Internal EMF:

A real 9V battery does not always give out 9V. It depends on what load is attached – specifically, how much current is drawn. A battery cannot maintain a constant voltage under all circumstances.

DEMO: battery and load (a motor works well)

A real battery is not simply a source of voltage, we can represent it as an ideal source of electromotive force, emf (E), in series with a small internal resistance (r).   There is a small amount of emf that must be used to get the electrons to move through the battery. So the terminal voltage is always slightly less than the EMF.

The open circuit voltage is equal to emf. (this is the voltage caused by the chemical reactions.)
The terminal voltage is      VT = emf – Vint
= emf – Ir

· You can measure the terminal voltage (VT) for a specific current to get r.

· You can measure the terminal voltage with no load (no current) to get EMF.


Example: A battery has an emf of 9.00V and an internal resistance of 0.0500(. Calculate the terminal voltage when the battery is connected to an external resistance (load) of 4.00(.

Solution: (i) Find total R. (4.05(), (ii) now find I, (iii) then sub I into the EMF equation to get VT

Practice: When a battery is connected to a load with R = 40.0 (  the VT = 24.0 V. When the resistance of the load is 15.0 (, VT = 23.5 V. Find the emf and the internal resistance of the battery.


E      r








