
Equations of Electricity and Magnetism 
 

(R is radius, r is distance) Finite Infinite 

Point/sphere(ext) E = Kq/r2 - 

Linear E = KQ/r √ (r2 + L2/2) 2K/r 

Ring E = KrQ/(r2+R2)3/2 - 

Dipole E = F/q = K2p/r3 = Ksq/r3 = sin sqE = sin pE  

Disk E = ( )(1-(r/√(r2+R2) 0  

Planes, 2, between E = Q/A= 
E = 

𝑉

𝑠
 Ec = Qc/(Ac0) 

Esolenoid_inside = r/2 | 
𝛿𝐵

𝛿𝑡
 | Esolenoid_outside = R2/2r | 

𝛿𝐵

𝛿𝑡
 | 

 
 

Electrical Potential 

V = Es   = Uq’/ q’ = KQ/r = -L dI/dt     Vc= Qx/(0A) Units: (1 volt = 1 V = 1 J/C)  (1 N/C = 1V/m) (F = C/V)  

 = m/t = ∮  𝐸 𝑑𝑠 =  − 𝛿

𝛿𝑡
∫ �⃗� 𝑑𝐴 

 

𝐴
 = -L dI/dt 

 

Force 

𝐹 =q𝑣 X�⃗�  = q𝑣Bsin = I𝑙 wireX�⃗�  = IlB = vl2B2/R 𝐹 parallelWires=lI1B2=0lI1I2/2d 

 

Energy 

Energy= ½mv2 = ½kx2 = ½CVc
2 = ½ LI2 = qV(J) Energy density u = Uc/Ad = ½ 0E2 = B/20 (J/m3) 

UE = qEsf – qEsi   = -Welec    = U0 + qEs UE = qV=   -∫ F1on2 dx  

U = -Kq1q2/r   =  -∫ Kq1q2/x2 dx    = Kq1q2/xf - Kq1q2/xi   

Ucap = Q2/2C  = ½CVc
2 = 

𝐴

2
•E2d P = U/t = I2R = V2/R = IV = ½ LI2/t = v2l2B2/R 

Udipole = -pEcos = -𝑝  •  �⃗�   Uelec = -Welec if Uelec = K q1q2/r  
 

Electrical 

C = 0
𝐴

𝑑
     =  

𝑄

𝑉
 V = 

𝑄

𝐶
 = IR= vlB = L

𝛿𝐼

𝛿𝑡
   Lsolonoid = 0N2A/l  = m/l  

Q = CVc      = 0
𝐴

𝑑
•Vc   = eNe     I = Q/t = vlB/R E = V/Lwire  

Ne = iet  = neAx    = neAvdt                            vd = eE/m  = vdm/eE = m/nee2 

R = L/A   = V/I  = RA/L = -1 = m/nee2 J = I/A = neevd = E 

P = U/t = I2R = V2/R = IV = ½ LI2/t  = m/t = ∮  𝐸 𝑑𝑠 =  − 𝛿

𝛿𝑡
∫ �⃗� 𝑑𝐴 

 

𝐴
 = -L dI/dt 

RC Cap discharge I=Ioe–t/RC VC = (VC)oe–t/RC Q = Q0 (e–t/RC)  = RC = L/R 

RC Cap charge I=Ioe–t/RC VC = Vbattery (1-e–t/RC) Q = Q0 (1-e–t/RC) 
 

Magnetic 

Bpoint = 0qvsin/4r2  (dir RHrule) Bwire = 0I/2r (dir RHrule) Bloop = 0NI/2R (N-Num loops,R-radius)  

�⃗� dipole = 20𝜇 /4z3 (on axis of mag moment) BSolonoid=0NI/l = 0nI (n=N/l) ∮  𝐵 𝑑𝑠 = 0I 

loop = NIABsin (A area,  angle to loop plane)   =𝜇 X�⃗�  = Bsin 𝜇 = IA = 4z3B/20   

P = v2l2B2/R = V2/R = I2R m = 𝐴 x�⃗�  = ABcos= 0I E = 
𝑄

𝜖0
 

ω = √1/𝐿𝐶 

 

 

 

 

 

 



 

 

 

 

 

 

 

Maxwell’s Equations 

Gauss’s Law ∇⃗⃗ ∙ �⃗�  = 
𝜌

𝜖0
     ∇⃗⃗ ∙ 𝐺  = �̂� 

𝛿𝐺

𝛿𝑥
 + 𝑗̂ 

𝛿𝐺

𝛿𝑦
 + �̂�

𝛿𝐺

𝛿𝑧
        ∮ �⃗�  𝑑𝐴 

 

𝐴
 =  

𝑄

𝜖0
 

 ∇⃗⃗ ∙ �⃗�   =  0 ∮ �⃗�  𝑑𝐴 
 

𝐴
 =  0 

Faraday’s Law  ∇⃗⃗  𝑥 �⃗�   = - 
𝛿�⃗� 

𝛿𝑡
 ∮ �⃗�  𝑑�⃗� 

 

𝐿
 =  −

𝛿

𝛿𝑡
∫ �⃗� 𝑑𝐴 

 

𝐴
 

Ampere’s Law   ∇⃗⃗  𝑥 �⃗�   = 𝜇0𝐽   + 
1

𝐶2 
𝛿�⃗� 

𝛿𝑡
    = 𝜇0( 𝐽   + 𝜖0

𝛿�⃗⃗� 

𝛿𝑡
 ) ∮ �⃗�  𝑑�⃗� 

 

𝐿
 = 𝜇0 (𝐼 + 𝜖0

𝛿

𝛿𝑡
∫ �⃗�  𝑑𝐴 

 

𝐴
) 

 

 

Legend 

s, r, d L or h = distance, radius or height(m)  = angle A = area; ampere(C/s) 
v = velocity ω = angular velocity (Rad/s)  

a = acceleration  = angular acceleration g = acceleration of gravity 
at = tangential acceleration ac = centripetal acceleration G = gravitational constant  

F = force; Farad = C2s2/(kg m2) p = dipole moment (Cm or D) =torque(Nm) 

Q, q = charge (C)   = charge/length  = charge/area 

E = electric field (N/C or V/m) W = work  (J); watts (J/s)  

U = potential energy(J) K = Kinetic Energy (J) P = power (W; J/s) 

= charge density (C/m3); resistivity (m) uE = elec energy density (J/m3) R = resistance () 

ne = conduction e- density Ne = # e- pass cross-section/s ie = electron current (#e-/s) 

vd = drift velocity  = conductivity B = magnetic field strength (T, kg/As2 ) 

J = current dens(A/m2); Joules (Nm or kg m2/s2) e = charge of electron 𝜇 mag dipole moment vector (Am2) 

V = voltage or elect pot. (V); volume(m3) C = capacitance (F);Coulomb (C) L = Inductance (H, Wb/A, Tm2/A) 

=avg t bet collisions(s); time const m=Magnetic Flux (Wb or Tm2) m= Electric flux (Vm;Nm2/C) 

T = tesla (kg/As2, N/Am) Wb = Weber (kgm2/As2,Nm/A,Tm2) 

 

𝜖=permittivityConst (8.85x10-12C2/Nm2);emf K = 1/2 (8.99x109 Nm2/C2  = dielectric constant

0 = permeability Const (4x10-7Tm/A) G=6.67x10-11N    

(q)e- = 1.6x10-19C (m)=9.11x10-31kg   (m)p+ = 1.67x10-27 kg 

 

 

Other 

−𝑏 ± √𝑏2 − 4𝑎𝑐

2𝑎
 

  


