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Chapter 28 
Direct Current Circuits  
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28.1 Electromotive Force  
• Because the potential difference at the battery terminals is 

constant in a particular circuit, the current in the circuit is 
constant in magnitude and direction and is called direct 
current.  

• A battery is called a source of electromotive force. 
•  The emf ε of a battery is the maximum possible voltage 

that the battery can provide between its terminals.  
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28.1 Electromotive Force  
• Consider a circuit consisting of a 

battery connected to a resistor.  
•  The positive terminal of the battery is at 

a higher potential than the negative 
terminal.  

• Because a real battery is made of 
matter, there is resistance to the flow of 
charge within the battery. This 
resistance is called internal 
resistance r.  

•  For an idealized battery with zero 
internal resistance, the potential 
difference across the battery equals its 
emf.  
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28.1 Electromotive Force  
• As we pass from the negative terminal to the positive 

terminal, the potential increases by an amount ε.  
• As we move through the resistance r, the potential 

decreases by an amount Ir.  
•  The terminal voltage of the battery ΔV = Vb - Va is  

•  ε is equivalent to the open-circuit voltage—that is, the 
terminal voltage when the current is zero.  

•  The emf is the voltage labeled on a battery.  
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28.1 Electromotive Force  
•  The terminal voltage ΔV must equal the potential 

difference across the external resistance R, often called 
the load resistance.  

•  The potential difference across the load resistance is  
   ΔV = IR.  
 
 
 
 
•  The current in this circuit depends on both the load 

resistance R and the internal resistance r.  
•  If R is much greater than r, as it is in many real-world 

circuits, we can neglect r.  
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28.1 Electromotive Force  
•   The total power of the battery  

•  is delivered to the external load resistance in the amount 
I2R and to the internal resistance in the amount I2r.  
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28.2 Resistors in Series 
•  In a series connection, if an amount of charge Q exits resistor 

R1, charge Q must also enter the second resistor R2.  

•  The potential difference applied across the series combination of 
resistors will divide between the resistors.  

•  The equivalent resistance  
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28.2 Resistors in Series 
•  The equivalent resistance of three or more resistors connected 

in series is  

•  The equivalent resistance of a series connection of resistors is 
the numerical sum of the individual resistances and is always 
greater than any individual resistance.  

• Note that if the filament of one lightbulb  
  were to fail, the circuit would no longer  
  be complete (resulting in an open-circuit  
  condition) and the second bulb would  
  also go out.  
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28.2 Resistors in parallel 
•  When charges reach point a, called a junction, they split into two parts, with 

some going through R1 and the rest going through R2. 
•  A junction is any point in a circuit where a current can split.  
•  The current I that enters point a must equal the total current leaving that point:  

•  The equivalent resistance of two resistors in parallel is  
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28.2 Resistors in parallel 
•  The equivalent resistance of three or more resistors 

connected in parallel is  

•  The inverse of the equivalent resistance of two or more 
resistors connected in parallel is equal to the sum of the 
inverses of the individual resistances. Furthermore, the 
equivalent resistance is always less than the smallest 
resistance in the group.  
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