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The aim of my interdisciplinary project is to present the impact of temperature of water on refraction
of a light beam in an understandable for any viewer way

The hypothesis was that the warmer the water, the faster the light in it, and the lower the value of its
refractive index

Materials used

camera
aquarium

two lasers

base for physics experiments

attachment for the base/stand holding a laser

digital thermometer (with measure of uncertainty of 0,1°C)
measuring tape (with measure of uncertainty of 0,1 cm)

Experiment design

| wanted to show the impact of temperature of water on the distance it travels after refraction, since
the refractive index for water differs with temperature changes.

Firstly, after figuring out subject and thesis for my project, | thought about how to conduct an
experiment that would show that.

| came up with an idea to use a beam of light of a laser. | decided to fix the laser to one side of an
aquarium filled with water. The bean of light, while passing through the water should refract and hit
the bottom of an aquarium. The distance of the hitting place should be different at different water
temperatures.

| started gathering materials. | needed:

- a laser,

- a base that would hold it steadily,

- measuring tape,

- an aquarium of a proper size and

- a precise thermometer (with measure of uncertainty of 0,1°C)

| placed the base in front of the aquarium and picked the angle with which it would hit the bottom of
the aquarium. Later, below the bottom | mounted a measuring tape so | could record changes of the
distance without moving the system. Then | taped the thermometer onto an aquarium wall, to follow
changes in water temperature. To achieve a wide range of temperatures | set two measurement



series. In one, the starting point was cold (2 C) water obtained by exposing of the filled aquarium to

outdoor temperature. In second, the starting point was temperature of the boiling water (boiled in a
pot prior to filling the aquarium). Measurements were taken at the dime when water, either cold or

hot) was equilibrating with room temperature (24 C) .

Fig. 1 Construction of the system

While conducting the experiment for the first time | found four problems.



4.

The laser | used was too weak and it was hard to read off measurements

| used unfiltered water that had lots of particles in it which in combination with the weak
laser made the measurements unreadable.

| couldn’t reach temperatures lower than 20°C by using ice cubes (there was too much water
in an aquarium).

Slight movement of a laser caused biases in measurements

| fixed all of these problems and my second approach to the experiment was successful. | started with
cooling down my water by putting it outside overnight, this let me achieve desired low temperatures.
This time | used a way stronger laser, and filtered the water which significantly reduced the number
of particles in it. | also changed the ruler for a measuring tape, which was more precise. Finally |
framed the point where the laser should enter aquarium with an insulating tape.

Experimental procedure

| shot a beam of light through a specific point on the aquarium into water of different temperatures
from 4°C up to 80°C.

| took measurements at =5°C intervals as the water cooled down from 80°C or was warming from 4C.

Figure 1. Scheme of experimental setup. The red line represents laser light beam and the dashed lines
represent where the beam would be if it didn’t refract. The horizontal dashed line is a marker for
height on which the light refracted




Figure 2. experimental procedure

Fig. 4 Experiment al procedure.

Results:

Result concerning the distance the light travelled after refraction are presented in Tab. 1

Tab. The distance the light travelled after refraction (measurement taken at 16 C is human mistake as
the laser was accidentally misplaced)

Temperature (°C) Distance (cm)
4 17,1
10 17,05
16 17,15

20,6 17
25,4 16,975
31,1 17
35 16,95
40,2 17
45,8 17
50,3 16,95
54,2 16,95
60,2 16,95
65 17
70,1 16,925
73 16,9
78 16,85
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Speed of light in water according to its temperature
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Figure 5. Speed of light in water according to its temperature

Calculations:

For my calculations | used MS Excel.

Table 2. Example of how | calculated refractive index:

X 12,5 XA2 156,25 4
y 17,1 yA2 292,41
h 4,35 hA2 18,9225

yA2+h"2 311,3325
xA2+h"2 175,1725




iloraz

1,777291

1,333150
pierwiastek 8
delta x 0,2
delta y 04
delta h 0,1
X
X max 12,7 | max”*2 161,29
y max 17,5 ?/nax"z 306,25
h 19,802
h max 4,45 | max”*2 5
X min 12,3 | x min?2 151,29
y min 16,7 | ymin®2 | 278,89
18,062
h min 4,25 | h min*2 5
n max
yA2+h”2 326,0525
x"2+h"2 181,0925
1,800474
iloraz 9
1,341817
pierwiastek 8
n min
yA2+h”2 296,9525
x"2+h"2 169,3525
iloraz 1,753458
pierwiastek | 1,324182

blad




0,0088178
69

1,33315
1

H+

0,0088178
69

Table 3. Example of how | calculated speed of light in water:

Predkos¢
Swiatta 4°
1,333150
n 8 v=c/n
2997924
C 58
224875135
' ,2
226393370
VvV max .8
0,008940 223377127
deltan 4 v min 1
1508121,8
delta v 44
1,342091
n max 1
1,324210 224875135 1508121,8
n min 4 ,2 + 44
Analysis

My experiment and calculations showed that water temperature has direct impact on speed of light
in it, and its refractive index. The hotter the water the faster light moved in it, and the lower was the
value of its refractive index.

When the water was at its lowest temperature (4°C) the light speed was the lowest of all measured
(about 225 550km/s). The speed of light was the highest (228 000km/s) when water was at 78°C
which was the hottest water in which | took a measurement. For the refractive index of water in
different temperatures it is lowers with increasing water temperature. It was the highest at 4°
reaching value of 1,333 and lowest at 78°C dropping to a value of 1,315

Measurement taken at 16C are out of the apparent trend, but its outstanding value in every
measurement and calculations was caused by a human mistake. While conducting the experiment |

accidentally moved the laser. | will not take it into consideration

Conclusion




e | achieved my goal of showing that the temperature of water has an impact on its refractive
index and speed of light in it.
| proved my hypothesis right.
| reached my aim to show the impact of water temperature on refractions occurring in it in an
easy and understandable way.

e The data showed that water temperature, density of water in different temperatures, speed
of light in water and water’s refractive index are all connected.

e | had technical problems while conducting the experiment for the first time but | learned
from my mistakes and managed to do it right the next time.

e Both measurements and calculations were challenging but | managed to overcome the
difficulties.

e | found the project very interesting and developing. | have learnt more than | could expect.

Bibliography:

e https://en.wikipedia.org/wiki/Refractive_index

o https://pl.wikipedia.org/wiki/Pr%C4%99dko%C5%9B%C4%87 %C5%9Bwiat%C5%82a

e https://pl.wikipedia.org/wiki/Przenikalno%C5%9B%C4%87 magnetyczna

° httgs //pl. W|k|ped|a orgIW|k|/Wng%C4%99dna przenlkalno%CS%QB%C4%87 elektryczna

[ J H

o https: //www bbc.co. uk/blte5|ze/gwdes/znksd6f/reV|S|on/6

e https: ef.amu.edu.pl/images/LDF/Algorytm.pdf

e https://www.deepl.com/pl/translator

e https://en.wikipedia.org/wiki/Optical_properties_of water_and_ice

e https://www.gemsociety.org/article/refractive-index-list-of-common-household-liquids/



https://en.wikipedia.org/wiki/Refractive_index
https://pl.wikipedia.org/wiki/Pr%C4%99dko%C5%9B%C4%87_%C5%9Bwiat%C5%82a
https://pl.wikipedia.org/wiki/Przenikalno%C5%9B%C4%87_magnetyczna
https://pl.wikipedia.org/wiki/Wzgl%C4%99dna_przenikalno%C5%9B%C4%87_elektryczna
https://pl.wikipedia.org/wiki/Wsp%C3%B3%C5%82czynnik_za%C5%82amania
https://www.bbc.co.uk/bitesize/guides/znksd6f/revision/6
https://ppef.amu.edu.pl/images/LDF/Algorytm.pdf
https://www.deepl.com/pl/translator
https://en.wikipedia.org/wiki/Optical_properties_of_water_and_ice
https://www.gemsociety.org/article/refractive-index-list-of-common-household-liquids/

