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Abstract:

In the following essay, | will carry quf'}an investigation to find out if there is a relationship between

the temperature of air and the magnitude with which sound waves are attenuated as they

propagate through the medium® Before doing anything, | state my reasons for choosing this topic

and why it interests me. | then start the essay off by giving background information on the topic of

sound and its properties and how it works. After introducing the idea of attenuation, | write about
Stokes’ law and show how it works. | then use the appropriate literature to gather information on F 4
the affect of temperature on the mentioned variables. The points are then plotted on a graph to

allow me to develop a hypothesis for the effect if temperature on the attenuation of sound. With

the hypothesis at hand, | will go on to design an experiment from scratch that will allow me to test

my hypothesis. My results will be produced and a graph will be drawn for further analysis. The graph »
of my results showed that there is a direct correlation t between the temperature and attenuation of :
sound. However, my hypothesis was proven incorrect, the graph produced shows that there is a
negative correlation between the two variables, so as the temperature increases, the attenuation
decreases. | will then evaluate my work critically and locate possible sources of inaccuracy in my
method. | will try to find solutions for the errors | have. The essay will be concluded with a note on
how my experiment could be taken further and a peer into what unanswered questions had arisen
from the investigation.
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" Research question: Does the temperatufe of the air affect the attenuationof ¢~
Y £ It? ? Y
¢+ / sound waves that propagate through it? If so, how? v
&/ sound waves that propagate tf
rf As a physicist, | notice many things that intrigue me in my everyday life. A simple ( "’“w

s~ .)
observation of an ordinary occurrence would get my mind running in an attempt to 8 " P

understand what is really happening and what cause these fascinating phenomena that we
see everyday, yet take for granted.

r ot Nadumaed Yo v,
Being a huge fan of musnc 11 have always had some fascination with sound and how it is
heard and perceived by an ‘audience. A thing that | was especially intrigued by was the
attenuation of sound and properties that affect it. For most of the properties, | simply know
from my past knowledge an intuition, how the attenuation would vary. Then | thought of >

&)

temperature. T N e N e e P e
/"/— e 2 ‘ w~ e
Temperature changes everything. e, M sVl - S & 4
H'M'-‘- - Temperature by deflmtlon is the measure of the average kinetic energy of the partscles ina  ae
V”ﬂ sample of ngg&gr . So by increasing the temperature of something, we are increasing the art
1 kinetic energy, and since the mass of the particles in not changing, then the speed of the At Pj)
N A moving partiaes must be increasing. Everything is made up of particles, by changing the \,,:V /“'
velocity at which the particles oscillate, we can be sure that many of the substance’s 7 T P 3,\‘
properties would change. o gaa? (. 4 ":
- ;u"" A
\w’ﬁ / When the time came to write an extended essay, | certainly knew that | would be selecting ‘*uv/’
o ‘,7 physics as my subject, but | was not so sure about the specific topic of my essay. But after Py
3 . plenty of thought, ‘Iideaded to investigate the effects of temperature on the attenuation of » -
sound waves. The reason | selected temperature was because | honestly couldn’t think why &
_/ or how the temperature would affect the overall attenuation. For example, | could imagine . ': v
.“} that increasing the temperature would decrease the density and increase the viscosity, both ‘,
of which would have opposite effects on the attenuation.  7¢, = ). ? oF P
Cgendune | oalauddalees W A
o} The answer to my research question is not something you can easily look up on Google®, so o v AV
. ’,.‘. in order for me to formulate an accurate and correct answer to my research question; lots o~ "i
¥ of research would need to be done.. r,rf' ~
- weh Lom W rakp W\r
) My hypothesns is that the temperature will indeed have an effect on the attenuation of N o
sound waves, however, my current knowledge does not have the capacity to tell me exactly ‘\.’*
what would happen, however, my hypothesis is that the attenuation would increase with a w }Lw
temperature increase. This is based on my studies that tell me that an increase in the
Rk ¥ viscosity would increase the magnitude at which as oscillating object would be damped. v’ ("_\'} )
“u/ﬁ;’,’i Over the remainder of the essay, | will present general background information of the topic
and then, based on secondary research, formulate a new and improved hypothesis of the
i t.;}')' effects. | will then conduct my primary research by designing and executing an experiment -
)3 = [ to obtain results which will be processed in order for me to confirm or refute my hypothesis.
i 3 http://www.thefreedictionary.com/temperature 3 }\‘.f;"
v‘-""\ v =

ol Page | 3
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> Firstly, an introduction to sound waves:
WF.,\.; W~ Sound waves are mechanical disturbances in mediums such as air. The energy transferred
by sound is done via the interaction of particles in the medium with each other. Sound -
A waves propagate longitudinally; this means that the direction of the vibration of the -
particles and the direction of the energy movement are parallel. The individual particles do
not travel all the way from the source to the target; they only move a very short distance.
However, by moving this short distance they cause adjacent particles to vibrate as well. ~

Fig.1.
A .
[\ [\
‘ I'| ||’ }rl 1
‘J Il |I [ | )
Pressure ;; ¥ ".‘ | "l / y./
'l II | ] || y \’,)'
| | ! '\ ] 5 // 7y "'}/
\/ \/ \/ | \/ \/ v & 3 . Y
6‘ Byt ..~ SR
These vibrations will result in the formation of regions where the particles will be S)
compressed (high pressure) and regions of rarefaction (low pressure). The energy from this ~ / s
sound wave is propagated through the medium which - in this case - is the air. \ﬂ ol i 'ﬁ
'/“ 3 JJ ‘NJ.F Aj
Now obviously this sound wave will not continue to propagate forever, we know this from vaxc
o™

everyday experience. The further we are from a sound source, the quiet&r the sound. Sowe |
=
- WD

ﬁ can say that the sound intensity is inversely proportional to the cﬁg’g@g}o the source
\.M"L o it ¢k 15 . - U\IJ}‘. ‘
- ok dgwa " 1 ook we il
b& o T4 T ”
& !
» - We know from the law of conservation of energy that the sound energy cannot simply }>
; disappear. So what is happening to the sound? - prarttn. ! 0,/ g )
: o \ngtry . '}:}.
\ S

Attenuation is the name given to the gradual reduction in the intestiy of the sound wave
that occurs as a wave travels though a medium away from the source. There are several
A9

factors that affect the attenuation of a wave. The attenuation of sound is dependent on the
properties of the medium that it is travelling through and the properties of the sound wave. 3,
] L 7\:,4 PO Y LA T .
;.'.{ , el by
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Stokes’s Law \
\)
George Gabriel Stokes came up with a law that can be used to calculate the attenuation of @ N \
sound. Appropriately named Stokes’s Law for sound attenuation, the law takes into ¥ §,"’ g"%y'
consideration some vital elements of the medium and the wave. The given unit for + {;w
- i - . . /"‘ L'_‘ k
| attenuation is neper per unit length. \axh + 3
| gl"'% 5 | i Where: N1 J,“riy x)"dr)
M 2 . e i 7 * V.
" i a = 2nw 2/ (aqeabane L) ra a= Attenuation in neper/m ;
[ ¥ . 3 = U
W o 3pV e B,
r«*"\ﬁ_ n= Dynamic Viscocity in Pa-s
D)
= | used the appropriate literature to find the different values w= Sound Frequency in Hz P ,
for the properties of air under standard atmospheric k] Derdiio iR = ol [w
conditions but with varying temperatures. | took those results = E10k Devisley (gl @
and used them to calculate the attenuation of sound in V=Speed of sound inms™ . [ S
A = —
neper/m in accordance to Stoke’s law. f)- © dag " "
(s A " " wm st
Dynamic viscosity | Fluid density | Sound speed Attenuati P
Temperature (°C) ynamic wic?sny uid, ens;tv oun sp::g enuation k:y Jkrv'_rjy
(Pa.s)” - (Kg/m3)’ (m/s)” ~ in neper/m indB/m ;’/ }‘\L‘
0 1.71E-05 1.293 331.4 0.0000969 -|» 0.0008416 ){;,.-‘
5 1.73E-05 1.269 334.4 0.0000972 0.0008444
10 1.76E-05 1.247 337.4 0.0000980 0.0008511
15 1.80E-05 1.225 340.4 0.0000993 0.0008629 @
Fle.2 20 1.82E-05 1.204 3433 0.0000996 | 0.0008654 | '“i5 |
il \_H‘)
25 1.85E-05 . . 1.184 346.3 0.0001003 | 0.0008715 | .**
1 7 =
+\.. 30 1.86E-05 2t~ 1.165 349.1 0.0001001 0.0008692 (_M
o W o 40 1.87E-05 _ 1.127 354.7 0.0000992 | 0.0008612 t:L’”‘ 5
50 1.95E-05 '{,‘* 1.109 360.3 0.0001002 | 0.0008707 -'k"Q
a 60 1976059+ %] 1.060 365.7 0.0001013 | 0.0008802 QJ
t't{a 70 2.03E-05 1.029 371.2 0.0001029 | 0.0008934
.\
\‘\’«ﬁ} \ Since | did not conduct the experiments, | cannot give values for the uncertainties in the results. .
f’
) —_
.7 Please note: for the frequency, a test frequency of 20kHz was used. Since the same test ’L'w."‘rv .
? frequency was used for all values, it does not matter because the trend, which is whatis L T
being studied, will not be affected. ( A 1 \ \ # »
o~ ' \ ¥
The resUltsﬁhave been plotted on the next page for further ease of analysis: \-\ \ \}),r’:ﬂ
W u»
T e
(_ﬂn.wtkipedia.org/wikE/Stokes'_law_{sound_attenuation) - Full source shown in the citations section o
i http://www.essom.com/backend/data-file/engineer/engin12_1.pdf
¥ * http://www.engineeringtoolbox.com/air-desity-specific-weight-d_600.html oo LA ‘ X
. http://www.engineeringtoolbox.com/air-speed-sound-d_603.html / [+ } g
. _JuJ'
0 "
W\};. Page | 5
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¢\l The attenuation of sound with respect to
temperature W= 20 hiz Fig.3.
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From this graph, we can see that the temperature does indeed have an effect on the
o
attenuation of sound. However, the trend is not as simple as | thought it might be. The line \

of best fit produced can only be represented by a polynomial curve of the 5t degree.

Between the temperatures of 0°C and 25°C the attenuation rises with temperature, then
the attenuation begins to decline with increasing temperatures up to 40°C. Then /

attenuation starts rising again. @\ Abenhd wale  ha § A am o | ‘5 \‘hﬁ\m_‘

This test has somewhat confirmed my hypothesis; the temperature does have an effect on
the attenuation of sound, and this trend is a positive trend at most parts. However, this
causes some confusion seeing as the trend is so complex. This suggests to me that my

hypothesis would only be correct in some regions but incorrect at others. This could be

because other properties of air have a greater effect at some temperatures and a less oW -
significant one at others. w

M ;,uv%y/\
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o ¥
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Experimental Planning: Apparatus

The experimental procedure on the following page will clarify things further.

Large Steel pipe:

It will give me a controlled environment that | can monitor. This will help me maintain the conditions of the
experiment. Obstacles in the environment that could cause effects such as constructive and destructlve

interference will be maintained. If we conducted the experiment without this, we would need to make sure /
that entire room is at the same temperature and that things in the room stay in the same place that-they are /
in, so obviously using the steel pipe would make things easier. The length of the pipe is > 1m. Cj '3 ‘

Al wlaenAl

Y 5 .
2 Sound Sensors: anvae ! - vl Aok 1
(FIRY - | ®

-~ S A m_};*-‘) b A, by

The sound sensors will be measuring the change in the ambient air pressure caused by propagating sound

waves. When processed by the computer, this would give us the amplitude of the wave, an important property

of the wave that is needed to calculate the attenuation. One sound sensor will be positioned on either side of

the pipe. The sound sensors will be connected to the sensor interface. ( e DL P E\
Digital Temperature sensor: Aatte ]

This device will measure the temperature of the roomin °C. A dlglta[ temperature sensor was chosen over a
mercury thermometer because It would give me more precise results and it would allow for the easy import of
data into the computer. Also, | can put the temperature sensor inside the pipe and | will be able to take a
reading without pulling it out. It also reduced the chance of having a parallax error affect my results.

Air Conditioner:

It will be used to reduce the temperature of the air in the room. This is done so that we can change the
controlled variable of the experiment. The air conditioner is used because it will blow out cold air which should
cool all the air inside and surrounding the pipe. The air conditioner will be positioned above the pipe and itand |
the flaps will be pointing downwards.

Portable heater:

It will be used to increase the temperature of the air in the room. This is done so that we can change the
controlled variable of the experiment. The portable will heater will blow out heated air which will increase the
temperature of the air in and around the pipe. When raising the temperature, the heater will be positioned
near one of the entrances of the pipe, then it will be positioned in the other end. The heater will be removed

before any readings are taken. L ¥
A
- LA, ma e \ .
- = Mpuate & T AN A, .
Small Speaker: it Tt .
| S = oAy l’-’.‘l( ._1 (.RA. R

This will be plugged into the laptop and will be used to create the sound. This is used because It will allow a
specific position for the sound source to be pinpointed.

Computer and sensor interface with the DataStudio© software:

A key piece of apparatus, the sensor interface will be used to convert all the analogue signals coming from all
the sensors to a digital signal so that it could be read and interpreted by the computer. The sensor interface
will then be connected to the computer. The computer, with the use of the DataStudio© software, will then
use all the gathered information to draw a graph of Amplitude against time for every temperature.

Page | 7



Diagram:
Sound
Sensors
Speaker
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Experimental Planning: Method

Air
conditioner

Steel pipe

Fig.4 «

Electric
heater

~l

Sensor interface

-
C/"/.,

Method:

N Label

Temperature
sensor

A

1. The apparatus will be setup as shown in the diagram above.
2. The DataStudio© software will be turned on and the appropriate procedure will be

followed in setting up the sensors so that a graph on the computer displays the
Voltage against the time.

A e O

The temperaturé: will be recorded.
The audio track will be played 4 times.

ek S

\ . (5N .] ?
4 pggl_{;nplitudes will be generated on the graph because of this.

The 4 peak amplitudes of both graphs will be taken at the appropriate points and
recorded on my table of results. .

Laptop
Computer

J

oo
vv‘t_
e

RV

7. One of either the air conditioner or the electric heater will be used to change the

temperature of the air accordingly.

- \’\.u\.q Ja S | PR oI 4\‘.'1 :}"\;4_ u,-..“'\m\..u] '

8. When the temperature of the air is changed enohgh, the new temperature will be
recorded and the a new worksheet will be setup on the software.
9. The audio track will be played another 4 times and the appropriate readings will be

taken.

10. The experiment will be repeated at 4 different temperatures.
11. The recorded values will then be processed accordingly in order to display the
attenuation of air at different temperatures which will then be plotted on a graph for

analysis.

-~

/
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Experimental Planning: Variables

The independent variable for this experiment is the temperature of the room.

The dependent variable is the power loss of the sound wave.

The controlled variables include:

Controlled Variables

Variable

How it will be controlled

Properties of the pipe ( thinkness, length,

{-colour...)

The same pipe will be used in all
experiments.

The properties of the sound entering the
pipe.

The same audio file will be used and it will
be played from the same laptop at the same
volume and connected to the same speaker
located at a fixed position away from the

pipe.

Background noise levels

The tests will be conducted in the same
room at the same time when minimum noise
levels can be achieved.

" u e |
A A
w\x.r\ g, w Me C

i Yy sk, Lesasha P i ova - ) /
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Data Collection & Processing: Calculating the Attenuation \’:
If we look at the units used, we would see that the attenuation is defined as the power loss ; ‘
per unit length. Wl ot ? - \
M7 MJ!( J "Mt} m‘*w
g Power Loss ( T b 4
Attenuation = —— § )
Length (eqn™ 4 ) Where: / ]
) e
Re - ; P; . .
( Power loss (indB) = 10log,, (P = ) /' /Fa=Attenuation (dB/m)
out
P,= Power entering the pipe(W)
Si know that, ;
. ¥ L g o w ~ 1‘_,./' ~ P,= Power exiting the pipe(W) ¥
M fp=pr T w W X & i
» - V= Voltage recorded (V) wy
We can say that the power is proportional to the voltage. Since ?
g ; : L = Length (m) = !
they are proportional, the ratio of the voltages would equal “S B
the ratio of the power values. T W - 7
e il
So | will use the graph to obtain the values for the voltage entering and exiting the pipe. —
Xv\"tf- So putting these formulae together, we would get: ——
V{w")ﬂ V ( ’ Fig.6 ' )
@’\ 10 log10 (V Lt ) PR ¥ h
wK) — — '
o = out ( ) 2 . 5&&.
L e
2 )
This formula would allow for the calculations of the attenuation of sound at any - 1,
temperature with the use of the amplitude (voltage). P 7 ¥ Ja?
T:‘ 1 w = ] t‘“f _',-""‘ l;)

1.9

7

(1 Run#t TT1 || )

B run ’Tl"‘

b S .

o
=
]

Fig.5.
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Data Collection & Processing: Raw and processed Data ~ ~
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csh s . A~ Attenuation
Mool TemfesZih x - Temperature °C (dB/m)
Temperature 1 12.3
Mic 1 Mic 2
2 Tl 2.23 1.62 1.39
3 2.22 1.68 1.21
E— T3 2.22 1.67 1.24
< | T4 2.24 1.64 1.35
i Average: 1.30
R‘H T
Temperature 2 214 |
Mic 1 Mic 2
g | Tl 2.23 1.69 1.20
2| 2.22 1.68 1.21
E- T3 2.23 1.64 1.33
< | T4 223 1.66 1.28
Average: 1.26
Temperature 3 339
Mic 1 Mic 2
BTl 2.24 1.70 1.20
3 2.22 1.62 137
E T3 2.22 1.66 1.26
< | T4 2.24 1.67 1.28
Average: 1.28
Temperature 4 39.8
Mic 1 Mic 2
g | Tl 2.23 1.69 1.20
2|2 2.23 1.69 1.20
E T3 2.24 1.72 1.15
< | T4 2.22 1.68 1.21
Average: 1.19
Temperature 4 56.2
Mic 1 Mic 2
2 (Tl 2.23 1.69 1.20
3 2.23 1.73 1.10
'7;1 13 2.23 1.72 1.13
< (T4 2.24 1.69 1.22
Average: 1.16



)_,/'is’*
Mot 1% o

o

, v Data Collection & Processing: Calculating the Uncertainty
,u'/
The uncertainty of the voltage will equal the smallest unit that could be recorded which in

Z.) thi is+0.01 .
&) is case is L i

I will divide this by the V;to get the percentage uncertainty of the voltage

The same process will be repeated for the V,. Then the percentage uncertainties will be
added.

d‘( ;J‘” Then this percentage uncertainty will be added to the percentage uncertainty of the length

yﬁ i” which would be Z222™ — 10.001%
7

Finally, the total percentage uncertainty would be multiplied by the attenuation at the point

\'lﬁv',-w accordingly to give the absolute uncertainty at the point.
\“v - Since no calculations were made using the temperature, the uncertainty for the
¢ temperature will remain at £0.1°C at all times.
L o
°(' i The uncertainties are given below: (,x"”:)y)*
P \J
W o Ol
Temperature (°C) | Attenuation (dB/m) | Absolute Attenuation Uncertainty wix J -
uw‘ W
123 | « 1.30| - —2 0.015 uf’:)}“”
21.4 1.26 0.014
33.9 1.28 0.015
39.8 1.19 0.014
56.2 1.16 0.013

Detailed values for obtaining all of these values are shown in the appendix.

N N
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7

Data Collection & Processing: Graph and Analysis

Caneluit < Effect of temperature on the attenuation of
Y sound Fig.8.
1.34 = , — —
=== =SESES=S5= = |
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:.E 1.26
: 9
S 124 A
m
§ 12 p
g L =]
.
g i
1.20 — - -
1.18 — - ;
1.16 = 3
1.14
0 10 20 30 40 50 60
Temperature °C
This graph illustrates the effect of the temperature on the attenuation of sound waves.
From this graph we can see that there is a trend present. A drop in the attenuation is visible 10
throughout the graph, however the changes are not very significant and are barely wi¥ \
.
noticeable. This is somewhat consglétent with the trend in the attenuation we have noticed ~ *
in the previous graph generated, where there was a drop in the attenuation between the v
temperatures of 20°C and 40°C. However, the graph generated before showed an increase " i !
in the attenuation when the temperature rises above 40°C and as it drops below 10°C. ) a Y
These changes in the attenuation were not present when we attempted to reproduce the [ 0- i .
results experimentally. e
Most of the results fall within or in close proximity to the error bars. However, the third
reading suggests that there might be a rise in the attenuation. Seeing as this result does not
i
match the trend we can see, | decided to treat it as an anomaly and exclude it from my ~ ¢='4 tt
results. The fourth reading also falls a Ilttle out5|de the allowed range, but the result follows
the same trend. L. ey
e — .-
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Experimental Evaluation

Since the trend produced by the graph is a negative one, we can say that the hypothesis that
| came up with at the start of the essay has been proven wrong by the results obtained by
the experiment. =

As with any investigation, there were many possible sources of error in this experiment. The
potential causes of error are discussed below and ways of minimizing these effects will be
demonstrated.

1. The velocity of the air in pipe was not taken into consideration. When | used the

5 o electric heater, hot air was blown into the pipe. The direction and magnitude of the I

LV}::»”: air's velocity would have an effect on the speed of sound which, as we know, would {
w* c;,\**”':' have a significant affect on the attenuation. The temperature differences in the
e = room could have also caused a convection current to flow in the room.
2. The equipment used were basic and imprecise, my results could be improved if |
used more sensitive sound sensors that would allow me to get more accurate values
1 for the amplitudes. The accuracy of my results could have been |mproved further |f
i the frequency of the readings was increased. The reason | did not do this is because
o the computer | was using was not able to handle such fast processes. Another way |
w""'“ could’ve made my experiment better would be to use a longer pipe. This would have
. »" ",;-i a greater value for the power loss which would increase the difference between the
o obtained values for the attenuation.

3. Conducting this experiment over prolonged durations would cause a flux in the \
humidity, this would have an effect on the attenuation. | could use the humidity |
sensors | have at my disposal to monitor the changes on the humidity and make an l-

attempt at maintaining the levels.
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Essay Conclusion

My investigation was split into two parts, both approaches were designed to find the same
thing, but they took different approaches in doing so. The first approach was entirely
theoretical and employed only research from secondary sources. | then processed these ‘/
results accordingly in order to obtain what | really wanted.

I then took a second approach which was an experimental one. | designed an experiment

that allowed me to obtain first hand (primary) data which | used to support my hypothesis
which was developed in the first step. | think the fact that | used multiple approaches to
answer the same question is what made my argument most effective. 3

| believe that the answer that | have presented for the research question is definitely
sufficient for an extended essay. However, | cannot say it is nearly sufficient to satisfy my
curiosity on this subject that | have been studying. | plan on pursuing this investigation
further in the’futliie if | have the ability to and if my schedule will allow it.
My investigation was completed successfully and allowed me to discover if a trend between l Y
the temperature of air and the attenuation of sound waves propagating through it. | was

 also able to begin seeing a trend in the plotted graph. However, after completing this

‘/:i_\;"” experiment, | realise that | have more questions now than | did before. | still do not /

r.)’

1\“\’“'&“3319‘1:&1. * wek claan Wik Wag M‘S“‘p\ L P A uaaabnnk &uﬂ\mu_uﬂ 3

understand why the temperature of the air affects the attenuation of sound in such a way.
Much more extensive research is required to answer that. o N bo Kut Yoy ..y Wk
E PRI ST PR S
Furthermore, | have been forced to wonder if such a trend is only present when the medium
) used is air. Perhaps it is a fundamental property of the air that causes such an effect, this led

- me into thinking about the types of results | might encounter if the medium | used is a liquid

seeing as properties such as the viscosity decrease with a rise in temperature, contrary to
what would happen if air was the medium.

One last room for further investigation would be carrying out an investigation into the
motion of transverse waves through the medium. Since sound waves are longitudinal
v waves, the way they move through a medium would differ entirely.

/

S MM, wapneiintel. Ex g il T Lotk A Jdnad "\/‘-U-N\LJ/\

o
S\

= w
- Cvnan\ Al g st diaaa, ooy W ke , N'\:i)‘(/_./
Do, s b, | o LML W bt tumand Wik, v LM-Q,J.RLL t o
Lady o aulsuabod | 2nmbavdtion ; sbont Moty Aquatia, WAl w&,y;’
WD €) Al AWBA WA ) e duaale Cochtn & 5 ) \ ¢ g
e, § Swtimndake il gk wil Watanded | gt aalt il ol
g Adllnd 3 Alyle ¢ Laneuk Lot §ee0
¥ o A - 39\&7_ - y E
Q,,Q-\,ﬁ \“‘-( . (\..{5_;“},\,&( k\-\-u,,\_ ; Craadet vz e AV PLVW ’Q.- wA e PRI, & 1 ‘ A -
] O WYVLENIVW i LML e WL — 4 W hea¥en ok h*-\"w\‘\‘j-)&“u X
A e 'k‘ W) W "“"‘J e Y\ Axn AP TR I \_‘L A ‘ " Page | 15

e, b sl :



\&#
v 3 &
ra v
. '
Appendix I:

Photographs of the experiment and equipment:
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Appendix II:

Calculating the Uncertainties

UinL [UinV [V1%%U |V2%U I Total %U | Absolute Attenuation Uncertainty (+dB/m)
0.01 0.01

0.004 0.006 0.012 0.016

J,\’} 0.005 0.006 0.011 0.014

A 0.005 0.006 0.011 0.014

o A 0.004 |  0.006 0.012 0.016

o Average: 0.015

0.004 0.006 0.011 0.014

0.005 0.006 0.011 0.014

0.004 0.006 0.012 0.015

0.004 0.006 0.012 0.015

Average: 0.015

0.004 0.006 0.011 0.014

0.005 0.006 0.012 0.016

0.005 0.006 0.012 0.015

0.004 0.006 0.011 0.015

Average: 0.015

0.004 0.006 0.011 0.014

0.004 0.006 0.011 0.014

0.004 0.006 0.011 0.013

0.005 0.006 0.011 0.014

Average: 0.014

0.004 0.006 0.011 0.014

0.004 0.006 0.011 0.012

0.004 0.006 0.011 0.013

0.004 0.006 0.011 0.012

Average: 0.013

Detailed method for obtaining the first row of uncertainties:

0.01

V;%U: — = 0.004 ...
2.23

0.01

VZ%U: E = 0.006 ...

Total%U: 0.004 ...+ 0.006 ...+ 0.001 = 0.012 ...
Absolute Attenuation Uncertainty: 0.012 ... * 1.36 ... = £0.016 dB/m
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Appendix Il1:

Explanation of illustrations, tables and graphs:

ltem Explanation

Fig.1. Image illustrating the propagation of sound waves and the relation of pressure to
amplitude.

Fig.2. Table of results for the change in variables affecting the attenuation of sound at
different temperatures.

Fig.3. Graph displaying the results of the attenuation at different temperatures using the
values in Fig.2.

Fig.4. Diagram demonstrating the plan and setup of the experiment that will be carried
out

Fig.5. Image illustrating the layout of the graph produced by the DataStudio© software.
Please note that these are not real results obtained and used, they are simply
used as an example.

Fig.6. Table illustrating all the raw data obtained and the processed attenuation that
emerged from it.

Fig.7. Table showing the uncertainties calculated in for each of the values for the
attenuation.

Fig.8. The graph of results produced from experimentation.
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