AS Physics Coursework

How do | connect this Voltmeter?
Aim

| have been given two circuits to investigate and | have to find out which circuit is suitable for a
range of resistances that an ammeter and voltmeter can measure.

| will be using DC circuits. | will use ohms law throughout the investigation to determine the
relationship and to deduce the voltage and current at a given resistance. | have two different
circuits to investigate; circuit 1, with a voltmeter in parallel with a resistor and an ammeter in
series with the resistor and circuit 2, with a voltmeter in parallel with the resistor and ammeter. |
have to find out how these two circuits are affected with different resistors.

Prediction

In circuit 1, the voltmeter is connected across the resistor in parallel and the ammeter is
connected in series, will give me the potential difference across the resistor and not the
ammeter. The ammeter will measure the current flowing through the whole circuit. The
voltmeter has a very large resistance to stop large currents flowing through it. According to
Kirchhoff's 1st Law “ the sum of the currents flowing into any point in a circuit is equal to the
sum of the currents flowing out of that point”, the current passing through the voltmeter in
parallel with the resistor will split up, some going through the voltmeter and some going through
the resistor.
In circuit 2, the voltmeter is connected in parallel across the resistor and the ammeter. This
may affect the resistance value recorded.
| need to work out the value of the resistors that | will use, to do this | will have to consider the
accuracy of the ammeter and the voltmeter. From the manufacturers specifications printed on
the ammeter and the voltmeter, | know that the ammeter can measure a maximum of 2
milliamps and has a resistance of 40 ohms. | know that the voltmeter can measure a maximum
of 5 volts and allows a maximum current of 100 micro amps to flow through it. These values are
important as they allow me to work out the maximum and minimum resistor values that | can
use.
From the meters values; maximum current = 2mA or 0.002A
Minimum PD measurable = 0.1V (this is found because the voltmeters
scale increases in 0.1V increments, therefore the minimum voltage can be read as 0.1Volts).
Using ohm’s law | can find the minimum resistor value that can be used in the two circuits,
which would give a very small voltage for a relatively large current.
Resistance = Voltage
Current
R=0.1
0.002
=50Q
From the meters values again, the minimum current that can be measured is 1mA (this is found
from the ammeters scale increase in 1mA increments, therefore the minimum current can be
read as 1mA)
The maximum voltage that can be used is 5V.
Using Ohm’s law, | can find the maximum resistor value that can be used in the two circuits.
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Resistance = Voltage
Current

R=5
0.001
= 50,0002

This value is much higher than the smallest resistor value by 1000 times. These values are
therefore the upper and lower limit resistors that | can use in both the circuits to test how the
resistance affects the current and the voltage.

What if a 50Q2 resistor was placed in circuit 1?

50Q2 resistor placed in circuit 2;
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| can now see that if | placed a 50Q2 resistor in both circuits, circuit 1 would be the best circuit
because the resistance measured is nearer 50 at 45.95Q.

What if a 50,000Q2 resistor was placed in circuit 1?

What if a 50,000€2 resistor was placed in circuit 2;
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| can now see if | placed a 50,000€2 in both circuits, circuit 2 would be the best circuit to use
because the resistance measured is nearer 50,0002 at 50040€2.

What if | used a 100Q2 resistor in circuit 1?

What if | used a 100Q2 resistor in circuit 2?
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| can now see that if | placed a 100Q2 resistor in both circuits, circuit 2 would be the best circuit
to use because the resistance measured is nearer 10002 at 140Q.

| will need to use the following apparatus to allow me to carry out the two experiments;

An Ammeter — this will allow me to measure the current in amps or milliamps.

A Voltmeter - this will allow me to measure the voltage across a point in a circuit. The voltmeter
is measuring the potential difference across two points in the circuit. The potential difference is
the energy supplied to each unit of charge; this is how many joules of energy are given up by
each coulomb passing through.

There are many different variables | will have to consider for the two circuits | am investigating.
Two variables will be the current and voltage from the circuit with the set resistance, these are
output variables. The input variable will be the resistance; | have to calculate the resistor values
to use in both circuits.

| have to ensure the control variables are kept the same in both of the circuits of the experiment
will become unfair. | will have to use the same power supply in each of the circuits because if |
used different ones for each circuit, one may have a higher internal resistance than the other.
The internal resistance would be a big factor in determining the accuracy of the current and
voltage readings | will obtain.

Using the same power supply will eliminate any systematic error that may occur. | will use the
same connecting wires to connect all the components in the circuit, this is due to resistance. |
will use normal copper wires in the investigation, these will have some resistance but it will be
too small to affect my final results.

| will have to use the same voltmeter and ammeter in both circuits because the voltmeter
should have a high resistance to allow only a small current to flow and the ammeter should
have a low resistance to prevent the voltage changing, therefore changing the current through
it. If | changed any of the meters they may have different resistances and this will change the
voltage and current readings they measure.

| will keep the resistor holders the same for both circuits, this is due to resistance, if | changed
the holders, one may have a slightly higher or lower resistance.

The only variable | am changing throughout the investigation is the resistors. | will be observing
the effect that changing the value has on the arrangement of the two circuits.

| have to ensure my investigation is safe. If the power supply was to overheat or a large current
was to pass through the wires, a burn would be produced as well as damage to the equipment.
To stop this happening | will keep the output EMF below 6 volts, these will be the 6 volts has
shown on the voltmeter. Keeping the voltage below 6 volts will make sure that the amount
flowing in the circuit is never too large to cause the wires to get hot. The power supply has built
in protection to prevent a large current flowing. | will use a voltmeter to take a precise reading
of the voltage throughout the circuit, not the power supply. This is because the output EMF that
the power supply states cannot be relied on, due to internal resistance of all the components
inside it. As the charge flows through the pack, it gains energy “Joules per Coulomb”, which is
governed by the voltage across it. There is some resistance that the charge has to overcome;
some of this energy gained is then lost overcoming the internal resistance of the power supply.
The loss in output voltage is called “the lost volt” and can be calculated using E = IR +r (ris the
internal resistance of the power supply).
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The colour codes for the resistors | am going to use, these will make it easy to find the

resistors;

Resistor Value (ohms)

Colour Code

390

Orange, White, Brown

470 Yellow, Brown, Purple
560 Green, Blue, Brown
1000 Brown, Black, Black
2200 Red, Red, Red

2700 Red, Purple, Red
22000 Red, Red, Orange
27000 Red, Purple, Orange
32000 Orange, Red, Orange

As you can see | have chosen resistor values that are able to give me a wide range of results,
now the ammeter and voltmeter are important, because these are the devices that will give me
the readings that | am basing my experiment on. If any of the meters is slightly inaccurate this
could cause my results obtained to be inaccurate. The meters a am using are analogue in the
way in which they measure current and voltage, they use the electromagnetic effect of a charge
interacting in a magnetic field to produce movement. This movement swings a pointer on a
scale to measure the voltage or current, depending on the meter used.
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Results
Log Resistor | Resistor Current Average PD Resistance R1/R2 Ratio
(volts)

Circuit1 | Circuit2 | Circuit! | Circuit2 | Circuit1 Circuit2
259106461 | 390 0.002 | 0.002 |0.70 0.80 386.98 430 0.8999535
267209786 | 470 0.002 | 0.002 |0.85 1.00 465.62 510 0.9129804
2.74818803 | 560 0.002 | 0.002 1.30 1.25 553.80 600 0.923
3 1000 0.002 | 0.002 |2.00 2.05 980.39 1040 0.9426827
3.34242268 | 2200 0.002 | 0.002 |4.30 4.55 2107.67 | 2240 0.9409241
3.43136376 | 2700 0.002 | 0.002 |270 2.70 2561.67 | 2740 0.9349161
4.34242268 | 22000 0.002 | 0.002 | 045 0.50 15277.78 | 22040 | 0.6931842
4.43136376 | 27000 0.002 | 0.002 | 0.45 0.50 17532.47 | 27040 | 0.6483902
450514998 | 32000 0.002 | 0.002 |0.20 0.30 19512.20 | 32040 | 0.608995
454406804 | 35000 0.002 | 0.002 | 0.25 0.30 20588.24 | 35040 | 0.5875639
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Graphs

Graph 1

The graph below is to show how the resistances increase as the value of the resistor increases
in both circuits.
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Graph 2

Graph to show Resistor Values against R1/R2 ratio.
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Conclusion

From my results | can see that circuit 1 isn’t very accurate, | think this may be due to the
position of the voltmeter. In circuit 1, the voltmeter is taking the potential difference across the
resistor only and not the ammeter; the ammeter has its own internal resistance of 40 ohms.
With the ammeter having its own internal resistance, energy is required to make charge flow
through the ammeter and then through the resistor. Energy is required to push the charge
through the resistor but this energy is lost when it is passing through the ammeter and the
voltage drops. This explains why the resistances calculated in circuit 1 are so low.

In circuit 2, the potential difference is being measured across both the resistor and ammeter.
The internal resistance of the ammeter is now been taken into consideration. The calculation of
the resistor value is more accurate now the ammeter is been taken into consideration.

Both circuits produce different results. Circuit 1 is very in accurate. Circuit 2, however, is a
much better circuit to use, as the results calculated are much nearer the resistor values.

| can see that when | plotted graph 1, the line for circuit 2 carries on increasing as the resistor
value increases, but the line for circuit 1 does not increase like that of circuit 2 because the
resistance that is measured is no where near that of the resistor value. Until the resistor value
of 22000, the line of the graph for both circuits follows a very similar pattern. Then has |
increase the resistor value to 22000 the line for circuit 2 increase as | expect it 2 but the line for
circuit 1, increases but not has | expected, the given resistance is only 15277.78 this is 6722.22
ohms lower than the given resistor value and this carries on always through the investigation.
This is because in circuit 1 the ammeter has its own internal resistance of 40 ohms and in this
circuit the voltmeter is only measuring the potential difference across the resistor and not taking
into account the potential difference of the ammeter.

The ratios show how the two-resistor values change, with the number gradually getting smaller,
has there is a bigger difference from the resistance measured in circuit 2 and that of circuit 1.
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Evaluation

Internal resistance of both the ammeter and voltmeter could have affected my readings. The
power supply has wires that have a resistance of their own and this fact did not get taken into
account when the voltage and current readings are taken. The power supply would only have a
tiny internal resistance but it still may make the results less accurate than they could be.

The fact that the connecting wires have some resistance plays a part in the results obtained,
even though the wires have only a very small resistance it could make the results less
accurate.

Repeating the experiment twice was not sufficient enough, if | had repeated the experiment 5
times this would have given me a much more precise average.

The accuracy of the ammeter and voltmeter is a determining factor in obtaining accurate
results. If they are slightly inaccurate this could make my results accurate. | do not think that
anything was wrong with the accuracy of the ammeter and voltmeter. Using digital meters
would be a better idea has the scales are extremely accurate and the correct resistance could
be used, such as very high resistance for the voltmeter to reduce the current the current flowing
through it. Parallax errors could have affected my results, as it is difficult to judge whether the
meters needle is on one line or the other, depending on which angle you look at the meter. A
digital meter would stop this error as it gives a reading in exact numbers.

If | was to repeat the experiment again, | would like to use digital meters to record the current
and voltage because this would ensure that my results would be as accurate as they possitly
could be. | would leave the power supply on for as little time as possible to stop the resistors
heating up as | fink this increases their values.

| think my investigation did prove what | was trying to prove, what | discovered matched my
prediction and circuit 2 was the best circuit to use.
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