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0.1: Physical Constants

Speed of light
Planck constant

-
h
he
Gravitation constant G
Boltzmann constant k

R

Molar gas constant

3% 10° m/s Projectile Motion:
.63 % 107 Js
1242 eV-nm
667 x 107 m® kg 12
1.38 % 107 J/K
£.314 J/(mol K)

o usind

r=utcosfl, y=utsinfl— %gfz

Avogadro’s number Na 6.023 % 10 mel ! y=ztanf — g 32
Charge of electron e 1.602 x 107 C 2u? cos?
Permeability of wvac-  po 47 % 1077 N/A? T_ Qusinf n_ u? =in 24 I u? sin? #
wum o g g 29
Permitivity of vacuum €0 3.85 x 10 F/m
Coulomb constant 1 :(D 03 10° N m?/C?
Faraday constant F 096435 C_Ifsr}wl 1.2: Newton’s Laws and Friction
Mass of electron Mg 9.1 %10 kg
Mass of proton Tip 16726 x 1077 ke Linear momentum: 7= m#
Mass of neutron T, L6740 % 10727 kg
Atomic mass unit u 1.66 x 10727 kg Newton’s first law: inertial frame.
Atomic mass unit u 931.49 _\-Ic\-";’c? . . .
Stefan-Boltzmann 5.67 % 1078 W/(m* KY) Newton's second law: F = %%, F=mad
constant
Rydberg constant R.. 1.097 x 107 m ™! Newton’s third law: Fap = —Fpa
Bohr magneton LB 0.27 x 107 J/T
Bohr radius an 0.520 x 107" m Frictional force: foacic, max = N,  frinetic = eV
Standard atmosphere atm 1.01325 x 10° Pa . 5
Wien displacement b 20x 107" m K Banking angle: ;'—g = tanf, :—g = %
constant
a 2
Centripetal force: F. = &, a. =T
1 LIECHANICS Pseudo force: Fpseudo = —my, Fr_'entrifugal = - m:g

1.1: Vectors
Notation: @ =a,i+a,j+ a. E
Magnitude: a = |d| =

aZ +al + a?

Dot product: a- b= azby +ayby +a.b. = abcosf

dxb K .
S AN

@xb=(ayb, —a.b,)i+ (a.b, —ab.)j+(azb, —a,b, )k

Cross product:

|@ x b| = absin @

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

ﬁ.a\r = AF."‘xﬁt
da = AT/AL

Tiner = dF/dt
imee = di/dt

Motion in a straight line with constant a:

2 2

v =u 4+ at, .s'=ut+%afz,_ v —u- = 2as

Relative Velocity: ¢,,p =11 —1n

Minimum speed to complete vertical circle:

Umin, bottom — W qu Vmin, top — W Q‘I

Conical pendulum: T = 27, /Lest f;“"

1.4: Work, Power and Energy
W= [F-d§

2

i i . -1 I _
Kinetic energy: K = gmu- = 4=

Work: W =F .5 = FScos#,

Potential energy: F = —aU/dx for conservative forees.
15..2
qi--’rg;ravitelt.i[m.!l.l = mgh_. {Jrsp]--mg = E'{‘x

Work done by conservative forces i= path indepen-
dent and depends only on initial and final points:
§ansenrati\rc -dr =10

Work-energy theorem: W = AK

Mechanical energy: E = U+ K. Conserved if forces are
conservative in nature.

Power P, =2W p

av AL ! inst — F-o
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1.5: Centre of Mass and Collision P2 ime? Eme? Zm mi? mr? fmr mm2 5%y

Centre of mass: J:m:%%,_ .rem:x%f:f—n_f;1 Ci)‘:i:‘ @ Q —'— ﬁj mﬂ:

CM of few useful CGHﬁg‘Ul‘atiﬂﬂS' rmg dlbk bhE‘H b]}hE‘IC rm:l ho]]ow wl:d rcctang'lc

o L Io1.
1. mq, mz separated by r: C Theorem of Parallel Axes: [ = Iom + md? o d)
2. Triangle (CM = Centroid) y. = & Theorem of Perp. Axes: I. = I, + I, "
# z
3. Semicircular ring: y. = & Radius of Gyration: k= /T/m
4. Semicircular disc: y, = ;_: Angular Momentum: L =7xp, L=1IJ
. = Yop.oa =
Torque: 7 =7 = F, F:%%, =TI ‘[il""f
5. Hemispherical shell: 3. =% 0 L
Conservation of L: Ty =0 = L = const.
6. Solid Hemisphere: y. = &- -
Equilibrium condition: 3~ F=10 =0
7. Cone: the height of CM from the base is h/4 for N ) 17,2
the solid cone and h/3 for the hollow cone. Kinetic Energy: Ko = 31w
Motion of the CM: M = S m, Dynamies:
— _::m = Icm v, Fex = _‘cm| _‘r.'m = _".cm
— Zmiaé - P - Fext " ﬂ.. ‘ . ma—v r "
Vem = T| Pem = Mtem, em = M K= %mvcmz + %j’cmwz’ L = Il + Tem ¥ MU

Impulse: J= [Fdt = Ap 1.7: Gravitation

Before collision i After collision . .
Collision: @ @ : @ @ Gravitational force: F = G @" FF @
! -
1 r

U T = v v

Momentum conservation: m,v; +mqty = m,v —I—m v
1) 2V L 2V . r GMm
9 ' 2 Potential energy: [/ = —=—T

Elastic Collision: —ém]v 241 5Tty =l2m11' —I— 5T, T

Coefficient of restitution: aM
T

Gravitational acceleration: g =
. —(vy —vh) { 1, completely elastic
=———2 =1,

completely in-elastic Variation of g with depth: ginsiae =~ g (1 — —?})

ty — vz

Variation of g with height: go.sige = g [1 — %)

If vy = 0 and m; < ms then v] = —vy.
If vo = 0 and my = my then v} = 2v,. Effect of non-spherical earth shape on g:
Elastic collision with m; =ms @ v} = vy and v}, = vy, fat pole = Jat equator |77 He — Hp =2 21 k)

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

Angular velocity: w., = %, w= %%. T=0xT % me® Reosd
mgy, =mg — mw?* Rcos? d A

Angular Accel.: o, = i—f a = %, d=axT 4
Rotation about an axis with constant o: v
w=wo+at, #=wt+sat?, w—w®=2ad . . . o
Orbital velocity of satellite: v, = /=3
Moment of Inertia: [ = Eimirf, I = f’rzdm
Escape velocity: v, = /25M
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Ug
Kepler's laws: T
epler’s laws é 49
1

First: Elliptical orbit with sun at one of the focus.
Second: Areal velocity is constant. (- df-_,fdt =0).
Third: T2 o a®. In circular orhit T2 = 47243,

T GM
1.8: Simple Harmonic Motion
Hooke’s law: F = —kx (for small elongation z.)
- 2 k .2
Acceleration: a = 557 = ——~r = —wx

Time period: T' = 2 =27, /7%
Displacement: = = Asin(wi + o)

Velocity: v = Awcos(wt + ¢) = Tw/A? — 22

Potential energy: I/ = %k:ﬂ?

Kinetic energy K = %rm-'z .

-4 0 4
Total energy: E =0+ K = %mw?;iz

|
Simple pendulum: T = 2?.»,@ | l
Physical Pendulum: T = QWV gl w " .:,
Torsional Pendulum T = ?rvhr_,
Springs in series: li_q = I.IT + 11? ks ka
R LULE Al 1 TT 1

Springs in parallel: k. =k + ks

Superposition of two SHM’s:

r9 = Az sinfwt + 4)

r) = Ay sinwt,

T =x +x2 = Asin(wt +€)

A= V-’A]‘i © A% 194, Ay cosd
Ay sind

tane = —————
Ay + Azcosd

1.9: Properties of Matter

Modulus of rigidity: ¥ = Lﬁ-}f B = —1-"%{-;. n= <

bility: K — L — _1dv
Compressibility: K = = —vap

: H . _ lateral strain _Aap/p

Poisson’s ratio: o = longitudinal strain —  A[/T

Elastic energy: U = L stress » strain x volume
2

Surface tension: S =F/I
Surface energy: [/ = 54
Excess pressure in bubble:
Apair = 28/R,  Apeap = 45/R

28 cos @

Capillary rise: h = T

Hydrostatic pressure: p = pgh

Buoyant force: Fg = plV g = Weight of displaced liquid

va
vy - |

Bernoulli’s equation: p+ %,m:z + pgh = constant

Equation of continuity: 4,1 = Azvg

Torricelli’s theorem: vemu: = 2gh

Viscous force: F = —13_4%

Stoke’s law: F = brnpro

. . . i . . aprt [ = :ﬂf
Poisenilli’s equation; Yolumefor _ T o=y
)
. . 2r2|p—r.r:|g
Terminal velocity: v = —a
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