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 Electric Current 

A battery uses chemical reactions to produce a 

potential difference between its terminals. It 

causes current to flow through the flashlight 

bulb similar to the way the person lifting the 

water causes the water to flow through the 

paddle wheel. 
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2 Resistance and Ohm’s Law 

The difference between 

insulators, 

semiconductors, and 

conductors can be clearly 

seen in their resistivities: 
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5 Kirchhoff’s Rules 

More complex circuits cannot be broken down 

into series and parallel pieces.  

For these circuits, Kirchhoff’s rules are useful.  

The junction rule is a consequence of charge 

conservation; the loop rule is a consequence 

of energy conservation. 
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7 RC Circuits 

Here is the charge vs. time for an RC circuit: 
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Transients Analysis 
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Solution to First Order Differential Equation  
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Consider the general Equation 

Let the initial condition be x(t = 0) = x( 0 ), 

then we solve the differential equation: 
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tfKtx
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tdx
s

The complete solution consists of two parts:  

• the homogeneous solution (natural solution) 

• the particular solution (forced solution) 
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  RCt
iC eVtv  Exponential decay waveform 

RC is called the time constant. 

At time constant, the voltage is 36.8% 

of the initial voltage. 

  )1( RCt
iC eVtv 

Exponential rising 

waveform 

RC is called the time 

constant. 

At time constant, the 

voltage is 63.2% of the 

initial voltage. 
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Example 
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R C

Power dissipation in the 

resistor is: 

pR = V2/R = (Vo
2 /R) e -2 t /RC 
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RC CIRCUIT 

Total energy turned into heat in 

the resistor 
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