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PARALLEL CIRCUITS AND KIRCHHOFF’S CURRENT LAW 
 
Objectives 
 

a.  Restate the definition of a node and demonstrate how to measure voltage and current in parallel 
circuits. 

b.  Solve for total circuit resistance of a parallel circuit. 
c.   State and apply KCL in the analysis of simple parallel circuits. 
d.  Demonstrate how to calculate the total parallel resistance given various resistors connected in 

parallel. 
e.   Demonstrate how to calculate the total parallel resistance given n resistors of equal value in parallel. 
f.  Evaluate why homes, businesses and ships are commonly wired in parallel rather than series. 
 

 
Parallel Circuits   Recall that two elements are in series if they exclusively share a single node (and 
thus carry the very same current). 
 

Components that are in parallel, on the other hand, share the same two nodes.  Remember: nodes are 
connection points between components. 

 
 

Components that are in parallel have the same voltage across them.    
 
 
 
 

 
 
Homes and ships are usually wired in parallel instead of in series.  The reason:  The parallel circuit will 
continue to operate even though one component may fail open.  All components can operate at rated 
voltage independent of other loads when wired in parallel. 
 

Series - Parallel Circuits    Circuits may contain a combination of series and parallel components 
 
 
 
 
 

2-Ω, 3-Ω, and 2A 
are in parallel 

5-Ω and 10V 
are in series 
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To analyze a particular circuit it is often beneficial to: 
• First identify the nodes 
• Next, label the nodes with a letter or number 
• Then, identify types of connections 

 
 
 
 

 
 
 
 
Kirchhoff’s Current Law (KCL)    Kirchhoff’s Current Law states that the 
algebraic sum of the currents entering and leaving a node is equal to zero. 
 
 
 
By convention, currents entering the node are positive, and those leaving a 
node are negative.  For the picture at the right: 
 
 
 
 
KCL can also be expressed as “The sum of the currents entering a node is equal to the sum of the 
currents leaving a node”. 
 
 
 
 
KCL can be understood by considering a fluid flow analogy.  When 
water flows in a pipe, the amount of water entering a point is equal to the 
amount leaving that point.   
 
Also, note that more water will flow down the tube that has a lower 
resistance to flow. 
 
 
Direction of Current   When we solve a problem using KCL, we have to consider the direction of 
current flow (e.g., sum of the currents entering equals the sum of the currents leaving).  But, how do we 
determine the direction of current flow if we are trying to determine the current? 
 
To determine a current flow:  

• Assume a current direction and draw a current arrow. 
• If this assumption is incorrect, calculations will show that the current has a negative sign. 
• A negative sign simply indicates that the current flows in the opposite direction to the arrow you 

drew.   
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Example.  Determine the unknown currents in the circuit shown below.   
 
 
 
 
 
 
 
 
 
 
Solution: 
 
 
 

Resistors in Parallel  Consider a circuit with 3 resistors in parallel (such as the circuit below, if N = 3). 
 
 
 
Since the voltages across all the parallel elements in a circuit are 
the same (E = V1 = V2=V3), we have: 
 
 
 
 
This result can be generalized to provide the total resistance of any number of resistors in parallel: 
 
 
 
 
 
 
Special Case: Two Resistors in Parallel   For only two resistors connected in parallel, the equivalent 
resistance may be found by the product of the two values divided by the sum: 
 
 
 
 
 
 

If you want to be cool, you should refer to this as the “product over the sum” formula.  Your EE friends 
will really admire this. 
 

Special Case: Equal Resistors in Parallel   Total resistance of n equal resistors in parallel is equal to the 
resistor value divided by the number of resistors (n): 
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Important check of your calculations: The total resistance of resistors in parallel will always be less 
that the resistance of the smallest resistor. 
 
 

Example.  Simplify the circuit shown below. 
 
 
 
 
 
 
Solution: 
 
 
 

Example.  Simplify the circuit shown below. 
 
 
 
 
Solution: 
 
 
 

Example.  You need to simplify the circuit shown below.  What is your solution?   
 
 
 
 
 
 
Solution: 
 
 
 
 

Example.  Determine the magnitude and direction of each current in the circuit below: 
 
  
 
 
 
 
 
 
 
Solution: 
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Example.  For each of the four circuits below, determine which elements are connected in parallel and 
which are connected in series. 
 
  
 
 
 
 
 
 
 
 
 
 
Solution: 
 
 
 
 
 

Example.  Determine the unknown currents I2 and I3. 
 
  
 
 
 
 
 
 
Solution: 
 
 
 

Example.  Determine the total resistance of the circuit below. 
 
 
  
 
 
 
 
 
 
 
Solution: 
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