My aim was to determine the refractive index of different liquids using the limiting angle. The
liquids are water, soda, oil and 100% alcohol, so | had to carry out 4 experiments. For all
these experiments | used the same white non- transparent cup, a laser pointer, a thin wire
loop and a millimeter tape measure.

First, | marked a point on the inside of the cup, 5mm from the bottom, so | would know how
much liquid to pour. | took a thin wire and made a loop with a handle so we could put it inside
the cup. Before putting it in, | measured the radius (R) by measuring the diameter, which was
450 mm (2R) and divided by 2, which gave me the answer 225 mm (R). | then placed the
loop in the beaker and poured in the first liquid, which was water. When this was done, |
pointed the laser at the center of the loop.

| then measured the radius (r) of the circle created by the reflected rays hitting the water-air
interface at angles greater than the interface angle. All that remains is to measure the
amount of water required for the radius of the laser circle (r) to become the radius of the loop
(R).

| repeated this another 3 times.

The soda was the second liquid.



Then it was time for the oil.
This is when the liquid has reached 5 mm.






And after enough oil was poured so that r = 225mm = R
Lastly it was time for the 100% alcohol.
This is when it has reached 5 mm.



And after pouring enough to form the same process of r = 255mm = R.



For how much amount was needed to be poured for r = R will be marked as d.

These the results | ended up with:
- water:
dw-5mm
rw-15mm
- soda:
ds - 2mm
rs - 10mm
- il
do-7mm
ro- 16mm
- alcohol:
ra-16mm
da- 3mm

Now | need to derive the formula for refractive index.

Firstly we are going to need this formula.



When we adopt that n equals 1.
We need to use theorem of Pythagoras but first we need to analyze geometry of the
experiment and then we came out with this formula:

Now we need to calculate the refractive index for each of the substances using this formula.
We will be doing it in the same order as the experiment went. We need to also take into
account that there was some measurement uncertainty and do other calculations specifically
for the worst and best case and include them into the final result.
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Now we calculate the measurement uncertainty.
Firstly we calculate the maximum so in this case add 1 to d and subtract 1 fromr.

For the minimum we switch where we add or subtract which means d-1andr + 1.



Now we need to subtract from one another (max - min) and divide it by to and then include it
in the result.

Now the maximum and minimum.



It is time for the oil.
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Calculating measurements uncertainty




The final result

And the last liquid is 100% alcohol.
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Our final measurement uncertainty

Our last result is that

Wwe Mﬂ"l r 0‘05



In conclusion each liquid has unique measurements to fulfill the terms of this experiment
which are conditioned by their physical or chemical properties. For example alcohol and oil
needed different amounts of them poured so r could be the same as R but not the same
amount even though they had the same radius.
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