
Math Stuff Constants 

Scalar Product 𝐴 ∙ 𝐵⃗⃗ = |𝐴||𝐵⃗⃗| cos 𝜃 Coulomb Constant 
𝑘𝑒 =

1

4𝜋𝜀𝑜
= 8.99 × 109𝑁𝑚2/𝐶2 

Vector Product 

Quadratic Formula 

(ax2+bx+c=0) 

𝐴 × 𝐵⃗⃗ = |𝐴||𝐵⃗⃗| sin 𝜃 

𝑥 =
−𝑏 ± √𝑏2 − 4𝑎𝑐

2𝑎
 

Permittivity of free space 

 

Permeability of free 
space 

𝜀𝑜 =
1

4𝜋𝑘𝑒
= 8.85 × 10−12𝐶2/𝑁𝑚2 

𝜇𝑜 = 4𝜋 × 10−7𝑇𝑚/𝐴 

 

Surface Area of Sphere 

Volume of Sphere     

4r2 

4

3
𝜋𝑟3 

Charge of an electron 

Mass of an electron  
Mass of a proton 

e = 1.602 x 10-19 C 

me = 9.11 x 10-31 kg 

mp = 1.67 x 10-27 kg 

  Speed of light c = 3.00 x 108 m/s 

 

Electric Force / Field / Potential Energy Gauss’s Law / Flux / Electric Potential 

Coulomb’s 
Law 

𝐹𝑒 =
𝑘𝑒|𝑞1||𝑞2|

𝑟2  
 Gauss’s 

Law 
Φ𝑒 = ∮ 𝐸⃗⃗ ∙ 𝑑𝐴 =

𝑞𝑖𝑛

𝜖𝑜
 

 

 
𝐸⃗⃗ =

𝐹𝑒
⃗⃗⃗⃗

𝑞𝑜
 

 Electric 
Flux 

Φ𝑒 = 𝐸⃗⃗ ∙ 𝐴 = 𝐸𝐴𝑐𝑜𝑠𝜃 (constant E) 

Electric 
Field 

𝐸⃗⃗ =
𝑘𝑒𝑞

𝑟2 𝑟̂ 
(point charge)  

Φ𝑒 = ∫ 𝐸⃗⃗ ∙
𝑠𝑢𝑟𝑓𝑎𝑐𝑒

𝑑𝐴 
 

 
𝐸⃗⃗ = 𝑘𝑒 ∫

𝑑𝑞

𝑟2 𝑟̂ 
(continuous charge 
distribution) 

 
𝑉 =

𝑈

𝑞𝑜
 

 

Electric Potential 
Energy ∆𝑈 = −𝑞𝑜 ∫ 𝐸⃗⃗ ∙

𝐵

𝐴

𝑑𝑠 
 Electric 

Potential ∆𝑉 =
∆𝑈

𝑞𝑜
= − ∫ 𝐸⃗⃗ ∙

𝐵

𝐴

𝑑𝑠 
 

Work |𝑊| = |𝑞∆𝑉|   𝑉 = 𝑘𝑒

𝑞

𝑟
 (point charge) 

Electric 
Field 

𝐸𝑥 = −
𝜕𝑉

𝜕𝑥
 

  
𝑉 = 𝑘𝑒 ∫

𝑑𝑞

𝑟
 

(continuous charge distribution) 

 

Capacitance Resistance 

Capacitance 𝑄 = 𝐶𝑉 Resistance 𝑉 = 𝐼𝑅 

Parallel Plate Capacitor 
𝐶 =

𝜀𝑜𝐴

𝑑
 

Resistance 
𝑅 =

𝜌𝑙

𝐴
 

Series 1

𝐶𝑒𝑞
=

1

𝐶1
+

1

𝐶2
+

1

𝐶3
+  … 

Series 𝑅𝑒𝑞 = 𝑅1 + 𝑅2 + 𝑅3 +  … 

Parallel 𝐶𝑒𝑞 = 𝐶1 + 𝐶2 + 𝐶3 +  … Parallel 1

𝑅𝑒𝑞
=

1

𝑅1
+

1

𝑅2
+

1

𝑅3
+ … 

Energy Stored 
𝑈 =

𝑄2

2𝐶
=

1

2
𝑄𝑉 =

1

2
𝐶𝑉2 

Electric Power 
𝑃 = 𝐼𝑉 = 𝐼2𝑅 =

𝑉2

𝑅
 

Dielectric 𝐶 = 𝜅𝐶𝑜 Temperature Dependence 𝑅 = 𝑅𝑜[1 + 𝛼(𝑇 − 𝑇𝑜)] 

 

Electric Current Kirchhoff’s Rules 

Current 
𝐼 =

𝑑𝑄

𝑑𝑡
 

Junction Rule ∑ 𝐼𝑖𝑛 = ∑ 𝐼𝑜𝑢𝑡 

Current Density  𝐽 = 𝑛𝑞𝑣⃗𝑑  Loop Rule ∑ Δ𝑉

𝑐𝑙𝑜𝑠𝑒𝑑

= 0 

Ohm’s Law 𝐽 = 𝜎𝐸⃗⃗   

 

RC Circuits RL Circuits LC Circuits 

Charging 
Capacitor 

𝑞(𝑡) = 𝑄(1 − 𝑒−𝑡/𝑅𝐶) 

𝐼(𝑡) =
𝜀

𝑅
𝑒−𝑡/𝑅𝐶  

Increasing 
Current 

𝐼(𝑡) =
𝜀

𝑅
(1 − 𝑒−𝑡/𝜏) Charge 𝑄(𝑡) = 𝑄𝑚𝑎𝑥cos (𝜔𝑡 + 𝜙) 

Discharging 
Capacitor 

𝑞(𝑡) = 𝑄𝑒−𝑡/𝑅𝐶  

𝐼(𝑡) = −
𝑄

𝑅𝐶
𝑒−𝑡/𝑅𝐶  

Decreasing 
Current 

𝐼(𝑡) =
𝜀

𝑅
𝑒−𝑡/𝜏 = 𝐼𝑚𝑎𝑥𝑒−𝑡/𝜏 Current 

𝐼(𝑡) =
𝑑𝑄

𝑑𝑡
= −𝜔𝑄𝑚𝑎𝑥sin (𝜔𝑡 + 𝜙) 

Time Constant 𝜏 = 𝑅𝐶 Time 
Constant 

𝜏 =
𝐿

𝑅
 

Resonant 
Frequency 

𝜔 =
1

√𝐿𝐶
 

    Energy 𝑈 = 𝑈𝐶 + 𝑈𝐿 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 



 

Magnetism Induction 

 

Magnetic Force 
𝐹⃗𝐵 = 𝑞𝑣⃗ × 𝐵⃗⃗ 

𝐹𝐵 = |𝑞|𝑣𝐵𝑠𝑖𝑛𝜃 

𝐹⃗𝐵 = 𝐼𝐿⃗⃗ × 𝐵⃗⃗ 

Faraday’s Law 
𝜀 = −𝑁

𝑑Φ𝐵

𝑑𝑡
 

 

Torque 𝜇 = 𝐼𝐴 

𝜏 = 𝜇 × 𝐵⃗⃗ = 𝐼𝐴 × 𝐵⃗⃗ 

Generators Φ𝐵 = 𝐵𝐴𝑐𝑜𝑠𝜔𝑡 

𝜀 = 𝑁𝐴𝐵𝜔𝑠𝑖𝑛𝜔𝑡 

Biot-Savart Law 
𝐵⃗⃗ =

𝜇𝑜𝐼

4𝜋
∫

𝑑𝑙 × 𝑟̂

𝑟2  
Inductance 

𝐿 =
𝑁Φ𝐵

𝐼
 

Ampere’s Law 
∮ 𝐵⃗⃗ ∙ 𝑑𝑠 = 𝜇𝑜𝐼𝑒𝑛𝑐  

Self Induced EMF 
𝜀𝐿 = −𝐿

𝑑𝐼

𝑑𝑡
 

Magnetic Flux 
Φ𝐵 = ∫ 𝐵⃗⃗ ∙ 𝑑𝐴 

Energy in an Inductor 
𝑈 =

1

2
𝐿𝐼2 

 

AC Circuits Integrals 

RMS Current 

 

RMS Voltage 

𝐼𝑟𝑚𝑠 =
𝐼𝑚𝑎𝑥

√2
 

𝑉𝑟𝑚𝑠 =
𝑉𝑚𝑎𝑥

√2
 

 
∫

𝑑𝑥

𝑥
= ln 𝑥 

∫
𝑑𝑥

𝑎 − 𝑥
= − ln(𝑎 − 𝑥) 

Reactance 𝜒𝐿 = 𝜔𝐿 

𝜒𝐶 =
1

𝜔𝐶
 

 
∫

𝑑𝑥

(𝑎2 + 𝑥2)3 2⁄
=

𝑥

𝑎2√(𝑎2 + 𝑥2)
 

Impedance 𝑍 = √𝑅2 + (𝜒𝐿 − 𝜒𝐶)2 

𝜙 = 𝑡𝑎𝑛−1 (
𝜒𝐿 − 𝜒𝐶

𝑅
) 

 
∫

𝑥𝑑𝑥

(𝑎2 + 𝑥2)3 2⁄
= −

1

√(𝑎2 + 𝑥2)
 

∫
𝑑𝑥

√𝑥2 ± 𝑎2
= 𝑙𝑛 (𝑥 + √𝑥2 ± 𝑎2) 

Power 𝑃𝑎𝑣𝑒 = 𝐼𝑟𝑚𝑠𝑉𝑟𝑚𝑠𝑐𝑜𝑠𝜙 

𝑃𝑎𝑣𝑒 = 𝐼𝑟𝑚𝑠
2 𝑅  

 
∫

𝑥𝑑𝑥

√𝑥2 + 𝑎2
= √𝑥2 + 𝑎2 

 
𝐼𝑟𝑚𝑠 =

𝑉𝑟𝑚𝑠

𝑍
 

𝑣𝑅 = 𝐼𝑚𝑎𝑥𝑅𝑠𝑖𝑛𝜔𝑡 

 
∫

𝑥2𝑑𝑥

(𝑎2 + 𝑥2)3 2⁄
= −

𝑥

√(𝑎2 + 𝑥2)
+ 𝑙𝑛 (𝑥 + √𝑎2 + 𝑥2) 

RLC Circuits 𝑣𝐿 = 𝐼𝑚𝑎𝑥𝜒𝐿𝑠𝑖𝑛 (𝜔𝑡 +
𝜋

2
)  

∫
𝑑𝑥

𝑥(𝑎2 + 𝑥2)3 2⁄
=

1

𝑎2√(𝑎2 + 𝑥2)
−

1

𝑎3
𝑙𝑛

𝑎 + √𝑎2 + 𝑥2

𝑥
 

 𝑣𝐶 = 𝐼𝑚𝑎𝑥𝜒𝐶𝑠𝑖𝑛 (𝜔𝑡 −
𝜋

2
)   

 𝜔𝑜 =
1

√𝐿𝐶
  resonance frequency  

∫ 𝑐𝑜𝑠2𝜃𝑑𝜃 =
1

4
𝑠𝑖𝑛(2𝜃) +

𝜃

2
 

Transformers 
𝑉2 =

𝑁2

𝑁1
𝑉1 

𝐼1𝑉1 = 𝐼2𝑉2 

  

 

Electromagnetic Waves 

Speed of Light 
𝑐 =

1

√𝜇𝑜𝜖𝑜

=
𝐸

𝐵
= 3 × 108

𝑚

𝑠
 

Wavelength 𝜆 =
𝑐

𝑓
 

 


