
 

 
 

EMF & INTERNAL RESISTANCE       29 JULY 2014 

 
Lesson Description 

In this lesson we: 

● Define and explain emf and internal resistance 
● Work through circuit problems 

 

 
Summary 

Internal Resistance 

The emf of a cell is the maximum amount of energy which the cell can supply.  When the cell is 
delivering current, the potential difference is less than then emf.  This is due to the internal resistance 
of the cell.   

                               

                  

                                                  

                                                                        

            

        

I = current in the circuit (A) 

Rext = effective resistance of the external circuit (Ω 

r = internal resistance of cell (Ω) 

             

           

 
Test Yourself 

Select the most correct answer from the options given. Write down only the correct letter 

Question 1 

The internal resistance of the battery in the circuit is not negligible.  The voltmeter has a very high 

resistance.  The resistance of the ammeter is negligible.  If switch, S, is closed the readings on A and 

V will change.  Which row of the table gives both changes correctly? 

 



 

 
 

 Ammeter Voltmeter 

A. Increase Decrease 

B. Increase Increase 

C. Decrease Decrease 

D. Decrease increase 

Question 2 

If 1 J of work is done to transfer 1C of charge from point P to Q in a circuit 

A. the potential difference P and Q will be 1 V 
B. the current will be 1 A 
C. the resistance between P and Q will be 1 Ω 
D. the force exerted on an electron in the circuit will be 1 N.  

Question 3 

A bulb is connected to a battery with negligible internal resistance.  If a resistor is connected in 

parallel to the bulb, which statement is true? 

A. The potential difference across the bulb decreases 

B. The total current through the battery increases 

C. The current through the bulb increases 

D. The potential difference across the bulb increases 

Question 4 

Three voltmeters V1, V2 and V3 are connected as shown in 

the diagram. The resistance of Q is greater than the 

resistance of R.   

Which statement concerning the readings on the voltmeters 

is true? 

A.  V1 + V2 + V2 = emf 

B. V3 > V2 

C. V2 > V3 

D. V1 > V2 + V3 

Question 5 

Three ohmic resistors of resistance R, 2R and 4R are connected in series to a voltage source having 

an emf of V and an internal resistance of R.  What will be the voltage across the resistor of resistance 

2R? 

A.     

B. 
 

 
   

C. 
 

 
  

D. 
 

 
  

  



 

 
 

 
Improve your skills 

Question 1 

The following experiment was performed by a group of science students.  Study the results carefully 

and answer the following questions. 

The Internal Resistance of a Cell or Battery (Introductory Observations) 

When we measure the voltage of a battery we say we are measuring the terminal potential difference 
of the battery. 

1.  The battery (cell), labeled 1,5V in the diagram on the right is not 
supplying any current (assuming the voltmeter has infinite resistance).  
The terminal potential difference measured under these circumstance is 
called the emf, E, of the battery (cell) 

E = 1,5 volts 

 

2. The battery is now connected to a resistor and is 
supplying a current of 0,2A.  The terminal potential 
difference is now 1,3V 

 

 

 

 

3. The same battery is now supplying a current of 0,4A.  The terminal 
potential difference is now 1,1 V 

 

 

1.1.  When a cell is not supplying current, what is the value of the terminal potential of the battery?  
What is this value known as?            

1.2. What happens to the terminal potential as the current in the circuit increases?  

1.3. What is ‘lost voltage’?                

1.4. Explain why the cell ‘looses’ voltage.             

1.5. Using a formula to calculate lost volts, calculate the internal resistance of the cell in the 
experiment above.               

  



 

 
 

Question 2 

2.1. A 9V battery is short circuited.  The potential difference across the battery is found to be 8V, 
and the current is 5A.  What is the internal resistance of the battery?       

2.2. What is the EMF of the battery in the following circuit?     

 

 

 

 

 

 

 

2.3. What is the internal resistance of the battery in the following circuit?  
 

 

 

 

 

 

 

 

Question 3 

(Adapted from Sunday Times Exemplar Paper 1 2009) 

Arnold and Mary construct a circuit as shown in the diagram below.  The circuit contains a fresh, fully 
charged 24 V battery with an internal resistance of 1Ω. 

 



 

 
 

When the switch, S, is closed Mary reads the ammeter A1, and records a current of 3A.  

3.1.  Using this value of the reading on A1, i.e. 3A, calculate the 

3.1.1. the value of the unknown resistance, R.  

3.1.2. the reading on the voltmeter V1 

3.1.3. the reading on the voltmeter V2 

3.1.4. the reading on the ammeter A2 

3.1.5. the energy dissipated per second in the battery when charge is flowing in the circuit.  

3.2. The switch, S, remains closed and charge is allowed to flow in the circuit for a long time.  
State whether the following readings will INCREASE, DECREASE or REMAIN 
UNCHANGED. 

3.2.1. A1 

3.2.2. A2 

3.2.3. V1 

3.2.4. V2 


