
Parallel Circuits 

 

6.2 PARALLEL ELEMENTS 
 

Two elements, branches, or networks are in parallel if 

they have two points in common. 

 
 

 
 

All elements are in parallel 



 

elements 1 and 2 are in parallel 

 

The parallel combination of 1 and 2 is 

then in series with element 3 

 
 

elements 1 and 2 are in series (common point a ) 

 

The series combination of 1 and 2 is then in 

parallel with element 3 

 
  



6.3 TOTAL CONDUCTANCE AND RESISTANCE 

 

For parallel elements, the total conductance is the sum of the individual 

conductances. 
 

Conductance is the inverse of resistance: 

 
  

 

 

 

 
 

The total resistance of parallel resistors is always less than the value of the 

smallest resistor. 

 



For N equal resistors in parallel 
 

 

 
 

 
 

For two resistors in parallel:   For three resistors in parallel: 

      
     

 

Parallel elements can be interchanged without changing the total resistance or 

input current. 
  



 
 

 

 
 

 

 

 

 



 



 

 

 

 



 

 

 

For parallel resistors, the total resistance will always decrease as additional 

elements are added in parallel. 

 

For series resistors, the total resistance will always increase as additional 

elements are added in series. 
  



6.4 PARALLEL CIRCUITS 
 
Simple Parallel circuit: 
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The voltage across parallel elements is the same: 

V1 = V2 = E 
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For single-source parallel networks, the source current (Is ) is equal to the sum of 

the individual branch currents. 



The power dissipated by the resistors and delivered 

by the source are: 

 

 



 

 

 



 

 

 

 

 



6.5 KIRCHHOFF’S CURRENT LAW 
 
Kirchhoff’s current law (KCL) states that the 

algebraic sum of the currents entering and leaving 

an area, system, or junction is zero. 

 

The sum of the currents entering an area, system, 

or junction must equal the sum of the currents 

leaving the area, system, or junction. 

 

 
 

 
 

 

 
 
 

 
 



 

 

 



 

 

 



 

 
I1 leaving with value: I1 = 22 mA- 17 mA = 5 mA 

 
 
  



6.6 CURRENT DIVIDER RULE 

 
For two parallel elements of equal value, the current will divide equally. 

 

For parallel elements with different values, the smaller the resistance, the 

greater the share of input current. 

 

For parallel elements of different values, the current will split with a ratio 

equal to the inverse of their resistor values. 

 

 
 

 

 



 

  
 

  
  RT is the total resistance; 

 

or                  
 

  
 

     

  
         

   

 
 

 

 

The current through any parallel branch is equal to the product of the total resistance 

of the parallel branches and the input current divided by the resistance of the branch. 

 

 
 



 

 

 

 

 



 

 

 

 

  



 

 

 

 



Current seeks the path of least resistance. 

 

1. More current passes through the smaller of two parallel resistors. 

2. The current entering any number of parallel resistors divides into these 

resistors as the inverse ratio of their ohmic values.  

 

 



6.7 VOLTAGE SOURCES IN PARALLEL 
 

Voltage source are placed in parallel only if they have the same voltage rating. 

 Primary reason to increase the current rating,    increase power. 

 
 

If two batteries of different terminal voltages 

were placed in parallel, both would be left 

ineffective or damaged:  

 

 

 

 



6.8 OPEN AND SHORT CIRCUITS 

An open circuit can have a potential difference (voltage) across its terminals, but 

the current is always zero amperes. 
 

  

 

A short circuit can carry a current of a level determined by the external circuit, 

but the potential difference (voltage) across its terminals is always zero volts. 
 

A short circuit is a very low resistance, direct 

connection between two terminals. 

 

 



 

  
 

 
 

    

   
     

 

Adding the short across R: 

             
           

       
     

  
 

  
 

    

   
      

 

 



 

 



 

I = 0 A;  V=22 V 

 

V= 0V;  I= 12 mA 
 

 

 

 
 



 

 

 

 


