
Physics 541 – Important Formulas and Topics 
 
 
Basic Mathematics 
 
Divergence Theorem:  

Stokes’ Theorem:   

 
Gradient definition:  
 

Cylindrical co-ordinates:   

 
 

 
 
Spherical co-ordinates:      

     

     

 
 

	
 

Electrostatics 

Coulomb:		 	

Gauss:		
	

Scalar	Potential:		 	

	 	 	

In	electrostatics,	E	=	0	in	conductors	
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ρ̂ = x̂cosϕ + ŷsinϕ ; ϕ̂ = −x̂sinϕ − ŷcosϕ ; ẑ = ẑ
x̂ = ρ̂ cosϕ − ϕ̂ sinϕ ; ŷ = ρ̂ sinϕ + ϕ̂ cosϕ ; ẑ = ẑ
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∂ϕ = ϕ̂ sinθ dτ = dr rdθ rsinθdϕ

∂θ̂
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∂ϕ = ϕ̂ cosθ

∂ϕ̂
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∂ϕ = −r̂ sinθ +θ̂ cosθ

r̂ = x̂sinθ cosϕ + ŷsinθ sinϕ + ẑ cosθ ; θ̂ = x̂cosθ cosϕ + ŷcosθ sinϕ − ẑsinθ ; ϕ̂ = −x̂sinϕ + ŷcosϕ
x̂ = r̂ sinθ cosϕ +θ̂ cosθ cosϕ − ϕ̂ sinϕ ; ŷ = r̂ sinθ sinϕ +θ̂ cosθ sinϕ + ϕ̂ cosϕ ; ẑ = r̂ cosθ −θ̂ sinθ
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Electrostatic	energy:	 	

Capacitors:	 	 Parallel	plate	capacitor:	 	

Energy	stored	in	capacitors:	
	

Monopole	moment:	 	 	 Dipole	moment:	
	

Dipole	scalar	potential:	
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	Dipole	in	external	E	field:	
	 	

Boundary	Conditions:	 	

Polarization:    
  f due to P is sum of f given by rb and sb 
 
Displacement Field:   :      b.c’s    

 
 
Gauss Law in dielectric media:  
 
In l.i.h media     
 
Effect of media on E, C, Df etc. 

Energy in dielectrics (l.i.h):  

 

Current:  

 
Current density:   
 
Current elements:    Conduction current:     
 

Equation of continuity:  

Resistance & Power:  
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Ampere’s Law:  

 
Definition of the Ampere 
 

Biot-Savart Law:    so that  

(similarly for surface and volume currents) 
 
Ampere’s Law Integral form:  Differential form:   

 
No magnetic monopoles:  
 
B b.c’s:   
 

Vector Potential:      similarly for Jdt, Kda and qv 

 
 

 
 

Gauge transformation  
 

Faraday’s Law:    

 
Mutual Induction:

  

 

Self Induction:   

 

Magnetic Energy:   

 

Magnetic energy density:  

 
Magnetic forces on circuits:  
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Magnetic Multipoles:  

 

where,   

 
and magnetic dipole moment (filamentary currents):   

 
Multipole field from  
 
PE of mag dipole in external B field:  
 
Torque on magnetic dipole in external B field:  
 
Net force on magnetic dipole:   
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