
Voltage for Point Charge, or sphere where 
𝒓 ≥ 𝑹 

𝑉 =
𝑞

4𝜋𝜖0𝑟
 

Electrostatics Units for Volts 

𝑉 =
[𝐽]

[𝐶]
, 𝐸⃗ =

[𝑉]

[𝑀]
 

∮ 𝐸⃗ ∗ 𝑑𝐴 =
𝑄𝑒𝑛𝑐𝑙𝑜𝑠𝑒𝑑

𝜖0
 

𝜙𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 = ∫𝐸 ∗ cos 𝜃 ∗ 𝑑𝐴 𝑉 =
𝑈

𝑞
 𝐾 + 𝑈 =

1

2
𝑚𝑣2 + 𝑞𝑉 𝑉 = −∫ 𝐸⃗ ∗ 𝑑𝑠 

𝑃

𝑃0

+ 𝑉0 

𝑽 =
𝟏

𝟒𝝅𝝐𝟎

∫
𝒅𝑸

𝒓
 𝐹 =

𝑘𝑒𝑞1𝑞2

𝑟2
𝑟̂ 𝐹𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝐹𝑖𝑒𝑙𝑑

⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  = 𝑞𝐸⃗  𝐸𝑓𝑖𝑒𝑙𝑑
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  =

𝑘𝑒𝑞

𝑟2
𝑟̂ 

𝝆𝒓𝒆𝒔𝒊𝒔𝒕𝒊𝒗𝒊𝒕𝒚 = 𝑹
𝑨

𝒍
 𝑘𝑒 =

1

4𝜋𝜖0

 
Charge on a rod, Uniform 

𝑉(𝑥) =
𝑄

4𝜋𝜖0𝑙
ln (

𝑥+𝑙

𝑥
) or 𝑉(𝑥) = 𝑘𝜆 ln

𝑥+𝑙

𝑥
 

For Capacitor of Charge Q 

𝑈 =
1

2
𝑄𝑉 =

1

2
𝐶𝑉2 

𝑬 = −
𝒅𝑽

𝒅𝒔
 

Potential of arrangement of charges 

 𝑈 =
1

4𝜋𝜖0
∗

𝑞1𝑞2

𝑟12
 +

1

4𝜋𝜖0
∗

𝑞1𝑞3

𝑟23
+

1

4𝜋𝜖0
∗

𝑞1𝑞3

𝑟13
 

Capacitor with Dielectric 
𝐶′ = 𝜅𝐶 

For parallel plate capacitor | in general 

𝐶 =
𝜖0𝐴

𝑑
 | 𝐶 =

𝑄

∆𝑉
 

DC Circuits 

𝑰 =
𝒅𝒒

𝒅𝒕
 

Parallel Capacitors 
𝐶𝑒𝑞 = 𝐶1 + 𝐶2 + ⋯+ 𝐶𝑛 

Parallel Resistors 
1

𝑅𝑒𝑞

=
1

𝑅1

+
1

𝑅2

+ ⋯+
1

𝑅𝑛

 

Series Capacitors 

 
1

𝐶𝑒𝑞
=

1

𝐶1
+

1

𝐶2
+ ⋯+

1

𝐶𝑛
 

For conductor of resistivity 𝑹 =
𝝆𝒍

𝑨
 

Drift Velocity 

𝑉𝑑 =
𝐼

𝑒𝑛𝑒𝜋𝑟2
 

Ohmic Heating 
𝑃 = 𝐼2𝑅 

Series Resistors 
𝑅𝑒𝑞 = 𝑅1 + 𝑅2 + ⋯+ 𝑅𝑛 

Magnetic Field from Current 

∮ 𝑩⃗⃗ ∗ 𝒅𝒔⃗ = 𝝁𝟎𝑰𝒆𝒏𝒄 → 𝑩𝒔 = 𝝁𝟎𝑰𝒆𝒏𝒄 

Magnetic Field from a current carrying wire 

𝐵 =
𝜇0𝐼

2𝜋𝑟
 

Magnetic Field Force 

𝐹 = 𝑞𝑉⃗ × 𝐵⃗  

Length in terms of radians 
𝑙 = 𝑟𝜃 

Magnetic flux 

𝝓𝑩 = 𝑩⃗⃗ × 𝑨⃗⃗  

Force on a current carrying wire in a uniform 
magnetic field 

𝐹 = 𝐼𝐿𝐵 | 𝑑𝐹 = 𝐼𝑑𝐿⃗ × 𝐵⃗   

𝜏(𝑡𝑜𝑟𝑞𝑢𝑒) = 𝜇(𝑚𝑎𝑔. 𝑑.𝑚𝑛𝑡) × 𝐵⃗  where 
𝜇 = 𝐼𝐴 

Cyclotron Frequency 𝑓 =
𝑞𝐵

2𝜋𝑚
 

Faraday’s Law 

𝝐𝒆𝒎𝒇 = −
𝒅𝝓𝑩

𝒅𝒕
 

Biot-Savart Law 

𝑑𝐵⃗ =
𝜇𝐼𝑟 × 𝑑𝑠 

4𝜋𝑟3
 

Force between two parallel wires 

𝐹 =
𝜇0𝐼2𝐼1𝐿

2𝜋𝑟
 

Magnetic field in a solenoid 

𝐵 = 𝜇0 (
𝑁

𝐿
) 𝐼 

Lenz’s Law: “Current induced by EMF 
always opposes the change in magnetic 

flux” 

Magnetic Induction 
Flux through n loop coil, from first 

𝜙𝐵 = 𝑛𝜙1 

Magnetic Permeability 
𝜇 = 𝜇0(1 + 𝜒) 

Rod connected to circuit moving with 
velocity through B field 

𝜖𝑒𝑚𝑓 = 𝑣𝐵𝐿 → 𝐼 =
𝜖

𝑅
→ 𝐹 = 𝐼𝑙𝐵 



Mutual Inductance 

𝝓𝟐 = 𝑴𝑰𝟏 | 𝝐𝟐 = −
𝒅𝝓𝟐

𝒅𝒕
= −

𝑴𝒅𝑰𝟐

𝒅𝒕
 

Emf from bar connected to circuit 
𝜖 = −𝑙𝑣𝐵 

 

Self-inductance 

𝜙 = 𝐿𝐼 | 𝜖 = −𝐿 ∗
𝑑𝑖

𝑑𝑡
 

Self-inductance for solenoid of length b 

𝑳 = 𝝁𝟎𝑵
𝟐𝝅𝒓𝟐𝒍  

(N is turns per meter) 

AC Circuits 
For AC, Max current 

𝐼𝑀𝑎𝑥 = 𝜔𝑄𝐶𝑀𝑎𝑥  

“n” turns ratio 

𝑛𝑡𝑢𝑟𝑛𝑠𝑅𝑎𝑡𝑖𝑜 =
𝑛𝑝

𝑛𝑠
 

𝐸𝑛𝑒𝑟𝑔𝑦 = 𝑃𝑜𝑤𝑒𝑟 ∗ ∆𝑡 
 

Magnetic fields never do work because 
they always generate force perpendicular 

to a charge’s motion. 

𝝎𝟎 =
𝟏

√𝑳𝑪
 𝑍 =

𝑉𝑅𝑀𝑆

𝐼𝑅𝑀𝑆

 
Magnetic field in a capacitor 

∫𝐵 ∗ 𝑑𝑙 = 𝜇0(𝐼𝐷)𝑒𝑛𝑐𝑙𝑜𝑠𝑒𝑑 

Average Power Dissipated 

𝑃 =
1

2
𝐼0
2𝑅 =

1

2
(
𝑉0

𝑍
)
2

𝑅 

𝑸𝑪 = 𝑪𝑽𝑴𝑨𝑿𝐜𝐨𝐬 (𝝎𝒕) 𝐼𝐶 = −𝜔𝐶𝑉𝑀𝐴𝑋(sin(𝜔𝑡)) = −
𝑉𝑀𝐴𝑋 sin(𝜔𝑡)

1
𝜔𝐶

 𝐼𝐿 =
𝑉𝑀𝐴𝑋 sin(𝜔𝑡)

𝜔𝐿
 (𝐼𝐷)𝐸𝑛𝑐𝑙𝑜𝑠𝑒𝑑 = 𝐼𝐷 (

𝑟

𝑟0
)
2

 

Maxwell’s Equations/ 
Electromagnetism 

∫ 𝑩⃗⃗ ∗ 𝒅𝒔⃗⃗ ⃗⃗  = 𝝁𝟎𝒊 +
𝟏

𝒄𝟐
∗

𝝏

𝝏𝒕
∫ 𝑬⃗⃗ ∗ 𝒅𝑨⃗⃗ ⃗⃗  ⃗ 

∮𝐵⃗ ∗ 𝑑𝐴 = 0 

“The magnetic flux through any closed 
surface is zero” 

∫𝐸⃗ ∗ 𝑑𝑠⃗⃗⃗⃗ = −
𝑑𝜙𝐵

𝑑𝑡
 𝑃 = 𝑉𝐼 

Time average energy flux from an Emag 
Wave 

𝑺̅ =
𝟏

𝟐𝝁𝟎𝒄
𝑬𝟎

𝟐 

Pressure of Wave 

[𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒] =
𝑆

𝑐
(∗ 2 𝑓𝑜𝑟 𝑓𝑢𝑙𝑙 𝑟𝑒𝑓𝑙𝑒𝑐𝑡) 

Poynting Vector 

𝑆 =
1

𝜇0
𝐸 × 𝐵 

𝐵 =
1

𝑐
∗ 𝐸 

Permittivity 𝝐𝟎 
“The ability of a substance to store 

electrical energy in an electrical field” 

Permeability 𝜇 
“Measure of the ability of a material to 

support the formation of a magnetic field 
within itself” 

Em wave intensity 
𝐼 = 𝑢(𝑑𝑒𝑛𝑠𝑖𝑡𝑦)𝑐 

𝐼 =
𝑃

4𝜋𝑟2
 

Energy Density 

𝑢 =
𝜖

2
𝐸2 +

1

2𝜇
𝐵2 

Malus’ Law 𝜽 is between polarizations 
𝑰𝟐

𝑰𝟏

= 𝐜𝐨𝐬𝟐 𝜽 
Unpolarized light → polarizer = ½ original 

intensity  

LC Circuit Energy 

𝑢 =
𝑄2

2𝐶
+

𝐿𝐼2

2
 

𝑢 =
𝑆̅

𝑐
 

𝑽𝒎
𝟐 = 𝑽𝒎𝑪

𝟐 + 𝑽𝒎𝑹
𝟐 = (𝑿𝑪

𝟐 + 𝑹𝟐)𝑰𝒎
𝟐  𝑧 =

𝑉𝑚
𝐼𝑚

= √(
1

(𝜔𝐶)2
) + 𝑅2 𝑍 = 𝑅 + 𝑗𝑄 → √𝑅2 + 𝑄2 

Quality Factor 

𝑄 =
𝜔0𝐿

𝑅
 

 


