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1 Vectors

Notation: ¢ =a, %+ ayj+a.k

Magnitude: a = |d| = \/m

Dot product: G-b= azby + ayby + a.b, = abcost

k~x_ )
axb=(ayb, —a.b,)i+ (a:by — azh.)]+ (axby — ayby )k

Cross product:

|@ % b| = absin @

2 Kinematics
Average and Instantaneous Vel. and Accel.:

Tay = AF/AL,
ay = AT/At

Uinst == d’F/dt
a:inst - d’l?/dt

Motion in a straight line with constant a:
v =u+ at, s:utJr%atQ, v? —u? = 2as

Relative Velocity: v4,p = 74 — Up

Projectile Motion:

O wusinf

N

r=wutcosf, y=utsinf — %gt2

_ 9 2
y=wtanld =g o o 0”
T:2usin0’ R:u2sin297 H:u2sin29
g g 29

3 Newton’s Laws and Friction

Linear momentum: p'= mv
Newton’s first law: inertial frame.

Newton’s second law: F = %, F =ma

Newton’s third law: ﬁAB = —ﬁBA

Frictional force: fstatic, max = sV,  frinetic = pN

2 2
. v v? _ pttand
Banking angle: 5 — tan a, 75 = Tojtan®
. 2 2
Centripetal force: F, = ™ e =2
r T
— 2
. J— g —_ muv
Pseudo force: Fpseudo = —mao, Fcentrifugal - T

Minimum speed to complete vertical circle:

Umin, bottom = V/ 5 la Umin, top = \/!ﬁ

]
Conical pendulum: 7 = 27,/ % ‘
mg

4 Work, Power and Energy

Work: W =F.§ = FScosf, W:fﬁ~d§
Kinetic energy: K = imv? = =
Potential energy: F = —9U/Jx for conservative forces.

. 1.2
Ugravitational - mgh7 Uspring - 5]61'

Work done by conservative forces is path indepen-
dent and depends only on initial and final points:
3§ Feonservative * dr'= 0.

Work-energy theorem: W = AK

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

Power P,, = %, P =F-v

5 Centre of Mass and Collision

Centre of mass: T¢y = %, Tom = ffmddnT
CM of few useful configurations:
731 r. m2
1. my, my separated by r: ‘ C
mor mir

mi+mo mi1+mo

2. Triangle (CM = Centroid) y, = 2

3. Semicircular ring: y. = 2%
4. Semicircular disc: y. = %
5. Hemispherical shell: y. = &
6. Solid Hemisphere: y. = 3?:

7. Cone: the height of CM from the base is h/4 for
the solid cone and h/3 for the hollow cone.
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Motion of the CM: M =5 m; Dynamics:

—

- Zmivi 5o — M7 o Fexe
Uem = y  Pem = Ucm, Qcm = M

Impulse: J = [ Fdt = Ap
Before collision | After collision

> V1 > V2 »Ull »'L)l2

Collision:

Momentum conservation: mjv) +mavy = myv] +mavh

) .. 2 2
Elastic Collision: %m11}12+%m21}22 = %mlvi +%m2v’2
Coefficient of restitution:

e;—(va—v@:{

U1 — V2

1, completely elastic
0, completely in-elastic

If v = 0 and my < mo then v| = —v;.
If v = 0 and mq > mgy then v) = 20;.
Elastic collision with m; = mgy : v] = v2 and vh = vy.

6 Rigid Body Dynamics

Angular velocity: w,, = %, w= g—g, V=W XT
Aw dw

Angular Accel.: o,y = 37, a=3, a=axr

Rotation about an axis with constant «:

w = wq + at, szt—i—%oth, w? — wp? =206

Moment of Inertia: [ = Zi myri2, I = erdm

1,2
mr2 %mr %mr2 %mr2 ﬁml2 mfz 2mr m(af;b2)
I .
| | I I
T i I al
I I i I I I I I
ring disk shell sphere rod hollow solid rectangle
Iy 1.
Theorem of Parallel Axes: I} = Iy + md? ! d !
2y

Theorem of Perp. Axes: I, =1, + I,

-

Radius of Gyration: k = /I/m
Angular Momentum: L=Fx Dy L=1I&

dr
dt

<
I Jav)
83

@)
= %
8 >
Tl

Torque: T=7x F, 7= T=1Ia

Conservation of L: Toxt =0 — L = const.
Equilibrium condition: Y F =0, Y.7=0

Kinetic Energy: Ko = 3/w?

—

Tem = Icmaa Foxe = macm, Pem = MUcm

1 2,1 2 7 - = ~
K = 5mven” + 5lemw”, L = Icm@ + Tem X MUem

7 Gravitation
Gravitational force: F' = G™72 @ FF @
!
T

: . 77— _GM
Potential energy: U = — ==
GM

Gravitational acceleration: g = ot

Variation of g with depth: giysiqe = ¢ (1 — %)

Variation of g with height: gougsiae ~ g (1 — 22)

Effect of non-spherical earth shape on g¢:
Gat pole = YJat equator ( Re — Rp ~ 21 km)

Effect of earth rotation on apparent weight:

, 9 9 mw?R cos 0
mgy =mg — mw-R cos® ¢

Orbital velocity of satellite: v, = /%X

R
Escape velocity: v, = \/MTM

Kepler’s laws:

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

. . . 2
Third: T2 x a3. In circular orbit T2 = éLMa?’.

8 Simple Harmonic Motion

Hooke’s law: F = —kz (for small elongation x.)
Acceleration: a = ‘(ifT;” = ke — 22
m

Time period: T = %’T =27/
Displacement: z = Asin(wt + ¢)
Velocity: v = Aw cos(wt + ¢) = twv A% — 22

Potential energy: U = 1ka? U |

Kinetic energy K = %va ‘ ‘

Total energy: F=U + K = %msz2
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. Torricelli’s theorem: v, = \/2 h
. _ [ eflux g
Slmple pendulum. T = 27 \/7 5

Viscous force: F = —UA%

ﬂ
F
: . — 1
Physical Pendulum: T' = 27TV mgl Stoke’s law: F' = 6mnro EE%ZE
v

Torsional Pendulum 7T = 271'\/% es Poiseuilli’s equation: W = gp—;: > r
l
- . sr. _ 2r%(p—0o)g
Terminal velocity: v, = —
. . A T | 1
Springs in series: Tl e ol e k1 ko
A A 1111 L
Springs in parallel: keq = k1 + k2 m ka
i kl
Superposition of two SHM’s:
1 = A sinwt, x9 = Ag sin(wt + 0)
x =x1 + 22 = Asin(wt + ¢€)
A= \/A12 + A22 + 2A1A2 cos 0
‘ Assind
ane= ———————
A + Ay cosd
9 Properties of Matter
R, F/A
Modulus of rigidity: Y = ﬁ/l, B = —Vﬁ—{j, n= Aia
Compressibility: K = % = —%%
Poisson’s ratio: ¢ = lonlgaii(ixr;ilniﬁr:i?ain = AADZZD
Elastic energy: U = % stress X strain x volume
Surface tension: S = F/I
Surface energy: U = SA
Excess pressure in bubble:
Apatir = 2S/R7 Apsoap = 4S/R
Capillary rise: h = 25cos? Visit www.concepts-of-physics.com to buy
TPg “IIT JEE Physics: Topic-wise Complete Solutions”

and our other books. Written by IITians, Foreword

Dr. H A i )
Hydrostatic pressure: p = pgh by Dr. HC Verma, Appreciated by Students

Buoyant force: Fp = pVg = Weight of displaced liquid

Equation of continuity: Aiv; = Asvs - *@v v2

Bernoulli’s equation: p + %pvQ + pgh = constant

Get Formulas www.concepts-of-physics.com
(© 2020 by Jitender Singh Ver. 2020 ~~ 1



https://www.concepts-of-physics.com
https://www.concepts-of-physics.com
https://www.concepts-of-physics.com/pdf/physics-formulas.pdf
https://www.concepts-of-physics.com
https://www.concepts-of-physics.com/jitender-singh.php
https://www.concepts-of-physics.com

