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Overview 
 
This module provides some basic definitions and background information for two important circuit 
analysis tools: Kirchoff’s Current Law and Kirchoff’s Voltage Law.  These laws, together with the 
voltage-current characteristics of the circuit elements in the system, provide us with the ability to 
perform a systematic analysis of any electrical network. 
 
 
Before beginning this chapter, you should 
be able to: 

After completing this chapter, you should be 
able to: 

 

• State Ohm’s law from memory (Chapter 
1.3) 

• Use Ohm’s Law to perform voltage and 
current calculations for resistive circuit 
elements (Chapter 1.3) 

• Write symbols for independent voltage 
and current sources (Chapter 1.2) 

• Identify symbols for independent power 
sources and state from memory their 
function in a circuit (Chapter 1.2) 

• State the Chapter 1.1) 
 

 

• Identify nodes in an electrical circuit 

• Identify loops in an electrical circuit 

• State Kirchoff’s current law from memory 
both in words and as a mathematical 
expression 

• State Kirchoff’s voltage law from memory, 
both in words and as a mathematical 
expression 

• Apply Kirchoff’s voltage and current laws to 
electrical circuits 

This chapter requires: 

• N/A 
 

We will use a lumped-parameters approach to circuit analysis.  This means that the circuit will consist 
of a number of discrete circuit elements, connected by perfect conductors.  Perfect conductors have 
no resistance, thus there is no voltage drop across a perfect conductor regardless of how much 
current flows through it.  There is no energy stored or dissipated by a perfect conductor.  All energy 
dissipation and energy storage is thus assumed to reside (or is lumped) in the circuit elements 
connected by the perfect conductors. 
 
The lumped parameters approach toward modeling circuits is appropriate if the voltages and currents 
in the circuit change slowly relative to the rate with which information can be transmitted through the 
circuit.  Since information propagates in an electrical circuit at a rate comparable to the speed of light 
and circuit dimensions are relatively small, this modeling approach is often appropriate. 
 
An alternate approach to circuit analysis is a distributed-parameters approach.  This approach is 
considerably more mathematically complicated than the lumped parameters approach, but is 
necessary when dimensions become very large (as in cross-country power transmission) or when 
signals are varying extremely rapidly (such as the rate of bit transmission in modern computers). 
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Nodes: 
 
Identification of circuit nodes will be extremely important to the application of Kirchoff’s Laws.  A node 
is a point of connection of two or more circuit elements.  A node has a single, unique voltage.  Since 
there is no voltage drop across a perfect conductor, any points in a circuit which are connected by 
perfect conductors will be at the same voltage and will thus be part of the same node. 
 
 

Example: 
 
The circuit below has four nodes, as shown.  A common error for beginning students is to identify 
points a, b, and c as being separate nodes, since they appear as separate points on the circuit 
diagram.  However, these points are connected by perfect connectors (no circuit elements are 
between points a, b, and c) and thus the points are at the same voltage and are considered 
electrically to be at the same point.  Likewise, points d, e, f, and g are at the same voltage 
potential and are considered to be the same node.  Node 2 interconnects two circuit elements (a 
resistor and a source) and must be considered as a separate node.  Likewise, node 4 
interconnects two circuit elements and qualifies as a node. 
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Loops: 
 
A loop is any closed path through the circuit which encounters no node more than once.   
 

Example: 
 
There are six possible ways to loop through the circuit of the previous example.   These loops are 
shown below. 

 
 

 
Kirchoff’s Current Law: 
 
Kirchoff’s Current Law is one of the two principle approaches we will use for generating the governing 
equations for an electrical circuit.  Kirchoff’s Current Law is based upon our assumption that charges 
cannot accumulate at a node. 
 
Kirchoff’s Current Law (commonly abbreviated in these chapters as KCL) states: 
 

The algebraic sum of all currents entering (or leaving) a node is zero. 
 

A common alternate statement for KCL is: 
 

The sum of the currents entering any node equals the sum of the currents leaving the 
node. 
 

A general mathematical statement for Kirchoff’s Current Law is: 
 

 ∑
=

=
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k
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1
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Where ik(t) is the kth current entering the node and N is the total number of currents at the node.   
 

 

Note: Current directions (entering or leaving the node) are based on assumed directions of currents 
in the circuit.  As long as the assumed directions of the currents are consistent from node to 
node, the final result of the analysis will reflect the actual current directions in the circuit. 
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Example: 
 
In the figure below, the assumed directions of i1(t), i2(t) and i3(t) are as shown.   

 
 
If we (arbitrarily) choose a sign convention such that currents entering the node are positive then 
currents leaving the node are negative and KCL applied at this node results in: 
  i1(t) + i2(t) - i3(t )= 0 
If, on the other hand, we choose a sign convention that currents entering the node are negative, 
then currents leaving the node are positive and KCL applied at this node results in: 
  -i1(t) - i2(t) + i3(t )= 0 
These two equations are the same; the second equation is simply the negative of the first 
equation.  Both of the above equations are equivalent to the statement: 
  i1(t) + i2(t) = i3(t ) 
 

 

Example: 
 
Use KCL to determine the value of the current i in the figure below.   

 
 
Summing the currents entering the node results in: 

  4A - (-1A) - 2A – i = 0  ⇒ i = 4A + 1A - 2A = 3A 
 
and i = 3A, leaving the node. 
 
In the figure below, we have reversed our assumed direction of i in the above circuit: 

 
 

Now, if we sum currents entering the node: 

  4A - (-1A) - 2A + i = 0  ⇒ i = -4A - 1A + 2A = -3A 
 
so now i = -3A, entering the node.  The negative sign corresponds to a change in direction, so we 
can interpret this result to a +3A current leaving the node, which is consistent with our previous 
result.  Thus, the assumed current direction has not affected our results. 
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We can generalize Kirchoff’s Current Law to include any enclosed portion of a circuit.  To illustrate this 
concept, consider the portion of a larger circuit enclosed by a surface as shown in Figure 1 below.  
Since none of the circuit elements within the surface store charge, the total charge which can be 
stored within any enclosed surface is zero.  Thus, the net charge entering an enclosed surface must 
be zero.  This leads to a generalization of our previous statement of KCL: 
 

The algebraic sum of all currents entering (or leaving) any enclosed surface is zero. 
 
Applying this statement to the circuit of Figure 1 results in: 
 
 i1 + i2 + i3 = 0 
 

 
 

Figure 1.  KCL applied to closed surface. 
 
 
Kirchoff’s Voltage Law: 
 
Kirchoff’s Voltage Law is the second of two principle approaches we will use for generating the 
governing equations for an electrical circuit.  Kirchoff’s Voltage Law is based upon the observation 
that the voltage at a node is unique. 
 
Kirchoff’s Voltage Law (commonly abbreviated in these chapters as KVL) states: 
 

The algebraic sum of all voltage differences around any closed loop is zero. 
 

An alternate statement of this law is: 
 

The sum of the voltage rises around a closed loop must equal the sum of the voltage drops 
around the loop. 

 
A general mathematical statement for Kirchoff’s Voltage  Law is: 
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Where vk(t) is the kth voltage difference in the loop and N is the total number of voltage differences in 
the loop.   
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Example: 
 
In the figure below, the assumed (or previously known) polarities of the voltages v1, v2, v3, v4, v5, 
and v6 are as shown.  There are three possible loops in the circuit: a-b-e-d-a, a-b-c-e-d-a, and b-c-
e-b.  We will apply KVL to each of these loops. 
 
Our sign convention for applying signs to the voltage polarities in our KVL equations will be as 
follows: when traversing the loop, if the positive terminal of a voltage difference is encountered 
before the negative terminal, the voltage difference will be interpreted as positive in the KVL 
equation.  If the negative terminal is encountered first, the voltage difference will be interpreted as 
negative in the KVL equation.  We use this sign convention for convenience; it is not required for 
proper application of KVL, as long as the signs on the voltage differences are treated consistently. 
 

+

+

+

 
 
Applying KVL to the loop a-b-e-d-a, and using our sign convention as above results in: 
 
 v1 – v4 – v6 – v3 = 0 
 
The starting point of the loop and the direction that we loop in is arbitrary; we could equivalently 
write the same loop equation as loop d-e-b-a-d, in which case our equation would become: 
 
 v6 + v4 – v1 + v3 = 0 
 
This equation is identical to the previous equation, the only difference is that the signs of all 
variables has changed and the variables appear in a different order in the equation. 
 
 
We now apply KVL to the loop b-c-e-b, which results in: 
 
 -v2 + v5 + v4 = 0 
 
Finally, application of KVL to the loop a-b-c-e-d-a provides: 
 
 v1 – v2 + v5 – v6 – v3 = 0 

Note: Voltage polarities are based on assumed polarities of the voltage differences in the loop.  As 
long as the assumed directions of the voltages are consistent from loop to loop, the final result 
of the analysis will reflect the actual voltage polarities in the circuit. 
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Application Examples: Solving for Circuit Element Variables 
 
Typically, when analyzing a circuit, we will need to determine voltages and/or currents in one or more 
elements in the circuit.  In this chapter, we discuss use of the tools presented in previous chapters for 
circuit analysis.   
 
 
The complete solution of a circuit consists of determining the voltages and currents for every element 
in the circuit.  A complete solution of a circuit can be obtained by: 
 

1. Writing a voltage-current relationship for each element in the circuit (e.g. write Ohm’s law for 
the resistors) 

2. Applying KCL at all but one of the nodes in the circuit 
3. Applying KVL for all but one of the loops in the circuit 
 

This approach will typically result in a set of N equations in N unknowns, the unknowns consisting of 
the voltages and currents for each element in the circuit.  Methods exist for defining a reduced set of 
equations for a complete analysis of a circuit; these approaches will be presented in later chapters. 
 
If KCL is written for every node in the circuit and KVL written for every loop in the circuit, the resulting 
set of equations will typically be overdetermined and the resulting equations will, in general, not be 
independent.  That is, there will be more than N equations in N unknowns and some of the equations 
will carry redundant information. 
 
Generally, we do not need to determine all the variables in the circuit.  This often means that we can 
write fewer equations than those listed above.  The equations to be written will, in these cases, be 
problem dependent and are often at the discretion of the person doing the analysis. 
 
Examples of using Ohm’s law, KVL, and KCL for circuit analysis are provided below. 
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Example: 
 
For the circuit below, determine vab.   

 
 
We are free to arbitrarily choose either the voltage polarity or the current direction in each 
element.  Our choices are shown below: 
 

 
Once the above voltage polarities and current directions are chosen, we must choose all other 
parameters in a way that satisfies the passive sign convention.  (Current must enter the positive 
voltage polarity node.)  Our complete definition of all circuit parameters is shown below: 

 

 
 
We now apply the steps outlined above for an exhaustive circuit analysis. 
 
1. Ohm’s law, applied for each resistor, results in: 

               v1 = (1Ω)i1; v3 = (3Ω)i3; v6 = (6Ω)i6 
 
2. KCL, applied at node a: 
               i1 + i3 – i6 = 0 
 
3. KVL, applied over any two of the three loops in the circuit: 
               -12V + v1 – v3 = 0 
                v3 + v6 = 0 
 
The above provide six equations in six unknowns.  Solving these for v3 results in v3 = -8V.  Since 
v3 = -vab, vab = 8V 
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Example: 
 
Determine v3 in the circuit shown below. 
 

 
 
We choose voltages and currents as shown below.  Since v3 is defined in the problem statement, 
we define it to be consistent with the problem statement. 
 

 
 
KVL around the single loop in the circuit does not help us – the voltage across the current source 
is unknown, so inclusion of this parameter in a KVL equation simply introduces an additional 
unknown to go with the equation we write.  KVL would, however, be useful if we wished to 
determine the voltage across the current source. 
 
KCL at node a tells us that i2 = 2A.  Likewise, KCL at node b tells us that i2 – i3 = 0, so i3 = i2 = 2A.  

Ohms law tells us that v3 = (3Ω)(i3) = (3Ω)(2A) = 6V. 

 
 


