Physics 12
emf and Terminal Voltage

When a cell is connected to a resistor and current is being drawn from the cell, the voltage as measured across it’s terminals (Terminal Voltage, VT) is lower than the cells theoretical voltage based on the reactions inside the cell (electromotive force or emf).

Why is there a loss of voltage (energy or power) inside a cell? By the way if you short-circuit a cell by connecting a single wire from its positive end to its negative end the cell will become very hot, showing that the cell does lose energy or power inside of it. It is said a cell has internal resistance (r). The internal resistance is a property of all cells. Better quality cells have lower internal resistance. The internal resistance determines the actual output voltage or terminal voltage of a cell.





The emf of the cell or battery can never be determined by connecting a voltmeter to a cell. Why not?

However, if you connect different resistors to a cell or battery and measure the current and terminal voltage of the cell then a graph of voltage versus current can be made and the internal resistance and emf of the cell can be determined.

	Current (A)
	Voltage (V)
	Resistance ( Ω)

	0.0366
	5.41
	147

	0.0418
	5.38
	127

	0.0479
	5.05
	100

	0.0926
	4.31
	47

	0.1336
	3.72
	27


The following data was collected by this method:

A graph was plotted using this data:
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The equation of the line is given on the graph. To determine the emf of the cell extend your line to the Y-axis. The y-intercept is equal to the emf of the cell. This is the voltage of the cell when it draws no current.


The slope of the line will be equal to the internal resistance of the cell or battery. In this case:

The actual emf equation is:

Example Questions:
1) A battery with an emf of 12.0 V dc is connected in series to a 120 Ω resistor and ammeter as shown. 







What is the internal resistance of the battery?
2) In the diagram below, the battery has an emf of 15.0 V and an internal resistance of 2.3 Ω.

What is the power dissipated by the internal resistance of the battery?
3)  Explain what would happen to the emf, terminal voltage and internal resistance of the cell and what would happen to the current and voltage of the 4.0 Ω if the 10.0 Ω was removed from the circuit shown below:


This is how a cell with an internal resistance is drawn.
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Emf = 6.0 V





VT





emf = terminal voltage if I = 0





Slope = 17.5 Ω = internal resistance





emf = 6.01 V (in this case)





VT    =   emf   -    Ir            (for a cell being used or discharged)





VT    =   emf   +   Ir          (for a cell being charged)
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Emf = 12.0 V
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I = 0.0983 A
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