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Electronics Key Equations 
  Basic Electricity 

Ohm’s Law 𝑉 = 𝐼𝑅  

Charge 𝑄 = 𝐼𝑡  

Power 𝑃 = 𝐼𝑉 
𝑃 = 𝐼2𝑅 

𝑃 =
𝑉2

𝑅
 

Resistors in Series 𝑅 = 𝑅1 + 𝑅2 + ⋯ 

Resistors in Parallel 1

𝑅
=

1

𝑅1
+

1

𝑅2
+ ⋯ 

Resistivity 
𝑅 =

𝜌𝐿

𝐴
 

Work Done 𝑊 = 𝑄𝑉 
𝑊 = 𝑉𝐼𝑡 

Current 𝐼 = 𝑛𝐴𝑣𝑒 

Internal Resistance 𝜀 = 𝐼(𝑅 + 𝑟) 
𝜀 = 𝑉 + 𝐼𝑟 

Potential Divider 𝑉1

𝑉2
=

𝑅1

𝑅2
 

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛

𝑅2

𝑅1 + 𝑅2
 

  Waveforms 

Sinusoidal Waves 𝑣 = 𝑉 sin (𝜔𝑡)  
𝑣 = 𝑉 cos (𝜔𝑡)  

Sinusoidal RMS 
𝑉𝑒𝑓𝑓 = √

1

𝑇
∫

𝑣2

𝑅
𝑑𝑟

𝑇

0

 

Angular Frequency 
𝜔 =

2𝜋

𝑡
 Piecewise RMS 

𝑉𝑟𝑚𝑠 = √
1

𝑁
∑ 𝑣𝑛

2 

Converting between 

rad/s and rpm 
𝑟𝑎𝑑 𝑠−1 =

𝜋

30
(𝑟𝑝𝑚) Pulse Width 

Modulation 
𝛼 =

𝑜𝑛 𝑡𝑖𝑚𝑒

𝑜𝑓𝑓 𝑡𝑖𝑚𝑒
 

𝑉𝑟𝑚𝑠 = 𝑉𝑚𝑎𝑥√𝛼 

𝐼𝑟𝑚𝑠 = 𝐼𝑚𝑎𝑥√𝛼 
Phase difference 𝑣 = 𝑉 cos (𝜔𝑡 + 𝜙) 

Capacitors & Capacitance 
Capacitance 

𝐶 =
𝑄

𝑉
 

𝐶 =
𝜀0𝐴

𝑑
 

𝐶 = 4𝜋𝜀0𝑅 

Capacitors in Series 1

𝐶
=

1

𝐶1
+

1

𝐶2
+ ⋯ 

Capacitors in Parallel 𝐶 = 𝐶1 + 𝐶2 + ⋯ 

Energy Stored 
𝑊 =

1

2
𝑄𝑉 

𝑊 =
1

2

𝑄2

𝐶
 

𝑊 =
1

2
𝑉2𝐶 

Time Constant 𝜏 = 𝐶𝑅  

𝑄 & 𝑉 when Charging 
𝑥 = 𝑥0 (1 − 𝑒−

𝑡
𝜏)  

𝐼 when Charging 
𝐼 = 𝐼0𝑒−

𝑡
𝜏  

𝑄, 𝐼 & 𝑉 when 

Discharging 
𝑥 = 𝑥0𝑒−

𝑡
𝜏   
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  Rectification & Smoothing 
Maximum DC Voltage 𝑉𝑚𝑎𝑥 = √2 × 𝑉𝑟𝑚𝑠,𝐴𝐶  

Minimum DC Voltage 
𝑉𝑚𝑖𝑛 = 𝑉𝑚𝑎𝑥 (1 −

𝑇

𝜏
) 

𝑉𝑚𝑖𝑛 = 𝑉𝑚𝑎𝑥 (1 −
1

𝑓𝜏
) 

Ripple Voltage 𝑉𝑟𝑝𝑝 = 𝑉𝑚𝑎𝑥 − 𝑉𝑚𝑖𝑛 

𝑉𝑟𝑝𝑝 = 𝑉𝑚𝑎𝑥

𝑇

𝜏
 

DC Output Voltage 
𝑉𝐷𝐶 = 𝑉𝑚𝑎𝑥 −

1

2
𝑉𝑟𝑝𝑝 

Assuming 𝑉𝐷𝐶 ≈ 𝑉𝑟𝑝𝑝 
𝑉𝑟𝑝𝑝 = 𝑉𝐷𝐶

𝑇

𝜏
 

𝑉𝑟𝑝𝑝 = 𝑉𝐷𝐶

1

𝑓𝜏
 

Note: When a bridge rectifier is used, the rectified frequency is double the AC frequency, and the 

ripple voltage is half what it would be if a half-bridge rectifier were used.  

Resistor Series 

 

E3 1.0, 2.2, 4.7, 10, 22, 47, 100 …  

E6 1.0, 1.5, 2.2, 3.3, 4.7, 6.8, 10, 15,22,33,47,68,100 … 

E12 1.0, 1.2, 1.5, 1.8, 2.2, 2.7, 3.3, 3.9, 4.7, 5.6, 6.8. 8.2, 10, 12, 15 … 

Logic Gates 
NOT Gate   

𝑀 = 𝐴̅  

 

𝑨 𝑴 

𝟎 𝟏 

𝟏 𝟎 
 

AND Gate 

  

𝑀 = 𝐴 ∙ 𝐵 

 

𝑨 𝑩 𝑴 

𝟎 0 𝟎 

𝟏 0 𝟎 

𝟎 1 𝟎 

𝟏 1 𝟏 

OR Gate 

  

𝑀 = 𝐴 + 𝐵 

 

𝑨 𝑩 𝑴 

𝟎 0 𝟎 

𝟏 0 𝟏 

𝟎 1 𝟏 

𝟏 1 𝟏 
 

 

 

 

 

NAND Gate 

𝑀 = 𝐴 ∙ 𝐵̅̅ ̅̅ ̅̅  

 

𝑨 𝑩 𝑴 

𝟎 0 𝟏 

𝟏 0 𝟏 

𝟎 1 𝟏 

𝟏 1 𝟎 
 

NOR Gate 

  

𝑀 = 𝐴 + 𝐵̅̅ ̅̅ ̅̅ ̅̅  

 

𝑨 𝑩 𝑴 

𝟎 0 𝟏 

𝟏 0 𝟎 

𝟎 1 𝟎 

𝟏 1 𝟎 
 

XOR Gate (exclusive OR) 
𝑀 = 𝐴⨁𝐵 
 

 

𝑨 𝑩 𝑴 

𝟎 0 𝟎 

𝟏 0 𝟏 

𝟎 1 𝟏 

𝟏 1 𝟎 
 

𝐴 + 𝐵 = (𝐴̅ ∙ 𝐵̅)̅̅ ̅̅ ̅̅ ̅̅ ̅ 𝐴 + 𝐵̅̅ ̅̅ ̅̅ ̅̅ = (𝐴̅ ∙ 𝐵̅) 𝐴 + 𝐴̅ = 1 𝐴 ∙ 𝐴̅ = 0 
Boolean Identities 
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DC Generator  DC Motor  

Induced emf 𝐸 = 𝐾𝑒𝜔 Induced emf 𝐸 = 𝐾𝑒𝜔 

Generator Power 𝑉𝑎𝐼 = 𝑇𝑖𝜔 − 𝑅𝑎𝐼2  Generator Power 𝑉𝑎𝐼 = 𝑇0𝜔 + 𝑅𝑎𝐼2  

Mechanical Torque 𝑇𝑖 = 𝐾𝑒𝐼 
𝑇𝑖 = 𝑇 − 𝑇𝑓 

Mechanical Torque 𝑇0 = 𝐾𝑒𝐼 
𝑇0 = 𝑇 + 𝑇𝑓 

Magnetic Fields & Induction 
Magnetic Flux 𝜙 = 𝐵𝐴 cos 𝜃 Faraday’s Law 

𝐸 = 𝑁
𝑑𝜙

𝑑𝑡
 

𝐸 =
𝑑

𝑑𝑡
(𝐵𝐴𝑁 cos 𝜃) 

Flux Linkage 𝑁𝜙 = 𝐵𝐴𝑁 cos 𝜃 

Lorentz Force 𝐹 = 𝐵𝐼𝐿 sin 𝜃 
𝐹 = 𝐵𝑄𝑣 

Electromagnetism 
Magnetomotive Force 𝑚𝑚𝑓 = 𝑁𝐼 Flux Density 𝐵 = 𝑁𝑖

𝜇𝑟𝜇0

𝐿
 

𝐵 =
𝑁𝐼

𝑆𝐴
 

Reluctance 

 

 

Reluctance in Series 

Reluctance in Parallel 

𝑆 =
𝑚𝑚𝑓

𝜙
 

𝑆 =
𝐿

𝜇𝑟𝜇0𝐴
 

𝑆𝑡𝑜𝑡𝑎𝑙 = 𝑆1 + 𝑆2 + ⋯ 

1

𝑆𝑡𝑜𝑡𝑎𝑙
=

1

𝑆1
+

1

𝑆2
+ ⋯ 

Energy 𝑒𝑛𝑒𝑟𝑔𝑦 = 𝑁2𝐼2𝐴
𝜇𝑟𝜇0

2𝐿
 

𝑒𝑛𝑒𝑟𝑔𝑦 =
1

2

𝑁2𝐼2

𝑆
 

𝑒𝑛𝑒𝑟𝑔𝑦 =
1

2
𝜙2𝑆 

Force 
𝐹 =

𝐴𝐵2

2𝜇0
 

Flux 
𝜙 = 𝑁𝑖

𝜇𝑟𝜇0𝐴

𝐿
 

Electrical & Magnetic Quantities 
Electrical Quantity Units Magnetic Equivalent Units 

emf 𝑉 mmf 𝐴. 𝑡𝑢𝑟𝑛𝑠 

Current, 𝐼 𝐴  Flux, 𝜙 𝑊𝑏  

Resistance, 𝑅 Ω  Reluctance, 𝑆 𝐴. 𝑡𝑢𝑟𝑛𝑠 𝑊𝑏−1 

Resistivity, 𝜌  1 / Permeability  

Encoders 
Rotary Resolution 𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 =

𝑟𝑎𝑛𝑔𝑒

2𝑀  Absolute Uncertainty Δ = ±𝑟 𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛  

Linear Resolution 𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 =
𝑟𝑎𝑛𝑔𝑒

2𝑀 − 1
   

Strain Gauges Load Cells 
Change in Resistance 𝑑𝑅

𝑅
= 𝐺

𝑑𝐼

𝐼
= 𝐺𝜀 

ln
𝑅1

𝑅2
= 𝐺 ln

𝐼1

𝐼2
 

Output Voltage (when 

𝐺𝜀 is small) 
𝑉𝑜𝑢𝑡 =

1

4
𝑉𝑖𝑛𝐺𝜀 
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