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AS Physics Practical; Comparing and improving two rainfall gauge experiments

The aim of this experiment is to test and improve an existing rainfall

measuring experiment using a potential divider. I have done this by modifying the

equipment I use; this has given me a better resolution and more linear results.

Apparatus
For the first unimproved experiment

5 volt Dc power supply
Rotary potentiometer
Float

Voltmeter

Beaker

Metal rods

Blue tack

Clamp stand

Ruler

For the second experiment;

Safety

5 volt DC power supply
Rotary potentiometer
Clamp stand

Arm with joint

Volt meter

Beaker

Float

Ruler

If the water is spilt then it must be mopped up. The beaker might break if it
falls on the floor therefore all equipment must be kept away from the edge of the
table. The rotary potential divider must be secured in a clamp stand. This must be held
tightly so that it will not fall on the table as this would damage both he table and the
rotary potential divider.

Diagram of Experiment 1
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Diagram of Experiment 2

Theory
A rotary potentiometer has a primary use in fuel gauges in cars however it is

also useful in rain detectors or robot arm sensors. It works because, when a 5 volt
current is passed through the two potential divider connections and the rotary arm if
fully opened up the full current will pass through. However if the arm closes slightly a
different output voltage is given. Therefore to measure an amount of liquid in and
area the voltage is measured by a voltmeter. The voltmeter must be set across the
rotary potentiometer to gain clear results.

Method

For the first experiment, the rotary potentiometer was connected to the power
supply. After this, I connected a voltmeter to measure the voltage across the rotary
potentiometer. The rotary potentiometer is then firmly attached to a clamp and stand
so as not to fall out on to the table. Then I fixed a metal rod to a right angle of the
potential divider from the moving spindle at the centre of the rotary potentiometer, as
this moved the out put voltage changed. From this right-angled rod, another rod was
attached at an angle of 90° downwards. The rods where joined together by blue tack.
This downwards rod was connected to a float, which was a ping-pong ball.
Assembled it is the immersed into a beaker where the water was added and the out put
voltage is to be measured.

For the second experiment, I did the same this made my experiment fair.
However, I altered the arm, this enabled the arm to rotate more smoothly also I used a
larger container for the experiment. Therefore, the float would not constantly hit the
sides. In addition, I used a polystyrene float this floated better than a ping-pong ball.
All output voltage will be measured in um on the voltmeter. Also not only as [ add a
set increasing ml of water must [ measure the output voltage I must measure how
much the water level for each addition of 100ml of water has increased. Once I have
this result I can calculate the average resolution for my sensor
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Problems

For the second experiment there where minimal errors, due to the fact the aim of
the second experiment was to eliminate errors from the first experiment. For the first
experiment, the beaker was the wrong shape for the task. This meant that as the arm
was elevated when the water started to fill the beaker the float encountered the sides
and therefore giving anomalous results. To stop this from happening in the second
experiment | used a larger beaker. This stopped the arm and float from hitting the
side. The change in beaker shape would have affected the results for the two
experiments; therefore, [ used a beaker that gave enough clearance however, it was
very similar to the first beaker this meant my results would not be affected by a large
amount. [ measured this out put voltage difference between the two beakers and
compensated for it in the results from my second experiment therefore giving accurate
results. Also in the first experiment the rods where joined by using two rods at 90°
through the rotary potentiometers spindle. Alternatively, though this measured the
level of water accurately, it gave no give in the joint between the two arms, this
allowed the float to hit the sides and give me anomalous results. To stop this from
happening in the second experiment I used an arm that had been professionally made
this meant that it gave accurate results because it would be at a constant angle of 70°,
and did not twist or hit the side. The two arms where attached between the 70° angle
with two plastic disks these where on a pivot to allow the arms freedom to move from
left to right of each other however it would not spin in the opposite direction. This
spin would give the anomalous results. For the first experiment, the ping-pong ball
also caused problems. When water was added to the container the ball did not rise this
was because it had holes in the surface and therefore filled with water. To stop this
occurring I changed the ball. In the second experiment, I changed the ball to a
polystyrene ball, I did this because polystyrene floats better than a PVC ball, and this
gave my results for the second experiment an extra degree of accuracy.

The second experiment also had fewer problems as it was an improved
experiment. At first when I set, the second experiment up the potential divider was
faulty therefore; I had to change this for a different rotary potential divider. In
addition, my first selected beaker for the second experiment also made the float hit the
side and gave me faulty readings this meant I had to change for a slightly larger
beaker.

Results
Results for the first unmodified experiment;

voltage output/pm (+/-0.001V)
Rainfall/ml v-out v-out v-out Average output

0 119.5 135.6 124.2 126.4

400 115.2 110.6 120.5 115.4

500 105.6 95.6 103.0 101.4

600 78.0 85.4 83.2 82.2

700 56.2 54.2 51.3 53.9

800 28.1 34.2 31.9 31.3

900 7.9 6.2 9.7 7.9

1000 2.0 0.5 1.1 1.2

Resolution 3mm
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Results for the second (modified) experiment;

voltage output/pm (+/-0.001V)
Rainfall/ml v-out v-out v-out v-out v-out Average output

0 129.4 130.0 132.0 130.8 130.3 130.0

400 117.9 121.7 122.0 120.5 119.6 120.0

500 115.3 110.7 111.9 113.2 114.3 113.4

600 82.5 83.1 81.9 83.1 83.0 82.5

700 60.0 57.5 58.6 59.7 60.7 59.6

800 30.1 29.7 32.1 30.22 27.9 30.8

900 10.5 8.9 9.5 9.6 10.1 9.8

1000 0.9 1.01 0.8 1.03 1.01 1.01

Resolution 2.5mmThese results provide me with the evidence I need to compose
graphs and to draw a conclusion.

Analysis of my results

The second experiment also had fewer errors as it was an improved
experiment. At first when I set, the second experiment up the potential divider was
faulty therefore; I had to change this for a different rotary potential divider. In
addition, my first selected beaker for the second experiment also made the float hit the
side and gave me faulty readings this meant I had to change for a slightly larger
beaker and recalculate the difference in volt output per measure meant taken.

The resolution of the second experiment was around about 3mm this was
adequate for measuring rainwater as it normal rains more than 3mm in 1 day.
However, I increased the resolution of the rainfall detector by 0.5mm. This shows that
these small changes have improved my experiment.

The graph for the first experiment is linear, despite this there are some
anomalous results for example 900mm, which gave an average volt output, of
0.00079v. This could have been down to a number factor such as parallax error of
measuring the water level or taking the reading during a fluctuation of the voltmeter.
The results for my second experiment are obviously more accurate when plotted on a
graph. This is because on the first graph there are five results that do not fit onto the
trend line, however my improved experiments graphical results show that the results
are more closely suited to a linear trend line. This is because of the improvements in
equipment that was used also more accuracy which means less parallax error. Parallax
error is human error of measurement.

Evaluation

The aim of the experiment was to improve an existing experiment to measure
the rainfall by using a rotary potentiometer.

The results that I have collected and displayed on the graph show that I have
increased the accuracy of the results. The new results form an increased correlation on
a trend line. In addition, the resolution of my experiment has increased by 0.5mm of
water this is very impressive as I thought at the start of this experiment that the
resolution would of remained the same. Also if this was to be made into a really rain
measuring gauge it would be easier to keep outside and not have to monitor
constantly. This is because of the alterations I have made. Before if the first
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experiment were left for 24 hours the float would have hit the side if it floated at all,
and there would have had to be 3mm of rain for a clear reading to be taken. With the
improved experiment, it could now be left outside, because the new arm joint allows
the arm movement and to measure at a constant angle however, it will not hit the side
of the beaker, only 2.5mm of rain would have to fall for a reading to be taken and the
ball is assured to float.

If T was to improve the experiment further, I would use a resistance box, and a
power supply that gave a constant 5 volts instead of a power supply that gave a
fluctuating 5 volts, I would also use a more sensitive voltmeter. A resistance box
would not increase the resolution however; it would increase the strength of the signal
to the voltmeter and therefore giving a better reading. If I were to use a fixed 5 volt,
power supply it would give me a constant 5 volts instead of fluctuating around 5 volts
this would also improve my voltmeter readings and linearity of my graph. If I was to
use a more sensitive voltmeter I could increase the accuracy of my results by 1
decimal place this although would not improve my results it would make them easier
to anomalies and then I would be able to find a more affective way of stopping the
anomalous results.
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