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@\ Basic Mathematics used in thnlﬂ

Qundratic equation
Roots of ax® + hx + c=0 are x=

b+ Jb? —dac
Za

Sin of rools X +K, -——h-, Produet of roots H.I_H:!-E
a

Binomial theorem
"I“'“;.l_u nin—1n—2}

— 1
(l+xf = 1 + nn 4 2 2 i
(1% = 1 = n + rrfnz-l]:. - n{n_g“_mx" g

If <=1 then (l+xF=1 + nx B (1-%)" = 1-m
Logarithm
log mn = logm + log m hg?-lu-gm—]ng'l.
log m" = n log m logm = 2,303 i0g, m
kg2 = 03010 fog 3 = 0.4771
Componendo and dividendo theorem

p_a p+o _ a+h
i b then p-q a-b

Arithmetic progression-AP
a, a+d, a+2d, a+3d, .....at+in - 1 here d = common difference

Sum of n terms 5 :%Iht[n—lidl

riln+ 1]
z

fi) 1'+2°+3 ...+ 1= EMM

G

Mote : i} 1+2¢ 34445 .4 n =

Geometrical
&, ar, ar®, ar ... here, r = common ratio

Sum of n terms i:“:_ﬂ Ennnnimlmﬁ-i-a?
-T
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i F" ey ..'ﬂ

sinZA = Zsinficosh
cos2A = cos’A—sin"A = 1-D6in"A = Peos®A-1

)

= tand
1 + cot® = cosec™)

cotl

cos(A+B) = cosfcosB ¥ sindsinB

+ Trigonometry -
2n radian = 360° = 1 ed = 57.3°
_ perpendicular basa
g e e ons 0= e
perpandicuiar base
lm‘lﬁ-—m cot i = Sodar
8 hypotense ¢ hypoternse
sec B= = cosec B =
a b
sindl = cosh =
2™ ¢ b s+ b
Sl o
carect = dnd SEE = cosd
sin® + cos’h = 1 1+ tan® = secH
sinfA=zB) = sinfcosB 4+ cosAsin®
tan A + tan B
mmiﬂ]_l;unﬂ:mﬂ

i
win (1R & f= —gind)
ces{ 180"+ $a-cosh
fanr | 1 B < {8 = pan B

1l 1800 =—tan |

win GEF - )= —coa@ |
comE Y - B —sink |
fan [« Hym cink @

Ztan A
fan2A = ——
sy [S07 4 ) i B (180" -fl=3n sl =8 =gl B 1 i [0 = ) w2 B
con I Blm—tn A | comil H:I:I‘-E:-—-;HH:F posi=fl= cosil | cosi )" - = snll
i 0"+ 8 m— it Ean (-8 = - jmnd | tan[r-p]=colb

"An (2T + 0] = - cosd
o G0+ B =gin B

1

| oin 3607 - {1 = —sind
| s (60" -8 = cos B
|t { 360" - ) =~ tan §

tan 70"+ W =—-col &

T ol 1 B T o, PP 11 Py L0 i



e D)

=1 F]

5 ]

Phisics HandBook

*  wne law

sin A - slnﬁ_h s

Integration

nel
" f Wiel = L1+C,n m =1

i+

. jihrtd:--nﬁ}i-rﬂ

- _[i"‘"d:-: -lc"""’+ﬂ
3

a I P
+  cosine law
_ Pt e 4 -0 a®+b® - gt
mﬁ_ 21.": rm'ﬁ_ EA':H .E’DEC'T
= For small &
sirlk = 1) coall = 1 e = Bsind = tand
=  Differentiation
- ynxh—l%=ﬂ}:"'l ‘.!'lur'm_p%-.i.
¥ H"Eiﬂﬂ-—'gi-mﬁ . y-h-ﬂ-ﬂ'!-ﬂ—l%:—ﬁjnx
= g Eﬁ- il o L= ﬁ._, E_ E
-ye"—&du g I"Iw_‘duud: =
o iy i) = dy _ dflgix)] J__'Ii ghal]
8 dx dalx] |
f g i
z ay i - cy
y=k = constant =d:| y = Et_ﬁu".m
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Maxima & Minima of a funciion y = fx)
« For maximum value %=ﬂﬂ!$*—”ﬂ

dy d'y
 For mindmum vaiue I.ﬂ& El-ﬂ.ﬁ

Average of a varying quantity

Jyl:h- ]NI
H v = fix} them {y};—?:!l_=_'l._
4 TR

L]

Formulase for determination of area

Area of a square = (shda)’
Hrea of rectangle = length =« breadth

Area of a frangle = %kbﬂn st hazight

Area dah—apmiﬂn%xkhmbﬂﬁmmﬂdﬁdﬁ}x fsum of parallel sides)

Area enclosed by a cirele = n e fr = radiusf

Surface ares of & sphere = dx §r = radius)

Area of a parallelogram = base x helght
ﬂmcln:umdmimd:%ﬂm:ler-lnt fr = radius and ! = lengih)
Araa of whole surface of cylinder = Zxr ir + £} [ = length}

Area of ellipse = 1 ab {2 & b are seml major and semi minar axis respectively)
Surface amea of & cubs = Bside)®

Tetal surface area of & cone = gré+ar! whene arf = 21 2 4 ' = lsteral area

m L pmil 2 1 | o ks Bl 31 Py * |1
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v Wolume of a rectangular slab = length = breadith = height = abt
¢ Molume of a cubse = [side)®

+ Volume of a sphere = 5 17 fr ' ralic)

¢ Vilume of a cylinder = x 3¢ (£ radi a7 m Sori)
v Volume of 4 cong = %:r‘h It = radivs and b = hieight)
HEY POHINTS:

T
v Toconvert an angle from degree to adian, we have to multiphy & hyﬁ

and to comvert an angle from radian to degree, we hawe to multiphy it

18(°
by

¥ help of diflerentiation, 1f v s gfven, we can find ﬂ and bip help af inlegration,
By ¥ A

i E i ghven, we can find v,

o
*  The maximum and minimumn walues of funclion A cosB + Bsinh ame
Jat LBt and _[aF L ¥ respectively,
¢ [a+bP = a® + b' + Zab (a-bl = af & b = Zab
(a+h] a-b) = a® - b* [a+b) = a® + b* + Jab [m+h)

(b = a* - b = 3ab [a-h)
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Vectar Quantities

& physical quantity which requines magnitude ard a particular divection, when i
i% expressed.

Triangbe law of Vecior addition F-A:B

o
R=vA!+B% + 2AB cosh i
e a4
A Beciaki
Ben@ B b
Iﬂm-m fA=eBibhen Re@Aos— E O
R, = A+B for =0 ; R, = A-B for 0=180"

Parallelogram Law of Addition of Two Vectors

If bwo veciors are represented by hwo adjacent sides
al a parallelogram which are directed away rom
thelr common point then thekr sumi §.e. resultant
smctor] is given by the diagonal of the paralldcgram
pessing away through that comman podnt.

AB+AD=AC=RorA+B=R=R=/A+B" + 2AB cosf

B =infl & sinA
1 - e 4] tBAf - ———————
e + B oosh | B+ A cosb
Vector subtraction

=g e Baini
E"\lﬁ + B = 2ABcos & - Brosh

i A = B than H-zﬁ-:h%
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Addition of More than Two Vertors (Law of Polygon)

IF.:MVMW&mmpﬂuuiadbpdﬂﬁdapﬂwmhmmdenﬂwﬂmi
resultant vactor ks represented by the closing side of polugon in the oppesite
crcdar,

R=A+B+C4+D

Rectangular component of & 3-0 vector
o A=Aji+Aj+Ak

A

B
ade width x-axls Pl = [
Argle m E cosa = — T
A'ﬁ
Angbe made with y-axis o5l —t = =1m
A JAL+ AL+ A

)

Angle made with z-axis [‘-W'r’:!i'-I =N
A AT AT Al

o {, m, n are called direction oosines

' d . oaf
e +ntmepatn +eos fleoos’y = b P"—E "]

[far+ AT al)
ar sinfe 4+ sin® f o+ sinty =2

General Vector In x-y plane

Ffexi+yj= r|:c|:h5E|-I + slnlEI_i] i

[T ot o 7 i, oy g . 1 T
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Examples
1. Construct a wector of magnitude & units making an angle of 607 with x-
BMkE,

Sol. F-r{nusﬁﬂhnnﬁlﬁll-&[%i +§3]-3;+3ﬁ]
2. Construct an unil vector making an angle of 135" with x axis.
Sol. F = licos 1354 + sinlJ.ﬁ‘TpI--j-Ei-i-r]]

*  Scalar product (Dot Product)

a AR- ﬁgmg=|ﬁrghh¢rwemmwﬂcﬁﬂ = OOS [':E)

o HA=AJ+AJ+AR & B=Bi+Bj+Bkthen
AB=AB, +AB, +AB, and angle between A & B s ghen by

AB AB, +AB +AB,
O = T
AB  JAT+ AT+ AL (B + B o B

o =1, §i=1. kk=1. [j=0, ik=D. Jk=0 i‘:
a  Component of vector Eahr:gue::tnri-ﬁ“.{lg.a]é 7

A Companent of § perpendicular to 5, b, =b-by=b- (b.a)a
*  Crosas Product (Wector product)
o AxB=ABsingf where fi is a vector perpendicular to A & B or
their plane and its direction given by right hand thumb rule.
::ET

k
. A,
B,

=]
=1}
=

L)
g A'- "ﬁ'u o I-'I'||""-.El_\'P"lEl.l:I -Tm!Er_EIAJ *ﬂl:.ﬂlﬂi—E.A_'_]
B, B

o AxB=-BxA
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o iﬁxﬁ].ﬁ:tﬁ.xﬁiﬁ:ﬂ i
8 fxl=0. jxj=0. kxk=0

a I:i.i-lri: _-I:-:l;.--l:.

i

E.-ll-j.-. | #0l=<k hiegative
Eﬁr":—i-l rlﬂEl:—i k
Diiffereniiaibon
dB 48
o mcaar TB ﬁ- o —I:A-:Bln_ =B+.H.=.=E

When 1|nﬂ°¢hmun:lﬁuh{1t.y"1l}mit1, y,,zljﬂuﬂltdhﬂﬂm
vactor

T=H-F =00 + vy *Ezi]'-{:tﬁ-i- 91]+ ziﬁ}

= (kg = %0+ (g = vy )i + 2 =2, Bk
Magnitude

r=1F|-ur|:Hq %1 g, -y, +iz, -2,

Fa il 4

sl.nA ElnE -.ﬂnC F.

Lt E - a
a h c snf, snf, smi,

i)

|a-un|

Area of irlangle Area = ]"‘LEI 7 ABsin® ‘

A
Area of parallelogram Area = |A « Bl = ABsind 7 !
For Parallel vectors A=B=0 é“‘l‘“‘}
For perpendicularvectors AR -0 A
For coplanar vectors ABxC)=0

10
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Examples of dot products
Wark, W= Fd = Fdcosd where F —+ force, d -+ displacement
Power, P = F i = Fycosh whera F -+ force, v - velocity
Electric flux, §, = EA = EAcosh  where E —selectric fisld, A — Area

+  Potential energy of dpole in where p —+ dipale moment,
mfnrded.U-—ﬁf whiete E =& Electric lield
Examphes of cross products -

KEY POINTS :

Magrefic flux, §, = B4 = BAcosl  where B s magnetic fizld, A —» Area

Torque 3 =7 = F where r — position vector, F — force
Angular momentum J = « i where r— position vecsor, p —» inear momentum
Linear veloeity ¢ = 6 = 7 where r = poslion vecton, o — argular veloclty

Torque on dipole placed In electrc field T=pFx E

where p —+ dipale reoment, E — electric Held

Tensor ; A quantity thai has different values in different directions s called
fensor.

Ex. Moment of [nariia

In fact tensors are merely a generalisation of scalars and vectars; a scalarisa
zero rank tensor, and a vector is 2 first rank tensor,

Eleciric currend is not & weckor as it does not abey the law of vector addition.
A il vaeior has no unil.

To a weetor anly a vector of same type can be added and the resultant is a vacior
af the same tyupe.

A sealar or & vector can never be divided by a vector,

11
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T .I.I:nlts,l.'ﬂmaﬂs.lp_.n,'l_l_ln_.a_suramgg_!ﬁ“_
3 and Practical Physics

Fundamental or base quantities :

The guantities which do not depend upon other quantities for their complese
defirition are known as fundamental or base qerandities

.. : length, mass, time, ete,
Drerived queatlides :

The quantities which can be expressed n terms of the fundamental quantities
arg knoumn a3 derfeed quanfities e,

Speed (=distancetime), volume, scceleration, force, pressure, etc.

Units of physical muantities

The chesien reference standard af measurement in midiiples of which, a phiyaical
quantity Is expressed is called the wnit of that quantity.

Physical Quantity = Mumerical Value = Undt

Symterms of Units

MKS CGES FFS MES0 MESA

| (i} | Lengthimj | Lengthiom] | Lenghift] | Lengthfm) | Length (m) |
(&} M.oems Ei' Pl g’ r hi:_:l [rade W15 | H_n!- fagl Pelans I}Cﬂ

Ll ) Tiee @) | Tisl) |} Timels) [ Tiewe) | Tenefd

m B i 7 s Py e o | P 01 00

it = - = Charge ) 1 Cusrent (A)
Fundamental Quantities in 5.1. System and their units

S.N. | Physical Qty. MName of Unit Symbel

1 Mass kilogram kg
£ Length maler o
3 | ime s ond H

|4 | Temperatre Kedvin K
5 Liirmémcras imtensty candea Cd
6 | Blectric curvent | emperg | A
7__| Amount of substance mole mol

13
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51 Base Quantities and Units

Base Quantity

&1 Units

Mame

i Definition

Length

ey

The murter ks the length of the path e
Iy Eght In vecuam during & tme Inbenead of

Kikogram

i%!:ﬁl 192 4581 of & Eand“ﬂ

kidogram s equal 1o mass of the
intermnational profabype of the kilogram [a
plabinumeiridiue  alloy  eylinder) bept o
International Burean of Weghts and
Mesmmes, ol Sewvres, near Pars, France.

(1539

s onnid

The: second is tha duraien of 9, 192, 631,
T pariads of the radiagion corrgsponding
o the tansifion between the o hyperfine
level ol the growdd siaie of the cesium-

12 glom (196 7)

[ Hectric Currant

AP

Tha ampere 8 Bal constant curment which,
W maintaaned 5w dmdight parallel
conductons of infnite ngth, of negighls
drcular crosssmction, and pleced | mwitne

apart in wecoum, would produce befween
these conductors a fore aqual 4o 2 x 107
Mewion per metre of k. [194E

Thermodynamic
Temgreralues

kehiin

The hehdn, & the fraction L/ZTE 16 of the

thesmedymamic lemperature of the iiplke
poind_of water, (1367)

Amoint ol
Sulmtance

ke

The mede is ke armoumd ol aibslance ol 5
amlem, whidh conlairs af  manw
clomantany enifies as thurd are alomd in
o1z ram of carbon- 12 (1971

Lumincus
Inbensity

candigla

The candela in the biminous ntendty, in a
ghen direction, of & souvce Thal emiks
moncchromatic radiation of freguency 540
x 10" hartr and that haz & radiant indensiny
in thai dwredion of L7683 wab per

starpdian (1979

Supplementary Units

. Radian {rad] - for measurement of plane angle
= Steradian {sr) - for measurernent of solid angle

Relation which express physical quantities in terms of appropriate powers

Dimerskonal Formmila

al fundamental units,

14
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Use of dimensional analysis
#  To check the dimensonal comeciness of a given physical refation

= T derve relationship bebasen different physical quantites

*  To conwert units of a physical quantity from one system o anoithar

- L] £
A= N, = ny = Tll[:!—,i:} [EL!"J [;"} where u = MLYT

Limbktations of this method :

In Mechanics the formula for a physical quantity depending on more than
three other physical quantities cannot be derived. It can onby be cheched

& This method can be wsed only § the dependancy i2 of multiplication type.
The formulae containing exponential, trigonometrical and logarithrmic
fumctoms car't be deruad using this method, Formulse containing morne
than one term which are: added or subiracted like

g = 1t +%a’r‘ alsa can't be darived,

= The mlabion derved from this method gives no Inforrmation about the
dirmensionlass constants,

= M dimensions are given, physical quantity may nof be onique ws many
physical quantities have the same dimensions.

= [t gives no informnation whether a phaysica] quantity 1s a sealar or a vector,

The magnitudes of physfcal queantifies vany cver a wide range. The OGPM
recamenended standand prefises for magritude oo lamge o too amall o be

expressed more compactly for cerain powers of 10,

15 ,
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Prefizes used for different powers of 10

'7“‘;;'“ | Prefix | Symbal “""m" of | Prefix | Symbat
101® P E 107! [ d
'H:lli peta P 'I‘I:It cend C
1014 beta T 10 il m
10 gigm G e micro 1}
14+ s M 157 nano n
107 kil k 10 pico p
10* bt h i fermile [
10¢ deca da 1 pida a
Units of important Physical Quantities
T o , I-,_.'.i i) T ._rl:. : li T :: s |I
& m.Fii"l!rr' '-l' it I:lh‘ ot .";:-.I:“_HIII it I!- "m I 1
H:E:m paull 52 Frompuency etz
Meenenl of nera kg —m® Resistance kgm® AT 52
Seif induciance Henng Surface ension newton/m
Magnetic fls Wsher Liniersal 5 jouske B mal !
Pole strength A= Dipole moment Coulomb-meier
Viscoskty Pugs Stefan constnnt (T il
Fermitthvaty of
Hestiance Ohm f  [5d Coulomb® /T=m?
Spacific haa IMgC T""""""‘"I "]f Websr/A-m
mETﬂ::hiaid newton &7 m! | Plancks sonstant joude—gar
| PTG MG E i
i Parsec Entrupy A

16
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Dimensions of Important Physical Quantities

Physical Physical
tity Dimensions e Drimenesions
Mt M LT Capacitance ML T Af
Calerie M LE T Moy | wiore
Latert boat Magnetic
R M LET nermeatility M L TEAT
Salf inductance M'LET A Pri=oure MLTTE
Coefficent of
tharmal M LT | Flancks corsiant M LT
conductivity
Powsr B! LT Solar corstant b LF T
Impulse ML T Magnetic x| M1 LETT AT
Hoemabityna | yoprar | Comentdersity | poLmoa
=l Rl
-
Potential energy M' LT mnﬁ ML TA
Cravitational PP ]hhg“;:. T
Light wear LT Parrnatiity MTL™TAS
“wmi Motk | Electic Reld MILIT-9A
I

17
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Sets of Quantities having same dimensions

S.N. | Quardithes Diimenshons
L. Sirain, refractiee fndex. relathe density, angle, solid

angle, phase, distance gradient, relative perrmaability,
relatie  permitvity, angle of contact. Reynolds | [MP L2 TH]
mumber, coefficient of riction, mechanical equivalent
ol busal, electric suscepiibiitg, ele.

2. | Mass and lnertia M'LTY
3. Momentum and impuke. M LT
d. Thnust, force, waight, lension, energy gradient. ML T

b Pressmure, stress, Youngs modhius, bulk moduhis, P
shear modubs, modubus of fgidity, energy deraiy, ML T

6. Angelar momentum and Planck's constant (h), [MILETY
(7. | Acceleration, g and gravitational field intenshy. Mo LT
8. Curlace tenson, free surlace enargy |energy per unil
IM'LE*T™
areal, force gradient, spring constant.
9. Lateri heat capacity and gravitational poteniial, [MPLET
1%, | Thermal capadty, Bolizmann constant. entropy. | MLET- 2K
11, Work, tosgue, Internal energy, poftential emergy,
kinetic engrgy, moment of foroe, (500, (L1%, (gh,
o M LT
(HC), IR, ri-1.ﬂ-"ll FV], RT) L), (mc AT)
12, Fregueency, engular frequency, angualar  welocity,
R1 1 M Lo T
welocity gradent, mdoactivity L'RC T
13. ||l i m L] I..
[—] [—] -[—].mr:a.[ufh_:: , time | M2 L2 T
g k R
14, | (VIL 0°R), (VU/R), Poumer [ML*T™

18

m BT 0 e b . P gl 6 | g, 1R il



P

Phyasies HandBook

HEY PDINTS

Some Fundamental Constants

Gravitational eonstant {G)

A6T = 1071 N m* k-

Speed of Bght in wouum k) 3x 10° ma!
Permeabiley of vacuum () A% x 107 Hm
Permittivity of vacuum fgq) 885 x 10" Fmr!
Plarek eonsisnt (h G663 = 1075 X
Abomic mass it (ami) 1.66 % Iﬂ":'.hg
Enerqy efuitalent of 1 amu 931.5 MeV/

Electron rest mass [my]

51 % 10 kgm 0611 MaV

Avogadro oonstant [M,)

6.02 = 10°° mal!

Faraday constant (F)

9648 % 10°C ma™'

Siefarn-Boizmann consiant fa)

56T = 10" W m2 K

Wien constant ) 289 x 107 mK
Rydberg constant (R 1.097 = 107 m!
Triple poirt for waler #1316 K [0.01°C

Muolar vodume of Ldead gas (MNTF)

224L=224% 10 m' maH!

Trigonometric functions sinB, cosb, tanB et and their arrangemeris 8 are
dimansiconless,

3
Dimensions of differantial coefficients [% i'-[%]

Dimensions of niegrmais “hﬂ‘] = [y}
We can't sdd or subtract twe plusical quantities of differend dimensions,

Independent quantities may be taken as fundamental quantities in a new system
of urits.

19
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PRACTICAL PHYSICS

Rules for Comnting Significant Flgures

For a number greater than 1

* Al non-zero dighs are significant.

* Al zeros between hwo non-zero digits are significond. Location of decimal
does nat matier,

e [ the numbe ks without decimal part, then the terminal or tradling zeros
are nod skgnificant.

¢ Trailing zeros in the decimal part are significant,

For a Number Less Than 1
Ay zeto to the right of a non-zero digit &s significant. All zercs between decimal
paint and first non-zero digit are not significant.

Significent Figures
Al acouratedy krown digits in measirement phis the fird oncertain digit iogether
farm sigrificant foure,
Ex. 0,108 = 35F, 40,000 — 55F,
1.23 x 107" —» 35F, 0.0018 -» 25F
Rounding off
BT+ 6.9 6.8 —+ 5.8, 6.85 = 6.8,
6.75 < 4.8, B85 < b6, 6.95 7.0
Order of masqnitude .

Poswer of 10 required to represent a quantity

49 = 4.9 =1V & 10" = order of magnitude =1

B1=51=10 = 10¢ = order of magnitude = 2

0051 =51 =107 = 10" = order of magnitude = -1
Propagation of combination of errors

Error in Summation and Difference : x = a + b then Ax = = [Aa+Ak
Error in Product and Division A physical quantity X depend vpon Y &
EuH-‘:"E'IMhmh'nmpnﬂ]:hhtﬁamlmth.

Ry eNE

Error in Power of a Quantity - x-—uum [m[%]n{%”
Least coant : The smallest value of a physical quandlty which can be measamed
accurately with an Instrurment s called the least count ol the measuring
Enestrument,

Vernier Callipers Leasi count = IMSD - 1 VED

(MED = madn scale dutsion. V5D — Vemier scale division)

20
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Ex. A vernier scale has 10 parts, which are sgual to % parts of main scale hawving

cach path equal ta 1 mm then least cownd = 1 mm - % mm = 0.1 mm
[+ 9 MSD = 10 VSD)

- :Hm
RAORL ok tal no. of dhisions
on clroular scale
fera Ervor ¢

If there is no object between the jaws {ie. jaws are in contact), the
screwgauge should give zero reading. But due to extra materal on
jaws, evan if there is no object, it gives some excess reading. This
excess reading is called Zero error,

: .I LN

- iy £ 1
e '—':H.

I gheinss 3 07 vy
oo rimliang = B 07 sini e n ermn| b
il dhamw 1 00T iron e e sl adid
o 2 B sl el
= i chirkons & 107 & 007 = N i
of

[ e ke L]

ranbrig Lhsan sk
:Mr-q-nhund- s ey
| il g T ‘

Excess reading = 0.07 mm [zero error}

Ex. The distance mowed by spindle of a screw gauge for each turn of head is Trmm.
The edos of the hurmbde Is provided adth a angfar scale carmying 100 ecusl

1o
dnisions. Ths lest count = lT;'-u.m o
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" y TH'HEh.TtE-'r‘I.ElL
For uniform motion
Average speed = laverage welocliy | = |linstataneous welocity |
Velocky ﬁ:%:%{ T+ﬁ;:ﬁ]=%7+%i+ %}: -utia'u‘]-l-v.i
Mt total change Invelocity . A7
Aversg total time taken ™ At
Acoceleration
7] £ s . o m- r - - -
ﬁ:%:%{u11+upj+u'}[]r%l+#|1%.};.—:..11-:].]+.:|_h.
Important points about 10D metion

@“ T Kinematies

Distance and Displacemsent

Totad length of path (ACB| couvered by the particle, in definita time intenval is
called distance. Displacernent vector or displacement is the mirimum distance
[AB} and directed from initial position to fimal position,

i

o
" ™
iy - B
Displacernent in terms of position vector
From AOAB  AF =% -7,

1"H=:|:.,T+y,3+:1h ard = :Li+5r,j+z1l-r.

AF = (s = 2000+ e = w1 # 2 = 20k

Distance = | displacement | and Avernge speed = | average walocily |
i distance = |displocerment! this implies
(a] atleast at one paint in path, welocity is zen,
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Displscomant

™ b=%=r:!‘dy=l:lﬂ =v1—u1nTﬂ

= Change In welocity
Area botween acceleration curve
and time axiz, Irom t tots

de " b
W v=d—|=hjdt=!m :-::!—::.:]ﬂ
= Change in postion = displacament

= area between veloclly curve and

tme exis, from 1, 1o t,

Dilleverimlion
R EEE——

fh] Thie bochy rnmst heve retarded durdng the meotion
+  Acceleration positive mdicates velocity increeses and speed may ncrease
of decrease
*+  Enpad Increase i scceleration and velockty both are positive or negative
{l.e. both have same sign)

v iy

In 1D I s 4

- maotion o pr 'U'Eh:
*  Graphical integration in Motion analysis 3

'

Ey
sk srew = chamgs in velodity

ta

shaked area = diaplycemend

Impartant point shout graphical analysis of motion

*  [nslantanecus velocity s the slope of position fime cunee.

Slope of wlochy-time curw = Instantanecus acosleration

*  webocurve erea ghves displacement.

* ot curve area gives change In veloeiy.

e T Caffenariistion

[+-$)
(=)
[ax= ]
[ov= o]

Imimgraiton

Vabo ity
Instagpatian

24
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Different Cases v=t graph s=t graph

v peconstant 4
1. Uniform motion -
— _41
2. Unifcrmly accelerated ¥ T
motion with w = ) ad ..-_-"
t=0 il
3, Uniformly accelerated 4 i = ut+V at’
withugl att=0 u‘f_:ﬁ" i
y =

4,  Unlformly accelerated v s
motion with u = 0 ﬂ-,ssf'( b

aned s=5att=0

B, Ul‘l.“-l:lr‘l"r‘l'!‘? retarded é = weial = Vi al®
miotion Hl welociby ‘H% ..-_"'
becomes e _ , ]

s

6. Uniformly retarded

then accelerated in ¥
opposite direction '3%“

Motion with constant acceleration : Equations of motion
o In weetar form :
11+|.I-} _ 1

S - o
T=i+5 .ﬁ!-l,—T,_:Er[ = t-ut*Eal?-ﬂ—Eﬂt’

Vet 235 5. =04 (n-1)
|55 <+ displacement in n" second]
g In scalar form {for one dimensional motion] :

4 1
vo= i+ oal :-[“;UJI‘H-M-—# = — 2ml
W - 2 5“-u+%{‘2n—1|
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RELATIVE MOTION

There s no meaning of motion without reference or obserer, If relerence s
not mentionied then we fake the ground a5 a reference of motion. Generally
welocity or displacernent of the particle w.rt. ground is called actual velocity
or actual displacement of the body, ¥ we describe the motion of a particle
w.rt, and object which is alss moving wort. ground then velocity of particle

w.rt. ground ls e actual velocity (7, ) and weloeity of particle w.rt. moving

chiect is its relotive veloctty (T, ) and the velocity of moving obiect (w.rt,

ground) is the reference velocity (¥, ) then ¥ =9 -7
P

Relative velocity of Rain w.r.t. the Moving Man : A man walking west

with velocity ¥ represented by OA . Let the rain be falling vertically

downwards with velocity U, , represented by OB as shown in figure.

rh

The relafive walocity of rain worl man ¥ =%, —%_ will ba represented
by diagonal O of rectangle OBDC.

Uy = VT 4 & By, cos 0" = JNT 4]
If @ is the sngle which 7_ makes with the wertical direction then

BD w v
fanf s — = —B o = fan | R
OB uln . [UIJ

Swimming into the River

A man can swim with welocity ¢, La it is the veloclty of man wort. still
water, If water |8 also flowing with velocity 0 then velocity of man relative to
ground §_ =0 +%,

26
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H thee swdmiming i i the direction of low of water or along e dovnstream

_-.u'
then e ], V=W

If the swdmming & in the direction cpposite to the flow of water ar akmng

- m———
the upstream then v —_— R

If man is crossing the river as shown in the Bowre ie ¢ and G nol
colinear them uss the wotor algebra . =0+0, [l.il-l.l:l'lﬂ.lu'i'}'llll

b —

.

i = HHEE
L P

Fur mirdrmsm displatoment

W
To reach at B, vsin @ = v, = 5H'|E'=T"

Time of crossing —§

-
Note : If v, > v then for minkmum drifting Sl B = e
For minimmaum time ¥

5 £ then

1 | Fa ||m_

< | G

=i
i
"
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MOTION UNDER GRAVITY
IF & body is thrown vertically up with a velocity o in the uniform grasvitational
field (neglecting abr resistance) then

i
§l  Maximum height attained H = ;—-E

u
fily  Time of ascent = thmnfdﬂl:mt-g

2
i) Total time of flight -;”

iiv] Velocity of fall at the point of projection = u [dowmeands)

i Gallileo's law of odd numbers : For a freely falling body ratic of
successive distance covered In equal time Entermsal 't

SI f Byt 5, Do, w 1r 3 Br....r 2=l
= Al any point on s path the body uill have same speed .‘r.-'-'n.,,l
for upward joumey and downwarnd journey. &

* If a body thrown wpwards crosses a point in time
t, & t, respectively then height of point h = ‘&gt

1
Mawimum helght H -Eg.ltl * LA

o A hedy is throun upwand, dewrnvard & horizontally
with same speed fakes time t,, 1, & t, respectively

io reach the ground then £, = Jtt, & height from

where the particle was throw Is H'iﬂtut:

2
*  PROJECTILE MOTION y
o Horizontal Motlon
U ool =i
B =0 L]
®omuto= (ucoab)

0 Vertical Motion : 5 i
¥, = U, — gt where u, = usin; y = Ut~ gt's usindt - - gt*
Met acceleration = d=al+a|=-gl

0 Atanyinstant : v, = ucosf, v = usind - gt i

SlE WL

28




g =3 By, . 98 i

T bemmsiid 7

e Physics HandBook

0 For projectile motion -

* A body crosses fwo points at same height in tme 1) and 1, the points
are at distance ® and v from starfing point then

fel x +y = R =
Bht, vt =T g “.}.5\
i) h=te gtt, fﬂﬂh L

{d} Average welocity from A to B is wcosd L.

If a person can throw a ball to & maximum distance s’ then the masximum
height to which he can throw the ball will be {x/2)

Velocity of particle at time t
U=vji+vj=ui+u - g =ueosti+jusng - g
If angle of welocity & from hordzontal is @, then

tan::riuu"_gi-pusmﬂ_g -rmtl--i
W, u, uoosg (et
a At highest polnt - v, =0, v =ucosd
2
o Time of Maht : T =t 2usind
a |
] #
0o Horzondal range FI-[ucm'-EJT--Eu sinBoosd _ u ihzf- 2u,u,
g a
B is =arme for O and (90° - @) and maximum for 8 = 457
u  u'sn®o 1
HeLoe———=—_gT"
o Meximum heighd 23 2 23

H 1
— i =1
o 3 d-:nE

1
g R, | ee [ _1}
o  Fouation of trmjectory  w=xtani R P x tanfi] 1 R

#  Horizontal projection from some heighd I i
a  Time of Mght T= e b
a
B Hosizontal range B =uT =u |— l
Va s [ et

8 Angle of velocity at amy instant with horzontal El:tan“[%}

29
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B

Projectile motion on inclined plane- up motion

o Time of flight

B Maximun hesghd

o Range on Inclined plane

a  Maxirmusm range

T E‘tj. Elnl!h'l!'ﬁ—u!

q, GCOS0
H, _l':.__ u’ﬂnzgl}—u!
= 29, -~ 2goosa
E —
ReOA = 2u" snl@ Iu]c—mﬂ
GCos' o

u B "
Hﬂ'gﬂltﬁnu] elangle B=0+3

Projectile motion on Inclined plane - down motion {put a=-a in above)

ra

o Time of Might

g Maximum height

o Ramgpe on inclined plane

8 Maximum range

R=OA o 2u® cosfein |8+ a)

mood” @

2
E

PR [
™" g[l-sing] * engle B=g-3

30
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KEY POINTS :

A posithve acceleralion can be essocisted with a "slowing down” of The body
becmze the origin and the positive direction of motion are a matter of chadce,

The x-t graph for a particle endergoing rectilinear motion, cannct be as shoum
in figure because infiritesimal changes in velocity are physically possible onky
in infindesimel tine,

In chiiqua projection of a projectile the speed gradually decresses up to the
highest point and then increases bacause the tancential acceleration opposes
the motion till the particle reaches the highest point, and then 1 favours
the mation of the particle,

I free fall, the inifial welocity of & body may nod be zero,
A body can have acceleration @ven if s velocity & zero af an instant,
Muerage velocity of a body may be equal fo its instantanecus wabocky,

Tha trajecion of an object moving under constant scceleration ean be straight
line or parabala,

The path of one profectile as seen from ancther projectile = a Euabahl line
as relative acceberatbon of one profectile wort. another projectile s zera,

an
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Force
A push or pull that one object exerds on anciher.

Forces in nature

There are four fundamental forces §n natere o

1. Gravidations! force 2. Eletromegnetic force
3. Strong nuchear force 4. Weaak force

Types of forces on macroscopic objecls
i Field Forces or Range Forces ;
These ara the forces in which contact betasen two objects is nod
NECESSATY.
Ex. i} Gravitational force between tuo bodies,
fily Electrostatic force between two charges,

B Contact Forces :
Cordact forces exist only as long as the abjects ara towching each
etFuar,
Ex. (i} Mormal forca. (i) Frictional loree

(3 Atachment to Another Body
Tension (T} in & siring and spring force [F = kx} comes in this group.

MNewton's first law of motion (or Galileo's Lew of Inertia)

Every hody continses in i85 state of rest or uniform motion in a straight line
urless compelled by an external unbalanced force to change that state.
Inertia : [nertia is the propesy of the body due te which body opposes the
change of it's siate. neriia of a body is measured by mass of the body.

MNewion's second law
F:.%:%trrﬁ:-m%tﬁd—:" {Linear momentum = mi)
A  For constant mass system F = ma

Momentum : It is the product of the mass and velodity of a body Le
mamentum § = mi
51 Unki - kg m s DHimenstons : M LT
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+ Impulse ; Impulss = product of force with time,
F

1
inpadis = v ueler s

For a finite inferval of Hrme from § ko £ then the impulse = }Fd'l

Il constand force acts for an intenad At then ; Impubse = F.-rr
Imipiilse = Momentum theonem

Impulse of a force s equal (o the change of momenturm  [EaT= ap]

+  Newton's third law of motion : Whenever a particke & exerts a force on
another particke B, B simultanecusly exerts a force on A with the same
magritude in the opposie direction,

¢+ Spring Force |(According to Hooke's law) ;
In equilibrium F=kx [k is spring constant]
Nl

Note : Spring force B non impulsive in nature,

Ex. If the lower sfring is cut, find acceleration of the blocks,
immeadiately aftar cutting the spring

Sol. Initial stretches % 3‘"“ and ¥ =72

Oin cutting the lower spring, by viriue of non=impulsive
nature of spring the strefch in upper spring remains sams

immediately after cutting the spring. Thus,
@ Ja
2mg= 2ma=a = g
2mg
5 LN
Upper block - o k(%_]—mg-ma:ba-ig
mg

34
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+*  Motlon of bodles in contact

When two bodies of masses m, and m, are kept on the frictionless surface
and a foree F 13 applied on ane body, then the force with which one body
presses the other at the point of contect is called force of contact. These
v bodies will move with same acceleration a,

fil  When the force F acts on the body with mass m, as shown in fig.{)
F = i{m, + mJa

] I.|.| Ii F l.|..|.+..|r|,
If the force exerted by m, on m, is f, lforce of contact) then for body

m: {F-f)=-ma

Fig. 1is | FED. reprasaniation ol ackon and reecion lorcis,

For body m, : f=m,a = action of m, on my [I,._Erf_.
+
Pulley syustem L e,
A single fixed pulley changes the direction of force only and in general,
assumed to be massless and fnctionless

L

S0ME CASES OF PULLEY
Case -1
Letm, > m,
now lormess m, m, g —T = ma
for mass m, T-m, g =m, a

(a1, — v net pulling foroe
Acceleration =a = —1 ig=
i [y +mig) " total mass o be puled

dmymy _ 2xProductof masses
1m:+mz.f T Sumal bao rrssses

Temion=T = a

Reacticn at the suspension of pulley R-zT-q—m"l"-’i

Iiml ¥ m:J

35
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Case -1 Srha
Formassm : T=m a maY
For mass m, : m,g—ll'-m,u -
Acceleration p = — 25— and T=—m‘E|—g
{my +my) (), + my ) Eil
FRAME OF REFERENCE

Inertial frames of reference : A mneference frame which & either at rast
ar in uniform motion along the straight Ene. A non-accelerating frame of
reforenice is called an inertial frame of reference.

All the fundamental lews of physics heve been formulated |n respect af
inertial frame of reference,

Non-inertial frame of reference 1 An sccelerating frame of reference i3
caled & non-inertial frame of reference. Mewdon's laws of motion are not
directly applicable in such frames, belore application vwe must add pseudo

{orce.
Paeudo force: The force on a body due to accalerabtion of non-inertial
frama s called fictitious or apparent or pseude force and is givenby F = —-ma_,

where &, 5 acceleratlon of non-inertlal frame with respect fo an Inertial

frame amnd m s mass of the particke or body. The direction of psesds faree
must e opposita to the direction of acceleration of the non=inertial frame,

When wea draw the free body diagrem of a mass, with respect to an Inertial
frame of reference we apply only the real forces iforces which are actually
acting on the mass). Buf when the free body diagram is drawn from a non-
inartial frame of reference o pseudo forcs {in additSon do all raal forces) has

to be appled to make the equation F=md to be valid in this frame abso.

Man In a Lifi

W i the Iifi moving with constant welocity v upwands or downiands. [n
thiz case there s no accelerated motion hence no psewdo force
experienced by observer Inside tha hft.

5o apparent welght W’ =Mg=Actual weight,
b I the Bft Is accelerated upward with constant scceleration a,

Then forces acting on the man wirl. ohserved Inside the kit
are

i Welght W-Mg downward
{ii] Fictitious force Fy=Ma downward,
50 apparent weighl W =W+F =Mg+Ma=Mig+a)

kR
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{c) H the lift is accelorated dowrward with acceleration a<g.
Then w.rl. obsenver inside the lift fictificus force F,=Ma acts upward
while weight of man W = Mg aluays acts dowmannd,
So apparent weight W' = W - F, = Mg - Ma = Mig-a)
Special Case
I a=g then W=0 jcondition of weightlessness),
Thus, in a freely faling 16 the man will experience weightlessness,

I ik accelerates dovvaard withi acceleratlon a = g . Then as in Case
], Apparent weight W' =Mig—al s negative, Le., the man will be
accalarated upward and will stay at the ceiling of the lift,

FRICTHON
Friction is the force of two surfaces in contact, or the force of & mediom
acting on a mosing object. (.e, air on aincraft.)
Frictional forces arse due to molecular interactions, In some cases Friction
acts as a supporting foree and In some cases it acts as opposing force.
+  Cawse of Friction: Fricion is arises an acoount of strong atoimic of melecular
forces of attraction befween the two surfaces at the polnt of sctual contact,
¢ Typesof friction
Friction

! : :

Static friction Dymammic Iricticn
[Py relaiive rewiioe {Klrsetic frictian)

Betmoon objects) [Thére 15 roladive motion
bk clnech

+  Graph between apphed foroe and force of friction

Frictem dana (5

Lirmiting: Friction

e
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Statle friction coefficient p.-[—['}ﬂﬂi osfsuN, {=-F

([ =ia,N = limiting friction

Sliding friction coefficlent #, -%},1’, (N s
Angle of Friction (1)

Angle of reposs ; The maxdimum angle of an inclined plane for which a
block remaine stationary on the plane
M

ﬂ-tf‘: ﬁg i
EL LT

* For smooth surface 6= 0

Dependent Motion of Connected Bodies
Method 1 : Method of constraing equaticns

Ty, =constant = L% =0 = LX =0

o For n moving bodies we have %, %,,...%,

o Mo of constraint equations = no. of strings

Method 11 : Method of virtual work : The sum of scalar products af Forces
applied by conmecting links of constant length and displacement of come-
sponding confact points aqual lo e,

[EF 8i=0=FF-0=0=FF4=0

AR

Forgionin i 511 Py, | 170 il
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KEY POINTS

Aeroplanes sbaays fiy at low altitedes because according to Mawden's (1] |as
of motion 23 aercplane displaces alr & at low altitude density of alr 1s high

Rockets move by pushing the exhaust gases cut so they can iy at low &
high alfitude.

Pulling a lawn maller & easier than pushing 1§ becease pushing icreases the
apparent wabght and hence frietion

A moongphalivale sells bis moongphali ising a welghing machine in an
alevator. He gain more prodif if the elevator s accelesating up because the
apparent weight of an obiect increases in an elevator while ecceleraling upraand.

Pulling {figura 1} is sasier than pushing [figure Il on a rough horzontal surface
hecause normal reaction is les n pl.l]ﬁrrg than in pu:]'llng.

¥ F
e TN W

Fig. | F Fig- Il

While walking on lee, one should tale small sfeps 1o svaid slipping. This
is becausa smaller step Increases the normmal reaction and that ensure smallar
triction.

A man in a closed cabin §ift) faling freely does mot experience gravity as
inertial and grovitational mass have equivalence,

39
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Work done

Wnrl-:l, Energy and Power

W = [dW = [Fdf = [Fdrcase
[where @ is the angle between £ & dr)

*  For constant force W = FJ= Fdcosd
- For Unidimectional forca

- J-lﬂU = [Fdi = Mrea bebwean F-x curee and x-aods,
Caleulation of work done from force—displacement graph :
F

Tmummm,wnidﬂ'-’ 2R A e PP, NM -jﬁm
. i 4

Mature of work domne : Although work done is & sealar quantity, wet s valus

W de K

miay be posliive, negative or even z2erg

g ative work Lero work Passitive wark
: F r
e
E:« ‘
1M1 = : ]
[IERC ]
5 l-a B
5 { ra
I i = b1
i
Wil ime |
i Matiom gl parida HELLL|
Irrlr:ﬂ.'ﬂ s diroude pally Fordfrr ey ————
ik | B IR R R T T W
E e 29
1]
i
B
F=EO N
¥ g [, =10H
AstErrES = I=dricion bomon
vk dowe T grELE Wt dera b oion
Wim [ mg = I N Wil i bl
Aal =, hence S .m0 =i
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Conservative Forces

v Work done does not depend wpon path.

#  Work done in a round Irp 8 z2ero.

#  Central forces, spring forces elc. ane consenvative forces

¢ When only a conservative force acts within a system, the kinsfic energy
and potenttal energy can change into esch cther Howsever, thelr swm,
the mechanical energy ol the sustem, doesnt change,

#  Work done i completely recoversbila

# If F iz & comsenative force then TxF=0 fe carl of F & zerg)
Non-conservative Forces

«  Work done depends wpon path

*  Work done in & round irip is not zero.

*  Force are welocity-dependent & retarding In nature e.g. friction, viscous

fores ele,
+ Wark done againsd a non-consenvaths foree may be dissipated as haat energy,
¢ Work done i@ not recoverahle,

Elneth: energy
*  The energy possessed by a body by virtue of its mation is called kinetic
ERETEY.

Loog ik s
K Erl'r'.-' z:1'|I;l.r.'l.|:|

v Hinetic energy 8 a frame dependant quantity because velocity is a frama
depends,

Pd:-ﬂh.lw

*  The energy which a body has by virtue of its position or configuration in a
conservative force field,

*  Potential energy ks a relathe quanting.
*  Potential anergy is deflned only for conservative force Geld.
*  Ralationship between consenative force fleld and potential energy :

Al. . al.

F=-%U=—grad)) =~ —f - —f-—
—grad(LI] Ebei .31,,-! -E'r-h
* I force varkes anly with one dimension (along x-axis) then

L
F-—i; = U:r—] Fidx

M

L]
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Potential energy curve and equilibrium

petevitial ey AL

- =F [ F

poation of partickh ———%

It &5 & curve which shows change in potential energy with postion of a particle,

Stable Eqguilibrium 1

When a particle is shghily displaced from equilibrium position and it tends o
come back towards eguilbrium then it §s sald to be In stable equilibrium

di?
ﬂtwwﬂ:ﬂmahmm so F is posithve

di
At point D ¢ slope Ei:pnﬁ:b.-e 2o F s nagative
At point A ¢ It B the poirt of stable ecquilibirium.

i d'U :
U-UHI.E-D and ?'Pﬂﬂhm
Unstabie equilibhrivm

When o particle i shohithy displaced from equilibrivm and It tends 1o move
away from eguilibrium  posifion then it is sabd to be in unstable equilibrium

di]
Ab point E 1 shape EHpﬂﬂlimelamgum

Al point G 1 slope % B negatiue 4o F 4 postive
Af point B ¢ 11 ks the point of unstable equilibrium,

did d"u
U-U_". E-ﬂm F- gl e
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Neutral equilibrivm :

When a particle & shghily displeced from equilibrium position and no force
acts on it then equilbirum is sald to be neutral equilibrium. Point H is at

du d'U
nautral eguiibrium = LI = constant ; d:t'ﬂ' e =]
Weark energy theorem | W = AKE

Chamge in kinetic energy = work done by all forcs

di)
For conservative force FM-_E

change in potential energy AU = ~| Fixldx
Law of conservatton of Mechanical energy

Todal mechankcal (kinetic + potential) energy of & sstem remains constant
if enly conssreative forces are acting on the systam of particles or the work
dang by all cther forces s zerc. From work energy theorem W = AKE

Proof : For intemal conservative forces W,, = -aAlJ
So W:Wﬂ+wﬂ =0 +W_=- Al = A1) = AKE

:}ﬂl:HE*U}l[IT.'-HEI-U-mﬁnnI:

Spring lorce Fe—kx, Elastic potential energy stored In spring Ulxl = %h’

Mass and enargy are aquivalent and are related by E = me?
Power

* Poawver is a scalar quantity with dimension M'LIT 2

# 5[ unit of power s J/s or watl

+ 1 homsepower = 746 watt = 550 fi-Jb/sec,

Average power F_= W/

T |1

11 i
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v d = ¥
™ F.i--n T | = — e —
For a systemn of varing mass -:It‘ j=m & . it

* A body may gain kinetic enerqy and potential energy simuttaneously because

guwnrk
-, oL
AW
L1
i [ tima
.ﬁdI. drma friman [ Iy
=Pt Instantansme poss BVETEGN [IOMET
S 2
fig.fa) It bald |

_dm Er
» || § = constant then F-'-“I-j'f then p-=|:_._'.=.ff
t dt
e |n rotatony modion P= t% = T
HEY POINTS

principle af conservation af mechanical energy may not be valid everny tfme.

#*  Comets move around the sun im ellipfical orbits. The gravitational foree an
the eomet dwe fo sun |3 nef normal fo the comet's velocky bt the work
dome by the gravitational force is 2ero in complete round trip because
gravitational force is & consenvalive force,

e Waork done by static friction may ba pesitive becsuse static friclion may acty
along the direction of motlon of an object.
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7 Circular Motion

Definition of Circular Motion

Wian a particle moves in a plane such that its distance from a Tixed lor moving]
podmit remains constant then s motion is called as ciroular mofion with resgect
to that fixed point. That fixed point s called centre and the distance Is called
rackus of circular path,

Radius Vector :

The vector jolning the cemtre af the crele and the center of tha particle
per‘fl::-'rn‘llrl.g cireular malion is called radius verdon, Tt bas constani ::Lagnllude
ard varlable directicn. 1t b divecied ouwen

Frequency {n} :

Mo, of revohtions described by particle per sec. is its frequency. s il s
revalutions per second (rp.s.) or revolutions per mimate fepom)

Time Period (T) -

1
It bs thne taken by paribcle to complste cne revolution, T=H

Anhlﬂ=ar:umﬂ=§ A &
¥ radivis T

Al
Mvermge angular velooky o= [ scalar quantity)

di
Instantamecus angular velocity o= ar fa wector quanting

i
Fer unilonm angular welociy o = T:: =2zl or 2un
Angular displacement d= 6l
o — Angular frequency mor | = frequency

47
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L

Relation between o and v n:-w-%
* In vector form velociy T=GNF

Accaleration E-%-%f&mﬂ-%uf+&x$-& wf+@ulml +8,

=Qar

Tangential scceloration: a, =%

| B, = campanend of & imﬁ-{a-ﬁ}i:[%}ﬁ]
||

Centripetal acceleration h._~=m*-l="lT=u’r or B, =afri-F)

vY (Y
Magnitude of net acoeleration a=.||a,’c+a|‘=11|[73 +|:EJ
Masximum speed of in Sroular motion.

¢ Onounbanked rosd : v b,hl.,ﬁg

i O Cackediead i v, = “"“‘“]ng.,rm[uq]nu

L-p, tanB

v =Ratan(0-p); v sv_ SV
where 4 = angle of friction = tan™y ; # = angle of banking

LSO

Bending of cyclist ME-E e 7

i, - |k

o

48
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Circular motion in vertical plane
N
f |
= Fi
\“«,__ /

o
A,

A.  Condition to complete vertical circle > /AR

s U u=5gR then Tension st C is equal to 0
ared tension af A is equal to Gmg

Welocity at Be vy, =4/3gR
Htgh::irym i Wp = J.E_H

From Ato B . T-mgmsﬁ*r%

Fram B ta C : T:%—rrgm;ﬂ

a9
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-

B. Condition for pendulom motion (oscillating conditbon)

us.J2gR fin between A to B)
Velocity can be paro but T never be zarc between A & B.

: |

Becausa T is given by T=mﬂmﬂﬂ+n:

Condition for leaving path | 2qR < u < /iR

Partiche crosses the point B bt not complete the vertical circle.
Tension will be zero in between B 1o C & the angle where T = 0

. u' - 2gh

R

B s from wertlcal line
MNote ; After leaving the clrcle, the particle will follow a parabolic path,

KEY POINTS

fwerage angular velocily is a scalar physical quanity whaereas instantanecus
angular velocily is a vector physical quarity,

Small Anguler displacement 8§ i a vector quantity, but large angular
displacernent & is scalar gquantity,

dfl, + d, = dfl, + df, But &, +8, =8, + 4,

a0
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Relative Angular Velocity

Relative angular valocity of a particle 'A’ w.rt. other mowing particle B is the
andular welocity of the position vector of & wrt B,

",
wsknfl

That means i 1s the rate at which position vector of ‘A’ wort. B rodates at that
inslant

(W e Belathw wlocihy of & w.r.t, B perpemdicular 1o ine AB

“na A seperation between A and B
b ) W, 8ln#, + vy sinf
ere [vigl, = v, sinfl, + v sind, Sty v bR

r
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Centre of mass ; For a system of particles centrg of maes is that point at

which fts total mass i supposed o be concentrated.
Centre of mass of system of discrete particles

Y
L
[} T A
a.1'r1‘|:|.:,. g 2
m{x o Vi 2
f . "{ J

'\.-.-4

.
A j'_'.mlir. Ve B}

i

> _o-'-'
Sl

i
=
0.0
I
Total ma= of the bady - M = m, +rn£#.....t-m, then
+rn.!5,+m_,ﬂ‘+ EI'I'.I
Ro = n,-m, MMy + M .

co-ordinates of centre of mass

x“-lﬁzmu - g.r“=i!m,y‘ and z_.,-—-sl-

M
Centre of mass of contimaous distribution of partices
¥

= 1 g
Hw‘ﬁjfdm

a-:m=%j'1dm, l_.,-,_:lH_[pdm

"Collisions and Centre of Mass
|

. |

Emg

-

zl//’r:'l.i].l'.'l:-

¥, v. z ate the co-ardinate of the OOM of the dm mass.

and =n=%j:dm

[y
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The cenire of mass after removal of a part of a body
Ohiginal mass (M) — mass of the removed part [m)

= foriginal mass (M)l + | - miass of the rernoved part (ml
The foemula changes 10 ;

Mx — erw’ by — ! _Mz-me
=" M—m P ¥ M—m iﬁ'm—m

Wi ||||“'II'FIIILI|

|||I ||||||l 1] III

Ulnilorm Ring

Unifoem Disc Cemire of disc

Lniform Rod Centre of rod

Salid sphere Cespre of sphiers

biellenw: sphere

Trlangular plane Podlinut of inlersection of the medians
larrina of the triargle i.e. centroid

Plane lamina in Pomnt ol intersection of disgonals
tha form of &

stjuare oF rectangle

of parallelagram

Haollouwe/solid Middle peint of the acs of eylinder
cylinder

O i
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ol L HL‘;HH&E&,-;E.
] 150 LU ELH *I!I'I_r_.... R RS 1]11%
£
Hall ring _In
¥ ”
Segerrenl of & ring g Hsasii
il E
y -2
Half disc (srkste) S I
Sector of a disc [phiel gy
_‘ 0l kT
Hislow hernisphera fu 5
Salid hemisphere y = %
h
Hedow cora y = =
. h
sl cong L ;

For a system of parikcas,
welocity of centre of mass

Simmilarly acceleration

MOTION OF CENTRE OF MASS

Vim

Arm

d
T d:“":'l.r}-

= dR, _ i +mol, + .
o My + My + ...

M

My T 1y + .o

23
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Law of conservation of Hnear momentiim

Linear momenturn of & systemn of particles is equal to the product of mass of the
matemn with velocity of its centre of mass,

From Mewton's second kw Fr_ = d‘h:m
W F_ =0 then MU, = constant

I ro external force acts on a systern the velocity of its centre of mass remains
constant, Le., velocity of centre of mass ks unaffected by internal forces,

Imipulse -~ Momentum theorem b :
Impulse of a force is equal to the change of momentum IJ'“‘“F
foree ime graph area gives chamge In mormentun, :

Collision of bodies

The ewrnl or the process, b which two bodies either coming i contact
with each other or due to mutual interaction al distance apart, affect each
others motion [weloctty, momentum, energy or direction of motlon) ks defined
as a colitsion.

In collision

The particles eorme closer before collision and alter collision they either
sthck together or move awany from each other,

The particles need not come n contact with each othar {or a colligion.

The lmw of conservation of linear momantum is necessarily apphicable in a
collision, whereas the law of conservatbon of mechanical emergy 18 mot.

e’ Bt €1 Py, 1L

L g
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¢ Coefficlent of restitution [Mewion's law)

velocity of separation along line of impact _ v, —v

velocity of approach along line of impact  u, =u,

Value of @ % 1 for elastic collision, 0 for parfectly |na£uallc collision and

0=e <l for inelastic colfigon,
+ | Head on collision

Bafore collision Collimion Alter collisiom
Head on melastic collision of tao partiches
Let the coefficient of restitution for collision is e
fl Momentum is conservad mou, + mu, = my, +my, .6
(i} Himetle energy is nol conserves)

il According to Newton's lnw €= ZE=L i

By sobsng eq. i) and [H -
" '%m' —emy [“ eyl | gt —inefu; 1)

m, =My | my +my f Iy + 1,

f

i =[m2—-zml] iy ll-:-a-:lrr:.,\lIJ _ gy & gty ey — i )

T | i
v Ty \ Ty +00y J Ty * Mg

Elastic Collision (e=1)

*  [f the two bodies are of equal masses : m = m,=m, v, =u, andv, =u,
Thus, i two bodies of equal masses imdergo elastic callision i one dimension,
then alter the caollision, the bodies will exchange their velocities,

= [H the mass of a body s negligible as compared to otber.

lim>>mandu, =0 thenw =u, . v = 2u when a heawy body A collides
against a light body B at resi, Immm-ﬂ.slm.idhuepmmmﬂnguﬂhﬂmg
welocity and the body B will move with velocity double that of AL If m, 22 m,
and wy=0thenw, =0, v = -u

When light body A collides against a hemay hody B at rest, the body A should
start moving with same velocty just in opposite dimction while the body B
should practically remalng st rest

¢ Loss in kinetic energy in inelastic collision

AR = 1 - 6% [u, -
i‘Im.-m,llt R
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(Oblique Collision
Corsendng the momentum: of system in drections along normal {x axks in our
cace) and tangential fy axis n our casa)

fh, 1, 608, + U cosa, = mvoosf + mgwcosf, and

mm, s, — mou gne, = moysin, = m v snp,

bt

L1
Beorrn Ahar
oalisn il reaet

Since no force 8 acling on m, and m, along the tangent {le. y-oxds} the
individual momentum of m, and m, remaing conserved.
i, sine, = mvsinf, & omousine, = mgv sing,
By uging Mawton's enparimental b aleng the line of impact
_ vpoosfl, - v cosfh
Ly Cog ey — L, CORET,

I ¥
Rocket propulsion -
drml
Thrust force on the rockeb= u,{— —-v} Af p={) Al =t
ot W) M=y
Valocity of rocket at any instani =, =y

Im !
vty n [—1

p axhaust velscliy =y,

KEY POINTS

¢ Sum of mass moments sbout centre of mas is zerc. e Emj,“ =1

A quick collision batwesn two bodies is more volend then aow callision,
even when Initial and final velocithes are squal because the rate of charge
of momentum determines that the Impulsive force small or large.

#  Heawy water is used as moderator i nuclear resctors mes energy transfer
is masimum f m= m,

¢ |mpulse momentum theorem iz equivalent to Mewdon's second law of
motion.

%  Far a swstem, conservation of linear momentum is equivalent o Newton's
third lew of molion,

a8

Fig, | L e
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@\ Rotational Motion

.
Angiilar velocity i
Angular acceleration ﬁ-?-:‘lf
Angular momenitum L=Fxp=M
ot dL
Torgque I-”F-Elt-

Rotational Kinetic energy H-%ru'-'é—:

Rotational Power P=ta
For constant angular acceleration

1 1
= b, 44, E‘-!m,}t +§u:|!'. m’-mnlc- Piafl, ﬂ_-mt+%ﬂn - 1]

Moment of Inertia
g A tensor b for fixed axis it = a scaler
o  For discrete distribution of mass l=mr® + m,r,* + ......-Em'rf

a  For continuous distibation of mass i-:[dl-[d:m"
hdhtpnlm h.JE

Theorems regarding moment of inertia
8 Theorem of parallel axes | =1 + md®

where d is the perpendicular distance batween parallel axes,
B Theorem of perpendicular axes | =1 + [

m B o e ik P Bl 1 Py 1 [
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H,j_gm:rnr-t'
M i
== R
Eliﬁth'irda:l.nﬂ

M s
| 1= R R

. mm..m;

i [Comrailreenl il
I

j }-H{ﬁ-i- %}

pran i, |

L
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1 L
a  Tatal kinetic energy = EH'-'!D,.-rE],.HI

o Total angular momentum =My R+1 o
*  Pure rolling (or rolling without slipping) on stationary surface
8 Condifion ;v = Ram

In accelerated motion a_ = Ra

a v _ > Ro then rolling with forwerd slipping,
8 v < Ro then relling with backward slipping
B Total kinetic energy in pure rolling
B L T L }_1 H]
E{H_, —El'l'h'_ +Eﬂ"!|‘flz:|| ﬁn} = Ewm 1+E.’

62
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Pure rolling motlon on an Inclined plane
M

E
0 Accelamtion a = m‘;

B Minimum frictional coséficient = — it

1«R* /k

. . gde dil@) &l d
Torque l'-|u:t-|E!—- T n

Change in angular momentum 5l = 7At

Work done by a torque W = [ #.di

A ladder s more apt to shp, when you are high up on it than when you
just begin to cimb because at the high up on a ladder the torque s large
and on climbing up the torque iz small

When a sphere Is rolls on a horizontal table, # gous doun and eventually
stops because when the sphere rolls on the table, both the sphere and the
suptnee daform near the cordack. As & result the nommal force does not pass
through the centre and provide an angular deceleration.

The spokes neer the top of & mlling bicycle wheel are more blurred than
those near the bottom of the wheel bacause the spokes near the top of
wheel are moving faster than those near the bottom of the wheal,
Instantanecus angular velosity ks 3 vector quantity because infinitesimal angular
displacermant |5 a vector,

The relative angular velocity batween any two points of a rigid body s 2ero
at any instant.

Al particles of a rigid body, which do not e on an axis of rotation move
on circular paths with centres at an axks of rotation.

Instanianecus axis of rolation b stationary w.rl ground,

Mary greater rivers flow toward the equator, The sediment that they carry
increases the time of rotation of the earth sbout its oun axds because the
angular momentum of the carth about its rodation axds | conserved,
The hard bolled egg and raw egg can ba distinguishad on the basis of spinning
of both.
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D Gravitation

* Newton's law of gravitation I m— ——
Force of attraction between two point masses F = G‘:“-H“F‘

Directed abong the Ere joining of point masses.
* If is & conservative force field = mechanicel energy is conserved.

# |t is a central force figld = angular momentum i conservad.

+  Gravitational Beld due to spherical shell e

O Cuiside the shell E.-%,u.ﬂ'mr:rﬁ

M
o On the surface E.-I:E;'—2 wiere =R

B Inside the shell E = 0, where r<R
[Mote ; Direction always towards the centre of the spheref

+  Gravitational fleld due to solid sphere aE

8 Quiside the sphere E = Gr—;M. where r = R

r=F

o On the surface E = % where r=R

a MM!MHEI-%,HMTEI{R
GM
* ﬁmhﬂﬂmmmm;-?—
WD E . - . L S [1 E.’l]
4 Eh {Fl.*.h] 'Eh g: _H

GM(R - d) d
o At depth ﬂgﬂ-—ng—-g,{l—ﬁzl
o Effect of rotathon on g : § = g-oHoos™, where & b5 angle of latihude,
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Gravitational potential
GM

Due to a point mass at a distance WV = ity

Gravitational potential due to spherical shell

o Ouiside the shell va-H or
GM
0 Insideson the surface the shell ‘u’-—T_ﬁH
Vi
o R T
z T
i E [, \ _:
aM .
R a1\
Potential due to solid sphere :
o Outside the sphere V-—“C?—H.I}H
o On the surface U-—%,!‘-R
0 Inside the sphere v.umm:"'
2R
W
: 0 - —aT
_GM l/——
R
- M
Potential on the axks of a Ve e
thin ring at a distance x ]
Escape velodity from a planet of """IIT
s M s redhes B
Orbital velocity of satellite u‘-Jﬁ_ GM
r R +h

TR

oo

T o B 1P ot it it 518 Py | L i
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GM
o Feor rsarky satellive v, = T-“%
qut'l."'-ﬂ:.upeuﬂn:i'l]r on earth surfase.
Dar  Tar™®
Time period of satelliie T=T=_-.|'G_M-
Energies of a satellite
g  Potential anergy LI-—E,‘FI'T"-rll
A Kinetic enermy H-%m‘fi'%
G
o Mechanical energy E'rU+i"--‘E_r11
o Binding enargy BE=-E = _G-;-'l_r__m
Kepler's laus
o M Law of orbitals

Path of a planet is elliptical with the sun at a focus.

o ™ Law of areas Areal velocity %‘?‘- constani -E'l;n—

]
o I - Law of perods TF x a' or T‘m[fnu-.é.fm] « (mean radis)’

For circialar orbits T = R?

At the cenire of earth, a body has centre of mass, but no cendra of grasity.
The centre of mass and centre of gravity of a body coincide #f gravilation
ficdd iz uniform.

You does not experience gravitational force In daily life due to chijects of
same sre a5 value of G is very small.

Moon travellers tie heswy weight at thelr back before landing on Moon dug
to smaller value of g at Moon,

Sraca rockets are wsually lsunched in equatodal Bna from West to Enst becauss
g I5 minimum at equator and earth rotates from West to East about Its axls,
Anqular momentum in gravitational Feld 8 conserved because grawvitational
force 15 & ceniral force,

Kepler's second law or constancy of areal velocity s a cotsequence: of
conservation of angular marmentumn.
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' !i !I erp: ies of Matter and Fluid Mechanics

{A) ELASTICITY

Indernal restoring force  Fy,,
®Areaol ooss-sedion A ¢
There are three hypes of stress ;
* Longitudinal Siress

{a) Tensile Stress: — L Wl p
saraile wlorid — "

(b} Compressive Stress :

Change in sizeof the body

*  Straln = h inal size of the body

change in length of the body _ AL
- Longitudinal strain = initial lengthol the body L

change in volume of the bedy AV

&9



AN = 1 and Arc AR=lh
So = ff = h?

whiere & = angle of fwist,

$ = angle of shear
wrenth
Elasiic _§...:---
Lt
Stress - Straln Graph
b

Hooke's Law within elastic fmit [Stress o gt

w;uua Fe
| ¥m =
Young's modulus of elasticity e n O Y

£1 Py 1 11 ik




P s T Py 7780 i

ITY &bt s

B ALY Physcs Handto

I L is the length of wire, r Is radius and £ Is the Increase in length of the wise
by suspending a webght Mg at its one end then Young's modulus of elasticity

of the material of wire v-!l"'.?.f_.‘lﬂ- Mgl
e/l "

oMol _pgl’
Increment in length due to own welght A7 SAY -y

Vel /A P
Bulk modulus of elasticity ﬁ"umx:::::[ﬂ] a I:—ﬂ,'l..-']

) W

Bulk modulus of an ideal gas s process dependence.
] For sothermal process P = constant

~dP

nP-n‘f'+'l.-’dF-ﬂ=&F'-m S0 bulk modulus = P

l- For adiabatic process PAT = constant :-t-rl-“u'"'d"urrll"dp-ﬂ

4P
e

=PV + VP =0 = = So bulk moddus = 1P

s For any polytropis process PW= constant

-dP
dW' WV

=PV s VP = 0= PV « WP =0 =nP =
So bulk modulus = nP

1 1
Comprmbiiy. Cor

Foasea ) A
Modulus of rigidity n:ﬁﬁ-[ -;"J"
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lateral strain
Longitudinal strain

Work done In stretching wine

Palsson's ratlo (a)=

W -%-.:u:ﬂrm = strain % volume ¢

w_%:%t%nﬂ wd -'!E'F o A

Rod ks rigidly fixed between walls

« Thermal Stratn = @Af

» Thermal stress = YoAl

s Thermal fension = YaAAD

Effect of Temperature on elasticity
When temperatune §s increased then due 1o weakness of inter molecular force

tha elastic properties in general decreases le. elastic constamt decreases,
Plasticlty Increases with temperature. For example, at ordinary room
temperature, carbon s elastic but at high temperature, carbon becomes plastic.
Lead is not much elastic at room temperaturs but when cooled in Bguid ritrogen
axhibit highly elastic behaviour,

For & speclal kind of steel, elastic corstants do not vany appreciably temperature,
This steal is called TNUAR stoal.

Effect of Impurity on elasticity

Y iz shghtly mcrease by lmpurity. The Inter mobecular attraction force inside

wire efiectively ncrease by impusity doe to this external force can be easfly
apposed,

72
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(B) HYDROSTATICS

De i THEEE
l!““l'r'L'l:-dl:rn«\a!

weight
Specific weight : Pg
Relative _ dersity of given Bquid
ey~ dansity of pure watar at 4°C

Density of a Mibdure of substance In the proportion of mass

HI_-|- M: & H.r'"
E|=--rEi--i--:hll—q-+....

M B Ry

Density of a mbdure of substance In the proportion of volume

A Fi""r| TFI""! + Py
the density of the mixture is p VAU EV, ¢.on

the density of the mixture Is p =

o e neorrmal foncs
ArEA

Variation of pressure with depth

Pressure is same at two points in the same horizontal bevel P, = F,

The difference of pressure betwsan two points separated by a depth b
PP} = heg

Pressame in case of actelerating fhald

Ligquid placed in elevator: When elevator accelerabes upvsand with acceleration

a, then pressure in the fluid, at depth h may be given by, P=hplg+a,|
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(i} Free surface of lguld in case of horlzonial acceleration :

o = MR _ B
mg g hy ] "

1 i

H P, and P, are pressures at point 1 & 2 then

PP, = pg th-h)= poftanf = pfa,
(0} Free surface of liguid in case of rotating cylinder ]

—lE
=

it ﬁ‘l ..'i

hu.—-—r----— .

+ Pascal's Law
= The pressure in a fluld at rest is same at all the polints if grasity i ignored.

= A Bquid exerts equal pressures in all disections.

# If the pressure in an enclosed fluid is changed af a parficular poirt, the
change is transmitled to every point of the fuid and to the walls of the
container vdthout being dirmdnished In magnitude. For ddesd fufds]

*  Types of Pressure 1 Prossure 18 of three hpes
fiy Atmespheric pressure (P,) (il Gouge pressure (P__}
i) Absolute pressure [P )

*  Atmospheric pressore @ Force exerted by eir colurmn on unit cross—secticn
area of sea level called atmospheric pressure (P)

P om E = 1003 EM/m®

4 P, = 1,013 % 105 N/ -
Barormater is used to maasure atmospheric pressure
Which was discoverad by Torrlcelll

Aprnoaphesic predairne vares from placs 1o place and &t & paricular place from
e fos Hime.

74
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Gauge Pressure

Excess Pressure { P- P__) measured with the help of pressure measuring Instru
ment called Gauge pressure. P =hpg or P = h

Gauge pressure is abimys maasured with belp of "manometer"

Absolute Pressure :

Sum of atmospheric and Gaugs pressure is called absolute pressure.
Po=Po+P =P, =P +hpg

The pressure which we measure In our somobile tyres i gauge pressure.

Buoyant force = Weight of displaced fluid = Vog

Apparent welght = Weight — Upthrust

Rotatory = Equillbrium In Floatation : for redational equiliorium of fioating
body the meta=centre must ahways be higher than the centre  of gravity of
the body.

ol

w200y 08 Do)
Relative density of body e e
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(C) HYDRODYNAMICS
Steady and Unsteady Flow : Steady flow is defined as that type of flow in
which the fhid charactaristics ke velocity, pressure and density at a point do
ot change with time.
Streamline Flow 1 In steady flow all the particdes passing through a given point
follow the same path and hence & unique line of flow. This line or path is called
& streamiin,
Laminar and Turbulent Flow : Laminar fow s the flow In which the flulc
particles move along wel-dafined streamibines which are straight and paraliel,
Compressible and Incompressible Flow : In compressitde Touwr the densing of
fluid varies from point to poind Le, the density is not constant for the fluid
whereas in Incompresaible fow the density of the flud remains constant
throughout,
Rotational and Irrotathonal Flow : Rodational Tow @ the low inowhich the
flusid particles while Newing along path—lires abo rotate about thetr oum axis,
In frrctational Aow particles do not roSabe about thetr axds.

Equation of continuity A v, = Ay, Based on conservation of mass

76
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+  Hinetic Energy
kirvetic energy per unit volame =—HMME::@,| =%$“J=EI,FNI
¢+  Potentlal Energy
Pﬂentlﬂmrmlwmmm-;m#mﬁﬁ'ﬁgh=#‘
¢ Pressure Energy
ﬁwmwwwmﬂw-wﬁm-F
+  For horizontal Qow in venturimeter
F-1+%pu’f-l-'-,+j‘2-|:n.r"-_-.u,-n, -Fl—;%%

(]

+ Rate of flow :
) 2gh
Volume of water flowing per second Q=Ap, =A A T_AY
] ]

+  Velocity of efflux v = ,[2gh

*+ Horkxontal range R =2 Jh{H - h
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(D} SURFACE TENSION

Surface tevsion s hasically a property of lguid, The liquid surface behaves lika a
sirofched elastic membrane which has a natural tendency to contract and tends o
heve & minimurn surface area, This property of louid is called surface fension

Intermolecular forces
{a} Cohesive force

The force acting behwsen the molecules of one type of molecules of same
substance is called cohesive force,

(b} Adhesies force

The fores: acting betueen different pes of molecules or mobecules of different
substance iz called adbeshe foree,

o Intermolecular forces are different from the gravitational forces and do not
obey the inverse-square law

O The distance uplo which these forces effective, is called. molecudar range.
This distance is nearly 10-* m. Whthim this limit this increases very rapidhy
as the distance decreases.

0 Molecular range depends on the nature of the substance
Propertles of surface tenskon
*  Surface tension i & scalar quaniity,
& [ acts tangential to Hguid surface.
*  Surface tension s shways produced due to cohesive force.,
*  More is the cohesive force, mone is the surface tansion.

#  When surface area of liquid is increased, molecules from the interior of the
lquiid ris o the surface. Foe this, work ts done against the doumeard cohestie
farce,

Dependency of Surfece Tenslon

#  OnCohesive Foree 1 Those factors which increass the oohesiee foree bebasan
molecules Increase the surface lension and these which decresse the cohashve
foree batamen molecules decrease the surface tenston,
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= On Impurities 1 If the impurity is completely sohible then on mixing it in the
liquéd, s surface tansion increases. ¢ ., on dissobdng lomdc salts bn smaill quamtities
Ina ||-|:|1.i|:|., its surface terslon increases, i the mpuwrihy i parﬂﬂyﬂtﬂn kn &
licquaed then its surface tension decreases because adhesive forece between inscluble
Irmpurity mclecules and Bquid molecules decreases cohesive force effectivaly,

2.4
[a} O mixing dstergent in waler il surface tensian diecreases,

b} Surlace tension of water B more than (aloohol + water) mixture.

¢ Dn Temperature

O increasing temperature surface tenston decreases. At critical femperature
and bailing point 1t becomaes zero,

Mote : Surface tension of water ts maximum at 4°C
¢ Om Contamination

The dusd particles or lubreating materdals on the liquid sirface decreases its
surface fenslon.

*»  On Electrification

The surface tenston of a liqukd decreases due to electrification because & farce
starts acting due tol in the oubasrd direction normal to the free sudace of lod.

Drefinktion of surface tension

The farce acting per unit lergth of an imaginany ne drewn on the free liquid
surface at rght angles to the Bne and in the plane of Bguid sudace, is defired
as surface tensian,

0 For floating needle 277 sinl = mg
# Reguired excess force for lift

a  Wire F_-ET! 8 Hollow dise F_ = 28T ¢, + 1}
0 Forrng F_ = 4=T 8 Circular disg F_=2xrT
0 Squara fame F_ = BaT 0 Square plate F_ = d4aT
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* Work = surlace energy = ToA
B Liquid drop W = 42T
0 Soap bubble W = Bxr'T
* Splitting of bigger drop into smaller droples B = n'? ¢

11
Work done= Change in surface energy = 4:|:F|:’T[F— ﬁ'] = AqRET Ink?=1)
# [Excess pressure F_=F -P_

a o liqud drogp F‘_-%

a I soap bubble F_-%

ANGLE OF CONTACT (8,)

The angle enclosed between the tangent plane af the Bguid surface and the
fergent plane at the solid suraee al the poind of contact indde the Bouid is
defined as the angle of contact,

The angle of contact depends the nature of the solid and liquid in contact,
*  Angle of contact § < 90" = concave shape, Liquid rise up

Angle of contact § > %" = convex shape, Liguid falls

Angle of contaet 8 = 90° = plare shape, Liquid netther rise nor falls
#  Effect of Temperatune on angle of conitack

O increasing temperature surface tension decreases, thus cosfl  increases

-
|. ook b, 1'.% and B_decrease. 5o on increasing temperatuse, B decreases.

=  Eflect of Impurities on anghe of contact

2} Solute Impurities increase surface lension, so cosl decreases and pngle
of contact § increases,

b Partially solute impurities decrease surlace tenslon, so angle of contact

0, decreases.

By )i
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Effect of Water Proofing Agent

Angle of contact increases due 1o water proofing agent, I gets comvernted acute
to obtuse angle.

Capillary rise | - L0054
rpg

= furins lawy hm%

«  Jeagers method T=%[!—h~:—h:l]

#  The height T is measured from the bottom ol the meniscus. However,
there exisl some Hquid sbove this line also. H comection of this is applied

rpd h+%r
then the formuls will ba T =
Zeosh
When two scap bubbles are in contact then r=1_—1-1—rii—{r1;rl]
17z
radius of cimshre of the common aurace
Whan two soap bubbles are combining 1o ram Jif ol
firrm & memar bubhbla then madis of new bubbds
2AT
Farca requdred to separate two plates F=T
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(E) VISCOSITY

Newton's law of viscosity F-wﬁ%

N
+ I UNITS : r:: or dece oise

= CGS LUINTTS : dise—sSem® or poise (1 decapoiss = 10 poisal

Dependency of viscosity of Muids

On Temperature of Flild
) Since cohestve borces decrease with increass in termperiure 23 ncrease In

K.E.. Therelore with the vise i temperature, the visoossty of Boulds de-
CTEASES,

(bl The viscosity of gases is the resull of diffusion of gas malecules from one
miowing layer to other mouing layer. Mow with increase in termperatura, the
rate of diffusion increases. So, the viscosity also increases. Thus, the visoosity
af gases ncreases with the rise of temperatune,

Omn Pressure of Flukd
(&) The viscosity of liquids increases with the increase ol pressure.
bl Tha viscosity of gases is practically independent of pressure,

On Nature of Fluid

dv H‘Fﬂ'd
Poiseuillel’'s formula ﬂ-& Bl
Viscous force F, = Bmmy
' 2r'p-
Terminal velocity wT-g—?IE:ru,cr’
d
Reymiolds nomber R.-F%

R, < 1000 laminar flow, R, = 2000 turbulent flow

me
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| Jm‘l'ﬂ.‘lir

Celsius  Fabrrhell  Kehin Mess
up | fioo ez 37315 LFP
i [l F 1k X
4
we | o Iz fzraas [ ire
- - - L
e | e F-32 K -27T3.15 X-LFP

100-0 212-32 37315-273.15 UFP-LFP
AC  AF 4K AX

=100 180 100 UFP-LFP
+  Old thermometry

B-0 _ X-X,
100-0 W -x, [two fixed points - ice & steam points]

where X 5 thermometnc proparty Le. length, resstance efc.

T-0 X
¢ Modemn thermometry 573 75 g E

[Only one refarence point = triple point of water is chosen)

m - T L | a1 ] Lk
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THERMAL EXPANSION
B is due to esymmelny in potential enengy cunse.

4]

\Zamn

In solids -+ Linear expansion [ = f (1+cAT)

. £ F PR 2277 N S
T r I | m— T‘l’l‘.‘lﬂ 1
Belore heating After heating

In solids —» Aral expansion A= ﬁ.ﬁ [1+pAT)

T+AT

-'I:"ﬂ rn lﬂ 'q i

fy

i

In solids, liquids and gases — volume expansion Vel (14p4T}
T=aT

T

[ A e — W ] :

[For isotroplc solids t o : B:y=1: 2: 3]
Thermal expansian al an Bolropic chject may be Imagined as a photographic
anlargamend
For smisotropic materials [ = o + @ andy = a, + o+ q,

T
W = is variable | dfr]FM
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Application of Thermal expansion in solids
L Bimetallic stripfused as thermosial or aufo-cuf in eleciric heating cincuils)

0,

R Sluols peiitilon: T=E.E=Tnu=#%=%%

Fractional change in Hme peried -a.'r—T-%u.ﬂ-B

B Scale reading : Due to linear expansion / contraction, scale neading will
be lesser / mose than actual valpe.
i temperature T then actual value = scale reading {1+ma8)

N, Thermal Stress

- g _:E”.=Iifl'“':'=t1‘ ?.I..h!'f'_l",l

Cocling [Tersile Stress] Haating [Compressive Stress)
f
Thermal stradn = "T = il

As Young's modulus ?-%; S0 thermal stress = YAmAd
Thermal expansion In Bogulds (Onby volume expanshon)
v = Apparent increase in volume
® Initlal volume x Temperature rise

- el Inerose In ol
indtial volurme « iempembure rise

w1

Te

Tl P gk MY
Change in volume of liquid w.ri vessel ﬁ.‘rr-'br.,{'r,—gﬂ}ﬂ.T
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Expansion in enclosed wolume

fillad,
_ apparent change in vohume of liquid _ V, A
area of fube AL+ 2a)aT
Anomalous expansion of water :

Thermal expansbon of gases :

KEY POINTS :

L]

6&

Finalhy
|u—|- wpasol: y —» liquid]

Increase In helght of liquid fevel In tube when bulb was initially completely

In the mnge 0°C to 4 °C water confract on heating and expasds on conling.
At 457 = density is maximum,

Acquatic lfe is able to sunbdee in vory oold countries as the lake boftom remalns
unfrozen ot the lemperature eround 4°C,

N1

Coeffictent of volume expansion ¥y nl-".iT T

AV AT
[PV = nRT at constant pressure VT = Jr=—=]|

AR
Coeflicient of pressure expanshon Tp = PAT ~

—| =

Licquics usially expand more then sofids because the intermebecular forees
i liquids are weaker than in solids,

Rubber contract on heating becase in rubber s lemperatiore increases, e
amplitide of transverse wbrations Increases more than the amplitude of
longktudinal vibrations,

Water expands both when heated or cooled from 4°C because wvolume ol
walor at 4°C is minimuam.

In cold countries, water pipes sometimes burst, because water expands on
freazing.
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CALORIMETRY

(1cal =4.1864 ;4.2 J]

Q
. nmﬂuplﬂwﬂlhndynd—.r
Amount of heat required 1o raése the temp. of a given body by 1%C for 1KL

. 3@&“%-%“—@

Amount of heat required ko raise the temperatiure of unft mas of a body
through 1°C jor 1K)

Hnluhutupui‘;r-% (r=number of moles]

»  'Water equivalent 1 I thermal capacity of 8 body is expressed in terms of
mass of watar, it is called water equivalent. Water aquivalent of a body &

the mass of water which when given same amound of heat as to the body,
changes the temperature of water through same range as that of the body.

Therefore water equivalent of a body B8 the guentity of water, whose heast
capacity §s the same as the heat capacity of the body.

Water equivalent af the bedy,

spmﬁchnutu!budy]
W = mass of body = specific heal of water

Linit of water equivalent is g or kg,

+  Latent Heat (Hidden heat) : The amount of heat that has 1o suppled to
[or removed from) a body for its complete change of state [from solid to
ligidd, leguid to gas ete) s caled latent heal of the body. Remember that
phasa transformation is an isothenmal {Le. termperature = constant) change.

=  Principle of calorimetry ; Heal lost = heat gained
For temparature change O = msAT, For phase change O = ml

= Hesting corve @ Il 1o 8 gheen mass (m) of a solid, heat s supplied at constant
rate {0} and a graph is plotied between temperature and fime, the graph
is called healing curve.

Py |-
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KEY POINTS

+ Temperature £
BP. |oer L
§ eting
k
ME o B E
ﬁ i mueiting | |
E |
0 ! ' e
1, ky By by
1
Specific heat jor thermal capactty] o« ————
J . slope of curve

Latent heat = length of horizontal line,

Specific haal of & body may be grester than its thermal capacily B8 mass
ef the body may be bess than unity.

The steam at 100°C cavses rore severe busn o human body than the water
at 100°C because steam has greater imternal energy than water due to katent
heat of vaportzation.

Heat is energy m transit which is transferred from hot body 1o cold bady

Ohne ealorie &= the smount of heal required jo raise the termperature of are
gram of water through 13C imose precisely from 14.5 °C to 15.57)

Clausing & clapeyron squation [eHect of pressure on boiling poing of Bouids

i L
& melting polnt of solids related with latent heat) T " T, -V

RIS o ::'-:j‘-l

P e

Has

1 AT 15
L HE-CiL rrs'.fa-la..--.-a!i-'a-n-

Conduction Convection HRadiation
In conduction, heat s transferved from one point to ancther without the
setual motion of heated partichas,
In the process of commction, the hesed particles of matter sctiially mave,

I radintsom, inbervening mediurn is not afected and heat s tramsierned without
ary material meadium.
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Hr.u.l::truufﬂhl:l:l'h:i:l'p E-k.u.tmﬁuhlih . All
I'Inrrlu'n.lyuhﬂ Llaquid + gasd

I ORI

Irragqular path

THERMAL CONDUCTION

T { T iectrical pualvnlent
1 | H
49 A B
U A 'A W
dt
dQ dT Q _KA(T,-T,)

— -l — 2=
Rate of heat fow i o

{
Thermal resistance Ry = RA

Rods in serles Rods in paraliel
a “-n H;'_ “'I lﬁ'I.
§ A Ky A,
p ' KA
K 57K Ty
Growth of Ice on Ponds
1::%{:: x;

[K = thermal r.mdudmty of feg, p = density of ice]
90
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RADIATION

Speciral, emissive, shsorpiive and transmittve powss of a ghven body sumface
1 Duse fo incident radiations on the surlace of a body fallowing phenomena
oceur by which the radiation is divided inio three parts.

{a} Reflection i) Absarption fe) Transmission
amount of nclden amourt of reflacied
radiatian radialion Q)
I i i
1 SR 1L 3 e
_.H_.-r" ‘q:hﬂiﬂ-:m r.l

ameani of ransmmidted
racaticn 0,

From energy consensation
Q=0 + 0, 2.,
g e et

u_ ] = Téasb=1
Q
= Reflective Coefficient - ¢ -E;Ilt = Absorplive Coefliclent - a -g
- .Q_ - q

]
= Transmittive Coefficlert : 1 = _q,"

fmlandam (], t=0 = Perfoct raflector

awlandrm( (=0 = ldaal abscrber fidaal black bodyv

telanda=0, r=10 = Perfect transmitter idafthermancns)
Q

Siefan's Boltzmann lbw ;
Hadiated eIy emitted I;E.r F pnr!l:l:| hlack 1'.l:|:|y pr urt arenssec F= g
For a general body E=ge T*  jwhere 0 £ 2 = 1]

Prevost's theory of heat exchamdge : A body k& stmultanecushy smitting radiations
to its surrounding and absorbing radiations from the surrcusdings.

If surrcunding has temperature T, then E_ = ealT'-T.%

Kirchhoff's law : The ratio of emissive power to abscrptive power I same
for all surlaces at the same temperature and is equal to the emisshve powsr

21
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of & perfectly black boady &t thal temperatare,
a BB
rm T BT B X8

a A 1 a
Therefore a good sbsorber B 8 good ermifler

Perfectly Black Body : A body which absorbs all the radiations incident on
it is called a perfectly black body.

Absorptive Power (a) 1 Absomptive power of 8 surface i defined as the ratio
of the radiant energ absorbed by it in & given tisne to the total radiant emengy
incident cm 11 in the same tme,

For ideal black body, absorptive power =1

Emissive powerle) : For a gven surface it is defined as the radiant energy
emitted per socond per unit area of the surface.

44
Mewton's lawe of cooling:

If temperature dfference is small B,

2 \
Rate of cocling (8- »
= B =8, +( B Je™

lwiere K = eonstant) 1
when a body cools from 6, to 8, In time T in a surounding of temperaturd

B, then E*;“*-ki“‘ﬁz'“ha.,] fwhare ke conatant]

Wien's Displacement Law : Product of the wavelength & _ of most Intense
radiation emitted by a black body ard absolute terperature of the black body
it & constant i._T-l:l = 2 A9 » 107" mK = Wein's constant
2

T,

Ta>TST,

]
iy A

Area under 2, ~ & m-jnldlh gmaT
L 3

92
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Solar constant
The Sun emits radiant energy continuously) In
space of which an insgnificant parl resches
the Earth, The sclar radiant energy received
per unit area per undt Hime by a black surisce
held at right angles 1o the Sun's rays and placed
at the mean distance of the Earth {in the
absence of atmosphere] is called sclar constant,

__.__!

P asR%WT (R}
e o ARt el B e o
5= gy dxr? [ r ]
where R, = radius of sun
r = average distance between sun and eardh.
MNote - &= 2 cal em*min=1.4 kWm"?

T = termperature of sim = 5800 K

HE‘I"I"G'M‘TS
Stainless ool cooking pans are preferred with exira copper bottom becauss
thermal comnductivity of copper s more than sleed,

v Two layers of cloth of same thickness provide warmer covering than & single
layer of cloth of double the thickness because air (which & better insulator
of heat] Is trapped between them.

v Animals curl imto a ball whan they feel very cold to reduce the surface. ares
of the body,

*  Water cannot be boiled inside a satele by convaction because inweightlessnes
conditions, natural movernent of heated fluid is not possible,

¢ Matals have high thermal conductivily bocmse metals have free electrons.

KINETIC THEORY OF GASES
It related the macroscopic properties ol gases o the microseopic propenies
of gas molecubes.

mmﬂmmﬂ

Every gas consists of exfremaly small particles known as molecules, The
mickeciles of & given gas are all identical but are different than those another
£Aas,

¢ The molecues of a gas are identical, spherical, rigid and perfecily elastic
THAEEES.

point
#  The size is negligible in comparision to inter molecutar distance {107° m)

Aﬂpﬂﬁuﬂgﬂdﬁumﬂnﬂ;
Molecules of a gas keep on moving randomly in all possible direction with af

possible uelocities,
*  The speed of gas molecules Be between zero and infiesdty (very high speed).
#  The number of molecules moving with most probable speed s masimuem

23
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Assumptions regarding collision:

¢ The gas mcleculss keep eolliding among themsehes s well as with the walls
of containing wessel, These collision are parfectly elastic. (le., the total
energy before collision = total energy after the collisions.)

Assumptions regarding force:

#  No attractihe or repulsive force acts betaeen gas molecules.

¢ Gradtationsl afraction among (he molecules is ineflective due 1o auxtrormel)
small masses and very high speed of molecues.

Assurnplions reganding presswne:
*  Molecules constantly collide with the walls of confainer due to which their

momentum changes. This change in momentum s transferred to the walls of
the contaliner, Consequently pressura s exerted by gas modecules on the
walls of condainer

Assurmptions regarding densin:
¢ The density of gas is constant at all points of the container,

Kinatic interpretation of pressure : W‘%'“”'ﬂ".._
[ mi = mass of a molecule, N = no. of molecubes]

MRT  pNLKT {N

Ideal gas equation PV = uRT =F'_"LI'_- o E]W-nﬂ

e By

Boyle's law :For a given mass al constant termperature.» "d"tr-%

Charles’ law :FﬂTaghdnhm;ILnrdan!plnm VaT
Gay-Lussac's law For & given mass al corsfan volume P = T
Avogadro’s law:lf P,V & T are same then no, of molecules N =N,

1
Graham's law : &1 constamt F and T, Hate of diffusion = ;f;

Dalton's law P =P & P, & ...
Tuldplumﬂ-ﬁmnufpm‘hﬂlum

O o oooao

where a & b are vander waal's constant and dupam:lun the nature of gas.

94
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The maxirmem temperature below which a gas can be Bguefied by pressure

alone,
Critical volume V. = 3b Erlﬂnnlme:-ﬁ
PV, 3
Mote - For a real gas —t—:‘ﬁ
Different speeds of molecules
- ERT,fE i ﬂ-!iE v (SR _ [BKT
M, m - | m = VM, o
Hinetic Interpretation of Temperaiure
Temperature of an ideal gas Is proportional to the average KE of molecules,
1 1 3
W:Emmf:_ & PV = uRT =Emr’_ =§!:T
Degree of Freedom (F) :
Number of minimum coordinates required to specify the dynamical state of
a system.

For monoatomic gas (He, Ar et} 1=3 {only translational)

For distomic gas (H,. O, ete} i=5 (3 translational + 2 rotathonal)

At higher temperature. distomic molecutes have two degres of freedom due
to wibrational motion fone for KE + one for PE)

Al higher temperatire diadembe gas has [=7

Maxowell's Law of equipartition of energy:
Hinethc energy associated with each degree of freedom of particles of an
1
ideal gas is equal to EET

f
*  Average KE of a padicle heving { degree of hﬂﬂﬂﬂ'iw

s  Translatlonal KE of a molecule = %ﬂ

3
# Translational KE of a mole -EHT

r« Internal energy of an ideal gas: U'%PRT

QU & el T ST b, Py i1 £ P |1
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Specific heats (C, and C) :
«  Molar specific heat of =599
specd ﬂﬂﬁ!ﬂm

where d = diameter of molecule, n = maolecular density = %

For mivture of non-reacting gases
My, M
My, = L
Modecular walght e Hy * P
S :.I.E: 1--&! TP
Specific heat at constant Cu N Ty ¥
! + ST
Specilic haat at constant F G =
L Byt Hp ¥ e
TH s

T ™ ~ mCy #paly e

L MR
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KEY POINTS :
*  Finotic energy par unit volume E, =%[MTH]'.I"_ =%F‘

At abesolute zero, the motion of all molecudes of the gas stops,

A1 higher temperature and bow préssure or &t higher temperatore and low

density, a real gas behaves as an ideal gas.
For any general process

fa}  Internal energy change AU = nC AT
for  Hest supplied to s gas AQ = nCdT

where T for any polyirople process PV = constant ks ¢ . Cye TH.-.

el Werk done for any process AW = PaV
It can be calculated as area undar P-V cunse

nk

idl  Work done = AQ) = ALl = ﬁcﬂ'

For any polytropic process PUV* = constant

THERMODYNAMICS

Feroth law of thermodynamics : [f two systerms ane each In thermal equilitrum

with a third, they are also in thermal eguilibrium with each other

First law of thermodynamies : Heal supplied (O] to a system = sgual to
algebraic sum of change in imemal energy (AL of the system and mechanical

wark Wi dane by the system
Q=W+ AU [Hers w-fpdu:au-nch.u:ﬂ

= B 4 dl
For differential change r

[ L]
e s
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Sign Convention

*  For oyclic process
For Bocharic process

L For isobarte process

*  For adiabatic process

v Work done by gas
¢« Slope of PV diagram

Heat absorbed by the system -»positive

Hean rejected by the systern — negative

[nerease in internal energy (e, rise in temperature]—positive
Decreass in internal energy fle. fall in termperaturel— negathve
Work dome by the system =spositive

Wark dome on the systern —vnegative

AU = 0 = Q=W

Wom comstant = P e TEW=10
Q= ALl = pC AT
Pwgcongtart e WV oT

Q = CAT, AU = pC AT

W= PV, - V] = gRAT

PV' = constant
er Tt P = consiant
or TV = constant
In this process Q = 0 and
L AR A
Woe-al=ul, (T -T) i,
¥ -
T = comstant

or AT = 0 = PV = constant
In this process ALl = pC AT = O

S0, Q=W = pRT [.,%;‘] = pRTn {%]

" For any general polytropic process PAV™ = constant

v Molar heat capacity ©C=0C, +'iRT:

& n'HrFI_Tl}n{ﬂUI._PEUt:

w—-1 x—1

W

dF P
{also known as Indicator disgram st amy point Vi -?i-,':;]

98
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“_Wmiﬁmhymsm1m _W.9-0_, 9

Haat sup plied o, 9, @
For carnot cycle %:%r}mq-]—%l_]_;l
1 ] i i

For refrigerador

...._.EL_
oy L
Coeflicient of performance W Q-0 T -1,

Bulk modulps of gases : FE= ﬁ':;.
v
kothermal bulk modulus of elasticity, B u—"-f[%:l
T urrawdms

i
Adibatic bulk medulus of elasticity, B, = _TUL%] = B =18,
i L
HKEY POINTS
o Work done is least for monoatomss gas (adiabatic process) in shown expansion,

P
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L

Alr quickly leaking out of a balloon becomes cocler as the leaking air undergoes
adiahatic expansion.

First law of thermodyramics does not forbid fow of heat from lower temperature
to higher temperature.

First lanw of thermodynamécs allows many processes which actually don't happen.

[

P
| w -.Fﬂm‘ “I_".‘g'"“
CARNOT ENGINE

L
o

It is & hypothetical engine with meximum possible effickency
Process 1-+2 & 3-+4 ame Isothermal
Process 23 & 44— 1 are adisbabic.

F]I.
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SIMPLE HARMONIC MOTIONS

Peripdic Motion

Arny mation which repeats itsalf after reqular interval of time (i.e. time period) &
called pericdic motion or harmaonic motion.

Ex. i} Motion of planets around the sun.
(I} Motion of the pendulum of wall clock.
Oscillatony Mation

The motlon of body Is said to be cscillatory or vibratory motion iF it moves back
and forth (to and fra) about a fiwed point after regular interval of time.

The fixed point about which the body cscillates & called mean position or
Ex.: ({) Vibration of the wire of Siar’.
i} Dscillation of the mass suspended from spring.

Note : Fvery cacfllalory motion & periodc but every perodic motion is not
oscillator.

Simple Harmonlkc Motion [(S.HLM.)

Simple hermonie mothon is the smplast form of Woratony or oscillatony mation.
Some Baslc Terms in SHM

* Mean Positlon

The point at which the restoring force on the particke is zero.and potential
emangy is minirmen, |8 known as s mean poslbon.

= Restoring Force
The force acting-an the partiche which tends 1o bring the particle towands
Its mean position, & known as restoring fonce,

Restoring force abways acts in a direction opposite to that of displacement. | §

Displacoment i& measured from the mean position.

* Amplitude
The maximum [positive or negathve] value of displacernent of particle from
mean position is defined as amplitude.

# Time pericd (T)

102
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The minirmum fime after which the particle keeps on repeating its motion is
ko as time period,

The smallest thme taken to complete one cedllaton or vibration §s also defined
s time pariod.

2 1
It is ghven by T=:x=; where o s angular fraguency and n & frequency,

One oscillation or Dae vibration

When a particle goes on ane Sde from mean position aasd returms back and

then it goes to other dde and again retums back o mean position, then
this process iz known s one caclllation,

one e
+— pacilaion —+— oadllation —,
i

/\
M M U7

Frequency {n or f)
The numter of cecilations per second ls defined as freguency.

deplacement (x] —=

o lo.
It is given by n_T_Eﬂ:

Phase

Plase of & vbralting particle a8 amy nsiant is the stale of the vibrating
particle regarding its displacemaent and direction of vibration at that particelar

Instamnt.
In the equation % = A sin (ot « §), [wt+d) is the phase of the particle.
The phase angle at time t = 0 15 loown as inital phase or epoch.

The difference of total phase angles of fwo particles executing SHM with
resgect b0 the mean position s known a3 phase difference,

T vibrating particles are said to be in same phase if the phase difference
etween them is an wmu]h‘p}a:n{t,l.z. Mp= fnn n.'.rl'lmnll:l_'.l,ﬂl.'.’i .....

Twa vibrating parlbcle are said lo be in opposibe phase if the plase difference

103




Physics HandBook

bebwesn thern s an odd multiple of = e, A =[2n+ 1n wheren=0, 1, 2,
...

» Angular frequency (o) The rate of change of phase angle of a particle

with respect io time Is defimed as its angular frequency. H—J-H_“

mi

d

=
FnrMEEDI{Fu'—!J:F=mF-—h--{m'1whﬂu=\|'£

For angular SHM (1 = -8 )x=1 %-[ﬂ-—ﬂ-—m'ﬂuﬂmu-g

Displacement x = A sin {mt + §),
Angular displacement 9 =0, sinfol+ §

Velocity v-%- Awn cosiet + §]=nydAT -
di

Angular velocity Erﬂnuc-m:m-hﬂ

&
mava_ﬁ"r = Am? sinfol + 4 = -a'x

d'8

Angular accelerathon pr B o sinfi+fl=-n
Kinetic energy H-:—,m’-%mm" Afcos® [mh + )
Potential energy U = %hﬂ-%mm'ﬁ'ﬁi’hl + 4

1
Total energy E.-H+U-Ema-‘ﬂ'-n:n|mu

104
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h E ]
TE § lh.ﬁ."' TE -é-h.ﬁ
displacarnent s
|
b H, & U_ o E
r
/Y e
A
-
Mote :
i Total energy of a particle in S H.M, is same at all insiani and at s
displacement.

iy  Total energy depends upon mass, ampiiude and frequency of vibeation
af the paricle executing 5.H.M.

Average energy in SHM
(i) The fime sverage of PE. and K.E over ane cycle is

4 4
{lf} The positicn average of PE. and KLE. betwaen % = = & to x=/

) <Hm = lhﬁni ﬂ;}{PE}I-lmE [.:].:'I'E:-I-%kﬂ:+U¢ ‘

1 i o
la] <K=, = %kﬁ’ b} < PE> = UI:I"’EH' fc) <TE> = Emum
Differential equation of SHM

&
o Linear SHM: E; O

-
s| AngxﬂarSHH.-i-g-rn*ﬂ- 1]
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Spring block system

+  Sarles combination of springs

k,
k m e I S B
; T-EIE where ka |+|‘1+i‘n

m
T+ =l
When spring mass is not negligitle - kEgm, T=2,\I_lk

JTT % oo 1, Py e L3 P, | 1 i
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Time period T-{;dm”[&:]“’%

If lemgth of simple pencidum is comparable to the radius of the earth R, then

vom 1 ¥ e R Tesilt
71 1 Y2

foli+#)
If & == R then T::E:IJIE« B4 minutes
q

Second pendulum
Tirme period = 2 seconds, Length = 1 méfer (on esrth's surface]

Time period of Torsional pendulum T=25 \llzij

where k = torsional constant of the wire
f=moment of inertia of the body about the vertical s
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L 3

SHM of a particle in a tunnel inside the earth.

(DR

g,=a+a B, =oa E..."J!ITI'
¢ { 3

T=2x T=2¢ T=2n
g+a g-a [.fq..'F;

Here elastic force is developed due lo bulk elasticity of the gas

AP BA® m
Bu—it <SPt Tut
v v, SN BATW,

mg =pfhg = Equilibrium
Restoring force F= = [pAgk

T!'EIJE
g
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*  SHM in U-tube

THEJT\I@
h 4

KEY POINTS

*»  SHM & the projection of uniform clrcular motion along one of the dlameters of
the circle,

=  The pericdic time of a hard spring is less as compared to that of a soft spring
because the spring constant is large for hard spring.

*  [For a sgstem executing SHM, the mechanical energy remains comstant.

#  Maximum kinetic energy of & particle in SHM may be graater than mechanical
enery as potential enengy af & system may be negative.

¢ The frequency of csclllation of potential energy and kinetic energy is twice as
that of displacement or velocity or acceleration of & particle executing 5.H. M.

*  Spring cul into two paris :

L. m
T > WO /WO, £

f om0 o3
L_[ Jr' r"[}'ﬁ':ﬁ,lr But ktak, = byt

4 )

Sl n;j;,=¢M+n}h
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FREE, DAMPED, FORCED OSCILLATIONS AND RESONANCE
Free oacillation

. The oscillations of a particle with furdamental frequency under the influence
of restoring force are defined as free oscillations.

Damped osclllations
. The pacillations of a body whose amplitude goes on decreasing with time are
defined as damped oscillations.

. In these oscillafions the amplitude of cscillations decreases exponentially due
1o darnping forces like fretonal force, viscous foree ete.

. If initial emplitude is X_ then amplinde after time § will be x = 3 o™ where
1 = Diemping coellicient

. The oscillations in which a body oscilates under the influence of an external
periodic force (driver) are known as forced osclllations.

. The driven body does not cecillate with its natural frequency rather it oscillates
with the frequency of the driver.

" Thie amplitude of oscillator decreases due to damping forces but on sccount
of thie emergy gaired From te external source driver] it remalng constant.

RESONANCE

# When the frequency of external force (driver) & equal to the natural frequency
of the cscillator kirven], then this state of the driver and the driven is known
as the state of resonance,

m FITELY P ST Sy S ey T R
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L

Energy in damped oscillation

[n the state of resonance, there occurs maximum transfer of energy fram the
drivar to the driven, Hance the amplituda of motion becomes masdimurm,

In the state of resonance the frequency of the driver fo) is known as the
rescnant frequency.

D;mp-!ﬂ:l.lhﬂur-'.
Diamping force F, = —bv
whera v = wacity,

b = damping constant
Restoring foree on block F =
Sa net force on block
F=—hx—tw
= i = = = b
d*x
= mF+}m+h.r.uﬂ'

It 15 the differential equation of damped cacillation.
Sodutien of thes equation ls given by

X= ﬂua[_;_“] sinfom't + 4]

where Aft) = A e =)
= Alll = Anuu""'

o [k W
o pa] w o-E-i

E{Hl-'%kﬁill}-%lq[ﬁﬂe':‘;]ﬂ

= Bl = Al = [E =B
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& wave ks a disturbance that propagates in space, fransports energy and momentum
from one point to another without the transport of matier.

CLASSIFICATION OF WAVES

prepe "| Mechanical s
.'.. e Mon-mechanical uwaves (EM waves]

Progressive waves

Statlonany {standing) wanes

Tranmerse waves

Longltudinal aaves

T — 1-[F (Wawes an sirings)
VMBS (—e2-D (Suriace waves o ripples on wated
HERTEIN s 3.5 tSound or light waves)

* A mechanical weve will be travsverse or longitudine depending on the nature
of medium and mode of excitation,

*  In sirmgs, mechanscal waves are shyveys trangverse,

*  In gases and Bquids, mechanical weves are abvays longitadinal because fluids
cannot sustain shaar

+  Partlally transverse weves are possible on a Bouid surface because surface
tenslon provide some rgidity on a Bguid surface, These waves are called
as ripples as they are combination of transverse & longitudinal,

* In solids mechankcal waves {may be scund) can be either ransverse or
lengltudinal depending on the mode of excliation.

+  In longitudinal wave motion, cecillalony motion of the medium parficles produce
regions of compression (Mah pressure) and rarefaction (low pressure).
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PMans Progressive Waves

Energy in Wave Motion

Wave equation : v = Asinl o - k) where h-i—‘-mmﬂmmﬂ

Differentlal equaticn %'-ﬂr%

dy @
= @t - I = constant e
Tk k

Wave welocily (phase welocihg (V=

&g
ol

Particle velocity ¥, =%= Aw coslwt - ke) |""r- -y tdnpu--u{ﬂ

Pariicle acceleration : &,ﬂ%=—ﬂ=ﬁﬂ1ﬂ—lﬁ}=—-’y
y
For particle 1 : v + and a_4

For particle 2 : v T and &+ ‘

For particle 3 : v T and a1

For partide 4 : v + and a T
Relation between phase difference, path difference & time difference

&

1]
ﬂ%f—*‘ 0T
T"A T W

RE L/ _am ) 1 ool cra® o iui-
udm'z{m..-m]"- G SN0 ol o)

m- mr”[ ) Epw-ﬂ ® com” (mt - bt

. ]
unh.rnn pu’ AT cos® (ot = k)

Pressure anergy density [Le. Average total energy / volurma) ]u-%m’ﬂ’

Powse 1 P~ ningy desisy) fockana/ time) P = [%m‘ﬂ*][ﬁu!

jwhere 5 = Area of cross-section]
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Poer 1 L
:—pm‘.'l. v
area of crosssection 2

=  Speed of transverse wave on string :

"-"1I||§ where 1 = massdength and T = tension in the siring.

HEY POINTS
¢ A wava can ba represented by function v = ko £ of) because i satisfy the
#y 1[& &
differential equation ﬁ—';'-j[a—:'] where v = T

» A pulse whose wove function s gheen by y=4 / [[2n 4507+ 2| propagates in
—u diracticn as this wawe function is of the lorm y={ {lo¢ + @t} wiich represent
a wee fravelling In = direction,

* Longttudinal waves cen be produced i solids, Boulds and gases because bulk

medulus of elasticty l= present in ol three,

b
T,??T‘Sg
SHE

{

WAVE FRONT

- or

= Spherical wave front {source —point source)

#  Cylindrical wave from {source —slinear source)

- W

Plane wave front (source =+ point /7 linear
source at very large distance}

INTENSITY OF WAVE

= Due o point source ]*I;lg

1
o Due to cylindrical source ]HF

»  The to plane souree | = conmstant

y[v,!}l--‘iﬁn{uﬂ—ﬁ-l.‘]
y[r.!]::'?-ﬂnfmt—ﬁ-?]‘
¥

y{r,l]t.ﬁ.llnitu[—i-ﬂ
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INTERFERENCE OF WAVES
¥y = A snlat-kj, Yy m Ausinfmt-hx+h,)
Y=y o+ oy o= A s (et - ks @)

FYEYE 15 e

whare A= JAT+ AT +2A A, cosp,

| A gn
| and s Y WTH
As T A &
S0 [1=1+1, + 201, conpy|

*  For constructive interference [Maximum ntensity]
4, = Znn or path difference = nl where n = 0, 1, 2, 3, ...

e = (4 + JE]]

¢  For destructive interference |Minimuam kntensity]

b, = n+ 1)z or path difference = (2ne1) %

where n = 0, 1, 2, 3, ... ||,_,-[.,|T,-.'|'i,‘f

=

1
Do of b = (2127109

Reflection and Refraction (transmission]) of waves

Incldent w, W,

T 2t L i, P Lo 5 P, 5+ L33 i
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The frequency of the wave remain unchanged.

Amplitude of reflected wave—+ .ﬁ_.[lrl__"'l.}ﬂ

W+,

hmthd:c&hamiﬂaﬂm—rh-[—ﬂ—h ]l'h

Wy Ny

Hw, »v, Le. mediun-Z is rarer

A > 0 = no phase change in reflected wave

I v, < v, Le. madium-1 Is rarer

A <0 = There b & phase change of = In rellecled wave

As A s abweys positive whatever be v, & v, the phase of transmitted wave
ahways remains unchanged,

In case of refiection from a denser medium or rigid support or fixed end,
there is irversion of reflected wave e, phase difference of 7 between reflected
and incident wave.

the transmitted wave is never inverted.

Rarer Denscr
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Beats :
When hao sound waves of nearly equal (but not exactly equal) requenches travel
in same direction, at & given point due to their super position, Intensity
altermathazhy (nereases and decreases perodically, This periodic wasirg and
utrﬂngnfmﬂﬂummpmﬂbnhuladham

ard amplitude travel in opposite direction &l sarme speed, their superstiton
gives rise to a new type of wave, called stationary wases or sianding waves.
Formation of standing weve Is possible only in bounded medium.

* Lot two waves are g, = Asin(ot -k v, = Asin(mt + ke) by principle of
suparposition  y =y, vy, = 2Acoskusinut « Equation of stationary wave

= Mg this equation satisfhes I]'!w'l.l.|'a'l.lt-aq'u.ulh:m'E'l!III 'L,% it represent & wave,

& Jis amplitude I not comstant bul vades periodically with position,

L Nodes -« a.l'ﬂ.pﬂﬂ,ﬂn & fminimuam ; mkxuﬂqxn%l%,i—l,_._..

3

g"

#  The nodes divide the medium into segmernts Joops]. All the paricles in &
segmenl vibrate in same phase but in opposite phase with the particles in
the adjscent segment.

*  Ag nodes are permanently st rest, 50 no energy can be transmitted across
tham, La. energy of one region {segment] 8 confined in that region.

¢  Antinodes = amplitude b maximuem - :nq,h:-l:-:-:-ﬂ.i.

Transverse stationary waves in stretched string
[Fixed at both ends] [fsced end —sMede & free end-—sAntinode)

K cammns TR o il
first harmona: 26
A

=

e e il
first cnerione 2f

L,

Moy, T I e

m B st 2 L L
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m L s [ 1V mlbnia,_ Pl S 11 Py 190 il

R e o
Pl i B e TS second overione 2

1L
[m= 5
NS b s
third cverione 2
fmPd,
*  Fiwed st one end
—— Fundarental !“%
s
Il—‘ﬂ
O e e
first overbone i
f-E'
.q
o > X et
. el avertons 13
P
4
XX, iobemene
third overione 4
[ L
4

| p : mmber of loops]
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Sound Waves
Velocity of sound in & medhan of elasticily E and demslty p s

.
#

*  Newlon's lormula | Sound propagation is Bothermal E-PEH.H-E

=  Laplace eorrecthon - Scund propagation ls adiabathc E.j-P:u-..JE
i

KEY POINTS

e With fee in lermperature, velosity of sound In & gas Increases as v = ::T
L

. %Hnmhmﬂtywimhyufmﬂm:mdﬂampmnfmm

. Preﬂuehumdfa:tmmhmynlsmndMapiuimgmmm“
remaing constant.

Displacement and pressure wave

A sound wave can be described either interms of the longitudinal displacement
suffered by the panticles of the medium jcalled displacement wave] or In terms
of the mcess presure generaded due to comprassion and raneiaction (called

prassure wawa).

Displacerment weve e Anir oo b x|

Pressure wave p = p,cos{ot-k)
wibere p, = ABk = pAva

Mote : As sound-sersors [2.9., ear or mike) detect pressure changes, description
of sound as pressure wave Is prefermed over displacemant wave,

HKEYPOINTS

* The pressure wave Is 90" oui of phase w.ni. displacement wave, e,
displacemert will be maximum when pressure is minfmum and vice-versa,

®  [ndensity in terme of prossure amplitisds |'%

120
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* Closed end organ pipe

Vibrations of organ pipes

Staticnany longitadinal weves closed end — displacement node, open end—
displacement antinode

XX XX

A W 35 Jy S

fwiﬂf-— r -—2!-[-— fF-":[-_

44 4 44 4 45

& Only odd harmendcs are present
* Mawimum possible wevelength -

« Frequency of m® cvertone -[?_‘mﬂ]%
Open end organ pipe

e OOK

A v . A
e ... L P )
s Ll dlh C RT3

= Al harmonics are present

IHmd-munpqmﬂigwlﬂhlgfhkﬂf.

= Frequency of m*® cvertone -[fl'lil:l%
*  Enmnd correction :

Due to finite momentuem of alr molecules in organ pipes reflection takes place
nit exacitly at open and bt some what abowe &, 5o antinode s ot formed
exacthy ot free end but sightly sbowe i

I closed argan plpe !L.d,[h-gj where ¢ = 0.6 R (Remadius of pipe)

v
20r +2a)

In open organ pipe | =
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Wavelength  A=2it,-0) Eadiconmition e Lok
Intensity of sound in decibels
Sound level, H..-lﬂ}ugm[il;]

Where |, = threshold of human ear = 10 W/m®
Characteristics of sound
*  Loudness —+ Sensation received by the ear due to intersity of sound.
¢ Pitch -+ Sensation received by the ear due to frequency of sound.
«  Qualty for Timbrel— Sensation received by the ear due to wevelorm of sound,
Doppler’s alfect I sound =

A stationary source emits wave fronds that propagate with constant welocky
with constant separation between them and & slationary observer encounters
them at regular constant intervals at which they were emitted by the source.

A moving cbserver will encounter more or lesser number of wavelronts
depending on whether he is approachitg or receding the souwrce,

m Lt e | i, Pk Loghi's 0, °) L101 pi
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A sousrcd In motson wdll ervit different wave front at diferent places and thesfore
alter wavelength Le. separation between the wavelfronts,

The appamnt changes in frequency or pitch due to relatiee mofion of source
and observer along the lne of sight i called Doppler Effect.

Sourceif——a Yy, T T vyt—if obserer
n Seound Wave
n,EMa[me.r.Lm
Otserved: requency ahsersed wanelenath
I . “{v+uﬁ]n
Lk A e
1]

+ A
Il v, v, <c<v then n' u{]-.—"'—.l".-!n

v

¥ 'q:aa:lcnfﬂme
Mach Mumber Sond Gl Ml

Doppler's effect in Hght :

Case [ : Ohserver Light Source
o —
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Electric Charge

Charge of & material body s thal property due to which it interacts with
other charges. Thera are two kinds of charges- potitive and negative. 5.1
undt is coulomb. Charge is quantized, conserved, and additive.

Conbormb's ka2

Foree between two charges F = ﬂﬂlr g, = dielectric constant

45 6E

Gy G
L ] L]
. [ —
Mote :The Lew is applicable only for static and point charges. Maoving

charges may rasult in magnefic interaction. And if charges are extendad,
industicn may change the charge distribution.

Princdiple Of Superposition
Force on a polnt charge due fo many charges i3 given by

F =F|+]:',+F_1+. HAl

Mote : The force due bo one charge B not affected by the presence of other
clarges,

Eleciric Flekd or Electric Field Intensity or Eleciric Field Strength
{Vector Quantlty)

In the surrounding region of a charge there exist a physical property due
to which other charge axpertences a force. The direction of electric fald
is direction of force experienced by a positively charged particle and the
magnitude of the field [electric field intensity] is the force experienced by
a unii charge.

E-E unit 1s N/C or Vim.
¢  Electric field intensity due to charge O

1
o l'“*'n: 4r &,

g,
r'!
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Null point for teo charges :
¥

- "
5 o, 190> 10,
= Null peint near Q,
b Qr
m x = distance of mull point from Q, change
[+) for like charges
[~} for unliks charges

0O Equilibrium of three point charges

q—u—:;—---t-
Q, q Q,
i

e T
M Two charges must be of like nature.
(i} Third charge should be of unlise nature.

- " "
i tElg"g‘:rq-:r . ‘|JQ-_+J$;.F

O Eoguilibriven of symmmeiric geometrical polni charged system

AL

Vahse of O at centre for which systemn B0 be In state of aquilibrium
—qi2yZ £ 1)
4

() For equiateral triangle @ = 3';., fill For square Q) =
0O Eguilibrium of suspended point charge system

For equilbrdum pesition

KQ? F, Wy
T B B Tein @ =F = ::-Ianﬂ-—'—:-E—-
b - 3 ?_ mg  x"mg

T= IF.F +{mag)*
o 1 whole set up is taken into an artifical stellite (g, = 0)

m T el T8 N0 T ek, Phpmon’ B0 | 1 TE0ES
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wath
Electric potential difference AV = r.m = W.g
Electric potential V, = - [ Edr

It &= the work dome against the field to take s unit positive charge from idinity
{relarance paint) fo the given point

O For point charge : v=K1 D For several point charges U:HEE-
r T

Relation between E & V

. a M. AN N .
E=—grad V=-¥V, E= -—, E--ﬁh%ﬂjrgk.‘u’-[—ﬁ.dr

Electric potential energy of two charges : () 1 qq;

dxe, T
Electric dipole — —
e ]

O Elsetrie dipole mament p = ad
O Tomque on dipole placed in urdform eleetric feld 3 =« E
0 Work done in rotating dipale placed in uniforn elactric fld

W J'tdL‘l - EFEEtnE:H' = pEicost, - coshl

O Potential energy of dipole placed in an uniform fleld U= —GE
O Afa polnt which is at a distance r from dipole midpoint and making

angle 8 with dipole ads, ¥ E.
.Fﬂﬂ.ﬂluiﬂl = 1 M E
dne, 1 B
=3
3
* Flectric field E-‘l 1'3“'3 '
i r
]
E 1 4 .|
» Direction lunu-aﬁ:--irmﬂ
0O Ekectric field at axial point (or End-on) E-ﬁ%}? of dipole

O Blectric field at equatorial position (Broad-on) of dipole E-ql [:’_f,]
'IF‘I r
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Fquipotential Surface And Equipotential Region

In an electric Held the locus of points of equal potential is called an
equipotential surface. An squipotential surface and the electric fleld line
meet at right angles, The region where E = 0, Potential of the whaole reglon
must remaln constant as no work is done in displacement of charge in it. K is
called ps equipotendial region like conducting bodies.

Mutual Potential Energy Or Interaction Energy

“The wark to be done to integrate the charge system”.

For 2 particle system U_, = Iq%

For 3 particle system U_ = ﬁé:— + Q_El:i:i: + ﬁ;!;:l—
it m

=1
For n particles there will be % 1@

Total energy of a system = LI, + U___,

Electric flux : ¢ = [Edi

For unifarmn eloctric fiekd; $= £ A = EAcosh where 0 = angle betwesn E

& area vector [A). Flux s contributed only due to the component of
electric field which ks perpendicular to the plane.

If E is not uniform throughout the area A | then &= II-_'_dﬁ

Gausse's Law : tjﬁﬂi-% (Applicabie only to dosed surface)

Mt (e eqmeerglng out of & closed surface is 'E:'-

= 47 4
0=gE-dA =" \here q_= net chorge enclosed by the closed surface
¢ does not depend on the

i} Shape and size of the closed surface

(i1} The charges located outskde the closed surface.
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q
*  For a conducting sphere
E
1 q 1 g
O For r2RE= Hr—:.u' ﬂ_rl'ﬁ,T :\\
5—.1-
"
0 For r<RE= uu-mﬂ .
dn e R ;
R —— T
q

+  For a non-conducting sphere

q{3R* -r']

+  For a conducting/mon conducting spherical shell q

1 q 1 4
O FexrzR E-HH%T_:_U- =

4r e, T

1 g
4n e, H

O Forr<R:E=0 V=
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For a charged circular ring
E v

1 QK 1 ]
E,- d‘ ‘u E:": '_H:ilir.l |1I.I'P- ﬂlﬂ: Bﬂ |_HE-I-RI:I“I

Emﬁhlduﬂ]lhnuﬂmunat:=i'§- =t
2 E 4
For a charged long conducting cylinder 3 :'_:

q w +
O For reR:E= Gooy . +

O For r<R:E=D
Electric field Intensity ot & polnt near a charged conductor E--&
Mechanlcal pressure on a charged conductor

ni‘

F
For non-conducting long sheet of surfsce charge density o Eaﬁ

meﬂu;nuhqmutmﬁnmm E-i

1
Energy density in electric fleld uy =5 & B

Electric lines of force
Electric lines of electrostatic field have following properties

Imaginany

{ii) Can mever cross each other
{iE] Can never be closed loops L2,
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fid  The renber of lines crginating or lerminsing on & charge is proporticonal o
the magnitude of charge. In rationalised MKS systern {1/5 } electric lines are
asociated with wdl charge, so i o body endloses & charge g , total lines o
force associated with it jealled fho will be gfe

W Lines of force ends or starts normally at the surface of o conductor,
(] I there is no electric field there will be no lines of force,

{wil) Lines of force per unit avea nommal to the area at a point represents magnitsda
cf imtensity |, crowdad lines represent strong lield whie distant lines weak
field.

[ul_'u.f T:l:'rgl:'ni by e e of force at & point in an glectric fiwld giwes the direction of
imlanailiy,

EEY PDINTS

Electriz field is always perpendicular 10 a condusting surfaca (or any
equipotential surace).

Mo tangential component of electric fleld on such surfaces.
+  When a conductor is charged, the charge resides only on the surface.

»  Charge density at convex sharp points on a conductar is greater. Lesser
is radius of curvature at a convex part, greater Is the charge density.

For & conductor of any shope E (just outside)= =
E

= Potential difference between two points in an electric field does not depend
on the path between them.

*  Paoteniial at a point due to positive charge s positive & due to negative
charge is nagafive

*  Positive charga flows from higher to lower (f.e. in the direction of electnc
fieldl potential and negative charge from lower 1o higher [iLe. opposiie
to the electric field) potential,

=  When fl IE the dipole is in stable equilibrium

«  When 7l 1{-E) the dipole 1s in unstable equilibrium

m 3, el TR b |7 oM & o | 518, | A0 gy
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Whan a charged isolated conducting sphere i connected 1o an uncharged
small conducting sphere then potential become same on both sphere and
redisiribution of charge take placa.

Self potential energy of a charged conducting spherical shall = % 1

3
Sell potential energy of an Insulating uniformly charged sphera= :E‘

A spherically syrmedric charge [.e pdepends only on 1] behaves as i
its charge is concentrated at its cenire (for oulside paints),

Dieleciric strength of material 1 The minimum ebectric Geld required to
fonlze the medlum or the masimum electric fleld which the medium can
baar withaut breaking douws.

The particles such as photon ar newtrine which have no (regt) mass can
never has a charge because charge cannot exist withowt mass,

Electric charge Is irvariant because value of electric charge does not depend
an frame of reference.

A spherical body behaves like a point charge for outside points because &
finkte charged body may behave like a point charge If it produces an inverse
aquare field.

Any arhitrary displacement of charges inside a shell does not introduce any
change in the electrostatic field of the outer space because a closed
conducting shell divides the entire space into the inner and outer parls
which are completely independent of one ancther in respect of electric
flelds.

A charged particle is free fo mowe in an electric field. 18 may or may not
move along an electric lne of force because inltlal conditions affect the
mation of charged particle.

Elactrostatic experiments do not work wall in humid dags becasee wator
i5 a good conductor of electricity.

A metallic ghield in form of a hollow conducting shell may be built 1o black
an electric field because in a hollow conducting shell, the ebectric fleld is

zero al évery point,
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Capacitance and Capacitor

CAPACITOR & CAPACITANCE
A capacior consists of hwo comcducons camying charges of equal magnitude end
apposite sgn. The capacitance C of any capacitor is the raths of the charge

3 on either condwctor to the palmh.u] difference V between them O ---3
The capacitance depands only on the geometry of the conductors and mol on
an external source of chamge or potential difference.

Caracrmance OF AN lsowaTer Seuerrcar Cownpouctonr
Cm=dnee R in 2 medium C = §ne, R In alr
* This s;ﬂ'ﬁmu Is at infimite distance from all the conduciars |

SeiERicaL CTAPACITOR :

It consists of two concentric sphetical shells a5 shown in i)
figure. Hare capacitance of region between the two shells
is C, and that outside the shell 1= C,. We have i

L L T T &
b-a

PARALLEL PLATE CAPACITOR :

(1) Usapoms Di-eiecrioc Meoms  :H two parallel plates each of area A &
separated by a distance d are changed with equal B opposite charge O,
then the system s called a parallel plate capacitor & lis capacitance is

.Y

given by, C= harrrnﬁwn-.cfzfﬂ

This result is onhy vahd when the eleciric feld bebween plabes of capacitor is

consiant.

Ee, A . ;
d with air as medium

() Mot Paany Am ¢ Ca—%B
:E-[t— ‘-] -
E,

When a di-eleciric slab of thickness 1 &
relative permittivly & is introduced bebween e,

the plates of am akr capacitor, than the l
distance betwean the plates 1s effectively

t
reduced by [I_e_] rrespeciive of the position
cf the di-eleciric slab .
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{6f) Cosirasrme Mesmm

i
Ey,

&, A
+—t‘-1
E

S 5
.

Py

CrunDRICAL CAPACITOR |
b consists of two coraxial olindars of mdil 8 & b, the ouler conducior s
garthad, The d-eloctrie constan of the medivm filled in the spacs hotaeen the

eylinders s & .

b @

The capacitance per unit length b5 C = 2%

mE]

Comsmamon OF Capacitons i

Iy Capscrrons In Semms  :ln this armangemnent all the capaciicrs when
uncharged get the same charge J but the potential dilference across
each will differ {if the capacitance are unequal),

4]

I:-i-q-l- -!-:-
P il S s P | -k U
€., G &G G 7C [l A

(0} Caracirors In Pamars : When one plate of each capacitor Is connected
to the positive terminal of the baitery & the other plate of sach
capacitor is connecied to the negative terminals of the: batbery, then the
capacitors are said to be In paralled connectlon, The capacitors have
the same potential difference, V but the charge on each one ks differen
(f the capacitors are unequal). C_ = C, + G+ Cy+ ... + C,,

'1.4 LY

'n"-*l l!:'h”

Dl
g oL
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Exerey StTomren 1w A Cuarpcen Caracimor 3
Capacttance C, charge O & potential difference V; then energy stored is
1 10
e v z"w 229G
Thiz energy is stored in the electrostatic fleld set up in the di-electric
mediem hetwsen the conducting plates of the capacitor

HEAT PRODUCED 1N SWITCHENG [N CAPACTTIVE CIRGCLAT ;
Due 1o charge flow alweys some amount of heat 15 produced when a switch is
closed In o clrcult adich can be oltaimed by enargy corservation as =
Heat = Work done by battery - Energy absorbed by capaciior.

]

+  Work done by battary to charge a capacitor w-:cv*:qa.r:%

Snamws OF CHARGES &
When two charged conductors of capacitance C & C | al potential V', &
WV, respactively are connected by a conducting wire, the charge fkows
from higher potential conductor 1o lowser potentlial conductor, untll the
potential of tha two condensers becomes aqual, The common potential
(V) after sharing of charges;

J rel chamge L Ml T GV + GV
et capacl tance E,-.-".'.f L+l

charges after sharing q, = CV & g, = CV. In this process energy 15 lost
in the commecting wire as heat.

This loss of energu s U -1, .E:_'E']E:I:T]NI_“IF
*  Attractive force between capachor plate F -[ﬁJ{uﬂ.J -2;%

+  Charging of a capackior : g=qg,01-&""} where g, = CV,
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Discharging of a capachior : q

o=

A A e
R

KEY POINTS

The energy of a charged condwctor resldes cutside the conductor In s
eleciric fleld, where 82 in & condenser 1t B slored within the rondenser in
s electric field,

The energy of an uncharged condenser = 0,

The capacitance of a copachor depends only on its size B geometry B the
diglectric behweon the conducting surface. e, Independent of the comnductor,
whether it is copper, sibeer, gold sich

The b adiscent conductors camying same charse can be af different poteriial
because the conducters may have different sizes and means differemce
capacilance,

When a capacitor Is charged by & batiery, both the plates recefved charge
equal in magnitede, no matter sizes of plates are identical or not because the
charge distribution on the plates of a capaciter B In accordamnce with change
conservation principle.

O filling the space between the plates of & parallel plate air capacitor with a
dislectric, capacity of the capecitor is ncreased becase the same amount of
charge can be stored ot & reduced potential,

The pofential of a grounded object Is taken o be zero because capacitance of
the earth s very lorge,

s <, L e
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ElecTroc (CURRENT 1
Bectrc charges in motlon constitute an elecire current. Ay medium having
practically free electric charges {2, free to migrate) is a conductor of elactricity.
The edactric charge fiows from higher potential enerqy state to kewer potential
energy state. Positive charge Mows ram higher to loasr potential ard negative
charga flows from lower to higher. Metals such as godd, sibver, copper, alurminiusn
eic. are good conductors.

Eiectrec Cunment IN A ConnuctoR :
In absence of potentlal difference across a conductor, no net current flows
through a cross section, When a potential difference Is app@ed across a
conductor the chamge carmiers [lecirons n case of mefallic conductors) flow
in a definite dirsction which constitibes & net current in it . These electrons
arg not accelerated by electric figld in the conductor produced by poterntial
difference across the conductor, They move with a constant drift velocity .

The direction of current & along the flow of positive charge (or opposite to
flow of negative charge). | = nved, where v, = drilt velocity |

Evecrac Cusment aso Cumment Dessry
The strength of the current @ & the rate 3t which the electric charges are
flowdng. If & chasge O coulomb passes through a glven coss seclon of the
conductor In t second the current | through the conductor is given by
t 2 coulomb

Ttsecond

Ampere B the unlt of current. If 1 15 not constant then I-%. whene dg &

net charge transported at a secton in ime 9t In a cument camying conductor
wa can define o vector which gives the direction as current per unit nosmal,
cross sechonal area & b known as current densiby.

ﬁuJ--éﬂ or 1 = J.§
Where @i & the unlt vector In the direction of the flow of current.
Fﬂtmﬂmdm&mm]-j‘].ﬁ

ReLamion i J, Eavp v
In conductors drift veloclty of electrors s proportional to the elactrie field
insicle the conductor as; v, = uE
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where (i is the mobiliby of electrons

l
current density is glvenasd = T =ne v, = nefuE] = oF
wherg ¢ = neji ks called conducthty of material and we can also write

1
i =¥ resiativity of matesial.
Thus E = p J, If & called as differential form of Ohm's Law,

Soumces OF Pomevmou. Devemevcs. & Erpcreomornn Foper
Dy cells | secomdary cells | generator and therme couple are the devices vsed
for producing potential dflerence in an electre circuit, The potendial difference
bebasen the bwe terminals of & sovsce when o energy is drean from it
is called the " Eleciromotive force” or ® EMF " of the souree. The unit of
potential differance is wolt.
1 wolt = 1 Ampere =1 Ohm,

Evecmmicas REsSTANCE :
The property of a substance which opposes the flow of electric asTent through
it, is termed as electvical resistance, Electrical resistance depends on the size,
geometery, temperature and Intemal struckurs of the conductor

Law OF Reststance :
The resistance R offered by a conductor depends on the following factors

1
R=f (length of the conductor) ; R = % [eross section area of the conductor)

{
at a given temperature R = ﬂ:.mmplsﬂmrﬂlsﬂﬁwﬁhmﬁeﬂdd

the conductar at the ghuen temperature | B is alsa knoumn as specific resistance
of the material & it depends upon nature of conductor,

Diirivpircs OF REsistancs On Tesstmammg :
The resistance of most conductors and all pure melals increases with
temperature , but there are a few inwhich resistance decreasas with temperatuse
F R, & R bethe resistance of & conductor st 0°C and 0°C |, than i s found
that R lﬂ..lfl. + m i)
Here we assume thet the dimenstons of resistance do not change with
terperature i expansion coefficient of materal | considerable, Then insead
of reststance we use same property for resistivity as p = p, (1 + o8 The
materials for which resislance decreases with temperature, the
temperature coefficient of resistance s negative.
Where i is called the temperature co-eficient of resistance . The unit of « s
K- ' or T, Reciprocal of resistuity & called conductinity and reciprocal of
resislance is called conductance (G} . 5.1 unil of G s mhao,
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Oi's Lug
Ohm's law is the moest fundamental law of all B ks in eectricity . M says that
the current throwgh the cross seetion of the conductior I8 proportional to the
appled potential difference under the given physical condiion . V = BRI, Ohm's
knw I applicable fo ondy metalic condhuciors |

Kmachmorr's Law's
I-Law {Juncilon law or Nodal Analpsks) :This lzw bs besed on law of
conservation of charge. It stales that " The algebric sum of the currents meeting
at a potnt 15 zero” or total currents entering a junction equals total oueTend
feawving the junction,

1:ualmhmnuHELﬂﬂrchhbilhcmhd

I - Law {Loop analpsis) ; The algebric sum of all the voltages in dosed circuli
i zero. L1R + EEMF = 0 in a closed loop . The dosed loop can be frsversed
in any direction ., While traversing a kop if higher potential point b enterad,
put & + v sign in expression or B lower  potential poind 15 endered it a
negative sign .

=W, =V, #\, <V, = 0, Boxes may comfaln resisior or battery or any other
elerment (linear cr non-inear),
bt is also known as KVL (KirchhofP's voltage Law) .

COMBINATION OF RESISTANCES :
A member of reststances can be connected and all the complited combiratons
can be reduced to tao different types, namely series and parallel |

& Resstaus N Semes @
When the resistances are connected end to end then they ame said to be
in series , The current throwgh each resistor s same . The effective resistancs
appearing across  the batiery:
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RaR 4R, + R+ riiiimmmmn ¥ B wned

V= "n.l'J +U’ + 'i,.l" ¥ et T I'l",_ '
The voltage across a resliter 5 proporianal (o the resusnes
W, = Ry R

: T PR LSS
H,;HE+.........+H_ v' U:t E +H -, 1..H U eke.

n

W Resstascs Iv Panain, : E,
A parallel ciroit of resistors Is cne, in !
which the same vaoltage is applied across '

all &mmpﬂnﬂﬁhnpﬁmﬂdmng B
of resistors R, B, R, ..., R . R,
Conclusions : v =

B Potenbial diference across esch resiglor 18 same .
B I=L+L+L+ . | R
R e e | 1
f) Efectve resistance {F) then ﬁlﬂ H_+H_'+R_
3 L]
B Current in dEfferemt resistors & imaersaly proportional fo the resistance .
I kel 1
II E EI ST Jl -H—L1H—’.R—!.uu.-..n.n—ﬂ "
I g1 G 1
LG 0t TR G A0 b S,

whiere G-%uﬂmrﬂaﬂw.

EMF Or A CeL & Irs Interssu. HEsisTaMCE :
Ea cell of emf E and internal resistance e
r be conmected with @ resistance R the Lessrmansannmmninsnns
todal resistamce of the ool B iR+ ), iv
E ‘_Ft
ks H+r V= R+r Lk b

where V., = Terminal voltage of the battery |,

Hr—hﬂ,:ﬂﬂﬂﬁd&”—iEﬁ:r—H(%vljl

GROUPING OF CELLS ;
# Crus v Semes @ Lot there be n cells eachof emd E , arranged n saries. Lot
r be the internal resistance of cach cell, The total emf = nE . Currend in the

nE E
ciret | = H+m.1frw{{ﬂﬂ'ﬂﬂl-ni'—h5£rﬁmnﬂ'ﬂﬁtﬂlﬂd
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E
i nr == R then I-T—}E-Emmaﬂﬂndnﬂd mot b used |

Cews In Pasmasnit @ T cells sach of emf E & internal resistanca ¢ be
connected In paraliel and §f this combination be connecled to an external
resistance then the eml of the cireuit = E,

Emema]mmmceahhadmdt-% .
15511

E —AARA— E mE

1 R+ mR+r
L]

B mR <<t thenl= %-—--rpamﬂd combination should be wsed .

H mR>>r thenl= E—jﬁmﬂﬂlmnhﬂﬂm!mﬂmhemi.

Crus Iy Mumre Arc i
i = nurvber of ddentical calls .
n o= mumher of nows
m = rumber of cells in each rows .
The combination of cells ks equivalent to single cell of -

123 =
me HHr—
(8} emf m mE B fb internal resisiance = =
v e
__mE s EE T O
MI-R*IPF‘- i __I._,r
For mashmum curmend "rﬂ'h"‘-
i nE _mE
nRamr orR=—= 30 r""'zr T
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For & cell to daliver masimum powsr across the load internal resistance = load
resislance

Whear Stone NETWoRK |
When current through the gabenometer |s 2eno

P R
frall point or balance paini) a“g.

Whan

PS QR V, <V, &PS<QR V. >V,
or P5 = QF = products ol opposite arms are equal. Potendial difference
between C & D at null point &5 zero . The mull polnt ks not affected by
rasistance of G & E. It is not affected even i the positiors of G & E ae
inferchanged.

I, = (R - PS)

Porennoserer ©
A potentiometer is a linear conductor of uniform cross-secion with a steady
current sat up in B, This maintains a undorm potendial gradient alang the
length of the wire . Any potential Ellerence which 15 kess than he potential
difference malnedned scross the palentiormetes wire can be readured wsing

E t
this . The potentlometer equafion & ﬁ";:

| E [ ; A
Circuits of potentiomater prisnany cicufl H'il:

sezondary creull J Mt
Ej, E<E
{—"
LV cument x resitance of potenticeneter wire | E]
L kength of potentiameter wire L

X
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AMMETER
It is a modified form of suspended coll galvanometer, it ks used 1o measure
current . A shunt [small resistance} s connected In parallel with gahanomater

{0 comeert mio srmmeter | I L @
L
-1

where Lk s

R, = gahmnometer resistance

1 uh{anhmmmlﬂm:.mfhwwm:gahmﬁa
]-Hmmmehmﬂwmhgﬂmm
An ideal ammmeter has zara resistanos.

VoLmETER ¢
A high resistance is pul In serdes with galvanometar. It is wed to measure
potential difference,

- W

. . Iv’ﬁ R —+ o, Ideal woltmeter
+ W, b

Evecrmecar Powss @
The enerqy Bberated per second In a device Is called its power. The dectrical
power P detivered by an electrical device is given by P = VI, where
WV = potential difference across dindee & | = aurrent, If the cuwrrent entess the
higher potential point of the device then power & consemed by if (e, acts as
boad] . H the omrent enters the lower potential point then the device mupplies
power (Lo, acts as sournce).

|'|I|'E

Powser consumed by a resstor P e FR = Ul = T

Hesmme ErFecr Of Ewectmic CummenT :

When a amrent |s pessed through a resistor energy |5 wasted In over coming
the resistances of the wite | This energy & comeeried inbo heat

e
W-W-FHI-E*I

Joures Law Or Eucrecas Hesmmg 3

resistance of B ohmn for T second 5 ghven by -

Hn]R‘Tp.ﬂe-FR;m

If current b5 varishle passing through the conductor then we use for heat
T
procuced In resistance in fime O to T is: H-P*Hch

The heat generated fin joes) when & curment of | ampere flows through &
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Uwr Or Ewecrmcs. Enmmcy Cossumrmos :

KEY POINTS

1 unit of electrical energy = kilowatt hour = 1 kWh = 3.6 x 10° joules.
Leries combination of Bulbs

Parallel combination of Bulbs - FI + F‘,I + F!‘i-...

. P
Prv| ™

A current flows through a conductor only whan there s an electric field within
thi conductor becase the deift velocity of dectrong &8 directly proposiional (o
the appled elecirc feld

Eecirie feld cutside the comducting wire which cartes a constart cumrent s zeo
becauss nef charoe on a curment camying conductor 1s zer.

A mistal has a resistancs and gets often heatad by Ao of curront bocsdse uwhen
free electrons drift through a metal, they make cccasional colliskons with the
lattice. These colliskons are inelastic and transfer energy to the bittice as infermal
Energy.

Ohm's law holds ondy for small cumment in metalic wite, not for high currents
becausa reslstance Increased with increase In temperaiure,

Potentiometer i an ideal instramant to messire the potential difference becanse
potential gradient along the polentlometer wire can be made very small,

An armmeter is abvays connected in series wherees & voltmeter i connected In
parallel becausa an ammater is a low-resistance gabemometer while a volimaetar
i & high-reskstance gahanometer.

Currend is passed through a metalic wires, heating it red, when cold water Is
poured ever half of the partion, rest of the postion becomes more hol because
resistance decreases dus to decresse in temperabure 3o current through wine
i reases
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@ Magnetic Effact of Eiviant And Magndtisy

A static charge produces only electric Reld and only elactric flekl can exert & foree on
unmmmwmhummﬂﬂmwmw
field and magnetic fiekd con exert force on it. A current carmying conductor produces
only magnetic field and only magretic feld can exert a foree on it

Magnetic charge ke, current) , produces a magnetic fiekd . I can not prodece elecirc
fiekd &% net charge on & curent cemying conduclor & . A magnetic Held &
detected by its action on current carmying conductors for moving charges) and magnetic

neadies ioompens], The vector quanttty Bl known as siacs@mic ispucmon s inbrodoced
to characterise a magnetic fald . It s a vector guandlby which may be dellned iIn terms
of the force It produces on electre currents | Lines of magnetic induction may be
drawn In the same way as lines of sectric feld . The menber of lnes per unit area
crossing a simall anea perpendicular fo the direction of the induction being numercally

equed 1o § . The number of lines of B crossing a given area is referred to as the
magmnetic flux linked with that area, For this mason E ig plan called magnetie
flux density

Macsne [snucnos PrODUCED Bvﬂﬂ;m{mm-&mm LMH:I':

The magnetic induction d8 produced by an element dl camying a curment | at &
distance s given by

; I {dix ¥
_ i Ldfsin® SR g i
e 4 1 =8 dn r
hiere the quantity Iy is called as current element strength. 1 P
p = permeability of fwe mediom = pyp, 8
Wy = permeability of free space .
= telathe permaahility of the
mdium [Dimansionbkess quanting.
Unit of jm, 8% pis NA or Hm™
gy =4 nx107 Hm!
MacnemC [NDUCTION DUE TO A MOVING CHARGE rJEP=£'-':'TﬂEM}
T
[0
M [T}
il ' In wector form it can be writlen as "'H' %q =
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Macvene Inpucnow Due To A Cussent Capress STuen  ConpucTon
*  Magnetic induction due to a current carrying straight wire

I
H the wire s very long @ = B, = 07 then , B = f:E
. B__Fi
Magnetic indection due to a infinktely long wire =R @
oy = % @y =P

1
a1

1
Hmmmmmmmmmﬂhﬁﬁﬂ

a, I- U’"; “2 = G{"

........... -
R
Macrenc Fip Due To A Fuar Cikcinan Com Carmvess A CusRenT :

0 At its centra B--E;%‘ia

whara

N = total number of tums in the cofl
1 = currend In the coll

R = Radhs of the coll

n mﬂ'rEa:HJSB-—HILH:& 1
E{x'+ﬁ‘}
Where x = distanca o the point trom the centra

]
H i maxirmum ot the centre E:-#:m—
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(lil} M ackENC Inoucnon ouE 7o Fuar Ceouas Ak E-E':;'ﬁ

#  Magnetic field doe to infinfie long solkd ofindrical conductor of radius
R

| plgly
o Fmrzﬂ:ﬂ-% O Forr<R:B= 2oz

MacsEmc INouveTion put To Soumoes
B = pynf, direction along axis.
where i —  manber of bens per mates; | = currend

Macsanc lovenon pue o Torom i B = pgnd

M
sibere o= [y ro, af furns per m)

M = total turns R =1

Machamc INoucTioN puE 1o Cunrint Camspansg Sueer

H-%M where 1 = Linear cument density (A/mi} —

Macwrmc INDUCTION DUE To THick Samer 1

—-—
1 T

Al poinit Py B, = ugfx

GILBERT'S MAGNETISM (EARTH'S MAGNETIC FIELD) :

{a) The bneof earth's magnetic induction les in a vertical plane colnciding with
thiz magnetic Morth - South direction at that place. This plane |5 calied the
macsETH: MERmiAN, Earth's magnetic axds ks slightly inclined to the geometric
axis af carth and this angle veries from 10,57 &0 200, The Earth's Magnetic
pales ate opposite fo the geomedrie poles Le. al sarih's north pale, s magmele
south pole is situated and vice versa.

149



¥

Fl_juiu HandBook

(b} On the magnetic meridian plane |, the magnetl: induction vector of the earh at
any point, generally inclined to the horizontal at an anghe called the MacsEDC

oI 4l thal place | such that f = todal magnetic induction of the carth af that
paoinl,

= the vertical component of B in the magnetic meridian plane = B sin 6

B, = the horizontal companent of B i the magnefic meridian plane=B cos .

—
EJ-I 'FE.I'IB

fc) At a given place on the surdace of the earth | the magnetic meridian and
the geographic meridian mey not cotneide . The angle bebween them s
calied "HECLMNATION AT THAT PLACE"™

AMPERES LAW

cjﬁ.&':-um where £ | = algebraic sum of all the currents,
MOTION OF A CHARGE IN UNIFORM MAGNETIC FIELD :
fa) When ¢ i |1 to B Motion will be in a stralght lne and F = 0
B When ¢ 5 _| io B : Motion will be in circular path with radius

H-%mﬂmﬂur Mmu-%mﬂF—mﬂ

i) When ¢ I5 at £8 1o B : Moticn will be helical with rads

th"'“q’]‘;“ and pitch FH-$ and F = quBsind

LORENTE FORCE
An electric charge 'g' moving with o welockty § through a magnetic fiedd
of magnetic induction B experlences a force F, ghven by F=qixB. There

fore, H the dharge mowves in o spece where both electric and magnetic fields

F= net electromagnetic force on the charge = qE+qi=B
This force & called the Lomestz Fomce

ITFPIr gl

me

150



TN 2 ottt e £ i, P gt 8 P 0 £

Physlcs HondBook

MOTION OF CHARGE IN COMEBINED ELECTRIC FIELD & MAGNETIC FIELD

Macxenc Force Ow A Staacsr Cumsent Casevivg Wime @ = [(L<B)

Macnenc InteracTios Fomce Berween Two Panaivm, Loss Steacr Cveiess

Macwrme Tonoue On A Cooson Cusmest Ceoum

When B & lE . mobon will be uniformly accelerated in stralght ling as
Fragnase = Ond P ue = oE
S0 the particle will be either speading up or speeding down

When B & 01 E, mation will be uniformdy aceelerated in a parabolic path
When ¢ | B & o1 E, the particle may more undeflected & undeivated wiih

E
s pnifarm speed i V=5 {This i called as wilocity selector conditfion)

[ = current in the stralght conductor
L = length of fthe conductor in the direction of the current in &

B = magnetic induction. [Uniform throughout the length of conductor)
Mote : In general force ks F:F:l{dhﬁ]

Whan b kong straight inesr corcuctors are parallel and carmp & current

in zach , thay magnatcally bderact udth each other, one expetiences a foree.
This force 1= al;

il Repulsion If the currents arg ant-paralle] (le, in opposiie divection) or

i) Aliraction I the currents are parsllel [le, in the same direction)
This force per unit length on either conductor is given by F=%!|T!T-
Where r = parpendicular distance between the pamllel conductors

Whan a plane closed curvent etreult of "M turms asd of area "A° per fum
carmying a current [ is placed In uniform magretic fleld | 5t expesience & zero

net force, but experience a torque ghven by § =NIA B = M«B = BINA sint
whare A = area vector cubward rom the face of the dreut whare the current
s anficlockwise, B = magnetic Induction of the uniform magnetic fiekd.

M = megnetic moment of the csrent cirodt = 1IN A

Mote : This expression can be wed coly if B is uniform othensise calcuus
will be wsed,
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Movess Con, GawasaomETen 2

It consists of a plane coll of many kims suspended in & radial megnetic feild.
When a current is passad in the coil # experionces. & torque which produces
a twist in the suspension

This deflection s divecthy proportional to the forque . WIAB = Ki

I=(%]E; K = elastic torsional constant of the suspension

[ = CH C=L=Galmmmﬂwﬂurﬁmﬂ

Force Exremencen By A Macsrnc Diroce Iv A Nos-Usaross Maosene Fien ¢

whare M = Magnelic dipole moment.
FORCE ON A RANDOM SHAPED COMDUCTOR [N & UNIFORM WAGNET. FEELD

A
B

«  Megnetle lorce on & closed loop in b unklerm B s zero

* Force experienced by a wirg ol any shape i3 equivalent 1o loree on & wire
Joiring polnts A & B in a uniform magnetic field

MAGNETIC MOMENT OF A ROTATING CHARGED

i & charge q is rolating af an angular welocihy @, |5 equvalen) curent s

1
given as | -H;-: B s magnetic mament is M = IzR2 = quhﬂz.

MoTe: Thtraﬁnafmugmﬂ:mnluﬂtcmmﬂmmmnhmnfam‘ﬂhm
rofating oblect which Is charged uniformly is ahvays o constant, Irespective
of the shape of conductor M/L = g/2m
" !lhguﬂ:cmch
Magnetic momeni M = m =2/ where m = pole strength of the magnet

0 Magnetic fiek! at axial point jor End-on) of dipole § . Mo 2_’:1
.

O Magnetic field at equatorial position (Broad-on) of dipole B = _:—1

O At a point which Is at a distance r from dipole midpoint and making
angle # with dipole axis.
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HEY POINTS

o by Mrosh
Magnatic Potential v A
Magnetic field B o by My1+3c0s’0
dn r

0 Torque on dipole placed in uniform meagnetic field 7= Mx

B
O Potential energy of dipole placed in an uniform field U=-M-B
Intenshhy of magnetisation IT=M

Magnetic induction Bo=pH = p,H + 1}
Magreetic permeatility u-g“

Maggmirtic susceptibility L-ﬁ-u—l
Cuirke Law

O For paramagnetic materials -
Curle Wiess law

1
T

O For Ferromagnetic materials I.x T-T.
Whaere T, = curie temparature

& charged particle moves perpendicular o magnetic feld., ks kinethe enargy will

ramain constant but mementum changes because magnelic force acts

perperdicular io velodity of particle,

If 2 vmif ricarth pole ratartes anound & current carmying wine then work has 1o be done

bacause magnetie feld prodused by current i abaays non-consensative in nature,

In & condwestor, frea slecirans heep on movding but no magnelic force acts on a

conductor ina magnetic fleld because In a conducton, the sserage thermal welocity

of elactrons ks zeno.

Magnietic force bitwesn two charges is generally misch smaller than the electre

force between them because speeds of charges are much smaller than the free

space speed of lkght.

Note : E:ﬂ . o
Frisa
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@ Electromagnetic indiction

Macenc Fux :
g =0 A =BAcoes for uniform B,
¢=[B-dA for non uritorm §.
Fansnar's Laws Or Erecraossosenc INpucTos @

A Aninduced el s setup wheneser the magnetic flux linking that clrcudt changes,
i The magnitude of the induced emf I any circut s proportional to the rale

d
of change of the magnetlc e Bnking the cinoult, £ = E"P .

Lvar's Laws :
Tha direction of an induced amd 1s alweys such as to oppose the couse prodcing
i .
dip

Law o EHl:e-—E.

The negabive sign indicates that the induced emdf opposes the change of the
1T
EMF Isoucen v A Steucir Cospucron [v Usross Maovenc Freun 5
E = Blvsind
where B = fux density
L = length of the sonducior
v = welocity of the conducior
8 = angle between divection of mothon of conductor & B |
EMF mapacam 4 A OO ROTATING PERFERDICLLAR 7O MAGNETIC FIELD

BB

el

f E = —Bmf*
U

For a wheal rofating i a earth magnetic fald eflective emi Induced betwesn

the periphary & centre = %Bﬂﬂ"
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Coin Romsnos In Maosenc FEn Svce Twar Amas Or Rovsmos Ts
Porrevoscusr To Tie Maceenc Fimn :
Instantaneous induced emf, @ sifft = E, sin ot
sarhere M = murmber of wens in the coll
A = area of one tum
B = magnetic induction
w = uniform angular veloctyy of tha ool
E, = mmdmum induced emf
Bar Ivoocnon & Sor INDUCTANCE
When a cmrent flowing through & coil is changed ihe T linking with is
oun winding changes & due to the change In Enking fhoe with the coill an
eml is induced which i3 known as self induced emf & this phenomenon i
known as self induction , This induced emf opposes the causes of Inducion.
The property of the coll or the dinouit due 10 which it opposes ary change of
the current ool or the clreuit 5 keoan s SR e = Ispocrance . R's wnlt b Henny,

Coefficient of Self inductance Lﬂ% or 4, = Li

i = current B the cinou .

§, = magnetic fux nked with the croult cue to the cument | .
L deperds onby on ; () shapeoftheloop & () medum
self induced emf *.‘%"%[HJ‘—L%MLEM

Combination of mductors

O Seriescombinationl =L +L,+ ..., i same, V in rato of inductance, 1)
in ratho of Inductance, $ In ratio of inductance
O Paralled combination l 'li-l # eeeerenn, W same, | In inverse ratio of
L' L L
Inductance, U in inverse ratio of inductance, § same
Mumua Ispucmon :

H two electric ciroutts are such that the magmetic flekd due to a current In ona
ks partly or whaolly linked with the other, the o coils ame sald to b
glectromagnetically coupled cirodts . Then any change of eusrent In one
producss a change of magnetic M n the ather & the laler opposes the
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change by irducing an amf wathin iself | This phenamenen is called Mumisa
hamucTion 8 the induced emf in the later chrowi? due bo a change of current in
the former i called Mutuany Ivoucen EMF | The dircuit in which the
curre i3 charged, = called the primany & the other circult by which the amf
is induced is called the secondary, The co-afficient of mutual induction [Fratusl
inductance} between tuo electromagneticaly coupled cirouit & the magnetic
Tl linkad with the secondary per unit current in the primany.

Mutual induchnce = M= 5‘_ fha Hinked with sec ondary
current i the prirman)

P

d
mutually induced emf - E,.-d—;h-%{hﬂh—ﬂda' 0 M s constant]

M depends on (1} geossetry of loops (2) medium (3] orentation & distance of

koops |
i two colls of self Inductance L, and L, are wound over each other, the

mutual inductance M = K ﬁ:l: where K Is called coupling constant,

Faor too colls wound In same direction and connected In serles

L=L,+L, +2M

For two colls wound In opposite direction and connected in serles
L=L +L, -2M

L, =M
| S .
For two coils in parallel L, +L,=2M

[ M P
O Forideal transformer Ef‘-i:-ﬁ',' O Efficiency n= g *100%
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SOLENOID :
There & a uniform magretic fleld along the axls of the sclenold

U U

----- ¥ s B=pni [deal:length == dismeder)
PGy i
Corw

wels af sokencid
where g = magnetic permeabilify of the core material
n = number of fums In the solencld per unit kength
i = current In the sclencid
Salf inchactance of a salenoid L = p, nfAl
A = prea of cross section of sclencld .
Suvreem Conoucmon Loor v Macsenic Fiew ;
R = 0 =0 Themfore 4, = constant. Thus In a superconducting boop flux
never changes. (or it opposes 10:006)

1
- Em#ﬁmhﬂuhnmﬂ:w-iu'.

W Energy of interaction of o loops U= Lé, = 1§ = ML
where M B mutusl inductance
Gapath OF A Cumsesnt I8 AN L= B Cmcinr :

B Lbchaws ssopenciroult at t= Q [ |=0]
W L behaves as short clrcult &t t = = sheays,

mm—aﬁw

Curve (2) = %Emﬂl {13

E
t-ﬁ-[l—e'“"‘-}, T initial current = 0] _ L
L ' A
R = time constant of the clrcult, =0
E
L=F-
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Drcay O Comsm -

Iitial current throwgh the inductor = 1, : Current at any instand § = Lg-™"
|

KEY POINTS

An e Is Induced na closed loop whene magnethe lux s wied. The indoced
electrie field B ol conservadhe feld becaise for induced electric feld, 1he

ling mmtagral E_Ill':-d-" around a closed path is nonzaro,

Acceleration of & magnet (alling through & long soknoid decresse becase
the inchiced current produced in a chroulf abaays flows in sach direction that i
opposes twe change or the cause that produces i

The mubual indisciance of o cofts B doubled i the sell nductance of the

primany and secondany coll s doubded because mutual inductance M = ,,IE,L., :

The possibility of an electne bull fusing Is higher at the time of switching ON
and OFF because iductive effects produce 8 surge a1 the tme of switch-cff
and switcly-on,

Motional end - F a conductor is moved in a magnetic field then motional emf
will be E = Bi v

Here v L r'dﬂ':-.-_ B&B.l Ea

{ =+ elfective length between the end polnts of conductor which is
perpandicular 1o the velocioy.
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T
1 1ot
Average value |w--2t:-—nr::]|dr *RMS value [ - |
de " dt
] |
B N
For sinusoidal voltnge V = VW, sinmt : V,, = E L "'"m"‘:f%
I, _L
For sinuscidal current I= [ sinfet+4j : == & L, —?,:;
AL Clrcults
P T v
) 2 I v
=V smand
AHEFN . RO B u 5 e
23 .

ﬁnm: E=mmx“!’m

] L ..'
- I—l = EE'F[HL_H:-]E
| Vel g

@ Alterating Current and EM Waves

A U 1. .y

I C

TR T
&

I‘l.'m-l-é

wl
£ i
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+ Power Factor = cosp = B/ At resonance 1 X, =X, =2 = R, V=\/,

. LEU::‘HMMI:T:I q=q, sin fot + 8), 1 = Lcosit + §)

En.erg!;- —LF+—==q=' =

] :
ZLE -
5C B @ 9 T constant

1
Compartson with SHM g - %, 1= v, Lo+ m, C_.E

Comparison of Damped Mechanical & electrical systemns

{1} Series LCR circult :

d'q

el o, gy corlss

d.!

e
el sinmt

Rdg,

v
= —i h14
Lo ch o

compare with mechanical damped ssten aquation

dx _bdx k__F
F mdt @ EI m e
where b = daspifg coefficient.

Mechanicsl gutem Electrical syloms
Displacernent [x] Charge (gl
Driving il:rl;n 5] Driving voltage (V)

oy (o] | B e e
-] 1 = -]_1{I
2 k) 2
T Il
Polential energy El-u: Energy of satic charge B0
s {m) L
Powsr P =Fv Power P=VI
Darmping (b Resistance ()
= paring comistant 152
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(M} Parallel LCR cireult : | this case

L
— SRR —

e

R

=

W=/ sinmt
; b d fde) 1db 1y 1 |
I=kketh =P 0§ e & e et e
Displacement fx) &= Flux linkage ()

e

Valocify [I] gy 'lpﬁ:ﬂiaga{%:]
Mass [m) e= Capacitance [C)
Spring constant k) e=s Reciprocal Industance (11}
Damping coefficient (b) == HReciprocal resistance (1/R)
Driving force {F) =% Current (i}
Properties of EM Waves

=  The eleciric and magnetic fields E and B are ahvays perpendicdar fo
tha direction 1n which the wave iz trevelling. Thus the em wave (s a
ranFuarse wavd,

= EM waves carry momentusn and emergy.

¢ EM weve travel through waonm with the speed of light ¢, where

1
- = 3 w10 m/s

¥ The insantaneos magnitsde of E and § = oan EM wee are relabed by
the exprassion %-c

*  The cross product ExB ahways gives the direction In which the wene

mﬂsmzmmunfmnrmmqawmwm

magnetic radiation is given by poyiting vector & where § = —-(E « Bl

mﬂmmm:hnr@nndwhmmulntm

electric fiekl, there is 3 displacament current dafined as I,,:-E“%E-v.ﬂ'ma £ I

ﬂwmnﬂfﬂhﬂynﬂmmrﬁh=_ﬁ-dﬂ. is the electric flux
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KEY POINTS

hudce in & cycle

L] Hurnﬂ'l‘-uﬁmm

[Ganss |mw for ebactriciig
[Gauss law for magnetism|

Faraday's ko

l:fﬂ i = H..I:L-* &, %"] [Ampere's law with Maxwells correction]

¢ A alernating cusrent of requency 50 Hz becames 2ora, 100 times n onie
serond because ehernaling curmend changes divection and becames zeso

¢ An alernating current cannot be wed fo conduct electrolysis because the
jons due to thelr nertia, cannot follow the changing electvic fiald.

¥ Auerage value of AC & always defined over hall cpcle because average
valse of AC over a complete oucle bs alamgs mero.

* AL cumrent fiows on the peripheny of wire Instesd of flowing through total
volume of wire. This known s skin effect.

Important Notey
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REFLECTION

LAWS OF REFLECTION :

The incident ray [AB), the reflected ray (BC) and normal (NB) to the surice
{557 of reflection at the polnt of incidence (B ke in the same plane, This
plene is called the plane of incidence jako plane of reflection).

The engle of Incidence fthe angle betaeen normal and the ncident ray)
and the angle of reflection (the angle betwaen the reflected tay and the

niormall ane equal |.{:|=_l.:-:r|

b vector fom [ = & - 2| &) f

OBJECT -
Real : Polnt from which veys actually divenge.
Wirtual: Point iowerds which reys appear 1o conuere
MAGE
lrage i decided by reflocted or refracted ravs only. The poind image for a
imirror is that point towards which the reys reflecied from the mimaor, actually
corverge {real Image).
R
Froem which the reflected reys appesr o diverge [Wirual imags] |
CHARACTERISTICS OF REFLECTION BY A PLANE MIRROR :
The size of the image 1s the same as that of the chject.
For a meal ochject the image s vriuad and for a wirtual object the image |s real,

For a fkeed incident light ray, IF the mirror be rotated threwgh an angle B the
reflected ray turns through an angle 28 in the same serse.

360
Mumber of images (n} in inclined mirrar Fde-m

O i moevan, then n = m— 1, bor all positions of object.
a ][qud,ﬂimn-m,]lnh}u:tnuimblm:lnr
and n= m- 1, I object at bisecior
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8 e fraction then n = néanest swen number

PARAXIAL RAYS :

Rais which forms wery small angle with ads are called parasdal rags. All formulas
are valid for parasial ray onhy.

SIGN CONVENTION :

e Wa lellow cartesian eorordinale sstem convention according to which the pole
of the mbmor s the orgin.

*  The direction of the incidant rays B considared as posilive x-eatis, Vertically up is
positive y-axts,

= Al distance are measured from pale,

Note : According 1o showe convention radies of curvature and foois of concave
mirver is negative and of coreex mimes |8 positive.

+

2 |
S

MIEROR FORMLUILA : %*
{ = %- eoondnate of foas u = x-ocondinate of ohect

v = wcoordinate of image Mote ; Vald only for parssdal rays

h v
TRANSVERSE MAGNIFICATION : m=F§'=_E

hy = ¥ corordinate of image h, = y co-ordmate of the ohject
foth perpendicular to the principal asis of mirror)

_ Length of image
Lonagitudinal magnification : m, 34 Sl i griery
for smad ohjects m, = -m’ m, = transverse magnification.
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VELOCITY OF IMAGE OF MOVING OBJECT (SPHERICAL MIRROR)
Velocity component elong axis [Longibudinal velocing

sl

M

When an chject is comirg from infinéte towarnds the foous of concave mimor

%-wﬁdmdlmmmmmm

cha
- ”M'”d?-wllxuynfﬂh}eﬂwlﬂimpeﬂiﬂnﬁmt

NEWTON'S FORMULA »

Applicatle to 8 pair of real object and real mege positicn only | They ane

calfled configate posiions or focl, X, X, ane the distance along the principal

gxis of the real ohiect and real image respectively from the principal foous
r—l

K, X, =]

1
OPTICAL FOWER : Optical power of 8 mimor {in Diopters] = - T

where | = focal length (on meters) with sign |

REFRACTION -PLANE SURFACE
LAWS OF REFRACTION (AT ANY REFRACTING SURFACE)
*  Laws of Refraction

fiy  Imchdent ray, refracted ray and mormal alwavs e in the same plane
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{l The product of refractive Index and sine of angle of Incldence at a pol Ina
medium & constant. p, sn = g sin ¢ (Soell's law)

Snell's law :
Sin | m, W
éil_r-:n'-qﬂf“::-%; In wector form |F;_r"’-ﬁ|'i*{|'i:=”]

Note : Fraquency of ight does not change during refraction

DEVIATION OF A RAY DUE TO REFRACTION

[angle of deviation, f = =7

fi

REFRACTION THROUGH A PARALLFL SLAR
Emerged rey i parallel to the incident rey, T medium (s same on both sides,

Latorsd st 3= 250010 o hicdonans of o

COST

Mote : Emerged rey will not be parsliel to the incident ray if the medium on
both the sides are different.
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For near normal incidence k' =H2h -
TH 1 -
jim |~ —
B T
AN = A ghift = ” - u
X
* ahwas in direction of Incldence ray. e

Note : h and b' are shways measured from surfoce,

CRITICAL ANGLE & TOTAL INTERNAL REFLECTION (TTR)
M H \:

Conditions of TIR
* Ray & gotng from denser to rarer medium
= inigha of incidence should be greatar than the critical amgha § = C] |

Critical angle ©= sin™

Some lvstrations of Total Internal Reflection

= Sparkling of diamond
The sparkiing of dinnvond b5 dwe to total internal refaction insida it. As refractive
index for dizmond 15 2.5 so C= 247 Mow the cutting of diamond are such

that i = C. So TIR will take place agaln and again wside £ The light whizh
beams it from a lew places In some specific disections makes It sparkde,

169



Physics HandBook

Dptical Fibre

B i Bishe throoah muliiple total Trtermal reflections s propegated slong the axis
al & glass fibre of radhe of lew micrens in which index of refraction of core I3
greater than that of surroundings (dadding)

Mirage and looming

Mirage is caised by total intornal reflection i desests whera due to beating of the
earth, refractive index of alr near the surface of earth becomes kesser than above
it. Light from distant objects: reaches the surface of earth with i > 0 so that TIR
will takoer place and we see the image of an obiect along with Bwe olject as shown

Similar to 'mirage’ in deseris, in polar reglons Tooming' takes place due 1o TIR.
Here p decresdes with height and o0 the image of an abiect 15
il =) as showm in foure,

m e BT A - T T scalnns Pyt | B iTL M | T3 .
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cfamlfi4T]—-(r+r] srar=A

Warkabion of § veras i

ol
T,
=G =G

These is one and cnly one angle of Incidence for which the angle of desdation is
mirimurm, When & = 8_theni= ' & r=r', the ray passes symetrically ahout
sin "“2‘5"“1
,where n = absolute B.1, of glass.

sin | 4

Note : When the prism is dipped in & madun then n = R of glass wort,
mudium .

For & thin prism | A s10°) « B=(n—11A

Dispersion Of Light : The anqular splitting of a rey of white kght into a
rmumber of comporents when il is refracted in o meshum other than adr is
callad Dispersion of Light.

Angle of Dispersion ; Angle betasen the rays of the exirame colouns In the
refracted (dispersed) light Is called Angle of Dispersion, 8 = § =5
Dispersive power jin} of the medium of the material of prism

the prism, & then n=
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For small angled prism | A <10¢); w = 3.;1:_31_2:_:_3%5_ ;quﬂ?
¥

n, n & nare R 1L of meters for vioket, red & wellow colours respectively .
Combination Of Two Prisms

Achromatic Combinatlon : it &= wsad for deviation withowt disparsion |
Condition for this fn_-n} A = —n'_ - "] A"

Nmmm-iﬂ%q]a-[% 2 1]ﬁ'm 6+ '8 = D where

a, ' are depershae powers for the two prisms B B, &' are the mean deviation.
Diirect Viskon Combination : It ts used for producing disperion without deviation

condition for thsis [n" ;"’ & i]h = —[LE"‘ £ l]ﬁ.‘

Met angle of disperson = {n_ -nlA-fn'-n') A"

REFRACTION AT SPHERICAL SURFACE
fa) Bp By _y=ity %,
LTI T [ o "
v B B are to be hept with sign as
v = P[ L&) P\ " T Tk
u = =P
R=PC

Y
L Hz U
Lens Farmula :
1 1
I 1 1 1 1] v
_——— i — - u"llh[-'“-" m=-
1) -|-1.n¢'.lufl":"".f’L R, F!,H U
Power of Lenses
Reclprecal of focal lergth in meter s lonoem a5 power of kens,
S1 unit ; dicptre (0 Power of lensi t Pe—— = 00
fim} Eem)
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Combination of Lenses
Tuea thin lens are placed bn contact to each other I s

1 1.1
Power of combination. P = P, + F,= F={_+E'
|

Lisz sign comention when solwe mimericals

Tewton's Formuln
i " i) "
—l i f { i, S |E= ;|-|I.:l:t|
L8] F, Iy |

V

i, = distanca of object from focus; x, = distance of Image from locus,

Diisplacement Method
Ik 5 used for determination of focal length of corvex lens in laboratony. A
thin comvex lens of focal kength § is placed betwsen an oblect and a screen
fined at a distance [ apart,

_HT_M—.
cbjor U )

{1} For D=cdf: uwilll be imaginan hence phosicalhy no position of kers s possitle

RETRIN

B
] Fmﬂn4i1u-*2—-2{mmwmnpm!ﬂmnﬂerdhpnmhlemdalm

Ve D—u=df - 2 =y =2
® ForD>ats v, -2 Ly, D2 JODZE

S0 thare are bwo positions of kers for which real Image will be formed on the
SCTREN.

For twn pesitions of th kens dstances of obiect and image are inlerchangealle,

C—x D+x
s 'T""‘:

sg. W=
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D+x D-x | ==
e m,:m,:D_;ﬂﬂnﬁﬁl:i,—..pnhﬂ,h[

Silvering of one surface of lens [use F_ = ZF +F |

O When plane surface is sihered u F= Py — 1)

B When comex surface is sihered

* For Simple microscope

0 Magnifitng power when Image is formed at I : MP = 1 + D/
0O  When image & lormed & infiniy MP = DA

I.IJI"D\'
For Compound microscops tMP = = Lu--

Wl
O Magnifidng power when final image i formed &t D, MPs- I—:[J. + Ee':

O Tube length L=y, + | u,|

(4]
O When firal imege s formed at. infiriy MP = - ﬁ*‘ o Lomy + !,

D"i
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= Astronomical Telescope 1 MP = b
u,

0 Magnifying power when final image is formed at D: MP = _Hn-gj
0 Tubelenath:L=f, + lu,l

O When fral imeoe i formed al nfiriy :I'-'IF'-‘{L

b

*  For terrestrial telescope : MF = '3 and L= §, +1 +af

andL=f,+f

*  For Galilean telescope : MP = 5'_"‘ ElL=i -1

focal kangth

1
¢+  Lens camera ; Time of exposure « m—_i—mm- ik

1 1 -1
* FNWNJMMHIWMﬁ—m= 7

f=<FPF

L22% 1
Zasnd  mesohing power
128, 1

& resobing poueT

=  Limit of resolution for microscope =

*  Limit of resolution for telescope =

KEY POINTS 2

=  [For cbserving traffic st cur back we preler o use 8 convex mirror because o
:mmlm&amhr&uhﬁdkﬁwﬂwuﬂnﬁmrmmm
PP,

= A ey incident sbong normmal to 8 mirror retraces Hs path because in reflection
angle of Incldence is alays squal to angle of meflection,

*  [meges formed by mirrors do not show chromalic aberration because focal
length of miror Is Independent of wasalength of Bght and refractive tndex of
miedium.
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Light from an object falls on a concave mirmor forming a real image of the
ohiect. I both the obiect and mirmor are Immersed inwater, there is no change
in the position of irmage because the formation of image by reflection does
nct depend on surrounding medium, there B no change in position of Image
prondded 1 &5 also formed in water,

The images formed by total internal reflections are much brichter than those
formed by mirrors and lenses because there bs no loss of intensty tn tolal
internal reflection.

A flsh matde & pond will see o person oulside talles than he i schoally because
Tight bened sy from the normal as i erters wabar from air.

A fish inwater at depth h sees the whole outside world in horlzontal circle of
reclius,

h

F=hisnd, = Ty

Just before setting, the Sun mey appear to be elllptical due to refraction
because refraction of light ray through the atrmosphere may cause different
magnification in mutualy perpendicular directions,

A lens have twe principal focal langths which may differ beesuse hght can fall
on either surface of the lens, The rwo principal focal lengths differ when
miedivim on two sides have different refractive indicaes.

A conwex Jens behaves as a concave kng when placed in & medium of refractive
index greater than the refracthve Index of its material because Baht in that case
will fraved throwugh the comvex lers from denser to rarer medium, It will bend
awny from the normal, e, the conves lens would diverge the s,

¥ lower half of a lens & covered with a black paper, the full image of the
object Is formed becouse every portion af bens forms the full image of the
objert but charpness of Image decraase,

Bun giasses have zero power even though thelr surfaces are curved because

both the surfaces of the Sun glesses are curved in the wme direction with
same radll.
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Wave Nature of Light and Wave optics’

Hoygen's Wave Theory i
Hingen's I 1678 asumed that a bady emits Baht in the form of wanes,
»  Each point source of light is a cantre of disturbance from which waves spresd

in all directions. The locs ol all the pariches of the medium wbeating In
the same phase at a ghwen instant |s called a wasefront.

v #  Each point on a wene front is & source ol new disburbance, called secondany
wavelets, These wavalets are spherieal and traved with spead of light in that
medium.

e The lorwand ermdope of the secondany) wewelets at any Instant ghwes the
new wavefront,

=  In homogeneous medium, the wawe front 5 alays perpendicular to the
direction of wawe propagation,

Plane wavefront Spharical wavelfrant
a B
l'l\
]
Prirnary
. BOAIFTE
~ X
A Sepandany
BOANCE
R

Coherent Sources |

Twe sources will be coherent I and onby i they produce weves of same
frequency {and hence wavelength) and hawe o constant indtial phase diferemce.

Incoherenmt sources :

Two sources are said 10 be incoberent if they howe Efferent frequency and
infial phase difference 5 not constant woret. firme
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Interference : YDSE

Resuliant intensity for coherent soumees Iul,+|,+2,,|i,[,m5#.,

Resultant intensity for incoherent sounces =1 #1,
Intensity = width of slit = (amplitude)”

SUBRPS !J:t i) []

-3 =
e W, 2

(W= )

Diisterce of n™ bright rimge :nn%

Path diflerence = nk
where n =0, 1, 2, 3 ...
Distance of m* dark frings

_[Emd—l]ﬂ]
2d

Path differerce = |2m+l|% where m-=0_ 1, 2 3.
A0
Fringe width B g

L
Anguar fringe width = %=E

[ |
Fringe wisihility = ™7™

L.

= 100

It a transparent shewts of refaractive index p and thickness s ntroduced I,
one of the paths of inberfering waves, optial path will becomes “ut’ inslesd of

Y. Entira frings pattern ks displaced by El-w;il=:%[u—]]t b Ehe

side fn which the thin sheet is introduced without amy change in Eringe widd,
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The law of conservation of energy holds good In the phenomenon of
imterference,

*  Fringes are netther image nor shadow of sht but locus of & point which moves
such & way tha! its path differencs from the b scurcss remeins constant.

» [n ¥PSE the Interierence fringes for two coherent point sources are
hyperbololds with axis 5.5,

» If the interference expariment is repested with bichromatic light, the fringes
of two wovelengths will be colncident for the first time when

n[ﬂ-]h,.. =in+1Np),
= Mo interference pattern b5 detected when b coherent sources are Infinitehy

close to each other, because ﬂ“ﬁ
* [ meandrmem number of makimas or minimas are asked in the question, use
ihe fact that vahe of sind or cosb can’t be greater than 1.

d
n,, = ITﬂﬂmhru.-En*+1

* In Frammhofer diffraction
0 For minima a sinfl_ = i
0 For maxima & 5knd -I,',Enir'i}%'
A Linesr width of central makima w,-%
!

8 Angular addih of central manima W= —

O Intenstty of masims
Where |, = Intensity of central maxima

[lln!li-.-"?!]ﬂ o ﬂ-Tnslnﬂ

pr2

o Bra-u.rsmflm-:-

u-lﬂ\ﬂl—b

i —+ palarizstion of Brewster's angle
0 Here reflecting and refracting rays are perpendirular io each other,
o Mahs law ;-

=, cos® 8

Ip_- Maxirmum imdensity of polarized lght.
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Cathode rays
*  Generafed In & discharge tube in which a high waooem s maintained.
+  They are electrons accelerated by high potental difference(10 to 15 KV

1 k-]
*  KE of CR. porficie sccelerated by o pd. V is V=3 Tm.-"-JEE'-ﬁ-1

Can be deflected by Electrie B magretic fields.
Electromagnetic Spectrum

Crdered amangerment of the big family af electso meonetic wauves [EMW) either
in ascending order of frequenciss or decending order of weve lengths,

Spead of EMW. Invacim ¢ =3 5% 1P mfs = vl

red({7.6+% 107—"m) violet(3.6% 10~ 'm)
F=i0'm  Im I=107'm 3w 10-"2m
- A .
infrared Ultra violes Gamma rays
L —
Eadin waves
—
i M-rays
Mlicro waves
{e.2. radar) Visible light
(N T T T TV LS T 10 §p 8| gl
Frequency (Hz)

PLANK'S QUANTUM THEORY

A beam of EMW i5 a siream of discrete packefs of energy called Puomoss;
each photon having a frequency v ard energy = E=hy

where h = planck’s constant = 6,63 x 10 )5
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According fo Plhinck the energy of a phedon Is directly proportional to the
frequency of the radiation.

ke 12400

E=xz—m=

A A

m[ﬁ'

izqmﬁ-aw]

&V -A

p—
)

S0 mass of violet light photon is greater tham the mass of m=d Bght photon
for >3

E hw h
ikl il T
Intensity of Hght - |=r£--E il
At A
Here P = power of sourca, ' & = Araa, 1= fme taken

E = energy Inchdent in f time = Nhv - N = no, of phodon inckdent in ¢ time

1

LM,M =m.anhntunp¢rﬂ:.|
o

N
Al A 1

Intensity | - [H] Y=

F “MDHBE=E o
anawaﬂmﬂﬁmtdﬁl},;n 3 g h:-EH'ID“'J"m =P L

Force exeried on perfectly reflecting surface
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* Force exerted on perfectly absorbing surface

surfoce

IEE".:E:'E
£
= When a beam of light Is incident ot angle &

on perfecily absorbing surface F-*mﬂ?‘ﬂ'

PHOTO ELECTRIC EFFECT

The phenomenon of the emission of electrons, when metals are
expased to Bght fof a certain minfrmen Frequenay) s called photo alecirie
aﬂnd.

Results
= Can be explained only on the basts of the: quandum theory fconcapt of photon)

s Electrons ane awitted if the incdent Eght has frequency v = v, (threshold
frequersyl, Emission of dectrons Is independent of intensity . The weae length
corresponding to v, & called threshold wene kength L

o 18 different for different mietals,

=  Mumber of electrons emitted per second depends on the Intensity of the
incident  light.

Emsterns Proto Erectrec Eguamos :
Fhoton erergy = KE_ ol electron + work function
hv=KE__ +4

§ = Work hnction = enengy meaded by the electron in fresing tisell from thea
atoms of the metal §=h v,

Stosemic Poresmal O Cur O Potesmas -
The minimum value of the retanding potential to prevent ekectron emission is
Vo = KB
Node: The number of photons incidert on o surface per unlt fime s called
phoion fhax.

F
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WAVE NATURE OF MATTER :
Beams of shectrons and other forms of matter exhabit wave propertes inchading

intarference and dffraction with a da Broglle wave length given by L-E
{wave length of a prathde].

= De Broglle wavelength assoclated with moving partiches
If a particle of mass m moving with velocity v,

Kinetic energy of the particla En%m-‘:%

momentum of particle p = mv = 2mE

the wave length associated with the particles s hnhr—-m

«  De Broglie wavelength aseociated with the charged particles :-
12.2?:«:]0'”"“1‘2.2?‘*' K 1
W N TW

o ]
A=\ j, - 02862107 0286 4

»  For an Flectvon L, =

0,202
- For Deuteron 1-W-A

«  For o Parficles - %, _MA

ATOMIC MODELS
{a) Thomson meodel @ [Flun padding model)

= Mot of the mase and all the positive cherge of an slom is unifarmly distributed
over the full slze of alom (10 m),

=  Electrors are shudded in this uniform distribution

= Failed fo explain the large angle scattering o - particle scablered by thin Totls
of matber.
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Rutherford model @ ( Mucdear Model)

The mast of the mass and all the positive charos s concenirated within a size of
13 m insida the atom. This concentration 15 called the atomic macleus.

The alectron revokees around the nockas under slecisie inberaction befwsen them
in cimoular arbits.

An accelerating charge radiates the nudeus spiralling Inward and finally (20
inte the nuclews, which does not happen in an atem. This could not be
explained by this model.

Bohr atomic model @ Bohr adopled Rutherford modal of the som &
mdded scme arbitrary condibiors. These conditions are  known as his postulates

The elactron in a stable orbit does not radiate energy,
A stable orblt s that In which the angular momenturn of the electron about

h
ruicleus s an integrel (o) muiltiple of 5= Ld-:l':'lLt:'nEh—T;ml,E. 3 _fn=0)

The electron can absorb or radiste enengy ondy i the alectron jumps from a
kaner bo a higher arbit or falls from a higher to a lowss oebit,

The energy eméitied or sbsorbed is a light photon of frequency v and of
ROETEY. E = hv

For hydrogen atom :(Z = atomic number = 1)

h
L_-anmh:mruﬁlnhlh:n‘nlﬂl-"ﬁ-

r, = radis of n* circular orblt = [0.52% A n® = 1= %,

_13.6eV i
E, = Energy of the slectron in the i® crbit = T‘ =E=7 .

Note r Total energy of the aleciron in an alom is negative, indicaing that &
b b,

E,-E, = Energy emitted when an electron jumps from n™ orbit to n ®
orbit {n, > m,}.
T
AE = (13,6 W] “II .nzl

AE = hv; v = frequency of spectral ne emitied .
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= w13, | o, of waves in unid lpTﬁ'ﬂtIlnﬂlnR[n—lr—é]
i

1
3

Whire |t = Rydbargs comatant, for hgdrogen = 1,097 = 107 m?
*  For hydrogen Bhe atom/spectes of stoméc number 2,

Bohr radhs n’ Fal

t, n' = |(0.529 "'ﬂfi E,= - 13.6) —5eV

N =
2
R, =RZ* ; Rydberg's constant for element of atomic no, 2,

Note r i motion of the nucleus is abso considered |, then m s replaced by 1.
Where p= reduced mass of eectron - nuckius sgstem = mAm+M)

z
I this case E, = (-13.6 &V) 17 7

Spectral series -
«  Lyman Serles : {Landing coblin = 1] ,

1
Uliraviolet region "“H[i—:’?];:p,}l
* Balmer Serles: (Landing csbit n = 2}
Vislble reglon ﬁ.Ft_I-._ 1 iny =2
gt
* Paschan Series @ (Landing orbid n = 3}
In the near infrared region § = H[EI-L'];@:S
nl
= Bracket Series : (Landing orbit n =4
In the méd Infrared region © = R[:I n;]-,n.::--li
Plund Serbes : (Landing orbit n= 5

e i T ]
In far infrared reghon r;_n[ﬁ, Llin>s
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In allthese series n, = n,+1 i the oline
=n +2 B the line
=n, +3 Is the yline.....etc,
where n, = Landing orbit
O Total emission spectral lines

Fn:rnnl-nhnlulsl:ﬂt -E[I%H

anlnnh:nl-mm-{w:_m—m]
Excitatlon potestial of atom
Excitation potenifal for quantum jump from nj—..nzn—E'l-'i'—Eﬂ—

glectron darge

lonlzation energy of hydrogen atom :

The emergy requived toremove an eleciron from an atom. The energy required
to jonize hydrogen atom = 0-(-13.68) = 136 oV,

lonkzation Potentlal
Potential difference through which a free electron s moved to galn lonizathon
“E,
ETETOY = sectronic chame
X - RAYS :

«  K-rays are produced by bombarding high speed electrons on a target
of high atemic webght and high melting point.

Short wovelength (0.1 A to 10 A) electromagnetic radiation.
*  Are produced whean a metal anods ks bombarded by very high energy electrons

+  Are not affected by electric and magnetic fleld. k-
=  They cause pholoeleciric  eméssion.

herseierstic Specirum

Contsvaus
Characteristics equation &\ = hy, Byl
¢ = glactron charge; : 35000 ol
Ve accelerating potential
v, = maximum frequency of X = radiation M Y
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¢ Intensity of X - rays depends on number of electrons higting the target .
Cut off wavedength or mindmim wevelength, where V (in volts] s the pd.
12400
= A

applied to the twhe 4. 5

+  Contimucus specium due  fo refandafion of elecirons .
+  Characteristic X-rayps

_he _he
“m TeRlEeTE

+  Moseley's law for characteristic spectrum ;

Froquency of characteristic ne i - af - b

Where a, b are constant, for K lineb =1

£ = atomie menber of target

v o= frequency of chasscteriatic

b = sereening constand (for K= serles b=], L serles b=7 4},
a = proportiona¥ty comstant

For K, A

Baohr model Moseley's correctlon
1, For sincle eleciron speces 1. For many electron species
1 1] Y 1
2. aE-lS.ﬁE'[ﬁl‘n—;Jeh’ 2. AE=135 m—h:n*[‘n’f*;f]ev
] ] 11
3. "'“’i*?{'ﬁ,f a.v-ﬁnﬁ-hl-""n'f‘,:;‘
1 1 3 1 1 1
SR |~ S MR
el [F? E] 3 [nf nﬁ]
Hftraction of N=-ray

Daffraction of ¥-rav take pisce according to Bragg's lw 2d sind = n

d = spacing of crystal plane or lattce comstant or distance
bebween adiacent sfomic pane

# = Bragg's angle or glancing anghe

= Diffracting angle n = 1, 2, 3 ...
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For Maximum Wavelength
snb=1n=1l= i_=2d
s0 i L > 2d diffraction is not possible i.e. sclufion of Bragg’s equation s nol
possible,

KEY POINTS

¢« Binding energy = — [Total Mechanicsl Ensrgy] &

= Velscly of electron in n® orblt for hydrogen atom Elﬂ?n;t'mﬂ of

Hyht,
*  Series Bmi means mimmum wese kength of that series,
MUCLEAR COLLISIONS

We can represent a muclear colfision or reaction by the following notation,
which mears X (akh ¥
a + X —+ Y +b
{bombarding particle) [t rerst)
We can apply -

i} Conservation of momentum i} Conservafion of charge fl) Comservation of
MBS NIET

For any muckear reaction & + X — Y+b
K

1
By rass ensrgy consenathon
B K +E+im +mief =k +K +im +mk

fil Energy rebeased In sy nuclear reaction or collision s called O value of the
reaction.

) Q=K +K) =K +K) = IK, <IK, = [Zm, - Im e
[iv) 1 Q) s positive, energy is released and products are more stable in comparison

lo TEACEATIS.
v Q) s negative, energy b absorbed and products are less stable in comparison
to reactants.
Q= MBE),,,, ~IBEL,,
Nuclear Flssion

In 1938 by Hahn and Stressmarn, By sttack of & pariicie splitting of & heow
sl [A = 230} o two or more Eghter madiel, In this process certaln mass
disappears which is obizined In the form of energy fenomous amount)

A+ p o=y euciled noclens — B+ C#+ Q)
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Nuclear Fusbon :

RADIOACTIVITY

bt ks the phenomenon of fusing two or marne lighler rechel fo form a single heavy
nucleus.

A+ B —C+ O {Energy
The product (C} is mare stable then reactants (A and B) and m_ < {m, +m)
and mass defect Am = [im, + m - m | amu
Energy rebeased ks E = Am 331 MeW

The total bnding energy and binding energy per adeon C balh are mone
than of A and B AE=E -([E +E}

Radloactive Decays ; Generally, there are three nypes of radicactive decays

0¥ o decay i} |~ nnd §° decay () y decay
o decay: By emitting o particke, the mucleus decreases It's mass number and
e towands stability, Mucleus heving A>210 shows o decay.

P decay : In befa decay, elther a neutron Is converted into proton o proton
ks conserted Info neutron,

y decay : When an o or § decay takes place, the dsughter nucleus 15 usually
in higher energy state, such a nucleus comes to ground state by emitting a

photon or photons,
Order of energy of v photon & 100 ke

Laws of Radioactive Decay 1 The rate of disntegration Is directly proportional
to the menber of radicactive atoms present at that ime Le., rete of decay o
mumber of nucle,

™
Rate of decay = A fnumber of muck 1.2, I=_m
whwre . B ocalled the decay constant.

This equation may be axpressed in the form %=—1ﬂ-.
AN L [N
F!Fn—l!ﬂﬁEnLH—nJ_—M

where N, 1s the aumber of parent ruckel at t=0, The mamber that survives at

fime t is therofore NN g and 1 = %‘Ehgm{":i]

M= M " where L = decay constant
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a I"[EH'.H'E‘ IJII-T

1
O Average lfe t_-:

= Within duration t, . = 50% of N, decaved and 50% of N, remains active
» Within durstion t_ = 63% of N, decayed and 37% of N, remains active
Acthvity R = AN = R g™

1Bq = 1 decay/s,

1 curde = 3.7 5 10" By,

1 nutherford = 10¢8q

o ooo

Adter n hall Bves Mumber of nuclat left = %_'i'-

a

O Probability of a nucleus for suvival of time t = F"*‘_,H%, g
1]

Paralle] radioactive disintegraiion
Lat initial number of nuclel of A 8 N, then st any time number of mocel of

B
ABR Caregvenby N, = N, + N, + N, //'
[
dN, -d o
= Frmg ) R
c

A disintegrates into B and C by emitting afl particle.

Now, d:tn ._1.N,.-nd1?;"" =-1N, 5'5“["": # o) =={dy + AN,

= Bl by )Ny = by =y Ry 1 =B

L, *1,
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Production —mammmy A — B R
di T
d1* =o—AM, b ol

N N
when M, is maximum T:Irﬁ =0=g-iN, =0

- a _ rate of production
ﬂm-l )

By equation (i _[“d_M ‘ld: Misnber of nudei is N, ._f1 " o

* Equivalence of mass and energy E = mc?
Mote :- 1u = 1.66 » 107 kg = 931.5 MeV or ¢* = 9231.5 MeV/u
* Binding energy of X*
BE = Amc? = [Zm_ + (A-Tim, - m ! = [Zm,, + [A-Ejm_ - m e’
+  value of & nuclear reaction
Fora+X—+Y+borX(abl¥, Qu M +M, -M, -Mi!
+  Hadius of the nucleus
R=RAY whereR, = 130 =13x10"m
From Bohr Model
noel mo=2 34 . K sevies

n o= Ay = 3, ﬂ, 5......L seres

n, =3 mn, =45 6...M series

==
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Important Notes
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‘semicanductor and Digital Eldctranieas

Comparison between conductor, semiconductor and Insulator @

St crach i i

19 = 1 O 107" = 10"
10 = 10 ® mboy'm
tageteg

Fioafalddan & Ol

| STy ga D
Eamipde P AL Cu, Ay

#  Number of electrons reaching from valence band o conduction band

n = AT e'ﬁ

* Classification of Semiconductors :

SEMICONDUCTOR
Indrimsic Exrrinsie sembconducian
semiconductar idoped semicondutar|
(puare feem of G Sil I )
n, = =m Htypa Piyps
pentavalen Emprity rivalent imgurily
iP Mg, Sk ele ) (Ga, B, In, All
donar mpumsy (M) WEcapEor mpariny (M)
n, == o, My, == N,
= Mass-action ks w =n,xn,

O For M-type semiconductor n, = N
0O For Pype semiconducior o =N

+  Conductivity nely, + @)
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nER=n meen, My =n) m2xm M, =n
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—= '_Hf"_‘hm___ﬁ-ﬁl"ﬁd"_
an iy = joriy ~ Holew
Fshes o g Miraiy - sk Marraity - Bt
Comparison between Forward Blas and Reverse Bias
Farward Hins Hovarsa Fliss
L L
!
1 P‘l:llmHE-rhrr;m 1 | Polents| Barrier increases.
2 | Wiadth of depletion layer & E | Width of
3 | PN . provide wery smal ressarce 3 resbitanae
[ l‘ssuw@m-ﬂle-ml A :
§ | Cleler of lorman] curmenl b 5 curmenl B mkes ampem lor
gr Merp geypers ior 5
6 | Ciereel [lows sainky dsa o maprly | & Carmrd mmaknly dus o mincey
Eorumr R
T | Forumed chirscterisdc cunni T e mdenshe e
Viendii
. &F_n.m
e 2wty
bragy drase [t
hreex kg
e
W jill) | k)
" Foraard medsanee : Rﬂ%l'-llfﬂﬂ ’ Rﬂrlmm:ﬂl-d—lzlﬂ‘ﬂ
% | Owder ol knew or o 'n vokage @ Enld:lmy
Ges 03V (G 25V
|Si—|-H[5.T'|.' = Z5
Anec 1 Ge
Sy R a0 1kees
F—I-'--IIJ":I.f-urGu R,
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Form factor = -Im'—
[N

O For HWR (Half wave rectifier] Form facior =

O For PWE (Full wave rectifler) Form iam:-r-ﬁ

Ripple factior s = 1—’”—

L
O ForHWR r= 121 O For FWR
F ER

i e TR

e My - o ™ i 0
& 81.2
O Fer HWR no=—— &FWR "= —p
1+—L L 4 =F.
HL Iq'l

r= .48




Vekage Gain

. A, aﬁil-nﬁm Amyghel
p P R P
Pomer Olsin "'-.."'-P'I“"“IE" 'F"u-z'ﬁ:mﬂl'i' ""!"_I."'F%:_
Fhase differancs
[hsefuwen caipat | wme phass eoppeecaiit ok whie [l
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Appication For Figh Fraqueey For Audbls bequersy | For impadancs
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+  Relation between o, f and y |3=]‘_‘—n.1'=l+|lr=

1-a

*+  Logic gates

A OF gate

O AND gate

O NOT gate

O HOR gate

0 NAND gate

O XOR gata

A HHNOR oate

+ Dg Morgan's theorem A+B=AB ABE-A+B

A+0=A AO=0
A+l=1 Al=A
A+A=A A A=A
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Falthdul transmisslom af Information from one place fo another place 15 called
comununbealion.

Basic components of a communication system

! !

r——— E% rermri L Rerare:d % Lisor al
o Trarmminer Tl Fearutsr irrastion
i |

[T

¢ Transmitter : Transmiter converis the messages slqnal produced by information
soace into & Jorm (eog. eleciral shqnal) that is suitable for transméssion through
the chanmel io the recelwer.

+ Communication channel ; Communication chamnme iz 8 medium (transmission
lime, an optleal fibre or ree space etc} which connects a receiver and a
transrmitter. 1t carres the modulated wave From the transmitter 1o the recahaer.

+  Recelver - [ recefves and decode the signad into original form
Important terms used b communication

Transducer. Transdecar i the device thaf converts one form of epergy o

another, Microphone, photo detectors and plezcelectric sonsors are typses
of fransducer

Signal Signal Is the Informafion converted In electrical form. Signals can
be analog or digital, Seund and picture signaks m TV are analog.

It is defined as a single—vwalsed function of time which hes a undgque vahse
al eveny insland of Hrme,

+  Analog Signal = A continucusly varving signal (Voltage or Current|
is called an analug I;I-gn.].l A dectmal number with spsiom hasa 10 i
used to deal with analog signal,

«  Digital Signal - A signal that can have only discrete stepawise vahes
i5 called a digital signal. A binary number systern with base 2 is used
to deal udth -:|1g_’||:a] 'pg,nah
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A Digieal Signal
Molse : There are unwanted signais that tend 1o disturb the transmission and
processing of message signals, The source of nolse can be inside or outsidz
the system.

Atlenaathon : B is the ks of sirength of & signals while propagating through
a madium, It s fike damping of oscillations.

Amplification : It &5 the process of Increasing the amplitude (and therefore
the strength) of a signal using an electronic circult called the amplifier,
Amplification 15 absohsely necessany to compensate for the attenuation of
the signal In communication systems.

Range : [t k& the largest distance between the source and the destination
upto which the skgnal is recelved with sufficient strength,

Repeater : A repeater acts 28 a receiver and a transmifter. A repeater plcks
up the signal which is coming from the transmitter, asmplifies and retransmits
it with a change in carrer frequency. Repesters are nocessary o extend the
range of a communlcation sysiem as shown In figure A communicatbon satellle
Is basically a repeater stolion In space.

Use of repeaber staon to kucrease the range of communication
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BANDWIDTH

Bandwidth of signals : Different signals used in & communication system
such as volce, muslc, plchure, computer data etc. all have different ranges
of frequency, The difference of maximum and minlmum frequency In the
range of each signal i called bandwidth of that sigral.

Bamdwhdih can ba of message signal as well as of iransmission medium,
i} Bandwidth for analog signals : Banduddth for some analog signals

arg Hstod below ;
Freqeency menge HBancwidth rogained
003100 He 3100-300 =ZH0D He
. High Irepuaneies producal by susizal 20 kHa
| insireman! sadible mnge =30 Hr - 20 kHe
o 4.2 MHs
Contalng boih velee ped pictore 6 Mz

(ii} Bandwidth for digital slgnal : Basicalh: digltal slgnals are rectangular
waves and these can be sphted imto a superposition of sinusoidal waves
of frequencies v,, 2v,, 3v,, 4w, nv,, where n Is an integer extending
to infinity, This implies that the infintte band wadth Is required to reprocuce
the reclangular waves, However, for practical purposes, higher harmonics
are naglected for Nmiting the bandwidth

Bandwidth of Transmisslon Medium

Chfferent types of transmission media offer different band width of which
some are listed below

Serrvice Frequency rarge Hemarka
1 | W §mcs Comenon 750 MHz [Banduadtl |Nomaly conmied belee |8 GH:z
Consis) Cat
| P sy |rado waves 540 kHz-4.2 GHe
|8 S taecdaad AM 5400 kHz 3o 30 MHa
(1) M RE-106 MHs
[y Tekrvilon 5472 MHn HF (iry high aquancies T
To-EE M LirEF (L heghe fragquancd TV
174-216 MH#
e ﬂﬂ.‘ﬂ!ﬂ'ﬂil_r
(e Caldar b i E06-501 MH: Maokile 1o hase Siabon
SA0-530 MMz Biasd 585 o [ Envbils
ek Saielne EAE56 A5 O |Uplnking
Commirbcad on A7 -4.Z0Hs Dv-'rh*rrl _
3 | Olica] correrniisyian TTHE-T000 TH: D sl eopotical Blire collers
g Shres | rdcroaas vt wlra viokeD |basd widdn s 10D O
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Ground Wave Propagaiion
fal  The radio weves which travel theough atmosphere following the surface of earth

are known as ground wasves or surfece woves and thelr propagation is called
apround weave propagation or surface wave propagation. These waves are verfically
poladsed n onder o prevent shor-circiiting of the sectrle component, The
electrical field due to the wave induce charges in the earth’s surface. As the
wen tranvels, the induced charges in the earth also trave] along B This constituies
a curment in the sarths furface. As the ground wave passes over the surfaoe
of the earth, it s weakened as a result of energy absorbed by the earth. Dua
1o these loz=es the ground waves are nol sulted for very long range
commurication, Further these losses are higher for high frequency. Hence,
groumnd wave propagation can be sustained only at low Frequencles: (500 kHz
to 1500 kHa,

The ground wawve fransmission becomes weaker with increase in frequency
because more absorption of ground waves takes place at higher frequency
during propagation through atmospharne.

The ground wave propagation |s suitable for low and medium frequency 1.e.
upto 2 MHz ondy.

The ground wenve propagation i= genaraly used for docal band broadeasting
and is commonly called medium wave,

The maximum range of ground or surface vave propagation depends on twe
factars

{l} The frequency of the radio waves and (H Power af the transmbter

Sy Wave Propagatbon @

The sky waves are the radlo waves of frequency between 2 MHz to 30 MHe.

The loncopheric layer acts a3 a reflecior for a certain range of frequencies
[3 to 30 MHz), Therefore it is also called has Inospherie propagation or
short wave propagation. Electromagnetic wawves of frequencles higher than
30 MHz penetrate the loncsphere and escaps.

The highest frequency of radio wasves which when sent siralghit §i.e. norrmaly)
towasrds the |ayer of lonosphere gets reflected from joncsphere and refums
to tha earth Is called critical frequency. it is given by [{ = 9N __ |, where
M iz the mmnber density of electran/m’.
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Space wawve propagation :

The space wees are the radio waves of very high frequoncy e, betuween 20
MHz. bo 300 MHz or mara].

The space waves can fravel through atmosphere from transmitter antenna ga
recetar antanna etther divectly or aller reflection from ground (0 the aasth's
troposphara region. That is why the space weve propegation is alse callad
as tropospherical propagation or Bne of sighl prepagation.

The renge of communication of space wave propagation can be incressed
by increasing the halghts of transmitting and receiving antenna,

Height of transmitting Antenna : Q
The transmitted waves, fravelling in & sraight
g, directly reach the recelved end and are

then picked up by the recabving antenna as
showmn in Agure. Do (o inste amatune of

F
the earth, such waves cannot be seen beyond 5 4
the fangent points 5 and T. ", m,.-"
R
{R+hjt = R + d° kS
Az B=zh, S0 h! + 2Rh = 4? o

= d=+2Rh
Ares covered for TV tansmdssleny : A = 5d? = Zxlh
Populathon covered = population density x area covered

If height of recetving antenna Is also given in the question then the maxmum
line of sight

= /2fh; + 2Rk,
dy
d___

T

Lhdﬂlwme

where ;

R=radius of earth [approximately S400 k)
h, = haight of transmitting antenna

hy = height of receiving anterma
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MODULATION

The phenomenon of superposition of information signal over a high frequency
carrier wave is called modulation, In this process, ampliude frequency or
phase angle of a high frequency carmar wowe is modified In accordance with
the fnstantaneous value of the low frequency information,

@

J I

|Eﬂ-¢n- .Hhﬂlﬂ“ﬂuhﬂ-

= wm =

s

() To awvold Interference: H mamy modulating sigrals traned directly through
the same transmission channal, thay will inferfere with each other and result
in distortion.

{(#) To design antennas of practical size : The minkmum helght of antenna
tnaot of antenna tower) should be 50 where & 5 wenelength of modulating
signal. This minlrmam slze becomes impracicals becauss the Frequency of
the modulating signal can be upto 5 kHz which comesponds to & wavelength
of 3 % 10875 = 1P = 60 km, This will require an antenna of the minimum
height of L/4 = 15 km, This size of an antenna ks not practical

{111} Effective Poswer Radlated by an Amtenna : A thecretical study of radiation
from a linear antenna Jength £ shows that the power radiated is proportionsal
o (frequencyl® Le, (&7, For a good transmission, we nesd high powers
and hence this also potnts out to the need of using high frequency transmissian,
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Amplitide Modualation :

Modulting Signal Cavigr Signal AM Carriar Signal

amplitude of modulating wave
amplitude of normal carrer wave

Modulatton factor, ™=

W v, =V cosmt and v, =V cosmt then :n=%ﬂ-

*  As ampliude of the carder wove varles &t signal frequency [ 5o the amplitude
i

of AM wave = V. +mWV.ocosm_t B frequency of AM wave = En"'

Therefore v=| V. {1+ mhcosm 1 |cosmt

= v m V. cosem 1+ "“—:'F-m[m.:m,n l-m—:'-'-nmﬂmt - iit,, |t

Frequency spectram of AM wave

W]
mv:
b3

tAL) U
L.-l-hnl 1-.--:..-<J

Power n AM wave @
¢ Power of carrer wave : FE=£%.%MR-mmdmhnm1ndﬂ:h

peswiet 19 dlasipated,
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s Total power of side bands : P =2«
o

*  Total power of AM wee = Pt(H?
e

2

2+m

»  Fraction of toial power carred by sidebands =

Frequency Modulation (FM) :
When the freqguency of carries wanve i changed in accordance with the
instantaneous vahue of the modulating signal, it i called frequency modulstion.

Morreal Mam  Moemal  Min Normal  Mas Noeesal Mo Sormasl
freg.  [req.  freg g Freg  dreg e g e

MODULATION FACTOR OR INDEX AND CARRIER SWING [CS)
s Modulation factor : _m-ﬁ“ﬂ;#ﬁﬁm_d_[
o M= Mochdating frequency 1,
Af = f ~E =t~ vy = Vooslot + meoose f]
= Carrer Swing (CS)

The totad waration in frequency from the lowest to the highest is called the
carrier sying = C5 = 2xAl

= Side Bands

FM wave consists of an infinite member of side frequency components on
each side of the comler frequency f,, . =, f. = 2, f, £ 3f_, & 50 on,
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Amplitude Modulation Frequency Modulation

I | The amplihede of FM wave 5| 1 | The amphiude of AM signal
consant, whatever be the uvarkes epercling ()
rmcsdulation index. modulation index,

2 | |k requlre much wider channel | 2 | Band width® & very smal

Band widhj [T to 15 Gmes| 25 e of the biggest

compared to MM, advaniape)
3 | Trarsmiters are complex and | 3 | Relatively sirmpl and cheap.
hersoe expensye,

4 | Area of receplion ts small simce | 4 | Area of reception s Large,
it & Emited 1o Ene of sight, (This
lirgis e FM  mohile
communication over a wide
ares) _
5 | MNoise can be easly minmmised | 5 | K ks difficekt fo elminate
amplitide  vasation can  be cifect of noise.
elimirated by using limfter.

6 | Powe contained i the FM | & | Most of the power which
weve is uwsehl. Hence dull contained In carder B not

trarsemitted power is wsekd el Therefore  carrer
. power bansmited B a

| Waste:
7 | The average power 5= the same | 7 | The awverage  power  In
a5 the carrier wave. | modulated wave & grester

than carrier poawver,

8 Mo regrichion 5 placed on | B | Magimum m = 1, otherwss
mochation index {m). over modulaton (m > 1)

- wienidd result in distorion
9| k iz posalble bo operate soaeral | 9 | | s ot posshle to operate
independent  tramsmifter  on without interference.
same frequensy,

MODEM :

The name madem B a confraction af the 1erms Modueder and Demadulaiar.
Modern 18 a device which can modulate e well as demodulate the signal.

FAX { Facsimile Telegraphy)

FAM is abbreviation for facsimile which means exact reproduction. The
electronic reproductlon of a doownent at a distnace place Is called Fax.
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Important Tahles

Gravitational constant (G] 667 x 107 N om® ket
Speed of light in vacuum [ = 3= 10* ms™
Permeability of vacuum () - dnx 10°H m™
Parmittivity of vacuum [e) = BES = 107% Fm
Planck constant (ki - 563« 10" Js
Alormic mass unll [arm) - 1,66 = 107 kg
Energy equivalent of 1 amu = 931.5 MeV

Electron rest mass (m ) - 9 1x10 g = (611 Mal/
Avogadre constant (N,) - 6.02 = 10 mel?
Faraday constant (F) - 8648 » 10° C mal”’
Stefan-Bolizman constant (o) = 567 = 104 W m2 K4
Wihen constant {hi = 2.89 w 107 mK
Rydberg constant (R | - 1.087 = 10° m*
Triphe point for watar - 273.16 K 0.01°C)
Molar wolume of el gas (NTF) - 224 = 10 m® mal

- 965,24 doys = 3167 1074
i 1:: -zu-.-a.ﬁ;_ﬂnu
g 1y - 10" ergs
il e 4R L
O i I wboc 10 i
e e T
o i -ﬁqu
. i .
il T 3 g =76 cm Ha
et -ﬁlﬁm‘ N/m* 1013400 Pa
1 it year R 101 ke
G Parset - = 326N i
% 1&:\1 -luﬁﬁJ-EﬁE
: ‘.I.m. =25 x108d
- ]{T -1%'[“-"‘1“"5
o

ERSIONS

211



MNatations

ampere

Physics HandBook

ffrF
Units of

seconid
slemens

s

1383

iR
I TEH L

= FETSPEETEAAT Y LT Y EET Y OB T o

m_mCﬁm.m.ﬂF.mﬂG u___Hh._n_urmJH m.mm_mﬁ_um EETUW%

OOoDooo0O0oo0oOO0oDOCOoDCDODOoOOoODOCOOOCOO0OO0ODOODOCOoCGECOoOOEOOCOOO

212




Physics HandBook

m ) e FT T 1 it gty § Lo B 55 Bt

@ e Lﬂicliﬁnn':rjl of thraical Ll

Abbe number

Reciprocal of the dispersive power of a substance.
Absorption Coefflclent

Meaaure of rale of decrease n intensity of em radiation when it s pesses through
the given substance.

Admittance

Reciproecal of mpedanca, It refers to the measure of the ability of a clrould
to conduct an alternating cusrent.

Aclinle Hne

The line joining the places of zero dip. This Bne is alo known as magnetic
aquator and goes nearly side by side with geographical egquater,
Acoustics

Branch of physkcs that & concemmed with the study of sound & sound wenes,
Actinometer

Instruments for measuring the intensity of em radiation,

Agonic Hne

The line of zaro dechination,

Albedo

Rtz of the amount of light reflected from a surface to the amcamt of Incident
ligha.
Alfa-decay

A form o radicactive decay where a radioactive nuclal spontanecusly emits
a-particles (macled of He')

Alternator
Any device thal is used ta generaie an allernaling curmant.

Alimeter An electronic device that indicates aliudue slbove the suriace of
earth,

Amalgain

An alloy {2 materdal consisting of bao or more dements 6.3, beass is an alloy
of Cu and 2n, steel is an alloy of fron & carbon) one of whose comstituerts
i mercurny (Ha)

Ammaeter

An instrement used lo measure elecirie aurrendt
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Ampere-hour

A practical unit of dectric chasge egual o the charge Bowing in one hour through
a conduchor passing one ampare. It 15 equal to 3600 coulombs,
Ampere-rule

A rube that relates tha divection of the slectric current passing through a conducior
and the magnetic feld sssociated with it. The rule siafes that i the dectric current
is moving awsy from an chsarver, the direction of the ines of force of the
magnetic field surrounding the conductor bs clockwise and that if the electric

current i mosing towards an observer, the direction of the lines of force Is counter
clockwdse,

Amorphous

A solid that s et crgtalline e one that has no long range order In its attce,
Example : Glass,

Amiplifier

A device that increases the strength of an electrical signal by drawing energy
from & separate de source to that of the signal,

Anisotropic
Substance showing different physical properties in different directions.

Aperture

The sirg of the cpening that admit ligh! in an optical instrument. The effective
diampter of mirror amd kens.

Aphelion

The farthest point in the orblt of planet, comet and artificial slellite around
the sun. The earth Is at aphelon on about july 3.

Apogee

Maximum distance of & satellite from the earth durirsg s osbit around the earth.
Asterobds or minor planets

Smalll bedies thet revelee around the sn,

Astrology

Branch of sclence that i concerned with the study of influence of heavenhy
bodies on human affairs,

Astronomical ondt AL

A unit of distance In astrology in the solar system, i s equal to the mean distance
of sun from earth [~ 1.496 = 108 m)

Astronomy
The study of the universe beyend the earth's atmosphere.
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Atomic clock

A highly scourate dock, |t is regulated by the rescnance frequency of aloms
or molaciles of certain substances such as coshm,

Atomic mass unit (a.m.u.)

A unht of mass wsed to express “relatbve atomilc masses. [t 15 1712 of the mass
of an atom of the sotope carbon-12 and is equal o 166033 x 10% kg,

Apombiser
A denvdce that ts used for reducing Bouid 1o & fine speay,
Aurora

An intermittent electrical discharge that takes place in rarefied upper
atmosphere. Charge particles In the solar wind lor cosmic - rays) becomes
trapped in the sarth's magnetic field and mouve in helical paths along the Bras
of force befween the fwo magnetic poles, The intensity of the surora Is greatest
Im polar reglons although it 5 seen in temperate 2ones,

Apntotransformer

A transformer heving a single winding instead of bwe or more independent
windings,

Avogadro constant

Symbaol N,. The number of aloms or molecules in one  mole of substance.

H has the value 6.02Z1367 {36 = 10%, Formerly it was called Avogadro's
number,

Avogadro's Law

Equal volumes of ol gases contaln equal members of molecules at the same
pressure and ternperate. The b, offen called Avogadro's hypothests, is e
only for ideal gases. it was first proposed In 1811 by Amadeo Avegadro.
Ballistic galvanometer ;

A device used to measure the total amount of charge that passes through
a cirouit due to a8 momentary current.

Band spectrum

I such & spectrum there appears a umber of bands of emitted or absorbed
radiations. This iype of spectrem are charscteristic of molcules,

Band width
It relers o the width of the renge of Trequencies.
Barmn

A it of area & generally used for measming muclear cross secton (1 bam
=0 mh
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Barometer
A device used to messure atmospheric pressure.

Becauirre]

1
&l imit of radic-activity (1Bq = 1 disintegralion/sec, = m curle]

Bel
Ten decibels (10 dB)

p-rays

A stream of [-particles (fast moving elecinons)

Betalron

A device used to accelerate the electrons.

Bevatron

An accelerator wsed to accelerate protons and other particles to very high
ersergles,

Binary star

A systermn of two stars which revole around & common centre ol gravity.
Binding energy

The enengy required to separate the nucdleons (profons & newtrons) of a nucleus
from each ather, The binding energy per nucleon is keast for very Hight and
very heewy nuckel and nearly constant (= 8 MeW/nudieon) for medium nocle,
Bipolar transistor

A transistor that uses bwo type of charge corries (glectrans & holas) for s
oparation.

Black body

A perfectly Back body = one that absorbs completely all the radistions faling
on . s absorptance and emisshity are both equal to 1.

Black hole (collapsar)

An astronomical body having so high gravitational field in which nelther matter
particles nor photons can escape (they captured permanenthy fram the outside)
Bolomeier

A devioe used fo messure amount of radiation by means of changes in the
resistance of an electric conductor caused due to changes in s temperature.

Boson
An elementary particle with integral spin. ex. : photon.
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Bragg's lew

Whien an X - ray beam of wansliength & 15 incident an a crystal of interpianer
spacing d ot grazing angle [complement of the angle of Incidence] then fhe
direction of dffraction maxma are given by 2d dind = nk, which 15 known
as Bragys Lo,

Brewster's law

The axtent of the polarzation of hght refllocted from a transparent surface
i & razimum when the reflected rey 5 a8t righl angles to the refracted ray,
The angle of incidence (and reflection) at which this masimum polarization
aocurs is called the Brewster angle or polarizing angle.

British Thermal Uni {BTL])

Cheanitihy of haat recuired to ralse the temperaturs of 1 pound of water thonuah 172,
8 Bulk modulus [K)

atress __ 4P 1
volurmestrain - (AV £V} compressibility
Calibration

It 15 the process of determining the absoluie values corresponding fo the
graduations on an arbitrary or Inaccurate scale on an Instrument.

Calipers

An Enstrument osed for messuring internal and external diameters. It is a
graduated rule with ane fixed and one diding jaw,

Caloric theory

i regards heat as a weightless fludd. It has now been abandoned,

Calorle

I i equal to the amount of heat required 1o mise the temperature of 1 gram
of water thonagh 1°C. 1 cal = 4.2 Joules,

m J ) 0 B [P Mk P oy L e e
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Calorific value

The quaniity of heat Bherated on complete combuston of unit mass of a fusl,
The determination Is done in a bomb calorimeter and the value is generally
expressed in J kg,

Calorimeter

An ingtrument used for measming quantity of hest. It consists of an open
cylindarical contalnar of coppar or some other substance of known heat
capacity.

Calorimetry

[t Is the study of the measurernent of quantities of heat.

Canal rays, Anode rays, Positive rays @

Positivaly charsed ravs produced during the discharge of electricity In gases,
Candels

iz a 5.0 unit of uminows inensity. K s equal o 1550 of the luminous intensity
of & soquare contirmiter of u black body hentoed to the temperatiure of sobdfication
ol platimum (17 73.5%) under a pressure of 101325 No/m?® In the perpendicular
directicn,

Canmon

A mounted gun for firing heawy prokeciles,

Capachtor

It s & device which is used for storing electric charge. It consists of two metal
plates separated by an msulator, | i5 also known as condenser.,
Capacitive reactance

It 1s the opposition offered by & capacitance to the flow of sMemating current,

1
¥e = 5w Where
X = capacitive reactance in ohms
o= frequency In cyches sec
C = capacitance n farsds
Capillary actlon or Caplflarity
The phenomenan o rise or il of & Hquid in a capillany tube when B s dipped
in the liaid, Due to this the portion of the surface of the Bquid coming In
contact with a solkd |s elevated or depressed.
Carat
= A mepsure of fineness (puring of gold. Pure gold & deseribed as 24-carat
gokd. 14-caral gold containg 14 parts in 24 of gold, the remaireler usualky being
COPPET.
& A unit of mass equal fo 0200 gram, med to measurg the masses of diamends
and other gemstones,
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Capilary tube
A, fube having a very amall internal darmeter,

Carbon dating

It s & method used to determine the age of materials that contaln matter of
living organksm. It consists of determining the ratio of *,C to " C.

Carbonize
Means o endch with carbon.
Carmmot cycle

It is & reversitle oycle and consists of fwo isothenmal (A —» B and C — [ &
tw adlabatic (B — C, D — Al changes.

P

cI-
v

Carnol theorem

The efficlency of a reversible heat engine |carmmot englne| working bebween
any b termperatures s greater than the efficiency of any heat engine working
betwoen the sams b temperaduras,

The efficiency of a reversible heat engine depends only on the tempershme
of the source and the sink and k Independent of the working substance.

Cathode
The ekectrode that emits electrons or gives off negative jons and toward which

pestlive jons moue of collect n a valtale cell, electron or R-ray tube elc
Cathode ray

The rays emitted in a discharge tube when the pressure falls to abot 10
mm af mercury,

Cathode-ray oscilloscope or CRO

An instruemend based on the cathode-ray tube thal provides a viswal image of
electrical signals,

Cathode ray tube

A vacuum fube generating a focussed beam of electrons that can be deflected
by electric and magnetic fields,

Cation
A positively charged lon Le. Na®, Ba®™ etc,
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8 Cauchy dispersion formnla

A forrmda for the dispersion of Bght of the lorm - ﬂ-ﬁ‘[l“a{]*{f—a].
whare n ks the refractive index, L the wavelength, and A |, B, and C are
constants. Sometimes only the first Wwo terms are necessary.

Centre of buoyamncy

It is the paint through which the resuliant of the busyaney forces on a submesged
body act, | colncides with the centre of gravity of the displaced flusd,

Centre of gravity

It 15 the polnt thecwgh which the weight of the body acts. It is the point whene
ﬂ-qwhuhnr'&nwu_ﬂghtﬂf the body may be suppesed io be concentrated,
Centre of mass

For army sysbem it ' the point at which the whole of the mass of the body
for systerm) may be considerad io be acling for determining the eflect of some
external force,

Cerenkov radiation

Electromagnetic radiation, usualhy buish Bght, emitted by & beam of high-energy
charged particles passing through a transparent medium at & speed greater than
the spead of light In that medlum. # was discovered In 1934 by the Russlan
physicist Pavel Cerenkow [1904). The effect is similar to that of & sonic boom
whean an chiect moves faster than the spead of sound ; In this case the radiation
is a shock wave set up in the sectromagnetic field, Cerenkov radistion is used
in the Cerenkev counber,

Chip

A very small semi-conductor heving a component (transistar, resistor, etc,)
or an inbegrated clrouit.

Chioke

kit I= o cofl of high Inductance ard low resistance which s used to block or
reduce the high frequency components af an alectrical sgnal,

Chromatie aberration

K is & defect of the image foremed by a bers [but not & mirres), In which diffevent
codoirs come bo koous at different points. It can be corrected by using & suliable
combination of kenses.

Circult breaker

k is'a device that is used for interrupting an electric il when the current
hecomas excessive.

Classical physics

Refers to the physics thal has been developed before the introduetion of
quantum theany.
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Classical mechanics

The branch of mechanics based on Newton's laws of motion. It s applicable o
those systems which are so lange that in thelr case Planck’s constant can ba
neglected

Closed end organ pipe

In thess case one end of the plpe & closed. In them first harmondc & given

by L4, In such cases onhy the odd harmonics are produced and even hanmonics
are missing. Fundamental frequency = w/df

Coefficlent of expansion
It ks the Increase In undl length, asea or volume per degree rise in termperabure,

Coafficient of frcton H-i

R
Whare f = Limiting friction , B = Mommal reaction
Also p = tan B ; whare & = angle of fricthon

Coefficient of restitution

The ratio of the refative welocity of hao bodies aftar direct mpact to that before
impact,

Coefflclent of mutual inductanca

It b mamerically equal to the magnetic Fhoc Bnked with one drcuit when urit
current fiows through it. The effective flux N, linked with secondarny circuit
Is given by N =Mi

It is numerically equalto the @m0 induced in ome circuit when the rate of change
af current n the other is unity. The e.m. 1 Indused in a secondany eoil, when the

o] i
Tmnfdwgnufcmm W'i'ﬂ'rﬂ.'rmh'[h'lnury{.nﬂ I= E 15 given h!,r gi—HE

Coefficlent of thermal conducthvity [K)

12 is the emount of heat bowing i one sacond scross the 1m® area, of & 1
metre rod, malntzined at a temperature difference of 1°C.
Coefficient of viscosity

It Is the: tangentisl force required fo maintaln & unit velociy gradient berwesn tao
lagiers of umit area. ts units are Maem® or poiseulle or decapolse.

Coafficient of self - Induction

& It Is numerically egual to the magnetlc fus inked with the eoll when the
unit current fows throogh it. The effective flux N s ghven by B = L where
i = curent flowing through the clrouit,

e [t Is numarically eqgual to the em.f. induced in the cireult when the rate
of change of current is unity,

e [f &5 numericalhy equal to telce tha work dome sgalnst the duced e.muf. I
estahlishing unil currert in the oo,
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Coercive force

It is the magnelic intersiiy required to reduce the magnetic induction i a
previously magnetised matedal to mro.

Complementary colours

A pair of colours which, whan combined give the effect of white light, A large
murnber of such paird are posatble,

Compouwnd microscope

A microscope consieting of an objectiva lens with a short focal length and
an eye plece of a longer focal length, mounted in the same fube.

Compound pendulum
In such & penduham the moment of the resforing force 8 © = rrgd sinl IF 8
fin redians) ls sufficiently small, then + = — mgd 4. Time perod of such a

pendulum |5 T=2 :ﬂlﬁ -E:E

Compton effect

The phenomstnon acconding fo which the wave length of redistion scattered
by & particle o greater than that of the origine radistion is called commpdon
effect

Condensation

A change of state from vapour to lquid. In this state the vapour pressure
becomss equal fo the sshated vapour pressure (SVP) of Bauid state,

Conductance

k s the reciprocal of resistanca. B is the ablldy of & conductor to transmit
curtenl, s undt 3 mbo, chm™ or siemens.

Conduction

A method of heat transfer. In this moda of heat iransfer the particles do not
v

Conservation of angular momentum

In the absence of any external torque the total angular momentum of & spstem
remalng unchanged,

Conservathon of charge

For an isolated sywtem the iotal charge remains constant,
Conservation of linear momentum

In the absence of any external force the total Enear mementum of the system
rermaing conslant,
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Conservation of mass and energy

The tolal energy of & clesed sysfern, viz., rest mass erangy + kinetic anergy
+ pedential energy remaing constent, This principle treats the rest mass a3
energy. The rest mass energy of a particle having rest mass m ls m %

Conservative fleld
It i that vector feld for which the line integral depends on the end pelnts

of the path only and is indapandent of the path. A corserative fiekd can ahuays
be expressed as the gradient of a scalar fidd,

Constanian

An alloy contalning about 50% copper and 509 ndcke! having a comparatisey
high resislance and low temperature cocfficient of resistance,
Convectlon

A mode of heat transfer. In this mode the movement of particles occur,
Corona discharge

A discharge, generally hmminows, ab the suface of a conducior ar between o
conductors of the same transmission lina,

Corpuscular theory of Hght [t assumes that Bght fravels as particles or
corpuscles. it Is usehul 1o explain reflection, refraction ete. It can not explain
diffraction, polarisation atc.

Cosmic rays

These are high energy radiatlcns, These conskst of protons and some o-
particles, electrons and oiher atomic muched and y-rays reaching the easth from
spacs,

Cosmology

The branch of astonoomy that deals with the evolution, genersl streetime, and
natura of the universe as & whola,

Critlcal mass

[t & the minimen mass of a fissile material that will sustain a chain reaction,
Critlcal pressure

it Is the saturated vapour pressure of a liguld ot its critical temperature.
Critleal temperalure

Ft s the temperature abowe which o gas can not be liquified by increasing the
prisgune slone.
Critical velocity

The wedecity of fuid Do ot which the motion changes from lamines to bkt
flow,
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Critical volume

The vohame of & certain mass of substance measured at critical pressure and
ETIPHETBILITE,

Cryogenics

The shxdy of the production and effects of very low temparatures, A cryogen
s & refrigerant med for obtaning very low femperatures,

Cryometer

& thermometer designed to measure low temperaties,

Curle

A unit to measure the activity of a radioactive substance (sea Tadic activify)
It is the quandty of radon in edicective equilibrium with 1 g of radiun, Also
defined as that quantity of & radicactive Sotope which decays at the rate of
3.7 % 10" disinbegrations per second, Mamed after Madarne Curle (L367-1984).

Curle's law
The value of [} susceptibility of a paramagnetic substance is Inversely

1
proportional fo lts absohute temperatume 1=z

Cyclotron

An accelerator In which particles move in & spiral path under the influence
of an alternating volitage and a magnetic Held.

Dawghter nuckeus

Rerfers to the nucleus thet results from the radioactive decay of enother nucleus
known as parent nucheus.

Dead beat galvanometer

A gahmnometer which 1s damped so that #s escillations die awey veny quickhy.
In such gakanometer its resistance |5 less than its crifical damping reststance.
D& broglle wavelength

The wanvelength of the wave ssancisfed with & mouving partiche, The wavelength
(L) b= ghen by L = h/mv, where b Is the Planck constant, m Is the mass of
the particle, and v Hs velocity. The de Broghie weve was first suggested by
the Franch physiclst Louls de Broglie (183924 In 19249 on the growmsds that
electramsagnetic wenes can be tresed s pariicles and one could therelore expect
particles to behave in some eircumstances Hhe waves. The subseguent

ohservation of electron diffraction substantiased this argument and the de Broglie
wave became the basis of wave mechanics,

Debye length
it is the maximum distance af which coulombs fields of charged particles In
& plasma may be expecied o interact.
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1 Deca

Syrnbol : The prefic meaning 10, eg. 1 decameter=10 rmaetres.
Decl

A prefix messuring 107

Decibel dB

A unlt for expeessing the ntensity of a sound wave, [ Is measured on a bogarithmic
scala,

Declination
The horizontal angle between the directions of true narth and magnetic narth,
DizHa-ray

A low energy eleciron emitted by o substance after bommbardment by high energy
particles [a.g. o-parthces)

Degrees of freedom
The mumber of iIndependant co-ordinetes needed to define the stale of a system,
Demagnetisation

Te remowe the lerromagnetic properties of a body. [ can be done by disordering
the domain strocture,

Dewtron

Mucleus of deuterlum atom. it consists of one proton and one neulran,
Dew

Waler draplets formed dise lo condensation of waber wapour in the alr when
the temperature of alr drops so that the quantity of vapowr present at that
temperstire remches saturation,

Dew point

It is the temperature to which sir must be cocled for dew to form. Al this
temperatire air becomses satusated with wealer vapours present in

Dew point hygromeber

It i an inatrumend sed for determination of relate hueidity.
Diamagnetic subsiances

Rafars to those substancas that have a negative walue of suscepiibility, They are
repelled when placed in & magnetic ekl

DHamagnetism

Diamagnetic substances when placed in a magnetic field get fesbly magnetised

in direction oppaosite to that of magnetising field. This property of diamagnesic
subsiances & known as diamagnetism,
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Dielectric
Refers to an insulator, a non-conducting substance.

Dielectric constant (Relative permitthviy)
Absolute permitthity of the medum ¢

- —H_
L3

Absolute permitiiitg of vacuum g,

[Helactric constant

DHelectrie strength

Refers to the maximum elecirc fiel that a dielectnic ks capable of withstanding
withoul & break down,

Diffraction
it refers to the bending of Bght round an obstacle,
Diiffraction grating

A ghrss plate with o wery large number of closely spaced parallel Bnes (isualhy
more than 500K fo the inchl scrapped across . These are used for diffracting
light to produce optical specira.

Diffusion length

It ks the sverage distance that ks traselled by minority carrlers betwsen generation
and recombination In a semiconductor,

Diopire

i = 8 unit of measurement of the refractive power of & lens, | is equal to
the reciprocal of the focal length of & bens expressed in metres,

Dip, Inclination (§)

The &ip at & place 15 the angle which the eardh’s figld makes with earih’s surface
al & place.

Dip circle

B is an Instruoment that ks used fo messure the angle of dip ot a place. B constsés
of a magnetic needie mounted B osoech & wey thal 5t can rotale in & vertical
plane, The angle |s measured on a clrcular scale.

Dipole

Refers b hao aqual and opposite electric charges for magnetic poles) separated
by o distance,

MMpole moment

It is equal to the product of pobe strengih and the length of magrelle slectri:
dipola.
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The separatlon of white lght irto is
constituent colours by relraction or
other means Is called dispersion of lght.
Dispersive power (o) i r
Dispersive power of the materlal of the prism 5 ghem by

Wy =,
Al for bhee B red raps. mwmu.andulmnﬂum!m:w.nhﬂjm
of bl and red ravs respectively and p i the refractive indax for yeBow rays.
Doping

H refers to tha process of adding some amount of mpurites in semi-conductors
o achieve a desired conductivity,

Double refraction
When a bearm of light &5 incidenl an cerlain matedals, & breaks 1t inbo twa
plane polarised beams with their plane of polarsaton penpendicular 3o aach

other. The two beams have different velecittes in the mediam. This
phenomencn is called double refraction,

Diry fce

Solid carbon diowida.

Diuctility

Property by which metals are capable of being, drawm in wires,

Dulong and Petit's Law

It states, "The product of slomic weight and specsiic heat of a solid element
Is approsimately 64",

Dymamea

An glectric generalor, Bt produces direct current by eomverting mechanlesl
energy Into electrical energy. It consists of & sirong electromagnet betasean
the poles of which an armature is rotated, consisting of a number of coils
sitzably womd, It is basad an the principle of slectromagnetic industian.
Earthing

Riefers to connecting an dectrical conductor to earth which B assumed to have
zero elecinic potential,

Earth's atmosphere

The gas that surrounds the earth. The composton of dry afr at sea bewe] Is
s nitrogen 7H.08H, cxwgen 20.95%, argon 0.93%, carbon dioxide 0.05%, neon
000158%, hetium 0.005%, krypton 0,0001%, and xencn 0.00001% . In
wddition fo waier wapour, ait in scme lecalities contains sulpler compounds
hypdrogen peraxide, hydrocarbons, and dust particles.
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Eclipse

To prevent Bght from a source resching an object. |t refers to shadowing one
heaverly body by another. In solar edipse shadow of the moon falls on the
earth when the sun, moon and earth are in lng. In lunar eclipse shadow
of the earth falls on the moon, when the zarth & In between the am and
tha moon.
Efficiency

The rathe of the useful energy output to the total energy Input In any enengy
transfer, li b often gliven as percentnge and has no unlis,

Effusion
The fow of gas through a small aperture,
Einstein's equation

Refers to the equation, maximum KE__ = hv - §, for the kinatic energy of
electrons which are emitted in photosleciric effect, v the frequency of incident
Tactiation and §, the work function of the photomaterial upon which the radiation

is incident,

Elnstein's law

Mathematically # can be expressed as E = mel.

Elgctric motor

A device that comverts electrical energy Info mechanical enengy,

Electrocardiograph (ECG)

It is @ sensitlve instrument that records the voltage and current wanveforms
assoclated with the sction of the heart, The frace obtained is called
alectrocardiogram.

Electroencephalograph (EEG)

A sensitive Instrument that records the voltace wavelonms assockaled with the
brain, The trace obisined is called electroncephalogram.

Electrogpen

A molecule thal emits electrons on betng llurninated,

Eleciron microscope

It & & hipe of microscope In which an electron beam B used o study veny
minide particles.

Electromagnet

A magreet formed by winding & coll of wire around & plece of soft fron. 1t behenves
a5 & mbgnet as long as the current passes through the ool
Electrometer

An Instrument that &s used for determining the potential difference befuween
two charged bodies by messuring the electrostatic {oree between tham,
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Electroscope

A device conslsting of two pleces of gold leaf enclosed In a glass walled chamber.
It & used jor detecting the presence of electric charge or for defermining the
sign of electric charge on & body.

Elecirostatic shield

A conducting substance which protects & ghen apparaius agalnst electric flelds.
H conssts of a hollow conductor and complebely surrcunds the apparaius 1o
b shisldod,

Emissivity

The abifitly of a surface 1o emit radiand energy compared 1o thal of a black
hody at the same tamperature and with the same area.

Emissive power

The total energy emitted from unit area from the surface of & body per second,

Enthalpy (H)
H=E=PY.H=01%PV¥
Wherell = Intetnal enesgy of the ssfem.

P = Pressure and ¥ = Volume
Entropy {S)
& measure of the degree of disorder of 2 system. An increasz in entropy is
accompanted by a decrease in energy avallability. When a systern undergoes
aumw:ﬂ:chmgeﬂmﬂﬁu%.ﬁe importamce of entrogw is that in any
thermochmamic process that procesds from one equilibriion skake to another,
the entropw of system + emvdrmonment gither remais unchenged or ecreases,
Evaporation
The change of state from lausd to gas which can coour at any temparatura
upte the bolling point. if a lausd Is left 0 an open container for long encugh
it wall all evaporate,
Exirinsic semi-conductor

A sermt-conducior nowhich ihe carer concentration & dependent upon exsent
al mnpurities.

Expansion of the unherse

The hypothesis, hased on the evidence of the "redshifi, that the distanca
babhwaen the gafaddes s continuously imcreasing. The adginal theony, which
was proposed in 1929 by Edwin Huthia (1889-19535), assumes that the galaxies

pre {lying apet Bhe (ragments rom a bomb as a comsequence of the big bang
with which the unfuerse ariginatied
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Fall-out jor radioactive fall-ouat}

Radicactive particles deposited from the atmosphere either from a maclear
explosion or from & nuckear accident. Local, fall-out, within 250 km of an
exploston, falls within a few hours of the explosion. Tropospheric fall-out
consists af fine parlicles depeaited all round the earth & the approximate latinsds
of the explodion within about one weel. Sirateapheric Ball-out may fall amphiere
on earth over a perbod of years,

Faraday's law of electrolysis

First Lo W=2i
Where
W - Wi, of lons liberated from an electrolyte.
F = Blectrochervical eguivalent (EAC.E.)
t = Time in seconds far which current s passed

i - Current In ampares
Feraday's Law of eleciromagnetic induction

# Whenever the mumbar of Enes of force linked (fhed with anmg closed circult
changes and Induced cwrrent flows through the clroult which lasts onby 50 long
as tha change lasts,

» The magnitude of induced e.muf, produced in a coll i directly proportional

ta the rate of change of lines of faree threading the sodl quﬁ-whm

gt
# = flue for numbser of lnes of force threading the dirculs)
Fahrenheit scale of temperature

O this scale the metting polnt of loe Is 32°F and the bolling polnt of water
2 212F The distance bebween these buo peints i didded in 180 squal pars,

C F-32
each part baing 1°F. It is related to centigrade scale as ﬁ = 180

H—capture

Hefers to an aheorplion of slectron from the Innermost [K—shell) chall of an
atom bnbo s nucheis,

i s a unil used to specily the purty of gold & pure gold is 24 Karat gold,
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Hepler's law
s The planets mose around the sun i eliptical orbits with the sun at one focus
of the ellipsez

o The radivs vector Trom the planet to the sun sweeps out equal areas in egual
intervals of tme,

T
« The ratioof o7 ~oonstant, wiere T ks the pericd of the planet’s orbit anourd

tha sun and a is the semi-major axes of the ellipse.
Kilo watt-hour {KWh)

1§ s & prectcal unil of work (or enengy), 1 15 equal to the emergy supplied by
one kilowatl of power inoone hour,

1 KWh = 3.6 = 10° joule.
HKinetic friction
Refers to the friction that acts on a body when it s moving ower a second
by,
Kirchholf's law (Electrostatics)
# First Law : [i Is also known ss Junction nde. It states, “The algebraic
sumn of the cuments &t a ghven uncon in 3 Srein B 2eno”, T = 0, This there
could be o sccumulation of currend at any paint in the sreult.
= Secomd law : i ako known as loop e “In a closed circult, the aigebraic
sum of the products of the current and the reststances of each pant of the clroui
is equal to tofal emf In the chroutt,"Zir = ZE
HKirchlwif's law (Heat)
For a given temperature and waselength the ratls of emissive power of a

subslance bo ils absorplive power is the same for all substances and ks equal
fo the emissive power of a perfectly black body at that temperature.

HKundt's tube

It b5 & glass tube whose one end s fitted with a Bght adjustable plston and
its ancther end & cosed by a cap throogh which passes a metal rod clamped
at Its centre, A small quantity of heopodium powder b5 spread undformly
through out the fube, The free end of the rod & rubbed 1o and fro along its
kength. Statlonarny weves are produced in the air eclumn in the twbe. By
meamwing the wavelangth i §s possible to caleulste the velooity of sound In
alr tn terma al the Young's modulus, length and density of the rod and the
winve length of stationary waves,

Lactometer

It is an instrumsent that is used 1o find ol the specific grevity of milk,
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Lammbeert's laai

The luminance of o surface that 1s Buminated by o point scurce of Bght normally
Is proportional to 17 where r is the distance between the source and the
surfance. If the inchdent rays make an angle 8 with the normal to the ray,
then the [Buminance is proportional o cosb.

Laminar flow

Refers o the fhow of & fuld along & stream Ened surface without any turbulance,
Lambnabed iron

A plece of iron consisting of thin sheets of iron. Such a plece of ron s wed
for cores of transformers, I helps to minimize leses due fo eddy currents.
Laser

N stands for Bght amplification by sbmulated embssion of radiation, & highly
powerful, colerent, monochromatic Bghd soarce, Such light B of great use
in medicine, telecommunications, industry and holography.

Latent heat

Hidden heat, It 3 the energy involwed In changes of state. In each case, the
temperature stous constant while the change of state takes place, A similar
situstion exists in the changes from liguid i gas and gas to liquid. The quantity
of emergy transformed from and to the particles during changes of sinte depends
on the nature of the subsiance and its state.

Lateral inversion

Refars to the type of inversion produced In the image formed by a plane mimar.
The left hand side appears as right hand side and vice versa,

Lattiude

Refers to the angular distance nosth or south from the equater of & point on
the earth's surface, measured on the mesidian of the paint.

Laws of dynamic friction

¢ DChmamic friction is propomional to the nommal reaction. | is less than siatic
friction.

+ M does not depend on the velocity if the welocily B nelther too large nor
too small.

Laws of lmiting friction

a The foree of limiting friction & directly proportional to normal feaction
for the same two surfaces In contact and it takes place In a direction which
s opposite to the direction of the force of the pull. Limiting friction is miasimam
static friction, it ks less than static frctlon. F = R jwhen the body just begins
o move F = pR} Whara p is coefficlent of friction,

¢+ Limiting friction is independent of the size and shape of the Bodles in contact
as bong as the normal reactlon remalns the same.
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Law of gravitation

Aocondng o ft, all bodies and particles in universe exert gravitational force on
one another, The force of gravitation betwesn any hwo bodies s directly
proportional fo the product of thelr masses and nversely propostional to tha
distanca between them,

Laws of intermediate temperaiure

The e.m.f. of a thermocouple befween amy tao temperatures 1s equal to the
srn of the emuf, of any mumber of succesive steps in which the given range

of temp. Is divided. Thus i E:'1' is the thermo e.mf. betwesn two temp, 1,
Ig L 13 ! In

&, EII = EIll + EZIﬂ + E|; 4 E'l,._. '

Where the ghven temp, range |3 divided between the steps &, L, 1, .. L.
Light Emitting Diode (LED)

This Is a p—=n junction diode and 1s wswally made from galbum arsenide or indium
phosphide. Enengy s redeased with in the LED and this &s given off as bght.
The junction is made near to the surface so that the emitling light can be

sean, No Bahi Is emitted with & reverse biss, LED are generally coloused red,
yellow ar green. They are widely used in a variety of electronic devices.

Light year

It is @ unit used to measure the distance betaeen the earth and stars, 1 lght
year = F65 x B6400 « 3 = 10° m = 946 = 10" m,

Liguid Crystal

A substance thal fows Hke a lquid Bul has some order tn it arrangement of
molacules, Mematic J:ryﬂals have long mobaculas all .uﬂlgm;d in the same
direction, but otherudse sandomly amanged. Cholesteric and smectic Dguld,
cnystals also bave aligned molecules, which are arranged i distinet bnsers, In
chodesteric cngstals the axes of the molecules ame paralal to the plane of the
lapers: in smecbc crystals they are perpendicular,

Liquid-Crystal Display {LCD)

A digital display unif used in watehes, ealeulators, ete. it provides & source
of clearky disploved digits for o very low power consurmption, I the display
unit & thin film of hoguid crystal s sandwiched between two transparent
alectrodes {glacs with & thin metal or axide coating). In the cosmrmondy used
fiald—edfact display, twisted nemabic crystals are used, The nematic liquid crpstal
cell is placed betwesn two crossed polarizers, Polorized Bght entering the cell
fcdiows the tadst of the nematic Bguid crystal, is rotated through 907, and can
therefore pass throwgh the sepond polarizer. When an dlectsiz feld is applied,
the molecular alignment in the liquid crystal is altered the polarization of the
entering lght ks unchanged and no light is therefore transmitted. In these
clrcumstances, a mimor placed behind the second polarizer will cause the display
to appear black. One of the electrodes, shaped in the form of a digit, will
then provide a black digit when the voltage is applied,

m=
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Lissajou’s fliyures

The locl of the resultant displacement of o point subject o two or more simple
harmonic motions simulanecushy. When the two periodic motions are of tha
st fregquency snd are &t fght angles to each other. The resulting fiqure varies
from a straight line to an elipse depending on the phase differenice betuwsen
the twe motion,

Longitude

It ks the angular distance east or west on earth's surface. K |s measured by the
angle contzined between the merdian of a pariiouar place and some prime
maridian,

Lumen

A umit of hminows fhee, Ome hamen 5 the heminous fue eritied In a unit solid
angle by a point source of one-candle Infensity.

Lux
i i S, unit of Muminance, 1 hax = 1 umen/square metar
Mach number

It is pmber that indicates the ratio of the speed of ar object to the speed
of sourdd in the mediem through which the object & moving,

Magic numbers

Abomic ruchel with 2, 8 20, 28, 530, B2, 126 neutrons or prokons are guite
stable, These number are known as magic members.

Magnetic axis

It ks the Hne joining the two poles of a magnet Inside its body,

Magnetic elements

These are the magnetic declination, magnetic dip and the harizonial

component of Earth’s magnetic field which completely define ihe Earth's
magnetic fleld at any point ¢n the Earth's surface,

Magnetic eguator

A line perpendicular to magnetic axis and passing through the middle podnt
of the magnet |s called equitorial Bne or magnetic equator,

Magnetic meridian

It is that wvertical plane which passes through the magnetic axls of a freely
suspanded magnat,

Magnetic storm

A ternporary disturbance of the earth's magnetie feld Induced by radiation and
sireams of charged particles from the sun.
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Magnetization (M)
The magnetc momenl per umil vohene ol & magnetized substance.

B
BepfH+MoMe—-H

™
Whizre H is the magnitic field strength, B is the magnetic fue and j, is constant,
Malus law

It states that the intansity of light transmitted threugh an analyder g
proportional 1o cos™ where § Is the angle befween the fransmission planes
of the polariser and the analyser.

Manganin

& copper alloy containing 13-18% of manganess and 1-0% ol nickel. B has
& high electrical resistance, which is relatively insensitive to femperature
changes, It s therelome sultable for use as a resistance wine,

Mager

B i a device that B used lor amplifying electrical impulses by stmilated
emission of racdiation.

Mass defest [AM)
It is the difference between the achuel nudear mass and the siom of the masses
al its constituents nuclaons.
Mass—Energy equation
E = me
Manwell Mx,
B i unit of magmetic fluy on G5, system.
1 My = 10% Weaber

Cine macearell s equal to magnetic flux through one square centimetre noomal
to a magnetic feld of one gauss,

Maxwell's formula

& formala thet connect the relative permitithvity £ of & medium and its refractie
indew . JF the medium is not ferromagnetic the formula s ¢, = nt,

Mayer's relationship : C, - C =R Whare
i, = Molar specific hest of gas at constant pressure
-, = Molar specific heat of gas at constant vohime

R = Gas constant = 8,314 Jk' mol!
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Mechanical advantage
it Is the ratko of output force to the input force applied to any mechanism

ﬂ AF P'ml.rera:m
P=AF=WxBF B "BF~ Waght arm

Meissner efiect

The falfling off of the magnethc fux within a superconducting metal when it
is cooled to a temperature below the crifical temperature In a magnetic fleld.
I was discoverad by Walther Meissner in 1933 when he observed that tha
earth’s magnetic field wes expolled from the interior of tin crystals below 3,72
K, indicating that as “superconductivity appeaned the material became perfectly
dizmagnetic'”.

Melde's experiment

[t is an experiment carried cut for verification of transverse vibrations of strings.
Melting point

The fixed ternperature af which a solid chenges Info the liquid state. The meking
poing of ice s 0°C, Melting point of & solid depends upon pressure, i is also
called huslon temperature of the liguid.

MichelsonMorley experiment

An experment conducted by Michelson-Mordey in 1381 to show that the
vekoctty of hight s not influenced by motion of mediem through which it passes.

Micro

A prefix denoting 10,
Micron (u)

A wnlt of length 1 w = 10 m,
Micrometer

Refers to any device used for measuring mimote distances, angles eic.
Microphone

An instrument that can transionmn the alr pressure waves of sound into electrical
signaks and vice-versa, i s used for recording or transmitting sound,

Mirage

An optical pheromenon that ooeurs a5 o resull of the bending of Bght regs
through layers of abr heving very large temperaiure gradients. An inferior mirage
oeeurs when the ground surface s strongly heated and the alr near the ground
i3 ruch warrner thid the air slbove. Light reys from the sy are strongly refreched
upwards near the surface ghing the appearance of a pool of water, A superior
mirmge coors  the alr dose to the groond surises i much colder than the
alr above, Light is bent downwards from ihe object towards the vewer so that
il appears to be alevated or foating in the akr,
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Mirror eguation

u = distance of object
¢ B v = distance of image

f = focel length of mirror
M.E.S. system

Eamiormn of units having the hndamental units metre, kilogram and second for
the lenglh, mass and ime Tespectively,

Maola

51 unlt of quantity of a substance. Amouni of a substance that contalns as
marry atoms (molecules, ions ele } as there are sloms in 0012 hg. of carbon—
12,

Monochromatic

Having only one colour.

Moseley's law

According to it the frequencies In the M-ray spectrum of elements,

corresponding to similar tranaibors are proportional to the square of the atembs
nummber of elermenta,

Multimeter

An irstnument that can be used for measuring variows decihrical quantifies such as
meistance, voitace aho,

Mutuwal Inductance

It refars to the phenomencn by which a current Is induced in a coll cirouit
whean current in a nedghbouring cofl clreult ts changed. Direction of curnen
in the secondasy eail is opposile o battery cumrent o primany coll [Lenz's La)
Mypopia

A defect of vislon. Army one suffering with this defect falls to see distant obpectis

clearly. The mage of distance olfect 1 formed in (ront of relina and not on
retina. it can be oofrected by wse of concave lens,

Matuiral gas

It is & misxture of hidrocarbons and |5 fourd in deposite under the eanth's surface.
It contains upto 90 Methane, It is used as o fuel both in industry and home,
Mautical mile

T is a unit of distance used for nesvigation. 1 nautical mile = B0BZ, 56 feat,
Negative crystal

Refers to that crgstal in which the welodty of extra ordinany ray b more than
the wilocity of ordinany ray 2.9, calcite,
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Negative resistance
It Is characteristic of certaln electronic devices in which the cument increases
with decrease in voltage,

Meel temperaiure

The temperature upto which the sscepiihility of antiferromagnetie substances
increase with Increase in temperature and abowe which the substanca becomes
paramagnatie,

Memst heal theorem

It 15 adso called the thind law of thermodmamics. For a chemical change
octuring betwesn pure crystalline solids at absolute zero, there is no changs
in entropy,

Meutrine

It is em elementary particle having rest-mass zero and s electrically neutral,
It has & spin of 1/2.

Meutron bomb

It ks & maclear bomb. B rebases a showsr of e destroving neutrons but has
practically Hibe blast and contamination,

Mewton

It is 5.1 unit of force. B is equal to the foree which produces an aceeleration
of 1 mds? in a mass of 1 kg,

Mewton's formula for veloclty of sound :

u-E Whare u = veloctty of sound  E = Elasticity of madium

o= densily of medium
Newton's law of cooling
According to i, the rale of loss of haat from a hot body = dErectly proportional
to the excess of temperature cver that of its surmoundings, provided the excess
of temperabure |5 not very large.
Mewdon's law of gravitation n
Every body in this undverse attracts every other body with & lorce which ig

directly proportional to the product of thelr masses and imersely proporticnal
to the square of the distance hetween them.

Mathematically F = ﬁrg"i-.F-GE:?l
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Mewton's law of motion

s 1 Law = A body continues o remain in its state of rest or of uniorm maotion
in the same direction in & straight line unbess acted upon by some external
forca.

¢ I Law :The rate of change of momentum of a body |s direcily proportional
do
to the Implied force & takes place in the direction of the force F=E =T

s Third Law : To every action there s equal and opposite reaction, Fur'_Fn
Newlon's ring

Refers to alternatehr dark and bright fringes feiseulas) that can be observed ancund
the point of contact of a convex lens and a plang reflecting surface, These
are produced due to interference of light waves reflected at the upper and lower
surfaces of the alr fibm separating the lens and the plane surface,
Michrome

An alloy of rickel, chromium and iron, |t has high melting point and large
ragigthdly. B B msed for eloctric resistors and heating elerment

Nicol prism

A prism made of calchte. If 5 used for polarizing Baht and analysing plane
polarised Hoht.

Mormal temperature and Pressure (N.T.P.)

These are 273 K and 760 mm of mercury respectively.

Mudear fisslon

A nuclaar reaction in which an atomic macheus breaks up into b nearly eoguel
fragments and evolition of a large amaunt of energy,

Muclear fusion

A nuclear reaction m which fwo Eght nuclel combine to form a heaver nudei
and evolulion of a large amound of energy,

Muclear force

[t reders o the strong atiractive force that keeps foind) a large number of nucleons
bound together in a vany small space. It is a short range attractive force and
ls charge independant. M range 5 a few fermk, |1 fermi = 107" m}
Nuclear Magnetic Resonance [NME)

The alsarption of eleefromagnetie radlation at a suitable precise frequency
by & nucleus with a nonzero magnetic momant in an external magnetic Tield,
The phenomenon ocours il the nodeus has nonzero “spin, In which case it
behaves as a small magnat, In an external magnetic fiekd, the nucleus’s magnetic
moment vector precesses about the fiekd direction but only certain orientaticns
are alowed by quantum mubes. Thus for hydrogens (spin of W) there are oo
possibile states in the presence of a fiekd. each with a slightly different enengy.

Nuclgar maonetic resonance is the gbsarption of radiaton at a photon energy
equal to the difference bebween these levels causing & bransition from & lower

ie a higher enerngy state.
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Nuclear mass

b is equal 1o the sum of massees of probons and newtrons minus the mass defect,
Mass of ruclews = £ M, + (4 = B M= Am.

£ = Atomic number = number of protons

A = Mass no. of = ranber of protors + no. ol neulvons

M, = Mag of proton

M, = Mass of meudron Am o= Mags delec

Nucleons

Refers to protons and newtrons which are present in the nucheus. They are
collectively called nucleons.
Octave

The interval between hwo musical notes whese frequenches are in the ratio
of 211

Oetet

Group of eight electrons thal constitule the outer electran shell in case of
an Inert gas (except hellum) or any other atemSon.

Ocld-Onld nuchens

A nucless which condains the odd nurber of protons and odd menber of
neEutrons.

Dersted

107
A C.G5 unit for magnetic feld stremgih, 1 Oersted = - Alm.
Dhm's law
It states, “current fowing through a conductor 1 directly proportional to the
poiental difference across Its ends. If temperature and other physical
comnditions remabn unchanged™.
Opacity

I is the reciprocal of the Fansmittance of a substance. It 15 a measure of the
extant to which a substance ks opague,

Opaque

A substance that is not trarsparent or which does not allow light to pass through it
Optical actlvity

It ks the property of certpin subsiance o rotate the plane polarized lght when
it passos thircwgh thely solutbon. The substanees sre dssified as dextro—rolatony
o7 leave rotaiony depending on whether they rolate I towards right {dexire)

or left les). The rotation produced depends upan the lkength of the medium | 3

and concentration of the schtlon. 1t alsa depends an the wave length of Bght
e,

vy o 1 e
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Orptical pyrometer

A pyrometer where in the luminous radiation from the hot body Is compared
with ithe from a keam soumce. The instrument messures tha temperatme of
a luminous source without thermal contact,

Orpilmuem

Refers to maost favourable condiions for obtalning a gluan result,

Dscillation magnetometer

It Is an Instrument where in a freely suspended magnet s made to wbrate in

a magnetic fiek (of sarth). The time perlod of vibration of this Imstromend b
|

MB,,

given by T = 25

Overiones

Refars to the tones or frequencies eomitted by & systern besides Ba Tundamental
frequency are caled oweriomes, Generalhy the intersity of overiones Is hower
than that of the fundamental,

Paclding fraction

The algebralc difference between the relative atomic mass of an sotops and
its mass rumber divided by the mass numbser,

Pair production

It refers to the simulianesus production of an electron and its anti-particle
{posttron) from a gamma ray photon, The mintmmem ensrgy that such a pholon
must have in 1.02 Mgl

Paramagnetic

Refers to the magnetic nature of substances, Paramagnetic subsiances are thase
aulstances in which the magnetis moments of the sloms have randem disections

until placed In a magnetic field. When placed in a magnetic field they possass
magnetisation In direct proportion fo the magnetic field and are weakdy

magnetised. I placed in & non-unifonrm magnetic field, they move fram weaher
parts i siromaer parts of the fheld,

Paraxial rays

Reters io those mckdent s which are parallel and close to the axis of a lens,
Parent nucleis

Amy nucless that undergoes radicactive decay to form another nckoss. The
nucleus resulting by radicactive decay of the parent nucleus is called doughter
rcleus.

Parsec

It i an astroncmical wnit of distence 1 pamsec = 30857 = 10' m, or 3,.2616 ht

vears, i corresponds to a parakel of one second of arc. The distance at which
the mean rachas of tha earth’s orbét subtends an angle of one second of anc,
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Pascal (Pa)
The S, unit of pressure. 1 Pa = 1 Mewhon/metre’
Fascal's law

In a confined fluld, externally applled pressure Is fmansmitbed wmiformaly in al
directioms.

Pauli's exclusion principle

I stafes, “Mo two elesirors noan ateos can heve all the quantum numbers
same.”

Peak value of inverse voltage (FIV)

It is the maximim instanlaneons woliage thal B apolied to o devoe, particulasdy
rectifiers, In the reverse divection,

Penumbra

The partial shadow that surrounds the complete shadow of an opaque body.
Perfect gas

An bdeal ges that obeys the gas laws at all termperatures and pressura. It conslsts
af perfectly elastic molecubes. The volume of molecules 15 zero and the
intermolecular forces of attraction batween them Is also zero,
Periges

It is the shortest distance of a satelllite from the eanth.
Perihellon

The polrd in the orbil of & planet, comel, or artificial satellile in solay coibil
&t which it i nearest to the sn. The earth 5 51 perdhelion an aboul 2 Januan,
Periscope

An optical device sed o vew objects that are abaowe the lmad of divect sight
ar are in an ohstructed fiekd of vision. In its very simple form it & made up
of fwo mirrors Inclined at 43" to the direction being viewed.

Permalloys

A growp of alloys of high magrete permeability consisting of son and nickel
{usualhy 40-50%) ofien with small amounts of other elements ie.g. 3 - 5%
modybdernem, copper, chromium or tungsien. They ane wsad In thin folls in
elecironic iransformens, for magnetke shielding and in compuier memores,
Permanent magniet

A magnet thal refadns its magnetism even after the removal of external magrietic
Figld.
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Permeahility {u)

When a magnetic substance is placed in & uniform magnetic fleld (whera lines
of force are parallell number of lines of force ase seen 1o be crowded through
the substance. The conducting power of the substance for the lines of force
is called perreability. [t is taken as unity for air. B = pH. It is measured in
Henmg/metre, The relative penmesbility of a substance Is emqual to the ratio of
its absclute permeabillty to the permeabllity of the free space. Thus |5 = p i,
where ., the penmeshility of free space has the value 4n 3 107 heney metre
Persistence of vislon

The impression of an image on the retina of the ey for some Bme afler its
withdrawd ks known as persistence of vislon. The Enpression on human eye sty

for 1/16% of a second. Successive images at the rate of 16 per second of the
same scene give the mpression of continuity,

Phonon

The phoron (s & quanturn of thermal energy. [t 15 given by b, whene b is the
Planck censtant and f the vibrational frequency. It refers to lattice Whration of
crystals,

Photodiode

A Serpicomductor dinde wsed do datect the presence of lght or to measure s
intensity, i wsually consists of a pn junction devies in a contamer that focuses
any lght in the environment close 1o thee junction. The device s usually biased

in reverse so that in the dark the current |5 small; when i is (huminated the
current is proportional fo the amount of ght falling on (L

Photo—eleciric effect

Whan light of suitable wavelength falk on a metal plate, such as ultra violet light
on #ne, slow modng electrons are emitted from the metal surfece. This
phanomanon is knowm as phodockectrie effect and the electrons emitted are
krcam a5 pholoelesirons,

Photo fisslon

A muclenr fisdon thel s caused by o gamma-my photon

Photon

Each quanium of Bghi energy 1s known as photon, The energy of photon 1s
b

tiven I:yEu-r. whera & ks the wavelength assodated with the photon,

¢ is welocity of light and h ks Plandk’s constant.

Photonuclear reaction

A nuclear reaction that is mitkabed by a fgamma-ray] phaeton.
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&  Photo sphere
It refers to highly luminows and visible pordion of the sun, The spproximate
temperature existing in pholosphare 15 esttmated to be aboud 6000 K.

B Plero electric effect

The production of a small em.f. across the opposite faces of non condhucting
erystals when they are sublected to mechanica stress between their faces
external pressure b8 known as plesoeleciric effect or plesselectticity.

®  Planck's formula for black—body radiation
The energy redisfed per unil time per unll area ol & ghen wevelength i, B

E Zwhet® 1

-7

ey A 2 1
whene ¢ is the speed of light, h s Planck's constant and T is the absclute
temperature of the black body, k Is the Boltzmann's constant.

®  Plane of polarisation
It s & plane that s perpendicular to the plane of Wiration and contalning the

direction of propagation of light. It Is ako the plane containing the direction
of propagation and the eleciric vector of the electromagnetic ight wave,

®  Plasma

A highly tonized gas inowhich the member of free dectrons ls approsimabehy
equal to the number of positive lons. Sometimes described as the fourth state
af matter, plasmas ocours In interstellar space, In the atmospheres of stars
{including the sun), in dscharge fubes and in experimental thermonuckear
reaciors.

5 Poises
It is & unit of viscoslty in C.G.5. system.
1 Poise = 0.1 Ma/m?®,

2 Polseuille's formula
It ghves the wolurme per umit e fowdng through a eylinderical fube carmding

n R*aP
By
where; O = Volume per unit of time

R= Radiss af pipe

f = Length of the pipe

AP = Pressure difference across each end of pipe

o= Coeffickent of viscosHy

o lamémar ficwr, (=
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Polsson's ratio

The ratic of the [ateral strain to the leagitudine] strain in a stretched rod. If the
original dismeter of the red is d and the contractions | the diameter under strass
is Ad, the latral straln Ad/d = 5 ; if the original length 1s ¢ and the extension under
stress AF, the longitudingl strain is AG/C = 5. Polsson’s ratho is then /s,

Folarokd

Symthetic materials that are used for procucing polarized Bght from unmpoladsed
light by dichroism,

Positive crypstals

Doubly refracting crystals in which the ordinary ray revels faster as compared
ko an extra ondinary Tay e.9. quariz.

Positron

An elementary parfice heving & mass equal to that of an electron and camying
a unit posithve chasge.

Positronium
An unstable assembhy of a posttron and an electron. t decays Into & phaton,
Potentiometer

it is & device that i3 wsed for measuring electromotive force or pobential
difference by comparing i with a known woltage.

Poumnd
A unilt of mass of FPS system 1 pound = 453,59 g
Poundal
A unit of force of FPS system 1 poundsl = 0.138 N

Power of a lens
[t &5 the abaity of & lens o bend the rays passing throwugh &, Power of convex lens
s positive and that of concave lens is negative. Units of power of

lens = DHoptaT. Pawer = !
Foeal lergih in meters

Power reactor
A nuclear reactor designed io produce electrical power.

Presbyopla

It ks & defect of wision. Any one sulering with this defect cannot see the near
chjects, This defect |= generally observed in clder pecple. It can be comrected
with the help of comeex lensas,
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Pressure gange

H iz an Instrusnent that s used for meassing the pressure of a gas or @ Tioquld.
Prime merldiam

The Creemvaich meridian. It is used as standard for reckoning lengitede east or
aEE],

Principle of floatation

A bedy floats as a liquid when the weight of the liquid displaced by 1t 1s equal
e Bts weight.

Prompt neutrons

The neutrons emitted during a nuclear fission process within less than a
microsaecond of Heslon,

Proton=Proton cycle

It refers to a chain of noclear fuston reactbons which are thought o be
mﬂﬂg!m production of enengy in the sun, Higdrogen gets converted into

iHe  H4| H+]H =——¢ [H+v+a'
iHelH =—— fHa+w

 He + He =—— JHes+ ZH
Pulsar

A celestial source of radiation emitted bn brlef (0.03 second to 4 seconds) requiar
pulsas, Firgt discovered in 1968, a pulsar ks believed to be a rotating newtron
gtar. The strong magnetic fleld of the neulron star concentrates charged
particles in two reglons and the radiation is emitted in two directionsl beams,
The pulsing effect oocurs as the bearms rotate, Most pulsars ane radio sources
[emit eleclromagnetic radiation of radio frequencies) but a few that emit light
or X-rays hane hean detected. Cher 300 pulsars are now known, but 1s estimated
that there are over one million In the Milky way,

Pyrometer
It is an instrument that ks used for measurement of very high femperatures,

The mezsuramant Is doneg by obsemdng the colour produced by a substance
by heating or by thesmeeleciric means.

Chuality of sound

Mejority of musical notes contaim mone than one frequency, Quality of sound
Is & charscteristic of a musical note that depends on frequencies present in the
nobe, Ineach nate there is one fundamental frequency and & rumber of cvartonas.
The frequencies of overtones are inbegral multiples of the fundament freguency

kst Intensity is much low, The quality of sound changes with the number of
cuwerlones precent and thekr mersity,
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Duark

Hypothatical fundamental particlas which are postulated to be bullding bincls
of ekementary particles

Cuarts

Thie mast abundan and commaen mineral, consksting of crystalline sica {silicon
dicwcice, S0,

Ouariz clock

A clock based on a piozoshectric crystal of guarte,

CQuasars

A closs of astronomical obdects that appear on optical photographs as star
like but have large redshifts quite unlike thosa of stars.

Cuenching

The raphd cooling of a metal by Irmersing it in a bath of lguld in crder o
improwve s propertas,

O-Value

k Is the amount of energy produced In & nudear reaction It B axpressed in
Me\.

Rad

The wmit of absorbad diation. One rad = absorption of 107F joule of enengy
in one kilogram of material,

Radiclogy

it s the beanch of science that deals with X-rens or rays from radinactive
substances,

Radloscopy
It irvobes the examination of opaque oblects with the help of H-reys,
Radius of curvature (R)

In cate of & mbmor or a lens i 15 tha radhs of the sphare of which a mirer
or kens surface 5 & part,

Radius of gyration (K

It ks the distance, from the awks of rotatbon of a body to a palnt where the
whole mass of a bady may be considered to be concentrated.

It is given by K = Ji“ﬁm:]hﬁtnmmﬂnlhﬂmﬂndhﬂydmﬂm
about the axls of rotatbion.
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An arc of seven colours that appears in the sky due to splitting of sunlight into
its constituent colours by the water droplets presend in air because of refraction
and internal reflection of sunlight by them.

Raman effect

When monachromatic light ks allowed to pass through a transparent medium
It gets scatiered and the scatiered Bght contains original wave length as well
s hnws of larger weve kength than the odiginal Bnes. These nes of larger wave
kenigths are known as Raman lnes and this effect is known as Raman effect,
This & quite useld In the sudy of molecdar emergy lewels of hguids.
Raylelgh's criterion

Twa soumces ame just resahmble by an optical Instrument if the central masimum

af the diffraction pattern of ome cotncides in position with te frst mindmuem
of the diffraction pattern of the other.

Recefver

Any device or apparabus that receives ebectric signals, waves efc.
Recol

Means o By back

Rectifler

A device that allows the current to flow through It In one direction only. It
can comwerl ac info d.e The compsondy used reciiflers are & peon junction,
a diods vahe eic,

Red giant

It is & type of cool glant star that emiks light In red reglon of the spectmum,
A normel star expands o red glant & it exhaosts its nuclear fusd,

Becauss of Doppler effect a shitt of spectrum knes in the spectra of some
cebestial obiects towards the red end of the visible spectrum with an increase
in wave length of the [fnes.

Reflactance
It is the ratic of the reflected light to the Incldent light on a surface.
Reflecting power

It is the ratio of the quantity of energy reflected to the quantty of energy falling
on a body per unit time.

Helrigerator

It is the desdce that bs used for produding low termpersture and keeping fiems
at low temperature.

m ERETS 0 B S R R g P it h [T



o e Physics Handioo

e | 1 P

| ik T

T

Relative humidity

The amount of water vapour in the afr, expressed as a percentage of the
maxirmum amount that the air could hald at & given lemperatome,

Relativistic mass
H s the mass of an chpect which 1s moving with a walocthy w

H is given by the relation m =

v

tl

where m, is the rest mass of the same object,
Relativistic particle

A particle moving with a welochty closa to the velocity of light, say greater
than 0.1 ¢, ¢ belng the weloctty of lkght.

Hemangnce

The magnetic fhx which remains in a magnetic drouit even after the appbed
miagnetomative force is removed,

Remote sensing

The galhering and mecording of formation concerning the eanh's surface by
techmiques that do not wehe actuial contact with the object or ares undar
study, These techniques include photography (e.g. aerial photography),

multispectral imagery, Infrared imagery, and radar. Remcle sersing is generally
carred oul from alreraft and incressinghy, satelles. The techniques are wsed,

for example, in cartography imap making).

Hesistance

B 5 the property of & medersl by odriue of which i opposes the flow of current
through it. R = /1

Reslstanee bos

i is & box containing a set of combination of resistance colls armanged in such

a way that any desired value of resistance may be obtained using one or &
combination of these.

Restathvity (n)

It 15 also known as specific resistance. It s defined as the resistance offered
b 1 m length of the comductor having an area of cross-sectlon of 1 square
mEter.

Linits of p are ochm-maeter or ochm-cm.
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Resolving power:
I grees the measure of the abiity of an opbical instrment te form separate and
distinguishable images of two oblects very close fo each otfer. The resching
power of a telescope bs ghven by
1.22 &

a

Resobdng power =

Where L s the weavelengih of lght wsed and a ls the aperture,
Retenthvity

It is thie shikty to refain magnetisation ewen after the magnetising force is
reTroved.

Reverberation

Rifors 1o the persstence of sound even aiter the sounce hes stopped emitting
tha sound,

Reverberation time

It ks the time iaken by a sound made s room fo dimdnish by 60 decibels,
Reymold number

It datermines the state of Bow of liguid through a pipe. Acconding to Reynold

mamber the critical velocity ) Is ghven by v, = %'Dﬁud'mpumm
of biquid, B is Reynold rumber and D s the diameter of the pipe thorugh which
ligquid ks floadng = '

IF R, i upto 1000 the fow is streamline or laminar,

I R, Bes between 1000-2000, flow ks unstabla.

I B, is more than 2000, flow is turbularnt,

Richter scale

A logarithmic scale devised in 1935 by CF, Richter {1200) 1o compare the
magritide of carthquakes, Tha scabe ranges from 0 to 10, On this seala a
vahue of 2 can just be felt as a tremor and damage to bulldings occurs for vahses
in excess of 6, The lrgest shock recorded hand a magninsde of &9,
Roentgen (R)

It ks a unit of ionising mdiation. Cne, Roengten induces 2.58 = 107 C of charge
per kilogram of dry air.

Roentgen rays

¥oroys

Rutherford

B is defined as the amount of radicsctive substance which ghees dse o 100
disintegrations per sec,

1 e = 3.7 % 10% Rutherford,
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Rydberg constand
Them%gﬁsn!lmdanmm;pxmmﬂnw% =R

S
whene n, and n, are inteoers, R is colled Rydberg's constant R = EIT:,E

Scattering

It is the phenomenon of spreading out or diffusion of a beam of radiation when
It I= incldent on some rmatter surface. The intensity of scattered Boht varles
as 171" (Reyleigh scattering)

Schwartzchild radius

It is ecuaal o 2GMC?, where G is the gravitational constant, © bs the speed

of light, and M Is the mass of the body. If the body collapse fo such an extent
that {te radive & less than the Selvannizehild radios the escape valocity becormes

equal io the speed of light and the object becomes a black hole.
Scintillated

To twinkle like stars

Seintillation

Refers to the hwinkling effect of the light of stars,

Second pendulum

A gmple pendulun having & thne period of bwo seconds,

Seeback effect

Whaen the juctions of hwo metallic conduciors are maintained at different

temperatures and ¢.mof, is produced acrcas these pinctions. The production
of such an e.m.f. ks known as seeback effect.

Seqre chart

A graph wheredn the number of profons in noeclides s plotted against the
rumber of neutrons

Selsmograph

A instnenent that records ground cecillafions, eg. those ceused by sarthquakes,
volcanic activity, and explosions.

Semb-conductor

A substance having conductivity more than an irsulabor bt less than that of
& corductor. The conductiaty of a semiconducior Ineraases with femm peratume,
Pure semi-conductors are also known as intrinsic semi-conductors. i ks possible
to incraase tha conducthity of & semi-conductor by adding suitabda mpurities
in them, Such semi—conductors are known as exirinsie sermi-condcton,
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Semipermeable membrane

A membrane that s permeable fo molecules of the soluert but pot the solde
in cemaosls. Semipermeable membranes can be made by supporting a film of
material l2.g. cellulose) on a wire gouze of porous pot.

Sextant

It s an opthcal fretrument. B s usesd for the delermination of the dimensions
and distances of distent objects. H 1= hased an the principle that il the angle
subdendad by oo ends of an object al the cheerver’s epe i3 known (measured
by the sextant], the distance and dimensions of the oblect can be determined
with the help of a irgnometric formada.

Shsdhow

It rafers to the dark shape cast on a surace by an object through which light,
a form of radiation, can not pass, as radiabions, trevel In a straighi Ene through
& given mediam, I one of the scurces of radiations s small and the object
is larpe, & sharp shadow is formed However if the sources ts larger than the
object the shadow formed is not sharp and shows two distinet reghons. The
umbra, of full shadow, at the centre, surrcunded by penuemibra o partial shadoss,
nio radiation reaches umbra but some radiation reaches panumbra,

Short wave

Refers to an ebectromagnetic wave of 60 meters or less.

Side band

Range of frequencies on ¢ither side of the carrier frequency of a modulabed
signal. The width of a side~band both above and below the modulsted wenve
is equal to the highest modulating frequency.

Slemens (Mho)

Itis 51 wnil of electrical conductance 1 Somen (1 Mha] = 1 AA.
Significant figures

The number of digits used in a number specify its accuracy. The mumber 6. 532
is & vahse isken to be accurale fo Jour significant figures. Tha nomber 7320
is mccurafe only fo three shgnificant figures. Skmilarly 0.0732 B also only
accurate to three significant figure. In these cases the zeros only indicate tha
order of magnitude of the number, whereas 7,065 1 accurase to four significant
flgures as the zero in this case iz significant in expresalng the valse of the
nismbear,

Silicon chip

A singhe erystal of & semiconducting sloon maberial, typically having micrometer
dimensions, fabricaied in such & way that # can perform a krge number of
independent electronic functions.
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5.1, units

This is international system of units comprising of seven basic units. These are:
Physical Quantity Unit Symbal
Length Metra )

Mesg Hilegrarm kg
Tirme Second 5
Temp., Fazhoin K
Elecirke cumrent Aniperne A

Light Intersity Candels ed
Arnound of substamese el il
Skin effect

It 5 the phaenomenon wheretn an alemating curmant tends to concentrate in
the outer lager of a conducior,

Skip distance

The reinimum distance a1 which a shy wave can be recelved. This arlses due
0 a minimum ange of incikdence at the lonosphere below which a shy wave
is not reflected, This minlmem angle 15 & function of the frequency.

Sky wave

Refers to a radic wave that ts propageted upwards from Lse earth and such

a wawe reaches a point after reflection from the lonosplwre and not directy
from the trarsmitter.

Snell's low

i for paing = eorstant)
g sinr 5

Saoft ron  H refers to iron that confains small quantities of carbon, Since
it can bat wesiby magnetised ond demaanetised essily 5o 8 b used In transformers,
alactsie bolls ete.

Solar battery

It is desee for converting soler energy into electriciy by means of photo voltale
cells.

Solar constani

It refers to the sverage rate at which solar energy Is recalvwed from the sun by

the earih. I 18 ecpaal b 1,594 small calodes per mimse per squarne centimeter of
area porpendicidar io te sun's rays. It 8 egual te 1400 J—m

Solar day

The time intenel that clapses between two successhe appearances of the sun
at the meridian,
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Solar system
The s, the nine major planets (Marcury, Veruss, Earth, Mars, Jupiter, Saturn,
Uranus, Meptune, and Phuo} and thelr natural satellites, the astercids, the

comets and mateomids, Cher 99% of the mass of the sydem s concentrated
in the sun. The solar spstem a5 a whole moves in an approdamately cincular
orbif ahaid the centre of the galan, taking aboul 2.2 = 10° years to complete
its orbit,

Solar wind
A continuous ouheard flow of changed particles, mosily protons and electrons,
froan the sun's corona o interplanetany space. The particles are controlled

by the sun's mmﬂd{ﬂﬂd:rﬂmaﬂeium!m the sm's magnetic
fieki and ame able to escape from the sun's grasitafionsl feld because of thaeir
high thermal energy, The swerage welocity of the particles in the wicinity of
the earth is about 450 km 5 and thest density at this range is about 8 = 104
prefons per cubie matre,

Solenodd

lt refers do & coll of wire wound over a oylinderical frame unbformiy, lks Eameter
is small a8 compared o 1is kength, When a current s passed through i, &
magnetic field 5 produced nside the oodl and paraliel o its axis. [t can also
be used as an electromagnet by infroducing a core of soft fron inside i,
Sondc boom:

Refers to a koud nolse,

Sonometer

It & an instnoment that b uwsed for studving the vibrations of a Fixed wire or
giring. It consists of a hollew wooden box with a wire stretched across s
top. The wire is fixe] af one end while the other end passes over a pulley
and a load can be suspended from k. Ay length of wire can be st Imio
vibration by placing two inverted v—shaped bridges at the ends, by placing
vibrating hunming fork on the sonometer, resonance is produced when the

(= 1 ¥
m&mﬂmmmmbﬂhﬁ,}?} is equal to the
frecquency of the funning fork, T is the tension in the wine and m s s mass
par unit kength.

Space—changs

A region in a vacuum tube or semi-conductor having some net electric charge
because of excess or deficiency of electrons,

Specific gravity

It is the ratio of density of any substance to the density of some other substance
taken as standard. e.q. the density of water sl 4°C is taken as 1.
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Specific heat

i i the amount of heat recpitad (o raise the lemperature of 1 kg of substance
by 1C or 1 K.

i Is expressed In JSg/K or J Kg!t K,

The specifc heat of water b maxiowim,

Spectrograph

An instrument where in & photograph of the spectrum can ke ohtained.
Specirometer

It bs an instrument that 15 used for analysing the spectrem of a source of light,
Spherical aberration

A defect of image due to the parasial and marginal rays which are corming
o foms ot different polat on the axis of the lens, It can be comectad by using
parabolic susfaces 85 reflectors and refractors.

Spontanecus flssion

Muclear fission that oceurs independently of external crcumstances and 15 not
initiated b the impact of & neutron, an energetic particles ar a photon

Spring balance

Ay Instrument with which a foree 19 measured by the extension produced
i & helical spring. It b used in weighing. The extension produced is directly
progesrtional 1o the force fweight),

Stable equilibriom

A body is sadd o be in stable equilibrium I # tends to refum to s odginal
state when it is slighthy disturbed from ks state.

Steam point
i is the temperatre af which water bolls under a pressure of one atmosphere
Step—doun transformer )
it halps in stapping down tha E; ]| ln-l-:ll

N
voltaga. In it N, < N, and so N_: L

The a.mf. of secondry coll &5 less than that of primary E, < E,.

Step-up transformer
i halps in siepping up the voliage ” .

In it M, > N_and the ratio Ef = 1 The e.m.f, of secondary coll s greater

than that of primary E, > E,

m 1 R S 5T

255



Physics HandBook

Stokes (St)
It is & unit of viscosity in C.G.5. system.
Stoke's law

When a spherical body falls through a viscous medium, it
fhid in contect, Due to relative motion between layers, the Talling body feds
a viscous force F ghven by F = 6 agrv

Where r = adius of body
v = velocity of body
n = Coefficienat of viscosity
Subdimation
Change fram solid to geseoss state without passing throwgh liquid state.
Subsonlc
Speed less than the speed of sound,

Sumspots

Dark patches chserved on the mun's surface that are reglons of cool gas. Thekr
presence is commected with local changes in the sun's megnetic field, They
appear in cycles having a peried of about 11 years.

Super conducthdty

Rifers to complete disappearance of electrical resistance. It has been observed
in some substances when they are cocled fo very low temperatures [very close

b absclre zero), This phanomenon can be wied for producing lange magnetic
fialds,

Surface tension

B i= the force per unit length of an imaginany Bne drawn in the bguid surface
in equilibrium acting perpendicular to it st every point and tending to pull the
surface apari along the line, | can also be defined as the work done in increasing
fhe slace area of & Boudd flm by ety Unils of sudace lension are chmiesfem
cr Msm.

Susceptibility

H & bar of iron is placed In a8 megnetic leld, B gels magnetised and the pole
strength or magnetsation depends upon the strength of magnetic feld. Thus
H [ i magnetic intensity or magnetizing lield intenstty and | s intensity

cf magnetization then TL*-I is the susceptibillty of the specimen. The vahse
of ¥ (mmceptibilitg and p (permeabiliby) are high for ferromaonetic substances.
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Synchronous orbit or geosynchronouws orbit

An arbit af the earth made by an arifficial salellite with & period exactly egual
to the earth's perlod of rotation on #s mds, e, 23 hours 56 mimees 3- 1seconds.
If the orbit Is inclined to the equatoral plane the satelfite will appear from
the earth fo trace out & Bqure—ol-eight track once euery 24 houra. I the orbit
Bes in the equstarial plane and 8 clrcular, the sateBlite will appear to be
stationary. This is called a stationany crbit for geostationany orblf) and It conurs
at an altitude of 359N km, Most commurication satelliies ara in statbonans
artils, with theee or more spaced round the odalt te give worldwide coverage.
Telestar

It refers do one of & serles of low altifude, active comemmication satellites for
broad band microwave communication and satellite tracking in space.
Temperature gradient

Rate of change of temperature with distance.

TI'I'I'PE'I'.IhII"l- wealae

Any temperature scale consists of two fixed polnts which generally cosmespond
to tao easlly reproducible systerns. These are assiqned certain definite values
and the Interval behween them is divided Into an ecuml number of parts. The
calsius scale B mest commonly wed and the fised poants in § are the ice poirt
0 °C) and steam point (100 3C) Interval betwaen them is divided imto 100
erqal parts, each part belng equal to 1° €, other scales used ane. Fahrenhalt,
Romer and Habdn, These ara related to celsius scale as -

C F=-32 R _K-273
100 180 B0 100
Tempering
& mafers bo Bhe provoss wied Tor increslng the toughness of an alloy by heating it

b & predetemined 1ermperatisre, malntaining & at this temperature for predeterrmined
time and then cooling If to room tempersture af a predetermined rate,

Tensile strength

The resistance of a material lo longifudinal stress, It s measured by mindrums
amount of longitudinal stress needed to break the material,

Terminal speed
The constant speed Fnally attained by a body mesving through & fhid under
grandty when there is a zero resultand force acting on it, Sea Stokess law,

ol (]
v, = "'"_'j;l_ri
Whera pe Density of spherieal body and p° = Density of fluld

H p =g = The body will move downwand
llp<=p = The body will move upward
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Thermal capacity or Heal capacity
It 15 the amount of heat required 1o ralse the temperature of & body by 1 °C.

It Is equal fo the product of rmess of Bwe body and the specific heat. | s expressed
in J°C or JOH

Thermal diffusion

It refers bo the diffuston thal occurs in a luid due to lemperature gradient,
It b used to separate hasder qas molecules from Bghter ones by maintairing
a temperature gradient over a volume of gas confaining particles of different
mases. This method k2 also wsed 1o separate gaseme leodopes of an alement,

Thermal neutrons
Refars o neutrons of weny low speed and aneroy [ 0,1 &)
Thermal reactor

[t 15 o rype of nuclear reactor In which the nuclaar fisston resctions are conesed
by thesmal meutrons,

Thermion

Refers to an lon that |5 emitted by an incandescent material.
Thermionde current

bt refers 1o the electric current that b produced due to flow of thermions,
Thermlonle emission

it refers to the emission of electrons from the surface ol o substance when
it is heated, It forms the basis of the thermionic vahe and the eectron gun
in cathode ray tubes. The emitted current densiiy |s given by Richardson -
Dhhman equation  J = ATigAT

Where T = Thermadynamic temp. of the emitier
# = Work funcfion
k = Boltzmann constant
A = Some constand

Thermibstor

bt vefors to & semi-conductor, whose slecivical ressstance changes rapidly with
change in termpersture, I is used o measure temperature very accurately,
Thermocouple

Bt conaists of two metallic junctions of different metals whose junctions are

kept ol different temperalures, an e.m.f, develops across these which s

proportional to the ternperature difference. & messurernent of e.m.l. enables
one bo caladata the temperatime so i i wsed for messiirement of bemperatumas,
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Thermo «.m.f.
Seebeck disoovered that if two dissmilar metals are joined together to form a

closad circuit and thelr tao junctions are malntained st different temperatures
an e.m.f. |5 developed and an electric current flows in the circuit. This e.m.d,

doveloped is Bnown as thermo em.l, i given by E = al + % pet

Whare | = tempaerabure difference of hat and cold junction in °C, o and fi
are conslants which are characteristic of metal forming the thermocouple
miwd mre knoum as secherk cosfficients.

Thermoelectrichty

The electricity produced dus o therme e.m.l. is called thermeelectriziby,
Thermoelectric power

It refers o the rate of change of the therma e.m f, of the theymacouple with
the temperature of the hot jJunciion,

Thermiopile

It Is an arrangemeant of thermmocouple in serdes, Such an arrangement is used
to generate thermoelectric current or for detecting and measuring radiant
enargy.

Thermostat

A device which is used 10 keap the termperature [n a place within in a pantoular
range, Thermostats are present in a nummber of commaon housshold devices such
as cookers, refrigerators, lrons, freezers and heating bollers, Many thermostats
are bimetallic strips.

Threshold

It refers to the minkmum value of o parameter that will produce a specified effect.
Threshold of hearing

Thiat minimum intensity kavel of a sound wave which is mudible, It ocours at a
loudness of about 4 phons, '

Timbre

The characteristic qualty of scund. It = independent of piteh and loudness But
depends upon the relative strength of components of different frequencies,
detarmined by resonance, It depands on the number and intensity of the

overiones presend.

Tombgraphy

The use X—rays to photograph a selected plane of a human body with other
planes eiminated. The CAT [compusensed axlal tomography) scamnes is o Aing-
ahaped ¥-ray machine thal rotabes throwgh 1807 arcund the horizonial petierd,
rakdng mamencus X-ray measurements every fow degress. The vast armount of
inforrmation aoquired i bullt inbe & three—dimersional image of the Hssues under
examination by the scanner’s own compuber. The patient is exposed to e dose
of X=rays only scme 20% of that usad in a normad diagniostic ¥=rany.
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Ton
I bs @ unit of welght 1 ton = 2000 pounds = 907,18 kg,
Tone

It refers to a sound considared with reference to s quality, strength, sousce
e,

Tonne {Metric Ton)
A unit of mass 1 Tonne = 107 ka.
Toer

A unit of pressure. | torr = 1333, 2 microbars. One torr 5 equal 1o the presowa
of 1 mm of mercurny.

Torricelll's theorem
It ghves us the velocky of a fued, coming out of a vessel, at a polnt at a height
h below its surface. According to it v = ,[2gh

Torsbon

It refers to the tadsting of an object by o equal and opposite torgues.
Torslonal pendulum

In such a pendulem momaent of restoring forces, ©+ = =ki

Time pariod T-Er‘r:'a Whare

K = Comnstant torsion in the thread
[ = Moment of mertia of the rotating body abourt the thread
Torslonal balance

An Instrument for measuring very weak forces. B oconsists of & horzontal rod
fixed to the end of a vertical wire or fbre or to the centre of & taut horirontal
wire. The forces to be measured are epplied to the end cr ends of the mod,
The tuming of the rod may be measured by the displacement of a beam of
hight reflected from a plane mirror attached to i

Total internal reflection

Por such a refllection tha rey must pass from a denser to a arer medium. When
a ray of light travels from a more refractive medium o a less refractive medium
i undergoes tofal Internal reflection, if angle of incidence Is greater than eritical
angle &, which can be defined as

gindl =

a0y, B
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Transmitter

* The eguipment used to generate and broadcast radic-frequency
electromegnetic waves for communication purposes, It consists of a carrier=
wave generaior, a device for modulating the carrler wave In accordance with
the information to be broadcast, amplifiers, and an asrial system.

= The part of a telephone systern that corverts sound inbo electrical sigrals,
Trajectory

I & the path traversed by a projectile, rockat etc,

Trans—conductance

B is the ratio of changs in plate cummant to change In grid woltage af constant
plate vollage. It is expressed in mhos,

Transducer

Refers io a device that recehes energy from one source and retransmdt it In
a differond form io ancther sstem or media.

Transformer

i 5 a device thal is wed fo convert & large allemating current st low woliage
into & small alternating eurrent al high voliage or Woe—versa,

Transients

It refers to the non-periodic portion of a wave or sigral transiant modulation
Le. a moduation of temporery nature,

Transmutation

The process in which one nuclide B sonverted bnte another nuclide.
Transponder

Refers to a radio or radar recetver, that suternaically transmits a rephy prompthy
cn receptlon of 2 cerlaln signal

Triangle law of vectors

[t states, “H two vectors can be represented in magnitude and direction by
bwrer sides of riangle taken in arder, then the resultant vector can be represenied
in magnitude and directon by the thisd side of the ifangle laken In opposite

order.” where 5, | ore two vectors and 2 s the resultant vactar. 7 =3+h
Triple point

It ks the temperatura at which the gas, Bguid and solid phase of a substance can
coexist, Triphe point of water i 273, 16 K and 0,46 om of mercury. All the three
phases of water (solid, boued and gas) coexist at this termperature and pressure

and all the phases are equalhy stable.
Triton

Mucleus of tritium [7H) atom.

m 1 b 4 3 e |7 bl _Phping Lrglhed?’ P03 [ 00 il
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Troposphere

It is the reghon of atmosphere which extends upto a height of about 16 km above
the earth's surface ai the equator and to a height of about B km at the poles. The
temperature in this region decreases with Increase in heltght.

Tumnel diode

A semicondhetor diode, based on the unne effect. i consists of a highly doped
p-n sembconductor junctlan, which short clreults with negathee bilas and has
negative resistance over part of its range when forward biased, Its fast speed of
oparation makas it a usahd device in many electronis Helds.

Tunnel effect

An effect in which electrons are able to tunnel through a namow potential
barrer that would constitvie a forbidden reglon if the electrons were fraated as
classical particles,

Turbaulent fow

Flow of liguid wherein the speed ol the fluid charges rapidly i magnitude and
direction. The motbon of a fAuid becomes tarbulent when its speed increases

bayond a certain bypical spead,

Twilight

The soft diffused Bght from the shy when the sun Is below the horizon,
Tyndall effect

It refers o the scatiering of light by particles In its path and the beam of light
becomes wisible,

Umbra

It is the region of complete shadow,

Uncertalnty principle

It states, "M Is not possible to find accurately and simulianecwsly both the
h

pasition and welocity of a moving particle.” Mathematically Ax.Ap = i

Whera Ay = Uncortabnty n podion, Ap = Uncertaindy kn mamentum

Unipolar transistor

A transisbor wherein current flow & due to the mosement of majority camiers

anly.

Upthrust

Refers to the upsand force that acts an an object when it 8 immersed i a

fluld. It is ecual to the mass of the fluld displaced by the object

Vacuum

A space thal & totally devold of matter. Generally B refers to a space from
which alr has bean removed and where the pressure i very low,
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Valence band

Range of energles In a semd-condisctor which cormesponds fo energy siade that
ean be occupied by the wlency alectrons in the crystal,

Van—de—graff accelerator
It Is a machine that 1s used to acceberate charged particles.
Vander wall's equation of state
It is an equaiion of siate Tor real gases,
(.. rfa)
P+ 57 W-rb) = oRT
Wheve Vo= Volume of gas
R = Gas constant
T = Absolute temperature
n = MNumber of moles of gas
a, b = constant called Vander Wall's constant.

Vander wall forces : These are very weak attractive forces that exist between
the atoma and molecules of all the substances. These are showl renge Fonces
and arise due to mobecular dipobes,

Venturimeter

It is an apparatus wsed to find the rate of fow of Bgulds when the mosion
of fluid 15 steady and non=turbulent.

Vernler

A small moveble device having graduated scale runming paraiiel to the fed
grachiatad scale of a sadant. I & usad for meanring a frachonal part of o
of the fxed dvidon of the ficed scale, The smaled messurement which can
ba mada using & verndar instnament 18 equal 1o the differenca bebaeen 1 main
scale division (smallest) and 1 vernier scale division.

Vemnler caliper

A caliper made up of twao pleces sliding across one another, ona having a
graduated scale and the other o vemier.

Viscosity

It i the property of the fhad by virtue of which it opposes the relative malion
betwean s differant lapers. [t is also called infernal [dctbon of dwe fluid,

Visible radiation
Radiation in the wave length range of 3B00-TE00 A, [t is visible to buman eye.
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Visual-Display Unit (VDL)

The port of & compuler system or word processor on which et or disgrams
are displanped. It consists of a cathode=ray ube and usually has its cwn Ingut
keyboard attached.

Voltage stabilizer

A device or cireuit bo masintain & voltage sl s outpul terminals that (s tha
substantially constant and independent of other changes In the Input woltage
or in the load current.

Valtale Cell

A cell having two electrodes of different metals dipped in the sclution of thelr
soluble salts and arranged in such a way that they produce an eleciromotive

force.

Vaoltameter

Ii b5 an electrolytic cell and is used to carmy out the process of electrobysts,
Vaolimeter

It B an instnenent that is wsed for measuring the potential difference aeross
b polads in a cleoult. It 5 abeags connected in parallel acrocs the desired
polnts In an electrical cireull.

Volume

It refers to the space cooupled by & bady.

Volumetric

Refers to measurement by wohome,

Watt-meter

It s an insfrument that is usad for measuring power consumed in an electric
cincudt,

Wavelet

A small wave

Water equivalent of & substance

It is the amount of waler that would need the same quartity of that for being
heated through the same range of termperature as requined by the substance
for being hested through & given renge of temperaturs.

Wave-particle duality

According 1o dual naiure of mater, there & weve associated with every mowing
particle ard viceversa, The weve krgth of & wene pssocieted with & mesdng perfice
hendng & momentum, B, B gven by L = h'p where b 5 Plank's congtant,
Weber

One weber s the magnetic Bux Enked with & surface of magnetic Held one
Tesla over an ores of 1 sq metre, 1 Wb = 1 Tm?.
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Waelghtlessness

It refers to the state, experienced by a person In an orbiting spece craft, of kas
of welght

Wheatstone bridge

It s an electrical circult that is used to measure the
electrical reslstance. it consists of reskstances
eonnecied in four arms, A galvanometer (G) is

connected across two opposite unctions, and &

SCHITTE

of e.m.f. 15 connected across the remaining two junctons as shown in the
diagram, If three of the resistances F, Q, R ane lnown, the fourth (5) can be
determined. Heeping the resistance P, O fixed the resistance R is varied tll the

PR
glavanometer shows zero deflection. When this Is achleved a "5 For

masimum sensithity o the four resistances should be of the sams order,
White darari

Refer 1o amy of & laroe stza of very faint stars that are considered to be in the
last stage of stellar evelution, Bs nuclear fuel is completely exhausted and il
collapses, under its cwmn gravitation, inte & small but very densa bady.

Wiedemann—Franz law

k
It stabes that for all metals, the ratia aT = constant, whese k s the thermal

conductivity, o is elecirical conductivity and T ks the abschste temperature of
ther sishalanoe.

Wien's displacement law
According to It for a black-body radiation &_T = constant

Where & = wavalength corresponding to maximum energy radiztion.
T = Absolute termperatire of the bady.

Wireless
Means having mo wire
Work Function (§)

It Is the minimum energy that s required 1o cvercome the aefacs force so as to
libeerate the electrons from the metal suface. It B measured In dectron volts,
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X-ray

It is & form ol alectromagnetc radistion of shorber weivelength as compared to
vigible light X-rey can panetrate through solid and can jonise gases,

Heray Diffraction

the diffraction of X-rays by a crystal. The wassengths of X-raps are comparable
In size to the distances batween atoms in most crystals, and the repeated pattern
of the crystal lattice acts like a diffraction grating for X-rays.

Ward

The farmer Imperal siandand unit of length. In 1963 yard was redefined as
0.9144 metre exacthy,

Vield polnt

When & rod of wire of certalin matertal ts subjected to a showly Increasing tension,

the point af which a small increase In tenslon produces a sudden and large
incraase in length is called dhe yvield point,

Zeeman effect

ki refers to the splitting up of single lines in & spechum into 3 group of closely
spaced Enes, this effect is observed when the substance emitiing the spectrum
is placed in a strong magnetic field, The study of this effect is used in the
shudy of stomic structure,

Zener dicde

It & & semi-conductor dicde where i each side of unction s highdy doped,
When the unction |5 reverse blased, a sharp increase In the current ocours
at well defined potential. Such a diode §s used a5 a wltage regulator,

Zero-gravity

I rafers io the condition wherein the apparent effect of grandfy becmes zero
ms on a body n orbit,

Zero point energy

It is the energy possessed by slors or molecules of & substance at absshde

zero of temperature. It can not be explained by dassical physics but has been
accounted for as a quantum effect.

Zerath law of thermodynamies

According fo W, whenever hao bodies A and B are In thermal equilibrium with
another body C then bodies & and B owill abso be in thermal equilibruom with
aach other,

ZLero vector or Null vector

A vector whose magnitude ks zero 15 known as 8 rero vector, The direction :

of mero vector 15 not defined.
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