
Circuit Basics

Last updated 1/10/24



2 © tjELE 4142

Circuit Basics

• Kirchkoff’s Laws
• Current Law: σ 𝑐𝑢𝑟𝑟𝑒𝑛𝑡𝑠𝑒𝑛𝑡𝑒𝑟𝑖𝑛𝑔 𝑎 𝑛𝑜𝑑𝑒 = 0

• Voltage Law: σ 𝑣𝑜𝑙𝑡𝑎𝑔𝑒𝑠𝑎𝑟𝑜𝑢𝑛𝑑 𝑎 𝑙𝑜𝑜𝑝 = 0

• Resistance
• 𝑉 =  𝐼𝑅

• Series Resistors:     𝑅𝑠𝑒𝑟𝑖𝑒𝑠 = σ𝑛=1
𝑚 𝑅𝑛

• Parallel Resistors:     1/𝑅𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 = σ𝑛=1
𝑚 1/𝑅𝑛
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Circuit Basics

• Capacitance
• 𝑄 =  𝐶𝑉

• 𝑖 = 𝐶
𝑑𝑣

𝑑𝑡

• Parallel Capacitors:     𝐶𝑠𝑒𝑟𝑖𝑒𝑠 = σ𝑛=1
𝑚 𝐶𝑛

• Series Capacitors:       1/𝐶𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 = σ𝑛=1
𝑚 1/𝐶𝑛

• Inductance
• Φ𝑚  = 𝐿𝐼

• 𝑣 = 𝐿
𝑑𝑖

𝑑𝑡

• Series Inductors:     𝐿𝑠𝑒𝑟𝑖𝑒𝑠= σ𝑛=1
𝑚 𝐿𝑛

• Parallel Inductors:       1/𝐿𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 = σ𝑛=1
𝑚 1/𝐿𝑛
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Circuit Basics

• RC transients
• R
• Output impedance of a circuit (gate)

• Wire (trace) resistance

• C
• Input capacitance of a circuit (gate)

• Wire (trace) capacitance

• 𝜏
• RC time constant

• Units is seconds
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Circuit Basics

• RC transients
• Rising (charging) transient*
• 𝑣 𝑡 =  𝑣𝑓𝑖𝑛𝑎𝑙 1 − 𝑒 Τ−𝑡

𝜏  

• * assuming vinitial = 0v

• Falling (discharging) transient*
• 𝑣 𝑡 =  𝑣𝑖𝑛𝑖𝑡𝑖𝑎𝑙  𝑒 Τ−𝑡

𝜏 

• * assuming vfinal = 0v

• General transient
• 𝑣 𝑡 =  𝑣𝑓𝑖𝑛𝑎𝑙 + 𝑣𝑖𝑛𝑖𝑡𝑖𝑎𝑙 − 𝑣𝑓𝑖𝑛𝑎𝑙  𝑒 Τ−𝑡

𝜏

50%  - 0.693𝜏
98%  - 4𝜏
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• Input / Output Impedance
• Want low output impedance driving high input 

impedance

1Ω

100Ω

Vo

0.99Vo

10Ω

10Ω

Vo

0.5Vo
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Circuit Basics

• Common Symbols
  

polarized

capacitor
unpolarized

capacitor

current

source

voltage

source
signal

source

fixed

resistor

potentiometer

Battery

Voltage

Source

C

+

-
C

+

-

V
+

-

R R

L

inductor

power & ground symbols

mechanical

ground

VSS

VDD

VEE

VCCGND
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