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| ntroduction to Emfs and Internal resistance

What iIsEMF?

EMF isthe rate at which energy is drawn from a source that produces aflow of electricity in a circuit and is expressed in volts.
EMF is another term for electrical potential, or the difference in charge across a battery or voltage source. For acircuit with no

current flowing, the potential differenceiscalled EMF.

Electrical sourcesthat convert energy from another form are called seats of EMF. In the case of a complete circuit, such a source
performs work on electrical charges, pushing them around the circuit. At a seat of EMF, charges are moved from low electrical

potential to higher electrical potential.

A E,—> /- E :
| - .5 g A o -

K ] ¥ I '|I f _\ _{}_’ 1 *:Ez !—D+ I=0 | EE \|<::

J— / K_j Jo= —>E,. j‘*’ K J=0 Eyy =0 )+

Electric field E,

produced inside conductor
causes current

Current causes charge After a very short time

i _build up u_l cn(_is, " f* has the same magnitude as l:]
producing opposing field E, total field l;,m“l =0

and reducing current and current stops completely

Ideally, such a source would have a constant potential difference, e, between its terminals regardless of current. Real sources of
EMF have an internal resistance which has to be taken into account. The potentia difference across the terminals of the sourceis

then given by
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What isInternal Resistance?

Every electrical instrument is made up of a conductor that has some resistance (but very small). The internal resistance of a cell
isnormally given the symbol r and isavery small resistance. This doesn't mean, however, that it's always small. The resistance
of aminiature watch battery might be 100 ohms or so. A torch battery has an internal resistance of around 0.1 ohms and a car

battery about 0.001 ohms.
Our imaginary internal resistor obeys Ohm's law just like any other resistor. The only differenceisthat it's hidden inside the

battery.

Y ou can measure the EMF of a battery by simply measuring the voltage across the terminals when it's not connected to anything.
Thisis called measuring the voltage in 'open circuit'.Y ou can't just measure the internal resistance directly because you can't get
inside the battery. So you have to do an experiment where you change the current drawn from the battery (by changing the load

resistance) and measuring the p.d. across the terminals.

A battery’ sinternal resistance=r external resistance=R

Usually voltmeters are made such that they draw very negligible current,
so the overall current in circuit is |, and current through voltmeter=0.The EMF of battery(E) will then drop across each resistance
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Battery with an EMF
of % and an internal
resistance of 202

Internal resistance is afeature of al practical power supplies. Different battery designs will have different internal resistances, and
the manufacturers will often take steps to minimize the internal resistance.

A representation of a battery with internal resistance.
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We can obtain important equations for E and r by considering a cell with resistance in a circuit.

The total resistance Rtotal is the sum of the series resistor and the internal resistance of the cell.

Rtota.l' = R +r
by summing p.d. around the circuit,

E = IRtota-."
by substituting for Ryotal,

E=IR+Ir
by Ohm's law, substituting IR = VR
E=V,+1Ir

Note, VR iscalled theterminal p.d. . That isthe p.d. across the cell when it is delivering current.

Want to know more about EMFs and internal resistance? Click here to schedule alive session with an eAge eT utor!
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