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1. Kinematics of Particles

Position, Velocity, Acceleration:

r(t), v =
dr

dt
, a =

dv

dt
=

d2r

dt2

Constant Acceleration (1D):

v = v0 + at

x = x0 + v0t+
1

2
at2

v2 = v20 + 2a(x− x0)

Projectile Motion:

x = (v0 cos θ)t, y = (v0 sin θ)t−
1

2
gt2

R =
v20 sin(2θ)

g
, H =

v20 sin
2 θ

2g

Circular Motion:

s = rθ, v = rω, at = rα

ac =
v2

r
= rω2

—

2. Newton’s Laws of Motion

First Second Law:∑︂
F = ma =

dp

dt

where momentum p = mv.
Friction:

fs ≤ µsN, fk = µkN

Drag Force (Fluid):

Fd = −cv (linear), Fd = −cv2 (quadratic)

—

3. Work, Energy, and Power

Work:

W =

∫︂ r2

r1

F · dr, Wnet = ∆K

Conservative Forces Potential Energy:

F = −∇U, ∆U = −Wconservative

Ugravity = mgh, Uspring =
1

2
kx2

Mechanical Energy Conservation:

E = K + U, ∆E = Wnon-conservative

Power:

P =
dW

dt
= F · v

—

4. Systems of Particles Momen-
tum

Center of Mass:

Rcm =
1

M

∑︂
miri, Rcm =

1

M

∫︂
r dm

Conservation of Momentum: If
∑︁

Fext = 0,
then p = constant.
Impulse:

J =

∫︂
F dt = ∆p

—

5. Rotational Dynamics

Torque Angular Momentum:

τ = r× F, L = r× p = Iω

Newton’s Second Law (Rotation):∑︂
τ = Iα =

dL

dt

Moment of Inertia:

I =
∑︂

mir
2
i =

∫︂
r2 dm

Parallel Perpendicular Axis Theorems:

I = Icm +Md2, Iz = Ix + Iy (planar)

Rotational Kinetic Energy:

Krot =
1

2
Iω2

—

6. Gravitation

Newton’s Law of Gravitation:

F = G
m1m2

r2

Gravitational Potential Energy:

U = −G
Mm

r

Kepler’s Third Law:

T 2 =

(︃
4π2

GM

)︃
a3

—

7. Oscillations

Simple Harmonic Motion (SHM):

d2x

dt2
+ ω2x = 0, ω =

√︃
k

m

Solution to SHM:

x(t) = A cos(ωt+ ϕ)

Pendulums:

Tsimple = 2π

√︄
L

g
, Tphysical = 2π

√︄
I

mgd

https://www.exambhai.com

https://www.exambhai.com

