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Motion in a straightline 



𝑉 = 𝑢 + 𝑎𝑡 

 𝑆 = 𝑢𝑡 + 1
2

 a𝑡2

𝑣2 =  𝑢2 + 2𝑎𝑠

𝑨𝒗𝒈. 𝑺𝒑𝒆𝒆𝒅 =
𝑻𝒐𝒕𝒂𝒍 𝑫𝒊𝒔𝒕𝒂𝒏𝒄𝒆

𝑻𝒐𝒕𝒂𝒍 𝑻𝒊𝒎𝒆

𝑨𝒗𝒈. 𝑽𝒆𝒍𝒐𝒄𝒊𝒕𝒚 =
𝑻𝒐𝒕𝒂𝒍 𝑫𝒊𝒔𝒑𝒍𝒂𝒄𝒆𝒎𝒆𝒏𝒕

𝑻𝒐𝒕𝒂𝒍 𝑻𝒊𝒎𝒆

𝐼𝑛𝑠𝑡. 𝑆𝑝𝑒𝑒𝑑 =
𝑣𝑒𝑟𝑦 𝑣𝑒𝑟𝑦 𝑠𝑚𝑎𝑙𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑣𝑒𝑟𝑦 𝑣𝑒𝑟𝑦 𝑠𝑚𝑎𝑙𝑙 𝑡𝑖𝑚𝑒

𝐼𝑛𝑠𝑡. 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 =
𝑣𝑒𝑟𝑦 𝑣𝑒𝑟𝑦 𝑠𝑚𝑎𝑙𝑙 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡

𝑣𝑒𝑟𝑦 𝑣𝑒𝑟𝑦 𝑠𝑚𝑎𝑙𝑙 𝑡𝑖𝑚𝑒

𝑨𝒗𝒈. 𝑨𝒄𝒄𝒆𝒍𝒆𝒓𝒂𝒕𝒊𝒐𝒏 =
𝒄𝒉𝒂𝒏𝒈𝒆 𝒊𝒏 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚

𝒕𝒊𝒎𝒆



Motion in a plane 



1. ෡ 𝐴 = 
Ԧ𝐴

| Ԧ𝐴|

2. 𝑅 = 𝐴2 + 𝐵2 + 2𝐴𝐵𝑐𝑜𝑠𝜃

(Unit vector)

3. tan𝛂= =
𝐁𝐬𝐢𝐧𝛉 

𝐀+𝐁𝐜𝐨𝐬𝛉 

4.  T=2𝑈𝑆𝑖𝑛𝜃
𝑔

5. H = 𝑈
2𝑆𝑖𝑛2𝜃

2𝑔

6. R=𝑈2𝑆𝑖𝑛2𝜃
𝑔

7. Rmax= 𝑈
2

𝑔

8. 𝑦 = 𝑥 𝑡𝑎𝑛𝜃 − 𝑔
2𝑢2𝑐𝑜𝑠2𝜃

𝑥2

9. Ԧ𝐴. 𝐵 = 𝐴𝐵𝐶𝑜𝑠𝜃

10. Ԧ𝐴 × 𝐵 = 𝐴𝐵𝑠𝑖𝑛𝜃

11. 𝜔 =
𝑑𝜃
𝑑𝑡

12. 𝑣 = 𝑟𝜔

13. 𝑎 =
𝑣2

𝑟

(resultant of 2 vectors)

(angle )

(time of flight of 
projectile)

(max height 
projectile)

(range of  projectile)

(path of  projectile)

(angular velocity)



LAWS OF MOTION



3. 𝐼 = 𝐹 × 𝑑𝑡

5.  V = −
𝑚𝑣
𝑀

6. (𝐹𝑠)𝑚𝑎𝑥 =  𝜇𝑠𝑁1. 𝑃 =  𝑚𝑣

4. 𝐼 = ∆𝑝 = 𝑝𝑓 − 𝑝𝑖

2. 𝐹 =  𝑚𝑎

8. 𝑡𝑎𝑛𝜃 =  𝜇𝑠

7. 𝑓𝐾 =  𝜇𝑘𝑁

9. 𝑚(𝑔 + 𝑎)

10. 𝑚(𝑔 − 𝑎)

11. 

12. 

(momentum)

(second law)
(banked road maximum speed)

(impulse)

(impulse)

(recoil velocity)

(Static friction))

(kinetic friction))

(angle of repose)

(elevator upward)

(elevator downward)

11.Vmax= 𝜇𝑠𝑟𝑔 
(circular level road))

Vmax= 𝑟𝑔 (𝜇𝑠+𝑡𝑎𝑛𝜃)
1−𝜇𝑠𝑡𝑎𝑛𝜃

Voptimum= 𝑟𝑔𝑡𝑎𝑛𝜃

(banked road optimum speed)

F



Work energy and 
Power



U = 𝟏
𝟐

 𝒌𝒙𝟐

P = 𝑾
𝒕

P = F.v

Inelastic collision

Elastic collision

𝑼𝟏 − 𝑼𝟐 =  𝑽𝟐 − 𝑽𝟏

𝑽𝟏 = 𝒎𝟏−𝒎𝟐
𝒎𝟏+ 𝒎𝟐

 𝒖𝟏 - 𝟐𝒎𝟏
𝒎𝟏+ 𝒎𝟐

 𝒖𝟐

𝑽𝟐 = 𝒎𝟐−𝒎𝟏
𝒎𝟏+ 𝒎𝟐

 𝒖𝟐 + 𝟐𝒎𝟏
𝒎𝟏+ 𝒎𝟐

 𝒖𝟏 

𝝙KE = 1
2
 𝑢1

2 𝒎𝟏𝒎𝟐
𝒎𝟏+ 𝒎𝟐

W = F . S   = F  S cos 𝜽

W = ׬ 𝑭. 𝒅𝒔

P = 𝟐𝒎𝑲𝑬

KE = 𝟏
𝟐

 m𝒗𝟐

PE = mgh

E = KE + PE

𝑲𝒇  − 𝑲𝒊 = ׬ 𝑭𝒅𝒔



System of particles and 
rotational motion



I = mr2

I =𝚺 miri
2

I = mk2

K = 𝑰
𝑴

𝞃 =  I 𝞪

𝞃 = 𝒓  x 𝑭 

𝞃 = r F sin 𝞱

𝞃 = r
⊥

F

𝑳 = 𝒓  x  𝒑

L = r
⊥

P

𝞃 = r p sin 𝞱

L = I  𝝎

𝞃 = d𝑳
𝒅𝒕

KE =  𝟏
𝟐

 𝑰 𝝎𝟐

𝒘𝒉𝒆𝒏 𝞃 = 0

L is constant



Gravitation



F =  𝑮 𝒎𝟏 𝒎𝟐
𝒓𝟐

g =   𝑮 𝑴
𝑹𝟐  

g = 9.8 m/s2

gh = g ( 1 - 𝟐𝒉
𝑹

)

gd = g ( 1 - 𝒅
𝑹

)

Ve = 𝟐𝑮𝑴
𝑹

Ve= 𝟐𝒈𝑹

I =  𝑮 𝑴
𝑹𝟐  

V = - 𝑾
𝒎

KE = 𝑮𝑴𝒎
𝟐 (𝑹+𝒉)

PE = - 𝑮𝑴𝒎
(𝑹+𝒉)

E = KE + PE

E = - 𝑮𝑴𝒎
𝟐 (𝑹+𝒉)

Vo = 𝑮𝑴
𝑹

Vo= 𝒈𝑹

U = - 𝑮 𝑴𝒎
𝒓



Mechanical properties 
of Solids



Young's modulus (Y)
 

Y = longitudinal stress
 longitudinal strain

Shear Modulus (G)
 

G =  shearing stress
shearing strain

Bulk Modulus (B)
 

B = Hydraulic stress
Volume strain

Longitudinal Stress = 𝑭
𝑨

𝑳𝒐𝒏𝒈𝒊𝒕𝒖𝒅𝒊𝒏𝒂𝒍 𝒔𝒕𝒓𝒂𝒊𝒏 =
∆𝒍
𝒍

shearing Stress = 𝑭
𝑨

Shearing strain 𝜽 = ∆𝒙 
𝑳

Hydraulic strain    ∆𝑽 
𝑽

Hydraulic stress = P

𝑲 =
𝒔𝒕𝒓𝒆𝒔𝒔
𝒔𝒕𝒓𝒂𝒊𝒏



K = 𝟏
𝑩

 𝑪𝒐𝒎𝒑𝒓𝒆𝒔𝒔𝒊𝒃𝒊𝒍𝒊𝒕𝒚

𝝈 =
𝑳𝒂𝒕𝒆𝒓𝒂𝒍 𝒔𝒕𝒓𝒂𝒊𝒏

𝑳𝒐𝒏𝒈𝒊𝒕𝒖𝒅𝒊𝒏𝒂𝒍 𝒔𝒕𝒓𝒂𝒊𝒏

U = 
𝟏
𝟐

 Stress ×strain × volume 

U = 
𝟏
𝟐

 Y×strain2× volume 

Poisson’s ratio

Elastic potential energy



Mechanical properties 
of Fluids



𝑭𝟏
𝑨𝟏

=
𝑭𝟐
𝑨𝟐

𝑃2 = 𝑃1 + ℎ𝜌𝑔

𝑃 = 𝑃0 + ℎ𝜌𝑔

𝑅 =
𝜌𝑣𝑑

𝜂

𝐴1𝑣1 = 𝐴2𝑣2

𝑃 + 𝜌𝑔ℎ +
1
2 𝜌𝑣2 = 𝑐𝑜𝑛𝑠𝑡.

𝜂 =
𝑠ℎ𝑒𝑎𝑟𝑖𝑛𝑔 𝑠𝑡𝑟𝑒𝑠𝑠

𝑠𝑡𝑟𝑎𝑖𝑛 𝑟𝑎𝑡𝑒 =
𝐹𝑙
𝐴𝑣

𝐹𝑉 = 6𝜋𝜂𝑟𝑣

𝑣𝑡 =
2𝑟2𝑔 𝜌𝑏 − 𝜌𝑓

9𝜂

𝑣 = 2𝑔ℎ

𝑆 =
𝐹
𝑙 =

Δ𝑈
Δ𝐴

Δ𝑃 =
2𝑆
𝑅

Δ𝑃 =
4𝑆
𝑅

Δ𝑃 =
2𝑆
𝑅

ℎ =
2𝑆 cos 𝜃

𝜌𝑔𝑟

Hydraulic lift

Reynolds number

Equation of continuity

Bernoullis principle

Terminal velocity

Stokes law

Coefficient of viscosity

Velocity of efflux – open tank

Surface tension

Excess pressure

Capillary rise



Thermodynamics



3.

5.  

6 𝑊 =  𝑃 ∆𝑉 = 01. ∆𝑄 =  ∆𝑈 + ∆𝑊

4.

2. ∆𝑊 =  𝑃∆𝑉

8. 𝜂 = 1- 𝑇2

𝑇1

7. 𝑊 = 𝑝 (𝑉2 − 𝑉1)
(first law)

(work done)

(isothermal workdone )
(Efficiency of carnot engine )

W = nRT ln(V1V2
)

W = 2.303nRT log(V1V2
)

(isothermal workdone )

W  = 𝑛
𝛾−1

[T1-T2]

(adiabatic workdone )

(isochoric workdone )

(isobaric workdone )

9. 𝜂 = 1- 𝑄2

𝑄1
(Efficiency of carnot engine )

Cp-(v = R
-

mayere
relation

2

D

·



Thermal properties of 
matter 



3.

5.  

6. 𝛽 = 2𝛼
1.

4.

2. 𝐾 =  𝐶 +  273

8.

7. 𝛾 = 3𝛼

(Coefficient of linear expansion) (Specific Heat Capacity (s) 

9.

C
5

 = F−32
9

α= Δl
lΔT

β= ΔA
AΔT

(Coefficient of area expansion)

γ= ΔV
VΔT

(Coefficient of volume  expansion)

𝑠= 𝛥𝑄
𝑚𝛥𝑇

c= ΔQ
nΔT

(molar Specific Heat Capacity)

10. L=Q
m

(latent heat )

H =𝑑𝑄
𝑑𝑡

= 𝐾𝐴𝛥𝑇
𝐿

11.

( thermal conductivity)

𝑑𝑇
𝑑𝑡

 = K(Tb-Ts)12.

( newtons law of cooling)



KINETIC THEORY OF 
GASES



3.

5.  

6. 
1.

4.

2. 𝑃𝑉 = 𝑁𝐾𝑏𝑇 7.

(Pressure of an ideal gas)

𝑃𝑉 = 𝑛𝑅𝑇

(Kinetic interpretation of temperature)

( mean free path)

P = 1
3

 𝑛𝑚 ҧ𝑣2

<KE avg> = 3
2

𝐾𝑏𝑇

Vrms= 3𝑅𝑇
𝑀

                    

Vrms= 3𝑘𝑏𝑇
𝑚

     

l= 1
2𝜋𝑛𝑑2



Oscillations



Systems executing SHM

Oscillations due to spring 

Restoring force
F = -kx

Acceleration

A = 𝝎𝟐𝒙                     ω = 𝟐𝝅
𝑻

Time period 

T = 2𝝅 𝒎
𝒌

Frequency 

 𝝊 = 𝟏
𝑻

Simple pendulum

T = 2𝝅
𝒍
𝒈

Energy

Kinetic energy

KE = 𝟏
𝟐

 𝒎𝝎𝟐(𝑨𝟐 - 𝑿𝟐)

Potential energy

U = 𝟏
𝟐

 𝒎𝝎𝟐𝑿𝟐

Total energy

E = K + U 

E = = 𝟏
𝟐

 𝒎𝝎𝟐𝑨𝟐



WAVES



3.

5.  

6. 
1.

4.

2. 7.
(general equation)

(Speed of transverse wave on 
a stretched string) 

8.

𝐘=𝐀 𝐬𝐢𝐧〖(𝐤𝐱±𝛚𝐭+𝛗)〗

v =f𝝀

(Speed of longitudinal wave (sound 
wave)

(solids)

9.

( newtons formula)

10.

(laplace correction)

f = 1
T

ω= 2π
T

 = 2πf

k = 2π
λ

v = 𝜔
𝐾

 

𝑉 =
𝑇
𝜇

𝑉 =
𝑌
𝜌

𝑉 =
𝐵
𝜌

(Fluids)

𝑉 =
𝑃
𝜌

𝑉 =
𝛾𝑃
𝜌

11. Δ𝜐 = 𝜗1- 𝜗2
(beat frequency)



𝝊𝟏 =
𝑽

𝟐𝑳
Fundamental

 frequency

First harmonics

𝝊𝟐 = 𝟐𝑽
𝟐𝑳

 = 2𝝊𝟏 Second harmonics

𝝊𝟑 = 𝟑𝑽
𝟐𝑳

 = 3𝝊𝟏
Third harmonics

Standing wave on a stretched string

Ratio = 1:2:3

𝝊𝟏 =
𝑽

𝟒𝑳
Fundamental

 frequency
First harmonics

𝝊𝟑 = 𝟑𝑽
𝟒𝑳

 = 3𝝊𝟏 Third harmonics

𝝊𝟓 = 𝟓𝑽
𝟒𝑳

 = 5𝝊𝟏
Fifth harmonics

Ratio = 1:3:5

Standing wave on a closed pipe Standing wave on an open pipe

𝝊𝟏 =
𝑽

𝟐𝑳
Fundamental

 frequency

First harmonics

𝝊𝟐 = 𝟐𝑽
𝟐𝑳

 = 2𝝊𝟏

Second harmonics

𝝊𝟑 = 𝟑𝑽
𝟐𝑳

 = 3𝝊𝟏
Third harmonics

Ratio = 1:2:3


