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""
Introduction !"
Ultraviolet (UV) radiation was first discovered in the early 19th century, however, further knowledge 
of this radiation, including the harmful effects and dangers that can arise from exposure, has only 
emerged within recent times. As a greater understanding surrounding the potential hazards that 
ultraviolet radiation can present to humans has increased, so too have the availability of protection 
measures. These days, ultraviolet protective clothing is highly recommended for all citizens 
exposed to excessive sunlight, however, not all materials provide maximum protection. There are 
several factors that can influence a materials’ natural protection levels from UV rays, and this 
science investigation aims to uncover the most protective material that can potentially be used in 
UV clothing. ""
What is radiation?  
Radiation is any form of energy that is emitted from a source and has the ability to travel 
through materials or space. !"
Any object has the potential to emit radiation. The electromagnetic spectrum is a scale that 
describes all forms of electromagnetic radiation, from large radio waves to minuscule gamma rays. "
"
"

"
Radiation can be expressed in many different ways, however, is most commonly described by 
either the:"
• Amount of energy released: this is expressed in terms of electron volts. "
• Frequency of the waves: this measured in cycles per second (Hetz)"
• Wavelength: measured in metres (m). ""
As can be identified in the above diagram, radio waves are the largest form of electromagnetic 
radiation. This type of radiation has the longest wavelength, lowest frequency and also releases 
the least amount of energy. In comparison, gamma rays are the smallest type of radiation and have 
the shortest wavelength, highest frequency and release the most amount of energy. """
"

The Electromagnetic Spectrum
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Ultraviolet Rays and the Electromagnetic Spectrum 
Ultraviolet radiation is a form of radiation found on the 
electromagnetic spectrum. The wavelengths of UV rays range 
between 40 and 400 nanometers, and place this form of radiation 
between visible light and x-rays. "
Ultraviolet radiation releases more energy than visible light, as the 
wavelengths of each ray is shorter. This is why ultraviolet rays are 
more harmful to humans than visible light rays. """
Types of Ultraviolet Radiation  
There are several types of ultraviolet radiation, classified according to their particular wavelength. 
The three main types of UV radiation are UVC, UVB and UVA radiation.""
UVC Radiation!
UVC Radiation is the most dangerous and damaging type of ultraviolet radiation. These types of 
ultraviolet rays sit between approximately 100 and 290 nanometers, therefore classifying them as 
short-wavelength UV rays. This also means that these rays emit the most energy. "
However, the o-zone layer that surrounds the Earth is responsible for preventing most, if not all, 
natural UVC rays from coming into contact with the Earth’s surface. This means the most 
potentially hazardous for of ultraviolet radiation does not affect nature. """

UVB Radiation !
UVB Radiation has wavelengths between 
approximately 290 and 320 nanometers, 
and is the most destructive form of 
ultraviolet radiation that is potentially 
available to humans. Whilst a high 
proportion of solar UVB radiation is 
filtered out by the atmosphere, a certain 
percentage of these rays can reach the 
earth’s surface, and therefore affect 
humans. However, these wavelengths are 
not short enough to penetrate the dermis 
layer of skin. "
UVB has the possibility to be extremely 
dangerous, as the wavelength means that 
the waves emit enough energy to cause 
photochemical damage to cellular DNA 
(photochemical damage is cellular 
damage that results from a chemical 
reaction with light). Excessive exposure to 
this form of radiation can lead to tanning, 
skin burning and the increased risk of skin 
cancer. ""

UVA Radiation !"
UVA Radiation is the most commonly encountered type of radiation that affects humans. Very little 
of these wavelengths are filtered out by the Earth’s atmosphere, and in fact, UVA radiation 
accounts for 95% of the radiation that reaches the surface of the Earth. "
UVA rays have the longest wavelength of all types of ultraviolet radiation, at approximately 320 to 
400 nanometers. "
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This type of radiation can 
penetrate deeper into the 
skin than UVB radiation, 
and is responsible for 
immediate tanning. UVA 
radiation also greatly 
enhancing the skin ageing 
process and is known to 
cause wrinkling and 
degeneration of the skin. 
Whilst for many years, 
scientists doubted that UVA 
radiation had any major 
effects, it is now a well 
known fact that this type of 
radiation is largely 
accountable for increasing 
the risk of skin cancer. ""
Why is Ultraviolet Radiation so Dangerous?  
Most, if not all types of radiation have the potential to affect humans to some degree. However, 
ultraviolet rays are particularly harmful because they emit a large amount of energy. Whilst infrared 
rays, for example, have a larger wavelength and a lower frequency than uV rays, they also 
generate less energy. This means that heat can be generated from these rays in the same way 
that friction does; molecules simply bounce off one and other. Ultraviolet rays, on the other hand, 
bring about so much energy that it can cause molecules to split or break electrons away from 
atoms. This changes the chemical structure of an atom, which can lead to mutations in DNA, 
resulting in potential deformities and damage to living organism. The effect of this is cancer and 
other cell abnormalities. ""
Ultraviolet Protective Clothing  
The most effective way to prevent ultraviolet rays from penetrating human skin is simply to put a 
barrier in place that will avert the rays from coming into contact with skin in the first place. The 
most accessible and convenient ‘barrier’ instilled to protect humans from ultraviolet rays is clothing. 
All clothing provides some degree of protection, however, there are several factors that influence 
the natural protection levels of certain materials. These factors include: "
• Weave"
• Colour "
• Weight "
• Stretch"
• Content and Composition"
• Condition and Age""
Weave"
The weave of the fabric is possibly one of the most important factors that influences the usefulness 
of materials in blocking ultraviolet rays. Weave relates to how tightly knitted the fabric is. Obviously, 
the tighter the fabric is woven, the less ‘holes’ there will be for ultraviolet rays to slip through and 
come into contact with the skin. ""
Colour "
Colour is another extremely important aspect that affects how much UV the fabric absorbs. 
Generally, fabrics of a darker colour, such as black, absorb more radiation, due to the fact that 
there is more dye in the fabric. ""
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Weight"
The weight of a fabric is commonly described by its thickness. Logically, the thicker the sample of 
fabric, the more protection will provided. ""
Stretch"
Similarly to the weave of a fabric, the stretch influences how many ultraviolet rays can access the 
skin due to holes and weakness in the fabric. If a material is worn repeatedly, it may be subject to 
stretch. The result may be thinning of the fabric sample, and small holes may appear, providing 
opportunities for UV rays to reach the skin. ""
Content and Composition "
In modern times such as these, manufacturers have the technology to produce synthetic fibres. 
The composition of a material- whether it is natural or synthetic- greatly impacts the level of 
protection that it provides. Natural fibres such as cotton tend to provide less protection against UV 
rays, whilst synthetic and manufactured fibres such as polyester and nylon provide extra 
absorption due to their chemical and physical structure. ""
It is also possible for manufacturers to alter the natural properties of fibres by introducing chemical 
additives that can also help to combat ultraviolet rays. These advances in textiles technology have 
helped to create new sun protection clothing that is lightweight, cool and extremely protective. "

""
Aim!"
To investigate which of the selected materials best blocks ultraviolet rays, and would therefore offer 
the most sufficient protection in means of ultraviolet protective clothing. """
Hypothesis ""
If different materials are exposed to ultraviolet rays, then polyester will be the most efficient in 
blocking these rays, and therefore provide the most protection. ""
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Materials

1 x small solar cell

1 x ultra violet light source (UV Light)

1 x multi-metre (used as a voltmeter)

1 x ruler

1 x rubber band

1 x sample of 100% black cotton

1 x sample of 100% polyester

1 x sample of 100% nylon 

1 x sample 100% acetate  

A dark room with limited natural light. 

UV Light Source Connected to power source. 

Solar Cell
Material

Connected to multi meter.

Multi meter 

Diagram NOT to 
scale .
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"
"
"
Method!
"
The entirety of this experiment was conducted in a dark room with limited natural light. This was to 
prevent the solar cell from absorbing natural, visible light wavelengths. "
1. Firstly, the two wires from the solar cell were connected to each of the two prongs of the multi-

meter."
2. The multi meter was then switched to the setting 200 millivolts, so that each millivolt would read 

one-thousandth of a volt. The setting 200millivolts simply meant that the maximum reading on 
this setting could be 200millivolts."

3. In order to test which of the selected materials best block ultraviolet rays, the solar cell was 
covered by the first material (cotton).To guarantee a fair test, it was ensured that each material 
was wrapped evenly around the solar cell, covering only one layer , and not folding in any 
place to created an uneven surface. The material was secured around the solar cell by a 
rubber band. !

4. Following this, the ultraviolet light source was plugged into an 
existing powerpoint and switched on."

5. A ruler was then used to measure the correct distance from 
the UV light source that the solar cell would first be recorded 
from. The first distance was 30cm. "

6. The solar cell was positioned as accurately to the measured 
distance as possible, above the ultraviolet light, and held in 
position until a steady result could be read. "

7. The reading was then recorded as necessary in the pre-
organised table of results."

8. Steps five through to seven were repeated twice, each time 
measuring the required distance for the test (ie. 20cm from 
the UV light source and 10cm from the UV light source). "

9. Once one set of results were recorded for one material, steps 
three through to eight were repeated four more times, each 
time testing a new material. "

10. Finally, the entire experiment was repeated from start to finish 
two more times to gain accurate results and ensure no errors 
or outlying results were recorded."""

" """
"

""

The above image displays the multi meter 
reading results. Although it cannot be identifies 

in this image, the two black and red chords 
connect to the solar cell, therefore reading the 

amount of energy generated.

The voltmeter was set to read a 
maximum of 200 millivolt. Each 
millivolt is equal to one thousandth of a 
volt. 
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""""""
Independent Variable: Different materials- cotton, polyester, nylon and acetate.""
Dependent Variable: Amount of ultraviolet light that reaches the solar cell when covered by 
different materials. ""
Controlled Variables: !"

"
"

Variable How it was controlled

Amount of visible light the solar cell was exposed to. The experiment was conducted in a completely dark 
room with no other light sources. This minimised the 
amount of excess light the solar cell was exposed 

to. 

Distance of each material from UV light source. Before testing the protection level of each material, 
a ruler was used to accurately measure the distance 

from the ultraviolet light source. Three different 
distances were tested to gain a larger perspective of 

each materials’ ultraviolet protection factor.

Different factors that influence the ultraviolet 
protection factor of various materials. 

The colour of each material tested was consistent 
(black). However, it was difficult to ensure that other 

factors, such as weave, weight, stretch etc. were 
consistent, as this information was not indicated on 
the materials’ label. Therefore, own judgement was 

used.
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"
Results!
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!
!"

Note: Results for the control were gathered by measuring the amount 
of ultraviolet radiation absorbed by the solar cell without any material 
blocking the rays. These results were then used as a point to measure 
the variable results from.
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""
 

NOTE: The percentage of 
ultraviolet light that each 
material blocked was found 
by dividing the average of 
each result for the various 
materials (ie. 30cm, 20cm, 
10cm) by the corresponding 
result of the control, and then 
multiplying by 100%. 
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"
Discussion!
"
The aim of this experiment was to investigate which of the selected materials served to be most 
protective against ultraviolet light, and would therefore be most beneficial for use as ultraviolet 
protective clothing. Based on the results gathered, it can be concluded that of the four materials 
examined, 100% nylon provided optimum protection from ultraviolet rays, followed by 100% cotton, 
100% polyester and finally 100% acetate. These results are inconclusive with my original 
hypothesis, which stated that “if different materials are exposed to ultraviolet rays, then polyester 
will be the most efficient in blocking these rays, and therefore provide the most protection.” 
Although all material tested provided some amount of protection, nylon was by far the most 
efficient.!"
As indicated by the results obtained from this experiment, 100% nylon consistently proved to be 
the most effective material in providing protection from ultraviolet rays. This is confirmed by the fact 
that the least amount of ultraviolet light reached the solar cell from the UV light source when 
covered with a sample of 100% nylon, not only when the results were averaged, but also in each of 
the three individual tests. On average, nylon blocked 42.1% of ultraviolet light rays emitted from the 
source, significantly more light than any other material. Compared to the least effective material- 
acetate- which on average only prevented on average 4.5% of ultraviolet light from reaching the 
cell, nylon was an extremely effective material. ""
Although it is undoubtable that according to these results, and the material samples tested, nylon is 
the most protective material in this experimental situation, the same conclusion may not be 
reached in a real life situation. Due to time limits and material restrictions, I only tested four 
variables, all of which were composed of only one fibre (eg. 100% cotton). This means that it is 
difficult to make a conclusion on which material out of the thousands available in modern society 
would provide ultimate protection against ultraviolet rays. There are numerous variables and 
factors that would need to be tested/considered to make a reasonable conclusion as to whether or 
not nylon is the absolute best protective material. Factors that can influence the ultraviolet 
protection (UPF) of a material can include the weight, weave, colour, stretch, composition and 
content. Whilst I attempted to control all of these variables, it was extremely difficult, as this 
information was not provided upon sale of the material (only the composition of the material was 
obtainable). Therefore, I had to use my own judgement regarding these factors, making it 
extremely difficult to be certain that these variables were common among all four materials. 
However, one variable that I could be sure to control was the colour of the materials, which was 
consistently black. I was also able to control the independent variable, that is, the different 
materials being tested, Never the less, it is difficult to be sure as to whether or not the 
inconsistency between certain variables had a major effect on the results obtained. ""
Although this experiment did leave open room for error (due to external factors that were beyond 
my control), many precautions were taken to ensure a fair experiment. "
As solar cells absorb all light rays, including visible light rays, it was ensured that the experiment 
was undertaken in a completely dark room, to minimise the possibility of visible, or white, light 
impacting on the results. "
Another factor that could easily influence the amount of light absorbed by the solar cell is reflection 
occurring between the ultraviolet light and the material. If the material was not secured tightly 
around the solar cell, or was simply held over it, there is a chance that the light could penetrate 
through the material, hit the solar cell and reflect back onto the material, only to reflect into the 
solar cell again. To eliminate the chances of this occurring, it was ensured that each material 
sample was secured tightly around the solar cell with a rubber band tying the top. Furthermore, it 
was also made certain that each material was spread evenly over the surface of the solar cell, and 
not overlapping or creasing in any place, to prevent light from spreading unevenly over the surface, 
or to prevent any ultraviolet light from not reaching the cell. "
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An issue encountered when collecting results was that the readings on the multi metre fluctuated 
rapidly between numbers. This was largely due to the fact that the units measured were relatively 
small, and so it did not take a lot of light to change the reading. However, to guarantee the most 
accurate result, readings were recorded after a number remained stable for at least a second. 
Results were also affected by the battery life of the multimeter. Readings dropped significantly 
when battery life became limited, as a consequence of not enough power being generated within 
the multimeter to read and display the full amount of energy being produced by the solar cell. 
When this occurred, it was easily identifiable as the results were extremely lower and inconsistent 
with previous recorded results. This issue was controlled by replacing the used multimeter with a 
new device with full battery life. "
Finally, as a way to ensure a fair experiment, the experiment was carried out three times, being 
controlled in exactly the same environment each time. The results from each testing, which were 
considerably consistent with all other results, were then averaged out to gain a clear overall 
perspective of the results. ""
The method used to collect and obtain results is extremely important to any investigation. In this 
certain investigation, I was striving to determine which material best allowed the least amount of 
ultraviolet rays to penetrate through and reach the solar cell. This information was collected by 
attaching a solar cell to a multi meter, which acted as a voltmeter. The energy waves that were 
emitted from the ultraviolet light, travelled through the medium of air, until they reached the 
material. The various material that covered the solar cell acted as a barricade from the cell, and so 
prevented a percentage of the waves from carrying on to reach the solar cell. However, all waves 
transmit energy from one position to another, therefore, the energy waves that continued on to 
reach the solar cell, circulating energy. The energy that reached the solar cell was presented on 
the multimeter attached to the solar cell. The multi meter, or volt meter, was adjusted to 200 
millivolts, each millivolt representing one thousandth of a volt. Volts are a unit of energy, and as 
mentioned in the introduction of this report, can used as a method to measure the energy carried in 
a wave. This means that the higher the reading on the voltmeter, the higher the amount of energy 
or waves being transmitted to the solar cell, a result of an increased number of ultraviolet waves 
being able to reach the solar cell through the materials. Millivolts were the preferred valued used 
because they are significantly less than one volt. As mentioned previously, one millivolt is equal to 
a thousandth of a volt, meaning that in this experiment, it  was remarkably easier to observe the 
difference in energy with each material. If results were measured in standard volts, the unit would 
be too great for the small amount of energy being transmitted, and therefore, it would be difficult to 
identify any difference between the various tests and materials. ""
There are several improvements that could be made on this investigation to enhance the quality of 
the results. Firstly, to ensure the experiment entirely fair and controlled, all variables of the 
materials would need to be consistent, that is, the weight of the material, stretch, weave, 
composition, condition and colour, of which only certain aspects were controlled in my experiment. 
However, I do maintain the truth that this information was not available upon purchasing the 
material. Never the less, this is a major factor that could potentially have greatly influenced the 
results of the experiment. ""
The results obtained by this experiment also indicated the opportunity and need for further 
experimentation to gain an overall view of the best possible material to be used in ultraviolet 
protective clothing. "
To improve the results, I expect that it would be interesting to test the protective level of different 
coloured fabrics, to identify the most effective coloured material. Due to time restrictions, I was only 
able to test four materials, all of which were composed 100% of one fibre. I believe that it would be 
extremely beneficial to test not only a wider range of pure fabrics, but also a wide range of 
composite materials- materials that are composed of more than one fibre. This is due to the fact 
that a large majority of clothing, both UV clothing and clothing in general is not made of just one 
fibre, but rather a combination of two or more fibres. Unfortunately, this could not be achieved due 
to both time restriction and financial restrictions. However, I am extremely satisfied with the work I 
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have achieved, and although the results obtained are inconsistent to my hypothesis, I believe they 
are both reliable and realistic.""
 "

Conclusion!"
The results of this experiment proved that out of the four materials tested- 100% cotton, 100% 
polyester, 100% nylon and 100% acetate- 100% nylon proved to offer the highest level of 
protection again ultraviolet light emitted from a UV light source. This result did not support my 
hypothesis which stated that 100% polyester would provide the highest level of protection. Based 
on these results, it can be inferred that of these materials, nylon would be most effective material to 
use as ultraviolet protective clothing. 100% nylon consistently proved to offer the highest level of 
protection, and whilst it cannot be guaranteed that in a real life situation these results would be 
replicated, it is undoubtable that these results were consistent with the experiment."""
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