
Selected formulas 

 

Oscillations and Waves 
simple harmonic motion 

 
𝑥(𝑡) = 𝐴 ∙ sin(𝜔𝑡 + 𝜑)  

𝑣(𝑡) = 𝐴 ∙ 𝜔 ∙ cos(𝜔𝑡 + 𝜑)  
𝑎(𝑡) = −𝐴 ∙ 𝜔2 ∙ sin(𝜔𝑡 + 𝜑)  

period of oscillations (mass 

on a spring and  a simple 

pendulum) 

 

𝑇 = 2𝜋√
𝑚

𝑘
   ; 𝑇 = 2𝜋√

𝑙

𝑔
   

frequency and wavelength 
𝑓 =

1

𝑇
   ;   𝜆 = 𝑣 ∙ 𝑇 

wave refraction sin (𝜃1)

sin (𝜃2)
=

𝑣1

𝑣2
=

𝑛2

𝑛1
 

diffraction grating 𝑛 ∙ 𝜆 = 𝑑 ∙ sin (𝛼) 
Doppler effect 

 
𝑓 = 𝑓0

𝑣𝑠𝑜𝑢𝑛𝑑 ± 𝑣𝑜𝑏𝑠

𝑣𝑠𝑜𝑢𝑛𝑑 ∓ 𝑣𝑠𝑜𝑢𝑟𝑐𝑒
 

 

 

Optics 
critical angle sin (𝜃𝑐) =

𝑛2

𝑛1
 

Brewster’s angle tg (𝜃𝐵) =
𝑛2

𝑛1
 

thin lens equation, 

mirror equation 
1

𝑥
+

1

𝑦
=

1

𝑓
 

lensmaker’s equation   

(thin lens approximation) 
1

𝑓
= (

𝑛𝑙𝑒𝑛𝑠

𝑛0
− 1) (

1

𝑅1
+

1

𝑅2
) 

spherical mirrors 
𝑓 =

𝑅

2
 

 

Kinematics 
velocity 

�⃗� =
∆𝑟

∆𝑡
 

acceleration 
�⃗� =

∆�⃗�

∆𝑡
 

angular velocity 
𝜔 =

∆𝛼

∆𝑡
 

velocity in circular motion 𝑣 = 𝜔 ∙ 𝑟 
Centripetal acceleration 

𝑎𝑐𝑝 =
𝑣2

𝑟
= 𝜔2 ∙ 𝑟 

Angular acceleration 
𝜀 =

∆𝜔

∆𝑡
 

Transverse acceleration 𝑎𝑡𝑟 = 𝜀 ∙ 𝑟 

velocity in accelerated 

movement in a straight line 
𝑣 = 𝑣0 + 𝑎 ∙ 𝑡 

distance in accelerated 

movement in a straight line 𝑠 = 𝑣0 ∙ 𝑡 +
1

2
𝑎 ∙ 𝑡2 

Dynamics 
momentum 𝑝 = 𝑚 ∙ �⃗� 
II Newton’s law 

 �⃗� = 𝑚 ∙ �⃗� =
∆𝑝

∆𝑡
 

moment of force 𝑀 = 𝑟 ∙ 𝐹 ∙ 𝑠𝑖𝑛∢(𝑟; �⃗�) 
moment of inertia 

𝐼 = ∑ 𝑚𝑖

𝑛

𝑖=1
∙ 𝑟2 

angular momentum of a 

material point 
𝐿 = 𝑚 ∙ 𝑣 ∙ 𝑟 ∙ 𝑠𝑖𝑛∢(𝑟; �⃗�) 

 
angular momentum of a rigid 

body 
𝐿 = 𝐼 ∙ 𝜔 

 
II Newton’s Law for angular 

motion 

 

∆𝐿

∆𝑡
= 𝑀   ;   𝜀 =

𝑀

𝐼
 

 
work 

 
𝑊 =  𝐹 ∙ ∆𝑥 ∙ 𝑐𝑜𝑠∢(�⃗�; ∆�⃗�) 

power 
𝑃 =

𝑊

∆𝑡
 

translational kinetic energy 

 𝐸𝑘𝑖𝑛 =
1

2
 𝑚 ∙ 𝑣2 

rotational kinetic energy of a 

rigid body  𝐸𝑘𝑖𝑛 =
1

2
 𝐼 ∙ 𝜔2 

Gravity, Elasticity, and Friction 
Newton’s law of universal 

gravitation 𝐹𝑔 = 𝐺
𝑚1 ∙ 𝑚2

𝑟2
 

gravitational field intensity 

�⃗� =
�⃗�𝑔

𝑚
 

gravitational potential energy 
𝐸𝑝 = −𝐺

𝑚1 ∙ 𝑚2

𝑟
 

changes in gravitational potential 

energy of an object near the surface 

of the Earth 

∆𝐸𝑝 = 𝑚 ∙ 𝑔 ∙ ∆ℎ 

the first and second cosmic 

velocities for Earth 𝑣𝐼 = √
𝐺 ∙ 𝑀𝐸

𝑅𝐸

  ;    𝑣𝐼𝐼 = √
2 ∙ 𝐺 ∙ 𝑀𝐸

𝑅𝐸

 

Kepler’s third law 𝑇1
2

𝑅1
3 =

𝑇2
2

𝑅2
3 = const 

spring force (Hooke’s law) �⃗�𝑠 = −𝑘 ∙ �⃗� 
elastic potential energy 

𝐸𝑝𝑜𝑡 =
1

2
𝑘 ∙ 𝑥2 

kinetic friction 𝐹𝑘𝑓 = 𝜇𝑘 ∙ 𝐹𝑁 
static friction 𝐹𝑠𝑓 ≤ 𝜇𝑠 ∙ 𝐹𝑁 

Contemporary Physics 
mass-energy equivalence 

𝐸 = 𝑚 ∙ 𝑐2 =
𝑚0 ∙ 𝑐2

√1 −
𝑣2

𝑐2

 

photon energy 
𝐸 = ℎ ∙ 𝑓 =

ℎ ∙ 𝑐

𝜆
 

photoelectric effect ℎ ∙ 𝑓 = 𝑊 + 𝐸𝑘 𝑚𝑎𝑥 

de Broglie wavelength 
𝜆 =

ℎ

𝑝
 

relativistic momentum 
𝑝 =

𝑚0 ∙ 𝑣

√1 −
𝑣2

𝑐2

 

radioactive decay 𝑁 = 𝑁0 ∙ exp(−𝜆 ∙ 𝑡) = 

= 𝑁0 ∙ 2
𝑡

𝑇1/2 
energy levels of hydrogen 

atom 𝐸𝑛 =
−13.6 𝑒𝑉

𝑛2
 

Hubble’s law 𝑣 = 𝐻 ∙ 𝑟 



 

Thermodynamics 
density 

𝜌 =
𝑚

𝑉
 

pressure 
𝑃 =

𝐹

𝑆
 

difference in hydrostatic 

pressure 
∆𝑃 = 𝜌 ∙ 𝑔 ∙ ℎ 

buoyant force 𝐹𝐵 = 𝜌𝐹 ∙ 𝑉 ∙ 𝑔 = 𝑚𝐹 ∙ 𝑔 

first law of thermodynamics ∆𝑈 = 𝑄 − 𝑊 
work done by a gas at a 

constant pressure 
𝑊 = 𝑃 ∙ ∆𝑉 

specific heat 
𝑐 =

𝑄

𝑚 ∙ ∆𝑇
 

molar specific heat 
𝐶 =

𝑄

𝑛 ∙ ∆𝑇
 

latent heat 
𝐿 =

𝑄

𝑚
 

the average translational 

kinetic energy of molecules 

of an ideal gas 

𝐸𝑘 =
3

2
𝑘𝐵 ∙ 𝑇 

ideal gas law (equation of 

state for an ideal gas) 
𝑃 ∙ 𝑉 = 𝑛 ∙ 𝑅 ∙ 𝑇 

heat engine efficiency 
𝑒 =

𝑊

𝑄𝐻
=

𝑄𝐻 − 𝑄𝐿

𝑄𝐻
 

efficiency of Carnot engine 
𝑒 =

𝑇𝐻 − 𝑇𝐿

𝑇𝐻
= 1 −

𝑇𝐿

𝑇𝐻
 

 

 
 
 
 

Magnetic Field 
 

force on an electric charge q 

moving in a magnetic field B 

 

 

𝐹 = 𝑞 ∙ 𝑣 ∙ 𝐵 ∙ 𝑠𝑖𝑛∢(�⃗�; �⃗⃗�) 

force on a wire carrying a 

current I with length l in a 

uniform magnetic field B 

 

 

𝐹 = 𝐼 ∙ 𝑙 ∙ 𝐵 ∙ 𝑠𝑖𝑛∢(𝑙; �⃗⃗�) 

magnetic field B in free space 

due to current in a long straight 

wire 

𝐵 =
𝜇0 ∙ 𝐼

2𝜋 ∙ 𝑟
 

magnetic field at the centre of  a 

current loop 𝐵 =
𝜇0 ∙ 𝜇𝑟 ∙ 𝐼

2 ∙ 𝑟
 

 

magnetic field inside a solenoid 

 

 

𝐵 =
𝜇0 ∙ 𝜇𝑟 ∙ 𝑁 ∙ 𝐼

𝑙
 

magnetic flux 

 
𝛷𝐵 = 𝐵 ∙ 𝐴 ∙ 𝑐𝑜𝑠∢(�⃗⃗�; 𝐴) 

electromotive force  

(Faraday's law of induction) ℰ = −
∆𝛷𝐵

∆𝑡
 

 

electromotive force of self-

induction 

 

 

ℰ = −𝐿
∆𝐼

∆𝑡
 

alternating current - effective or 

rms (root-mean-square) values 

of current and voltage  

 

𝐼𝑟𝑚𝑠 =
𝐼0

√2
  ;  𝑉𝑟𝑚𝑠 =

𝑉0

√2
      

Electrostatics 
Coulomb’s Law 

 
𝐹 = 𝑘

𝑞1 ∙ 𝑞2

𝑟2
 

electric field 

 �⃗⃗� =
�⃗�

𝑞
 

voltage 

 𝑉 =
𝑊

𝑞
 

relationship between voltage 

and uniform electric field 
𝑉 = 𝐸 ∙ 𝑑 

capacitance; 

 

capacitance of a parallel plate 

capacitor 

𝐶 =
𝑞

𝑉
  

𝐶 =
𝜀 ∙ 𝐴

𝑑
=

𝜀0 ∙ 𝜀𝑟 ∙ 𝐴

𝑑
 

energy stored on a capacitor 

 𝑊 =
1

2
𝑞 ∙ 𝑉 =

1

2
𝐶 ∙ 𝑉2 

Electric Current 
electric current 

(definition) 

 
𝐼 =

∆𝑄

∆𝑡
 

electric power 

 𝑃 = 𝑉 ∙ 𝐼 =
𝑉2

𝑅
= 𝐼2 ∙ 𝑅 

resistance and resistivity 

 𝑅 = 𝜌 ∙
𝑙

𝐴
 

Ohm’s Law 

 𝐼 =
𝑉

𝑅
 

terminal voltage of an electric 

cell  
𝑉 = ℰ − 𝐼 ∙ 𝑟 

equivalent resistance 

(resistors in series and in 

parallel) 

 

𝑅𝑒𝑞 = ∑ 𝑅𝑖 

𝑛

𝑖=1
 

1

𝑅𝑒𝑞
= ∑

1

𝑅𝑖

𝑛

𝑖=1
 

 
equivalent capacitance 

(capacitors in series and in 

parallel) 

 

1

𝐶𝑒𝑞
= ∑

1

𝐶𝑖

𝑛

𝑖=1
 

𝐶𝑒𝑞 = ∑ 𝐶𝑖 

𝑛

𝑖=1
 

 


