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Overview 
 
This chapter introduces the basic engineering parameters for electric circuits: voltage, current, and 
power.  The international system of units is commonly used to describe the units of these parameters; 
this system as it relates to electrical circuit analysis is briefly discussed in this chapter. 
 
This chapter also introduces the passive sign convention.  It is extremely important when analyzing 
electrical circuits to use the correct sign convention between the voltage across a circuit element and 
the current going through the element.  Some of the most common errors of beginning students are 
associated with applying incorrect sign conventions when analyzing circuits. 
 
 
Before beginning this chapter, you should 
be able to: 

After completing this chapter, you should be 
able to: 

 

• Perform basic algebra 

• State the definition of a derivative 
 

 

• Define voltage and current in terms of 
electrical charge 

• State common prefixes and the symbols 
used to represent them in scientific notation 

• State the passive sign convention from 
memory 

• Determine the power absorbed or generated 
by an circuit element, based on the current 
and voltage provided to it 

 
This chapter requires: 

• N/A 
 

 
 
Electrical Charge: 
 
Electron flow is fundamental to operation of electric circuits; the concept of charge can be used to 
describe the distribution of electrons in the circuit.  Charge can be represented as either positive or 
negative – generally relative to some reference level.  Charge is measured in coulombs, abbreviated 

as C.  The charge of one electron corresponds to -1.6022×10-19 C.  Charge can only exist in integer 
multiples of the charge of a single electron.  Charge, however, is not widely used in electrical circuit 
analysis; voltage and current are more convenient ways to represent the electric charge in a system. 
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Voltage: 
 
Voltage is energy per unit charge.  Energy is specified relative to some reference level; thus, voltages 
are more accurately specified as voltage differences between two points in a circuit.  The voltage 
difference between two points can be thought of as a difference in potential energy between charges 
placed at those two points.  Units of voltage are volts, abbreviated V.  The voltage difference between 
two points indicates the energy necessary to move a unit charge from one of the points to the other.  
Voltage differences can be either positive or negative. 
 
Mathematically, voltage is expressed in differential form as: 
 

 
dq

dw
v =           (1) 

 
where v is the voltage difference (in volts), w is the energy (in joules), and q is the charge (in 
coulombs).  The differences in equation (1) are all defined relative to different spatial positions; thus, 
the differentials dw and dq are between two different points in space, and the voltage is defined as 
being between these same two spatial points. 
 
 
Current: 
 
Current is the rate at which charge is passing a given point.  Current is specified at a particular point 
in the circuit, and is not relative to a reference.  Since current is caused by charge in motion, it can be 
thought of as indicating kinetic energy. 
 
Mathematically, current is represented as: 
 

 
dt

dq
i =            (2) 

 
where i is the current in amperes, q is the charge in coulombs, and t is time in seconds.  Thus, current 
is the time rate of change of charge and units of charge are coulombs per second or amperes 
(abbreviated as A). 
 
 
Power: 
 
An electrical system is often used to drive a non-electrical system (in an electric stove burner, for 
example, electric energy is converted to heat).  Interactions between electrical and non-electrical 
systems are generally described in terms of power.  Electrical power associated with a particular 
circuit element is the product of the current passing through the element and the voltage difference 
across the element.  This is often written as  
 

 )()()( titvtP ⋅=          (3) 

 
where P(t) is the instantaneous power at time t, v(t) is the voltage difference at time t, and i(t) is the 
current at time t.  Power can be either absorbed by a circuit element or generated by a circuit element; 
the determination as to whether the element is absorbing or generating power can be made by the 
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relative signs of the values of voltage and current.  These sign conventions are an important issue, 
and will be addressed separately in the next chapter.  Units of power are watts, abbreviated W.   
 
 
International System of Units and Prefixes: 
 
We will use the international system of units (SI).  The scales of parameters that are of interest to 
engineers can vary over many orders of magnitudes.  For example, voltages experienced during 
lightning strikes can be on the order of 107 V, while voltages measured from an 
electroencephalograph (EEG) can be on the order of 10-4 V.  For this reason, numbers represented in 
SI units are often associated with a prefix, which helps account for the order-of-magnitude variations 
in numbers.  Table 1 below provides a list of common prefixes and the symbols used to represent 
them.   
 

Multiple Prefix Symbol 

109 Giga G 
106 Mega M 
103 Kilo K 
10-3 Milli M 
10-6 Micro µ 
10-9 Nano N 
10-12 Pico p 

 
Table 1.  SI prefixes. 

 
Thus, for example, a voltage of 107 V can be represented as 10 MV, or “ten mega-volts”.   
 
 
Passive Sign Convention: 
 
A general two-terminal electrical circuit element is shown in Figure 1.  In general, there will be some 
current, i, flowing through the element and some voltage difference, v, across its terminals.  Note that 
we are currently representing both voltage and current as constants, but none of the assertions made 
in this chapter change if they are functions of time. 
 

 
 

Figure 1.  General circuit element and passive sign convention. 
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The assumed direction of the current, i, passing through the element is shown by the arrow on Figure 
1.  In Figure 1, i is assumed to be positive if it is going into node a.  A negative value of i simply 
indicates a change in direction of the current – if i is negative, the current is going into node b (or, 
equivalently, out of node a).  We will assume that our circuit elements do not accumulate charge, so 
any current entering node a must leave node b. 
 

Example: 
 
3 amperes (3 A) of current is passing through a circuit element connecting nodes a and b.  
The current is flowing from node a to node b.  The physical situation can be represented 
schematically by any of the figures shown below – all four figures represent the same current 
flow and direction. 
 

 
 
 
The assumed polarity of the voltage difference v across the element is shown by the + and – signs on 
Figure 1.  The polarity shown on Figure 1 indicates that a positive value for v indicates that the voltage 
at the terminal marked with a + sign is higher than the voltage at the terminal marked with a – sign.  
(That is, the voltage at node a is higher than the voltage at node b.)  A negative value for v simply 
reverses this polarity (negative voltage means that the voltage at node b is higher than the voltage at 
node a). 
 

Example: 
 
A 5 volt (5 V) voltage potential difference across a circuit element connecting nodes a and b.  
The voltage at node a is positive relative to the voltage at node b.  The physical situation can 
be represented schematically by either of the figures shown below – both figures represent the 
same voltage potential difference. 

b b

a a

+

-

5 V

+

-

-5 V
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The assumed voltage polarity and current direction are not individually significant – the assumed 
direction of voltage polarity relative to current direction is important.  To satisfy our sign convention, 
we will assume that positive current enters the node at which the positive voltage polarity is defined.  
This sign convention is called the passive sign convention.  In the passive sign convention, the 
relative assumed sign convention between voltage and current is as shown in Figure 1. 
 

Example: 
 
The passive sign convention is satisfied for either of the two voltage-current definitions shown 
below – the current is assumed to enter the positive voltage node. 
 

 
 

The passive sign convention is not satisfied for either of the two voltage current definitions 
shown below – the current is assumed to enter the negative voltage node. 
 

+

-

v

+

-

v

i

i

 
 

 
 

Hint: 
 
 Many students attempt to choose current directions and voltage polarities so that their 

calculations result in positive values for voltages and currents.  In general, this is a waste of 
time – it is best to arbitrarily assume either a voltage polarity or current direction for each circuit 
element. 

 
Choice of a positive direction for current dictates the choice of positive voltage polarity, per 
Figure 1.  Choice of a positive voltage polarity dictates the choice of positive current direction, 
per Figure 1. 
 
Analysis of the circuit is performed using the above assumed signs for voltage and current.  
The sign of the results indicates whether the assumed choice of voltage polarity and current 
direction was correct.  A positive magnitude of a calculated voltage indicates that the assumed 
sign convention is correct; a negative magnitude indicates that the actual voltage polarity is 
opposite to the assumed polarity.  Likewise, a positive magnitude of a calculated current 
indicates that the assumed current direction is correct; a negative magnitude indicates that the 
current direction is opposite to that assumed. 
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Voltage Subscript and Sign Conventions: 
 
The assumed sign convention for voltage potentials is sometimes expressed by using subscripts.  The 
first subscript denotes the node at which the positive voltage polarity is assumed and the second 
subscript is the negative voltage polarity.  For example, vab denotes the voltage difference between 
nodes a and b, with node a assumed as having positive voltage relative to node b.  Switching the 
order of the subscripts changes the assumed polarity of the voltage difference and thus the sign of the 
voltage, so vab = -vba.  Since our passive sign convention dictates the direction of current relative to 
voltage polarity, a circuit element whose voltage difference is denoted as vab will have positive current 
entering node a. 
 
 
Reference Voltages and Ground 
 
For convenience, voltages differences are often not explicitly stated as being differences between two 
potential levels – a node will simply be referred to as having some “voltage”.  This voltage must still be 
interpreted as a voltage difference, however.  The difference in this case, however, is assumed to be 
relative to some reference voltage, with the reference generally assumed to be 0V.  The reference 

voltage is often referred to as ground.  The symbol, , is used to denote the ground or reference 
voltage from which all other voltages are measured.  When this convention is used, voltages at a 
node are often identified with a single subscript.  For example, va would be the voltage at node a, 
relative to ground.  It is assumed that positive voltages are positive relative to ground and negative 
voltages are negative relative to ground. 
 

Example: 
 
The two figures below show identical ways of specifying the voltage across a circuit element.  In 
the circuit to the left, the voltage v is the voltage potential between nodes a and b, with the voltage 
at node a being assumed positive relative to the voltage at node b.  This can be equivalently 
specified as vab.  In the figure to the right below, node b has been specified as our ground with the 

use of the  symbol.  In this figure, the voltage at node a can be specified simply as va, with the 
polarity being assumed positive relative to ground which is implied to be 0V.  Thus, for the figures 
below,  
 

 aab vvv ==  
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Power and Sign Conventions: 
 
The sign of the voltage across an element relative to the sign of the current through the element 
governs the sign of the power.  Equation (3) above defines power as the product of the voltage times 
current: 
 

 viP =  
 
The power is positive if the signs of voltage and current agree with the passive sign convention – that 
is, if positive current enters the positive voltage polarity node.  If the power is positive, the element is 
said to be absorbing power.  The power is negative if the signs of voltage and current disagree with 
the passive sign convention – that is, if positive current enters the negative voltage polarity node.  If 
the power is negative, the element is said to be generating power.   
 
 

Example: 
 
In figure (a) below, the element agrees with the passive sign convention since a positive 
current is entering the positive voltage node.  Thus, the element of figure (a) is absorbing 
energy.  In figure (b), the element is absorbing power – positive current is leaving the negative 
voltage node, which implies that positive current enters the positive voltage node.  The 
element of figure (c) generates power; negative current enters the positive voltage node, which 
disagrees with the passive sign convention.  Figure (d) also illustrates an element which is 
generating power, since positive current is entering a negative voltage node. 
 

 
 
 


