11bin?
1.45x 10* b in
1.013 x 10° Nm™

14.7 1b in

0.738 fi-lb 1 ft-1b
2.39 x 10" keal
6.24x 10"%ev
41847

3.97 Btu

3077 fi-Ib
1.60x 107°J

1 Btu

1.J s'.l o
1.34 hp

Te + 273
5/9(Tr-32) 7
95 Te +32 g

317 .

.

161 kmh'
88-ft 3"_._ .

445N

4.45 x 10° dynes

6.90 x 10° Pa-

1361 .
1.29 x 10™ Btu.
3.25 x 107 keal
778 ft-Ib

0.252 keal

\ )
0.738 ft-lb s

550 fi-lbs”’



Time ‘L_” syt

S Y

! year

Angle

ey

i fadian(iad) - 20870180 =57.300 . o

a

1 ‘
1tad s

I rev min”! (pm) = 0.1047 rad s
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T
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-
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sadiert 0L
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= 1i44'510° min
= "876x 10°h

8.64'x 10*s o
= 526x10°min = 3.15x107s

L ey
peann it
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= 9.55rev min’
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