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 DATA 

FUNDAMENTAL CONSTANTS AND VALUES 

 
Quantity Symbol Value Units 

 speed of light in vacuo ܿ 3.00  10଼ m	s–ଵ 

 permeability of free space  4  10– H	m–ଵ 

 permittivity of free space  8.85  10–ଵଶ F	m–ଵ 

 magnitude of the charge of electron ݁ 1.60  10–ଵଽ C 

 the Planck constant ݄ 6.63  10–ଷସ J	s 

 gravitational constant 6.67 ܩ  10–ଵଵ N	mଶ	kg–ଶ 

 the Avogadro constant ܰ 6.02  10ଶଷ mol–ଵ 

 molar gas constant ܴ 8.31 J	K–ଵ	mol–ଵ 

 the Boltzmann constant ݇ 1.38  10–ଶଷ J	K–ଵ 

 the Stefan constant  5.67  10–଼ W	m–ଶ	K–ସ 

 the Wien constant  2.90  10–ଷ m	K 

 electron rest mass 
(equivalent to 5.5	ൈ	10–4 u) ݉ୣ 9.11  10–ଷଵ kg 

 
electron charge/mass ratio 

݁
݉ୣ

 1.76  10ଵଵ C	kg–ଵ 

 proton rest mass 
(equivalent to 1.00728 u) 

݉୮ 1.67ሺ3ሻ  10–ଶ kg 

 
proton charge/mass ratio 

݁
݉୮

 9.58  10 C	kg–ଵ 

 neutron rest mass 
(equivalent to 1.00867 u) ݉୬ 1.67ሺ5ሻ  10–ଶ kg 

 gravitational field strength ݃ 9.81 N	kg–ଵ 

 acceleration due to gravity ݃ 9.81 m	s–ଶ 

 atomic mass unit 
(1u is equivalent to 931.3 MeV) u 1.661  10–ଶ kg 

 

 ASTRONOMICAL DATA  GEOMETRICAL EQUATIONS 

 Body Mass/kg Mean radius/m  arc length = r 

 Sun 1.99	 ൈ	10ଷ 6.96	 ൈ	10଼  circumference of circle = 2r 

 Earth 5.98	 ൈ	10ଶସ 6.37	 ൈ	10  area of circle = r2  

     surface area of cylinder = 2rh 

     area of sphere = 4r2 

 
    volume of sphere = 

3

4 r3 
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Particle Physics 

Class Name Symbol Rest energy/MeV

photon photon  0

lepton neutrino v e 0

  v  0

 electron e  0.510999

 muon   105.659

mesons  meson   139.576

  0  134.972

 K meson K  493.821

  K0 497.762

baryons proton p 938.257

 neutron n 939.551

Properties of quarks 
antiquarks have opposite signs 

Type Charge 

Baryon 

number 

Strangeness

u + 
3

2 e + 
3

1
 0 

d − 
3

1 e + 
3

1
 0 

s − 
3

1 e + 
3

1
  1 

Properties of Leptons 

  Lepton number 

Particles: eି, ୣ ; ି,   + 1 

Antiparticles: eା, ୣ, ା,    1 

Protons and energy levels 

photon energy ܧ	 ൌ 	݄݂	 ൌ 	݄ܿ	/ 

photoelectricity ݄݂	 ൌ 		   ሺ୫ୟ୶ሻ	୩ܧ	

energy levels ݄݂	 ൌ –	ଵܧ	  ଶܧ	

de Broglie Wavelength 				ߣ ൌ 	
݄

	ൌ 	

݄
ݒ݉

 

 

Waves 

wave speed ܿ ൌ ݂ period ߣ݂ ൌ
1
ܶ

 

first 
harmonic ݂ ൌ

1
2݈
ඨ
ܶ
ߤ

   

fringe 
spacing ݓ ൌ

ܦ
ݏ

 
diffraction 
grating 

݀ sin ߠ ൌ  ߣ݊

refractive index of a substance s,  ݊	 ൌ


౩
 

for two different substances of refractive indices n1 and n2, 

law of refraction    ݊ଵ sin ଵߠ 	ൌ 	݊ଶ	sin	ߠଶ 

critical angle    sin ߠ ൌ 	
మ
భ
for	݊ଵ 	 	݊ଶ 

Mechanics 

moments moment	 ൌ  ݀ܨ	

velocity and 
acceleration ݒ ൌ

ݏ∆
ݐ∆
	 ܽ	 ൌ

ݒ∆
ݐ∆

 

equations of 
motion 

ݒ ൌ 	ݑ  	ݏ ݐܽ	 ൌ ൬
ݑ  ݒ
2

൰  ݐ

ଶݒ  ൌ ଶݑ	 	 	ݏ ݏ2ܽ	 ൌ ݐݑ 
ଶݐܽ

2
 

force ܨ ൌ ݉ܽ 

force ܨ ൌ
∆ሺ݉ݒሻ
ݐ∆

	 

impulse ܨ Δݐ ൌ 	Δሺ݉ݒሻ 

work, energy 
and power 

ܹ ൌ ݏ	ܨ cos   ߠ

୩ܧ ൌ 	
1
2
୮ܧଶ Δݒ	݉	 ൌ ݉݃Δ݄ 

 ܲ ൌ
∆ௐ

∆௧
	, ܲ	 ൌ  ݒܨ	

ݕ݂݂ܿ݊݁݅ܿ݅݁  ൌ
ݐݑݐݑ	݈ݑ݂݁ݏݑ ݎ݁ݓ

ݐݑ݊݅ ݎ݁ݓ
 

Materials 

density    ߩ ൌ 


 Hooke’s law    ܨ ൌ ݇  ܮ߂

Young modulus	ൌ		௧௦	௦௧௦௦
௧௦	௦௧

	
tensile stress =   

ி


 

tensile strain =  
∆


  

energy stored    ܧ ൌ ଵ

ଶ
 ܮΔܨ
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Electricity 

current and pd ܫ	 ൌ
∆ܳ
ݐ∆
	 ܸ	 ൌ

ܹ
ܳ
		 ܴ ൌ

ܸ
ܫ

 

resistivity ߩ ൌ 	
ܣܴ
ܮ

 

resistors in series ܴ 	ൌ 	ܴଵ 	ܴଶ 		ܴଷ 		… 

resistors in parallel 
ଵ

ோ
  =  ଵ

ோభ
	 ଵ

ோమ
	 ଵ

ோయ
 ⋯ 

power ܲ	 ൌ 	ܫܸ	 ൌ 		 	ଶܴܫ ൌ 	
		ܸଶ

ܴ
 

emf ߝ	 ൌ 	
ܧ
ܳ

	ߝ  ൌ 	ሺܴܫ	    ሻݎ

Circular motion 

magnitude of  
angular speed 

	 ൌ
ݒ
ݎ
		 

 	 ൌ  	݂ߨ2	

centripetal acceleration ܽ	 ൌ
ଶݒ

ݎ
	ൌ 		ଶݎ 

centripetal force ܨ	 ൌ
ଶݒ݉

ݎ
ൌ 	݉ଶ	ݎ 

Simple harmonic motion 

acceleration ܽ	 ൌ െ ߱ଶݔ 

displacement ݔ	 ൌ  ሻݐ	ሺ߱	ݏܿ	ܣ

speed ݒ	 ൌ േ	߱	ඥሺܣଶ		 െ  ଶሻݔ	

maximum speed ݒ௫ 	ൌ  ܣ	߱	

maximum acceleration ܽ௫ 	ൌ 	߱ଶܣ 

for a Mass-spring system ܶ	 ൌ ට	ߨ2
݉
݇

 

for a simple pendulum ܶ	 ൌ ඨ	ߨ2
݈
݃

 

Thermal physics 

energy to change 
temperature 

ܳ	 ൌ  	ߠ߂ܿ݉	

energy to change 
state 

ܳ	 ൌ 	݉ ݈ 

gas law ܸ	 ൌ 	ܴ݊ܶ 

	ܸ ൌ 	ܰ݇ܶ 

kinetic theory model ܸ	 ൌ 	
1
3
ܰ	݉	ሺܿ୰୫ୱሻଶ 

kinetic energy of gas 
molecule 

1
2
݉	ሺܿ୰୫ୱሻଶ 	ൌ 	

3
2
݇ܶ	 ൌ

3ܴܶ
2 ܰ

 

Gravitational fields 

force between two masses ܨ	 ൌ 	
ଵ݉ଶ݉ܩ

ଶݎ
 

gravitational field strength ݃	 ൌ 	
ܨ
݉

 

magnitude of gravitational 
field strength in a radial field ݃	 ൌ 	

ܯܩ
ଶݎ

 

work done Δܹ	 ൌ 	݉Δܸ 

gravitational potential ܸ	 ൌ	–	
ܯܩ
ݎ

 

 ݃	 ൌ	–	
Δܸ
Δݎ

 

Electric fields and capacitors 

force between two 
point charges 

	ܨ ൌ 	
1

ߝߨ4

ܳଵܳଶ
ଶݎ

 

force on a charge ܨ	 ൌ  ܳܧ	

field strength for a 
uniform field ܧ	 ൌ 	

ܸ
݀

 

work done 
 

field strength  for a 
radial field 

Δܹ	 ൌ 	ܳΔܸ 

 

	ܧ ൌ 	
1

ߝߨ4

ܳ
ଶݎ

 

electric potential 
ܸ	 ൌ

1
ߝߨ4

ܳ
ݎ
	 

 
	ܧ ൌ 	

Δܸ
Δݎ

 

capacitance ܥ	 ൌ
ܳ
ܸ
	 

	ܥ  ൌ
୰ߝߝܣ
݀

 

capacitor energy 
stored ܧ	 ൌ 	

1
2
ܸܳ		 ൌ 	

1
2
ଶܸܥ ൌ

1
2
ܳଶ

ܥ
 

capacitor charging ܳ	 ൌ 	ܳሺ1 െ e–௧/ோሻ 

decay of charge ܳ	 ൌ 	ܳe–௧/ோ  

time constant ܴܥ 
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Magnetic fields 

force on a current ܨ	 ൌ  ݈ܫܤ	

force on a moving charge ܨ	 ൌ  ݒܳܤ	

magnetic flux Ф	 ൌ  ܣܤ	

magnetic flux linkage ܰФ		 ൌ ܰܣܤ	 cos   ߠ

magnitude of induced emf ߝ	 ൌ 	ܰ	
ΔФ
Δݐ

 

 ܰФ	 ൌ ܰܣܤ	 cos ߠ

emf induced in a rotating coil ߝ	 ൌ sin	ܰܣܤ	  t 

alternating current ܫ୰୫ୱ ൌ
ܫ
√2
	 ୰ܸ୫ୱ	 ൌ

ܸ

√2
 

transformer equations 
ே౩
ே౦

 = 
౩
౦

 

	ݕ݂݂ܿ݊݁݅ܿ݅݁  ൌ
ୱܫ ୱܸ

୮ܫ ୮ܸ
 

Nuclear physics 

the inverse square law for γ radiation ܫ	 ൌ 	
݇
ଶݔ

 

radioactive decay 
ே

௧
ൌ – 	ܰ ,ܰ	ߣ	 ൌ 	 ܰeି௧ 

activity ܣ	 ൌ  ܰߣ	

half-life ½ܶ 	ൌ
ln 2
ߣ

 

nuclear radius ܴ	 ൌ 	ܴ	ܣଵ/ଷ 

energy-mass equation ܧ	 ൌ 	݉ܿଶ 

OPTIONS 
Astrophysics 

1 astronomical unit = 1.50	 ൈ	10ଵଵ	m 

1 light year = 9.46 ൈ 10ଵହ	m 

1 parsec = 206265 AU = 3.08	 ൈ	10ଵ	m   

= 3.26 light years 

Hubble constant, ܪ ൌ 65	km	s–ଵ	Mpc–ଵ 

ܯ ൌ
݈ܽ݊݃݁ ݐܽ	݁݃ܽ݉݅	ݕܾ	݀݁݀݊݁ݐܾݑݏ ݁ݕ݁

݈ܽ݊݃݁ ݀݁݀݊݁ݐܾݑݏ ݀݁݀݅ܽ݊ݑ	ݐܽ	ݐ݆ܾܿ݁	ݕܾ ݁ݕ݁
 

in normal adjustment ܯ	 ൌ ݂

݂ୣ
	 

Rayleigh criterion ߠ	 ൎ 	
ߣ
ܦ

 

magnitude equation ݉	– 	ܯ	 ൌ 	5	log
݀
10

 

  

Wien’s law  ߣ୫ୟ୶	ܶ	 ൌ 	2.9	 ൈ 10ିଷ m K 

Stefan’s law ܲ	 ൌ  	ସܶܣߪ	

Schwarzschild radius ܴୱ ൎ 2

2

c

GM
 

Doppler shift for v << c ݖ	 ൌ 	
Δ݂
݂
ൌ	–	

Δߣ
ߣ

ൌ
ݒ
ܿ

 

Hubble’s law ݒ	 ൌ  ݀ܪ	

Medical physics 

lens equations ܲ	 ൌ 	
1
݂

 

݉	 ൌ 	
ݒ
ݑ

 

ଵ


	ൌ	

ଵ

௨
		

ଵ

௩
	

threshold of hearing ܫ 	ൌ 	1.0	 ൈ 	10ିଵଶ Wmିଶ 

intensity level ݅݊ݕݐ݅ݏ݊݁ݐ	݈݁ݒ݈݁ ൌ 10 log
ܫ
ܫ

 

absorption ܫ	 ൌ 	  ݁–ஜ௫ܫ

୫ߤ  	ൌ 	
ߤ
ߩ

 

ultrasound imaging ܼ	 ൌ  ܿ		

 
ூ
ூ

  ൌ ቀమି	భ
మା	భ

ቁ
ଶ
  

half-lives 
ଵ

ಶ்
  ൌ  ଵ

ಳ்
	

ଵ

ು்
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Engineering physics 

moment of inertia ܫ	 ൌ 	Σ݉ݎଶ 

angular kinetic energy ܧ 	ൌ 	
1
2
 ଶܫ

equations of angular 
motion ଶ 	ൌ 	ଵ	   ݐ	ߙ	

 

ଶଶ 	ൌ ଵଶ 	  ߠߙ2	

	ߠ ൌ 	ଵݐ	 
ଶݐߙ

2
 

	ߠ ൌ 		
ሺ߱ଵ	  	߱ଶሻ	ݐ

2
 

torque ܶ	 ൌ ܫ	  ߙ

 ܶ	 ൌ ܨ	  ݎ

angular momentum ܽ݊݃ݎ݈ܽݑ	݉ݑݐ݊݁݉݉	 ൌ  ܫ

angular impulse ܶΔݐ	 ൌ Δሺ߱ܫሻ 

work done ܹ	 ൌ  ߠܶ	

power ܲ	 ൌ 	ܶ 

thermodynamics ܳ	 ൌ 	Δܷ	  	ܹ 

 ܹ	 ൌ  Δܸ	

adiabatic change ܸఊ 	ൌ constant 

isothermal change ܸ	 ൌ constant 

heat engines  

efficiency =  	
ܹ
ܳୌ

ൌ
ܳୌ െ	ܳେ

ܳୌ
 

maximum theoretical 
efficiency = 

ுܶ െ 	 ܶ

ுܶ
 

work done per cycle = area of loop 

input power = calorific value × fuel flow rate 

indicated power = ሺܽܽ݁ݎ	݂	 െ ሻ݈	ܸ
ൈ ሺ݊ݎܾ݁݉ݑ ሻ݀݊ܿ݁ݏ	ݎ݁	ݏ݈݁ܿݕܿ	݂
ൈ ሺ݊ݎܾ݁݉ݑ  ሻݏݎ݈݁݀݊݅ݕܿ	݂

output or brake power ܲ	 ൌ 	ܶ 

friction power = ݅݊݀݅ܿܽ݀݁ݐ	ݎ݁ݓ –  ݎ݁ݓ	݁݇ܽݎܾ	

heat pumps and refrigerators 

refrigerator:  ܱܥ ୰ܲୣ = 	ொి
ௐ
ൌ 	 	ொి

ொౄି	ொి
 

heat pump:  	ܱܥ ୦ܲ୮ ൌ	 
ொౄ
ௐ
ൌ 	 ொౄ

ொౄି	ொి
 

 

 

 

Turning points in physics 

electrons in fields ܨ	 ൌ 	
ܸ݁
݀

 

	ܨ  ൌ  ݒ݁ܤ	

	ݎ  ൌ 	
ݒ݉
݁ܤ

 

ଶݒ݉	½  	ൌ 	ܸ݁ 

Millikan’s experiment 
ܸܳ
݀

ൌ 	݉݃ 

	ܨ  ൌ  ݒݎߟߨ6	

Maxwell’s formula ܿ	 ൌ 	
1

ඥߤߝ
 

	ߣ  ൌ 	
݄

ൌ 	

݄

√2ܸ݉݁
 

special relativity 
	ݐ ൌ 	

ݐ

ට1 െ
ଶݒ
ܿଶ

 

 
݈	 ൌ 	 ݈	 ඨ1 െ

ଶݒ

ܿଶ
 

 
	ܧ ൌ 		݉	ܿଶ 	ൌ 	

݉ܿଶ

ට1 െ
ଶݒ
ܿଶ

 

Electronics 

resonant frequency 
݂ ൌ

1

ߨ2 ܥܮ√
 

Q-factor 
ܳ ൌ ݂

݂
 

operational amplifiers:  
open loop ୭ܸ୳୲ ൌ ሺܣ ାܸ െ ܸି ሻ 

inverting amplifier ୭ܸ୳୲

୧ܸ୬
ൌ െ

ܴ
ܴ୧୬

 

non-inverting amplifier ୭ܸ୳୲

୧ܸ୬
ൌ 1 

ܴ
ܴ୪

 

summing amplifier 
୭ܸ୳୲ ൌ െܴ ൬

ଵܸ

ܴଵ
 ଶܸ

ܴଶ
 ଷܸ

ܴଷ
⋯൰ 

difference amplifier 
୭ܸ୳୲ ൌ ሺ ାܸ െ ܸି ሻ

ܴ
ܴ୪

 

 

Bandwidth requirement:  

for AM ܾ݄ܽ݊݀ݐ݀݅ݓ ൌ 2 ݂ 

for FM ܾ݄ܽ݊݀ݐ݀݅ݓ ൌ 2ሺ∆݂  ݂ሻ 

 




