0.1: Physical Constants

Speed of lght £ 3= 10° m/s
Planck constant h 663 x107H s

he 1242 ¢V-nm
Gravitation constant G 66Tx107Y mt ket 52
Boltzmann constant k 1.38 x 1078 J/K
Molar gas constant R 8.314 J/{mol K)
Avogadro's number Ny G.023 x 10** mol™"
Charge of electron r 1.602 x 107 C
Permeability of vac- g 4r = 1077 N/A®
I

Permitivity of vacuum ¢ 885 = 10~ 12 F/m

Ciouloanly constant - 9 x 107 N m"!lﬂ: -

AMig
Faraday constamt F 96485 C'/mol
Muoss of electron o 0.1 x 107 kg
Mass of proton iy 1.6726 = 107% kg
Mass of neutron i 1.6749 x 10~ % kg
Atomile mass unit u 1.66 = 10~% kg
Atomie mass unit i 031.49 MeV /¢*
Stefan-Boltzman o EO6T=107" W/(m? KY)
constant
Rydborg constant | . 1.097 = 10° m~!
Bahr magneton [Ty} 9,27 x 10~ J/T

0.520 = 107" m
1.01325 = 10* Pa
29 x 107" mK

Holr radius i
standard atimosphere atm
Wien displacement b
constant

1 MECHANICS
1.1: Vectors
Notation: d =a.i+a, )+ a. k

Magnitude: a = |d| = .|H."u§ + o + ai

Dot product: - b= aeh, + ab, +ab, = aboos @
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Cross product:
@%b = (a,b.

& % B| = absiné

1.2: Kinematics
Average and Instantaneous Vel. and Accel.:

Tow = AFJAL,
oy = AT AL

Vinsy = i)/ di
Bmay = dF/di

Motion in a straight line with constant a:

2

E=u+al, a::.rl'-l-irur‘:- &) —uI:Euﬁ

Relative Velocity: ¥y 5 =74 — g
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Projectile Motion: |/ H
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1.3: Newton's Laws and Friction
Linear momentum: j= mi
Newton's first law: inertial frame,
Newton's second law: F = 2, F = ma

i *
Newton's third law: F;m = —F;m

Frictional force: [uuic max = BN, Siinetic = e N

i

P = ol . i i
Banking angle: = = tanf, & = JLlng

Centripetal force: F. = 2%, 4 =%

LiLL
= Al

Pseudo force: -F-.pl-rwlu — _""ilih :rntnlllp..nl — -

Minimum speed to complete vertical circle:
UVmin. bottom = \-’Iﬁ' Ui, top = \"'l"ﬁr_'r

e

Conical pendulum: T = 2= .l'l."'“':"

1.4: Work, Power and Energy
Work: W=F. 5= FScasf, W= [F-d§
Kinetic energy: K = mv? = £
Potential energy: F = - 00 /dr for conservative forces.

Ugavitational = mgh, Upping = %krz

Work done by conservative forces is path indepen-
dent and depends only on initial and final points:
;  omm—— 1

Work-energy theorem: W = AK



Mechanical energy: £ = U+ K. Conserved if forees are Rotation about an axis with constant «o:

conservative in nature. : . .
it = g+ ol = wi + j|n:1"_ W o= Lig” = 208

Power Py =8 p. = F.&

It
. ia: b x 2
1.5: Centre of Mass and Collision Moment of Inertia: [ =} _mr*, [= | r'dm
Centre of mass: ».,, = }1.'-;2- Fom = irll.'.r T TS TE I T I SOy hme® i)
S0 9+ 0 0=
EM ur f‘."w uH"."ful Cﬂljﬂ.ﬂurﬂtiutlb\: TN It\.k ihi’” -||_'.hrrr ;.1-| he ||L,n wi |.-t e t.|ri|.|r
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1. my, my separated by r L 3
. [ALF L] g iy i '
e e Theorem of Parallel Axes: [, = [, + md? '—r‘!!
2, Triangle (CM = Centroid) y,. = l} h
Theorem of Perp. Axes: [, =1, + 1, igq
3. Semicireular ring: y, = £ '[1.13‘- B
Radius of Gyration: k= /I /m
4. Semicircular dise: y, = -1"’; ¥ )
Mactis Angular Momentum: L=FxpF L= IJ
5. Hemispherical shell: y, = 5 m 2 _—2u B Fgik |
l&m Torque: F=Fx F, F=5. rt=Ila : ;F
i
. Solid Hemisphere: gy, = % B .
e Conservation of L: 7. =0 = L = const.
7. Cone: the height of CM from the base i3 i/4 for . . P Ao = _ o
; uilibrium condition: % F=0. Y 7=I
the solid cone and h/3 for the hollow cone. - o o
Kinetic Energy: K., = 3lu”
Motion of the CM: M = ¥ m, Dynamics:
. E i, " N . -'F'_:.':-:i Tem = Iomft, -F;.-:-I:I: = Miflgy, . Pem = Moy,
e E 3K Pem = Micm,  Gem = M K=3Ymv 2+ 4l uw® L=I_d&+F,, xmi

Impulse: J= _|| Fdt = Af
1.7: Gravitation
Before collision  Alter collision

Collision: 4 ; ' ' . s __ grmgmg @‘ -e
L . Gravitational force: F = (G55 5
-1l =TI g - T }_r-‘
Momentum conservation: .rru Uy + TFJ-_.!_'L_.!_' = e 1 :r[ﬁ
Elastic Collision: %ml iy 24 —m; gy = R 1’1 ¥ JT.r 2t Potential energy: [ =
Coeflicient of restitution:

.'
o |
'
: oA m
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Gravitational acceleration: g = 5

- -[v} — vh) y 1. completely elastic
i = ] I::utup-h'lu]_'..' in-elastic Variation I}fg with depth: giua. =g [i i}
Variation of g with heighit: =gl -2
If v2 =0 and my < mo then v B B Goutside = 9 | _'FF]

[

i =
If vy = 0 and my 2 iy then v = 20g: Effect of non-spherical earth shape on g:
Elastic collision with my = mz2 : vy = v and vy = v). Gt pole > Qat equator (" Re = Rp 72 21 km)

Effect of earth rotation on apparent weight:
1.6: Rigid Body Dynamics

Angular veloeity: w,, =38 w=2 F=0x¥F

Angular Aeccel: o, = % o = %ﬁr- E=0XT



Ffliat ? R cosd

. ,
gy =mg — muw” R eos® #

hepler's laws:

First: Elliptical orbit with sun at one of the focus.
Second: Areal velocity is constant. (- dL S dt = 0].

r B R . — ] -
Third: T¢ x a”. In elreular orbit T2 -u—-rlrl.' a”
i

1.8: Simple Harmonic Motion

Hooke's law: [/ feor (for small elongation =)

5 4
Acceleration: o = 53 %.r Wi
. dod: T= & = 22 /B
Time period: | k= 2/ T

Diisplacement: & A sinlwt <+ )

Velocity: v = Awcos(wt + o) b/ A4 = -

Potential energy: [/ = $ka? s -
1 0 \

Kinetic encrgy A J_,-uu-' i i
L \

Total energy: £= U+ K = ymw?A?

Simple pendulum: T = 2n '|.I_- /\

Physical Pendulum: T = 2= .,L'I

Torsional Pendulum T = 27 -,..-".r

Springs in series: ~ L ki kq

Springs in parallel: k., = k; + kg

Superposition of two SHM s: - i o
A
x; = Ay sinwt, Ty = MAxsinfwl + o)
T =T+ s = Asinlwil + )
A=\ A" + Az" + 241 Az cos
.ﬁ_- sl &
LA e
i+ .1._'|'ue~|"
1.9: Properties of Matter
Modulus of rigidity: Y l I; i 1.1"": . %
Compressibility: A ,il ‘l%
Poisson's ratio: o _MT'J

Elastic energy: [/ = & stress x strain x volums

Surflnce tenslon: 5 = F/l
Surface energy: [/ =A
Excess pressure in bubble:

—“‘-I".LII -: ] ;I.' ..:'ijh..“. 15 EI..

Capillary rise: h = = .

Hydrostatic pressure: p = pgh

Hl.ln:lfilllt force: F"“ _.'l|| i Weleght ol |JL-|||.1II-1I |l||||.:|l|.

e

Bernoulli's equation: p 4 '-“.n-" b poh = constant

Equation of continnity: Ay = A

Torricelli’s theorem: vemu. v 2

Viscous Toree: J I.'L'—'

Stoke's law: F by +

Poiseuilli's equation; tolime fow . 2/ Eﬁr

Terminal velocity: v,
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Waves

2.1: Waves Motion

General equation of wave: ,L- =

o 5

MNotation: Amplitude A, Frequency v, Wavelength A Pe-
riod T, Angular Frequency w. Wave Number £,

Propgressive wave travelling with speed v:

o)~ +x; y=H+zfv),~=—x

w=fl

Progressive sine wave:
y= Asinlkr = uwi] = Azin{ 27w (/A
2.2: Waves on a String

Spead of waves on a string with mass per unit length u
and tension T ¢ .k'..lr'h

Transmitted power: P, = 2= ur A"y

Interference:

i A sin(kr = wt], 1 A sinl kx wif + o

@It =+ &)

.!.‘-It]l.l:.l

If Wi+

L= A+ A+ 24,45 008 8
A sl d
LinEs o —_—

Ay + Ag oo d
{ 2nar. COnsStreeLiye:
i}
[ 2r

il et v

1hm

Standing Waves: A M i

wil, = Agsin{kr + of)

{ 24 eos kr ) sin o

_ (n+g]ls nodes: n=0.1.2
: .'J:':. antiindes. a=0,1.2.
[™ II a
String fixed at both ends: \m[h
"
Prm—
l. Boundary conditions: y=0at r =0 and at = L
2. Allowed Freq.: L = rr%. = _—,'I‘._-.I. "—I =123

T

s ; ; 1
3. Fundamental/ 1% harmonics: ¢ = =
i 2L\

—

avertone /2™ harmonics: i1y '.=]r1l. ;

S
5. ™ overtone '3 harmonics: e =

6. All harmonics are present.

L :
String fixed at one end: 5 i A
1-.“\-\-\1‘-"‘-‘_
’ A2 ‘

1. Boundary conditions: ¢ =0 at x =10

2. Allowed Freq.: L = (3n + 1)3. » = =5 L n=
| LE T
1.2 ...
3. Fundamental/1" harmonics: m = ﬁ‘h .-i I.é
L. 1" overtone /3™ harmonics: iy = Tr‘l, ‘—I @é

. g

6. Unly odd harmonics ame present.

Sonometer: o . My T. i

! T

1..'—.-. I+ jl‘n T

2.3 Sound Waves

i

Displacement wave: s = s sin wi/ r e

Pressure wave: p Py oo | r/v]. pa (Bw vy

Speed of sound waves:

A
*liaguad '|h D Faaaluif 1L : s 1 T
Intensity: | = 228 2,2 .--.' LI_

Standing longitudinal waves:

I i &im Fi] g ||||,5--:||I....I'.|' = i)

i Pi1 *+ Pa :_"iIJ..I'II:‘-L'J ®i0 Lt

overtone /5 harmonies: s = T'lﬁll L E}eﬁ

Closed organ pipe:

N/

1. Boundary condition: y=0at =10

2. Allowed freq.: L = (Z2n41)2. v = (2n 4 1)4r-
0. 1.2..
3. Fundamental/1® harmonics: vy = 5

overtone/ 3™ harmonics: vy = Jig =

4. 1

=



B ¥ 1] =ik = 1
5, 0" gvertone /5™ harmonios: 1 TS il %

6, Chinly 1r|||i harmonics an FIII':‘1IJI|

F

-

Opon organ pipa: i

.

I, Boundary condition: g = 0 st 2 il
_'||.||||1'.'v|'||t||'|| [ fa, "'T'." 1 1.

2, Fundamental/1** harmonics: oy = &

i 1! { il i il

S 1'° overtone, /2" harmonics: 1 = 2 = g7 H
eyl Jagred i1

L. 27 overtone/J" harmonics: ez = Jin = §7 %

0. All harmonics are present

Hezonance coluimn: _ :ég
h+d=2 L+d= % r =2l — I

Beats: two waves of almost equal requencies oy = oy

B = pg sina (f = x£fr). Py = ppemosl{l = xfv)
p=pm + pz = 2pyoos Al - xfo)sine(t - xfv)
W = ':....'l_ = Loty | E J...' — W&l if-5 !i.'.':lnl.:‘- fl"q.'l:.l

Doppler Effect:

L= U,

where, v is the speed of sound in the medinm, wg; =
the speed of the observer wort, the medivm, consd-
il |I1I‘1i|.]'|-'t' when it moves towarnds the source and
pesative when it moves away from the source, and u,
s thie hjh'ﬂ! of the souwree w.rt. the medium, consid-
ered positive when it moves towards the observer and

neEalive when it moves away from the observer,

2.4: Light Waves

Plane Wave: E = Egsinw(f - £), [ = |

-
3
LA 4]
al - I
yinwil - =), I = F .}
L o

Young's double slit experiment

Spherical Wave: F

oonsLructive:

li= disiruciiw,

oonsEl ruclve

1 LE: :':: LS P R T TR A LE L

Intensity:

I J | J._' ! .:'.' |r'__|rl_'|'llf".lll

foax = (V11 4 x'f__-_:li Loin = [ V1 \I__}l

I' .Ir ; H.._ .I|"|| ]

1 i l'h-"l I—I. .F|....-.

Fringe width: « L:',J

Dptical path: Asr" = s

Interference of waves transmitted through thin fila

. construetive;
My = Tud = : ;
A # { LE %I A, destroctive.
< " . " ]
Diffraction from a single slit: b
e
i
For Minima: nd = bsin @ = biy/D]
Resolution: sin# = J';"l
Law of Malus: | = [ oo @ . i



4 Heat and Thermodynamics

4.1: Heat and Temperature
Temp. scales: F =424 ', K = + 2T1L16

Ideal gas equation: pV" = nfT. n : oumber of moles
van der Waals equation: (p 4+ &) (V < b) = nRT

Thermal expansion: L Ll 4 anAT)
A= Apll + B4AT). ¥ Voll + v4T), 7 28 = 3o

Thermal stress of a material: i.; Y=

4.2: Kinotic Theory of Gases

reneral: M = mN,y . k= R/N,

Maxwell distribution of speed: ] '

RMS speed: v, = \V _.Jl i ¢ |_'rll_r

Average speed: ¥ = 'l.--?.-}.- = 1~‘_h|:
Most probable speed: v, = \ -’J_':_T

L ¥
Pressure: p= gpv..

Equipartition of energy: i = %L‘T for each degree of

freedom, Thus, K £ kT for molecule having [ de

prees of [reedoms.

Internal energy of n maoles of an ideal pas is 7 = LnRT.

4.3: Specific Heat
Specific heat: » ﬁllr
Latent heat: L = Q/m

Specific heat at constant volume: e

Spoecific heat at constant pressure: Cy _E'."

Relation bheltwees ( 'y and C.1 € g =L R
Ratio of specific heats: -+ = ', /(7
Relation between {7 and . Al n AT

Specific heat of gas mixture:

P Gy niale : G + gl
I fiy + ng ey + a2l
Molar internal energy of an ideal gas: [ %n’”'.

5 hor dinlomie as

-

[ =3 lor monatomie and |

4.4: Theromodynamic Processes
First law of thermodynamics: AQ = A7 + AW

Work done h:l..' thi gas:

<15
AW =pAV, W ’;nn
'|.

Wit -um"n.{%]
1

Wa... {15 = V)
i Vi paWa

.H....-. alsais
|

Wisodhoric = 1)

Efficiency ol the heat engime:

~ work done by the engine ¢y — 0
1= heat supplied to it N ]

g . @ B
T arnnd — 1 {-,_-I'_; = 1 ?‘.

Coell. of performance of refrigerator:

CoP=% = 5o%

Entropy: AN = &?.:. S;-5=] ' :"".?‘.-E

Const. T:AS =%, Varving T:AS =masln -:11-

Adiabatic process: Af) =0, pl’ st ant

4.5: Heat Transfer

Conduct ion: :LIT KA ‘k'T

Thermal resistance: K ™

Receion = Ry + Ra = % (8 + §
i ' A []"'— ]'-.‘__:I PT*n__d
Ky |4
=4t (KA + KA K, JA
—d
Kirchhofl"s Law: — |..--a:. :I-.I .I Eblackbacds
Ey

Wien's displacement law: AT = b

Stefan-Boltzmann law: %r"'- e AT

Mewton's law ol cooling: —I;% bAT = T5)




