Internal resistance of cells.

Plan:
Introduction:

A toy manufacturing company has received complaints about a battery driven toy car.
Apparently after only a few hours use the toy car’s batteries need replacing. The
customers are unsatisfied with the toy car and want their money back, the toy
company believes that the short life span of the battery is not down to the toy car
being faulty but that modern batteries have a high internal resistance, which causes
poor performance. It is our job to see if this in fact the case.

The internal resistance of a battery can be related to the current, resistance of an
external load and emf (electromotive force) by Ohms law:

Where IR is the terminal pd and Ir is
the pd across the internal resistance, by E=IR+1Ir
also considering the equation V = 1R we
can substitute this in to produce:

With this equation we can arrange it in E=V+1Ir
The form y = mx +c,

In this form the internal resistance (r)
becomes the gradient and the emf (E) is V=1l-E
the y axis intercept. So by producing a
simple circuit and measuring values for
x and y, e.g. y = the voltage across the external load and x = the current we can
produce a graph that will give an accurate value for the emf, and more importantly,
the internal resistance of the battery. So by doing this we can use modern batteries to
prove if they have a high internal resistance or not.

Method:

By using two different batteries, an alkali battery (for the modern battery) and a zinc
chloride battery (for the older battery) we can produce two graphs to calculate the
internal resistance of each battery.

This circuit will give us both a reading
for the current and voltage across the
external load. Take readings for several
different external resistances by using
resistors, for each record the current and
voltage. Use the readings to produce a
graph and then to predict a value for

the internal resistance.
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Equipment:

Zinc chloride battery
Alkali battery

Ammeter

Voltmeter

Resistor holder + resistors
Crocodile clips
Connecting wires

Battery holder

Variables and Accuracy:

In this experiment the variables that I am going to change and measure are the
resistance of the external load, which will vary from 1Q to 180€2, the accuracy of
which are 1% so the larger the resistance the less accurate the reading will be as the
% error becomes more of the actual resistance, e.g.

Small resistance % error =1 Q*1% = 0.01 Q
Large resistance % error = 180 Q*1% = 1.8 Q

By changing the resistance of the external load it also changes the current flowing
through the circuit and the voltage across the external load, so I will be measuring
these so I can create a graph. Other things that vary that could affect the accuracy of
the readings are such things like the resistance of the ammeter, voltmeter and wires in
the circuit. Also if the battery is left on for long periods of time its emf will actually
decrease, so the battery should only be left connected while taking readings. If the
resistors heat up this will also affect the internal resistance, so for safety reasons the
current shouldn’t be made to go above 1A as the resistor will heat up and this is
dangerous as it could cause a short circuit.

The accuracy of the voltmeter and ammeter are to 0.005 volts or amps, I could
improve the accuracy of my results by using a multimeter, which is available for me
to use, but I feel that this will give me readings that are too complicated to work with
and feel that due to time I would work better with only 2d.p readings.

The variable that I will keep constant is the exact battery I use for my results, so if
have to repeat any anomalous results the battery will still have the same internal
resistance.

To check the accuracy of my readings I can calculate the current and voltage using the
equation V = IR. Therefore by considering the sensitivity of the equipment I can
work out maximums and minimums if [ need to. This may help if the readings for the
current become very small and will help improve my accuracy when plotting a graph.

Results:
By collecting this data and using the equation V =rI — E I can plot a graph where the
gradient will be the internal resistance and the y intercept will be the emf, and with

these results I will be able to tell if the battery obeys Ohms law and prove if modern
batteries have a high internal resistance which could lead to poor performance or not.
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Alkali Battery: Calculated (V=1IR)

Resistance () | Current (I) Voltage (V) | Current (I) Voltage (V)
1 0.94 1.07 1.070 0.94
33 0.38 1.36 0412 1.254
10 0.13 1.50 0.150 1.30
12 0.13 1.51 0.126 1.56
15 0.10 1.53 0.102 1.50
22 0.07 1.55 0.070 1.54
33 0.05 1.56 0.047 1.65
47 0.03 1.57 0.033 1.41
56 0.03 1.58 0.028 1.68
68 0.02 1.58 0.023 1.36
82 0.02 1.58 0.019 1.64
120 0.01 1.59 0.013 1.20
180 0.01 1.59 0.008 1.80

Zinc Chloride Battery:

Calculated (V =1IR)

Resistance () | Current (I) Voltage (V) | Current (I) Voltage (V)

1 0.96 1.02 1.020 0.96
33 0.40 1.36 0.412 1.32
10 0.15 1.51 0.151 1.50
12 0.13 1.53 0.128 1.44
15 0.10 1.54 0.103 1.50
22 0.07 1.56 0.071 1.54
33 0.05 1.58 0.048 1.65
47 0.03 1.59 0.034 141
56 0.03 1.60 0.029 1.68
68 0.02 1.60 0.024 1.36
82 0.02 1.60 0.020 1.64
120 0.01 1.61 0.013 1.20
180 0.01 1.61 0.009 1.80

In the results table I have decided to record the calculated current to 3 d.p. as for the
smaller measured currents it gives an idea of how the current at a given resistance
would be plotted on a smaller scaled graph and on which side ( 0.005) it is from the
measured current. The calculated values for voltage are not very useful when it
comes to comparing them to measured voltages as the current becomes ever smaller
and the inaccuracies larger. This is why I have decided not to plot a graph using
calculated voltage or to show them on any of my other graphs.

With the best fit line that I have been able to draw on my graphs I am able to calculate
values for the internal resistance on the two batteries. The first graph that I drew for
each battery includes a result of 3.3Q), which has a very high current and so I repeated
the graph omitting this result, hoping I would get a more accurate value for the
internal resistance as [ used a smaller scale. The graphs I then drew gave me a more
accurate result for the internal resistance, I believe that at the lower resistances that
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the resistors heated up affecting readings for the current and this is why they didn’t
follow the trend that all my other points followed.

I compared my results to what others in the group got:

Internal Resistances

Alkali Battery Zinc Chloride Battery
0.70 0.76

0.91 0.96

0.65 0.68

0.78 1.18

0.75 0.57

1.10 0.98

0.51

1.00 1.00

The general trend was for the internal resistance to increase in the zinc chloride
battery. Using what I found out and comparing to others in the group the results show
me that the internal resistance of a modern (alkali) battery is smaller than that of the
other. This leads me to the conclusion that the modern batteries don’t have a higher
internal resistance and that the performance of the toy car cannot be blamed on this.
Internal resistance is due to the material that the battery is made from, the internal
resistance of any power supply cannot be removed but it can be measured. When
there is a current flowing through both r and R, energy is transferred in the internal
resistance (r) of the battery as it gets warm, and also in the external load (R). This
means that the terminal p.d. (the p.d. across R, the external load) is less than the full
emf of the battery. So if the battery has a high internal resistance then less power is
transferred to the circuit.

In this case the resistance of the external load is fixed, i.e. the toy car, and the current
depends on the internal resistance of the battery. So if the battery has a high internal
resistance then a smaller voltage will flow, if the toy car has a small resistance the
power of the battery will be drained very quickly and this may be the problem in this
case.
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