
Circuit Elements 
 

• Capacitors; 
• Resistors; 
• RC circuit; 
• Energy and Power 



Electric field in a capacitor: 
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Definition of capacitance: 
VCQ ∆=

Capacitance 

Capacitance of a parallel-
plate capacitor: 

s
AC 0ε=

Capacitance 



Alternative approach: 

Energy density: 

Energy: 

Energy Stored in a Capacitor 



Capacitor: Charging and Discharging 

Charging Discharging 





Choose the diagram that represent the E field at 0.01 S, 8S, and 240 S after the 
connection 









Conventional current:  Widely known as  
Ohm’s law 

Resistance of a long wire: 

Units: Ohm, Ω 
George Ohm 
(1789-1854) 

Resistance 

Resistance combines conductivity and geometry! 



Microscopic               Macroscopic 

Can we write V=IR ? 

Microscopic and Macroscopic View 

Current flows in response to a ∆V 



∆Vbatt + ∆V1 + ∆V2 + ∆V3 = 0 

emf - R1I - R2I - R3I = 0 

emf = R1I + R2I + R3I 

emf = (R1 + R2 + R3) I 

emf = Requivalent I  ,   where   Requivalent = R1 + R2 + R3  

Series Resistance 



Know R , find ∆V1,2 

Solution: 

1) Find current: 

2) Find voltage: 

3) Check: 

Exercise: Voltage Divider 
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I = I1 + I2 + I3  
Parallel Resistance 



Current: charges are moving → work is done 

Work = change in electric potential energy of charges 

Power = work per unit time: 

I 

Power for any kind of circuit component: 

Work and Power in a Circuit 

Units: 



emf R 
Know ∆V, find P 

Know I, find P 

In practice: need to know P to select right size resistor – 
capable of dissipating thermal energy created by current. 

Power Dissipated by a Resistor 

What is the power output of the battery? 













RCte
R

emfI /−=

Current in an RC circuit 

Charge in an RC circuit 

Q = C emf( ) 1− e− t / RC 

Voltage in an RC circuit 
∆V = emf( ) 1− e− t / RC 

RC Circuit: Summary 
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