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Abstract:

This essay studies the rotational motion along an inclined plane in an

attempt to answer the question: "How could the motion of a canfilled / .

with a liquid be described?”. The rotational motion of a can filled with a
liquid (See Fig.1 page 4) is compared to the rotational motion of a hollow
cylinder with its mass spread uniformly around the edge (See Fig.4 page
9). The comparison is used because these two motions are very similar.
The differences analysis explores all the effects brought to the motion by
the liquid in the cylinder.

During the experiment, the motion of a cylindrical can with different

¥ 4 ; 2 . ad 4
amounts of water in it going down an incline has been recorded. Then VMA_.,_x--f‘_f:-

the final speed of hollow cylinders with different radius goTrTQ down the -

same incline is computed. The first test made between these two (e V’LJM")

“. ) motions is the comparison of the speeds of the two different rotational

aF ) motions. The second step has been to compare the motion graphs of ,
# these motions. My last experiment consisted in analysing the rotational — .

v Y'LL‘;'Q

motion of the same cylinder filled with water but this time filled with ice.” "

T S

The goal of this experiment is to amplify the effects of having a mass
which is not distributed uniformly around the side of the cylindrical object. .

The experiments results have been quite interesting. The liquid is

making friction in the container which slows down the object. The liquid u?,
will make different friction depending on its viscosity. Secondly, the : ol
object is going faster with more or less 50% of water filled in it. It is due
to the moment of inertia created by the disposition of the water in the
can. At last, the object is having variations in its motion. This is due to
the water going up and down. The consequences of this are changing
acceleration and velocities during the incline.

:L . {-_ “_ij.,l_v\.u!l,_\ t k_ "“’-" - .x\.«,il,_l. el i
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4. Introduction

The specific question of this paper is “How the motion of a can filled with /... «f
(it @ liquid can be d descrlbed'?” In other words, we are going to investigate

SATAANA RQ

>the motion of a cylinder filled up with a liquid (See Fig1). Instinctively, we \Jﬁ*
know that when this kind of object is rolling without slipping, it will have a o
different motion than a nor_r_na_ll can.

e Q'\Mf\k‘"j“ {

Can

Water

¥
Fig.4! _\aaal o~
o 4\
The goal of this work is to understand clearly, and to explore the o™

patterns that can be seen in this particular rotational motion.

The whole essay is based on this motion investigation, the analysis of Vi

the motion itself and then the comprehension of its effect by comparison <~ :
with other motion. It also includes the explanation of everyday life Ak’ 2

( At first sight the subject chosen for this paper can look simple. But it is

( not what it seems to be. The physic course is rich, physics has so many

/ subjects and surprisingly a lot of them are unknown. This subject is
related to: “rotational motion”. Even if the question looks already quite W
restrained, there are a lot of different possible approaches to the o
investigation. It is possible to analyse the motion of a can with different v I

density of liquid in it; or with a different amount of liquid in it; or the K(‘;"—}“

comparison of a liquid moving in the cylinder and a mass stuck on the
bottle side... The phenomenon is of great interest because it can be
related to other physics topics, like centripetal motion, translational
motion and also because these effects are present in everyday life. For
example, the famous technique consisting of making an egg spin in

' Tank Schematic: Horizontal Cylinder. N.d. N.p., n.d. Web. 1 Nov. 2011.
/' —<http://www.calculatorsoup.com/calculators/construction/tank.php>.
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order to see if it is cooked or not. These subjects reveal that they are
more complex than they seem to be.

‘?)e;{jy;: YACONCR, < trov el u?irm on

\-'-‘;L\Aq_. Ms\'&.—i\.-& Wkl luan b ok
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5.Theory
b}-
The relevant principles of physics related to the topic are principally the v,f;;’;...
) " . " . : - &y -
following, the different energies present in rotational motion as the 4
translational kinetic energy: the gravitational potential energy, the = \”:d) 3
rotational kinetic energy; the law of conservation of energy; the moment ! U,M
of inertia. They are all defined below. L g
W :
The translational kinetic energy: \»»g:mfj '
An object in motion has the ability to do work and thus can be said to
have energy. The energy of motion is called Kinetic energy, from the
Greek letter word kinetikos, meaning “motion”. The translational kinetic \
energy of an object can be described as: %mvz.2 i ]
i LA, AR LA v f,_’\.-') 14
The gravitational potential energy: '
It is the energy associated with forces that depend on the position or (W

configuration of an object relative to the surroundings. In the case of the .\
gravitational potential energy an object has potential energy because of Ntb\;
its position relative to the Earth. It can be defined as the product of the ~ *>
object’s weight mg and its height(y above some reference level: mgh.®

<
The rotational kinetic energy ‘
An object rotating about an axis is said to have rotational kinetic energy.

The rotational kinetic energy of an object is given by the expression:

%3 48nd% 4 Giancoli, Douglas C. "Rotational Motion." Physics Giancoli PRINCIPLES WITH v
“ APPLICATIONS. Ed. Douglas C Giancoli. Sicth Edition ed. N.p.: Pearson N
International Edition, 2005. 194- 225. Print. --w")‘ ';J
g
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7 -> Smaller the moment of inertia of an object is, greater the velocity is.]) » \r

- 6.Methodology

s & ‘?} (5\&11 "12- eI 5
U=t ' ’
If‘\“(- L‘-"} AAD \-;\_,l(x s
T w2 Where 1 is the moment of inertia about an axis through the center

of mass and w is the angular velocity about this axis.*

The law of conservation of energy

If only conservative forces are acting, the total mechanical energy of a ]
system neither increases nor decreases in any process. It stays constant, (

5 J 5
it is conserved. ~ )
hheoredweal Hork i ird

{

iL-L-L‘\ 1_ W el C

\ -1
T s Tl = A

The moment of inertia W = Taa) « ., NS B
Sle. Mo g Yl W\ Aoguad

In classical mechanics, moment of inertia, also called mass moment of
inertia, rotational inertia, polar moment of inertia of mass, or the angular MT

mass, (S| units kg-m?) is a measure of an object's resistance to changes w\ P
to its rotation. It is the inertia of a rotating body with respect to its rotation. -1 N»

The | moment of inertia plays the same role in rotational dynamics as _‘i::.w_
mass does in linear dynamics, describing the relationship between T ¥

angular momentum and angular velocity, torque and angular ‘ ¥
acceleration, and several other quantities.® .ﬁ) )’? 2
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In order to investigate the subject accurately, all the information about u/"“

the motion of a can filled with water is recorded in experiments and labs.

The independent variable in the experiments is going to be the

percentage of volume in the cylinder occupied by water. Then the

following step is to compare these data with the motion theory already | .
known, that is the rotational motion of a hollow cylinder. (' ’ "'.‘,}*

V) *"f \.M.
r‘“‘"

A hollow cylinder has been chosen to be compared with our can filled !
with water because we want to isolate the liquid effects in the motion.

& Addison-Wesley, Goldstein H. "Classical Mechanics." Wikipedia. Ed. Jimmy Wales.
jimmy wales, n.d. Web. 18 Nov. 2011. <http://fen.wikipedia.org/wiki/
Moment_of_inertia>.
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The water in the cylindrical can is the only difference between the two
motions; therefore the differences seen between the two motions are
caused by this liquid being inthe can. P= wwxl| di= & mols fereniE

7 .Experiment

Lo
. : . B
Globally this experiment looks like that (see fig.2) i : ”J\- . L0
\_ﬂ"«j P! v 3
Fig.2 — (ol T
The aim is to have all useful information about this particular motion. For
that, we need to have the displacement of the object at any time during
all its movement in the incline. This information is used to make graphs of
its motion, velocity and acceleration. Moreover these data help us to find
correlation between the two motions. For example, the final velocity of
the can could be find out, and then compared to the theoretical value of
The speed of a hollow cylinder rotational motion in the same (')\
circumstances. It is considered that the object mass is continuously and %‘”‘i &
\J
uniformly around the edge of the cylinder. | yauable, Mmose " W"
I\ . ; \ \
For this experiment rather simple environment is used to achieve o o

iy o
accurate data. It means that the incline, the percentage of the can’

volume occupied by water, the length of the ramp path... all these factors
affecting the motion can be measured easily. The ramp is going to have 5°
of inclination. The volume in the can occupied by water is each time e
increased by 10 %. The length of the ramp path is: 2 metr_gs{(&'-.'f-..Scm .
because they are due to the ruler uncertainties. The “y” component
representing the height of the top of the incline is the only number Ut V—‘-“__ ‘

/ rounded. The reason of this is the fact that the size of this side depends

-, on ‘the others side size and angle. Itis 17. 4321cm and it is rounded up at

f,*” 17.5 to have an easy number to measure while setting up the experiment.
19 -
.
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The independent variable is the quantity of water in the can, the iy
percentage of volume occupied in the can by the water. Obwously, the ,-xL
dependant varlables are the displacement and the time. To increase the
accuracy 3 trials have been made for each quantity of water. For each

trial the can has been emptied and filled up again with the corresponding
amount of water.

A
o “,Y *{ C’\
Diagram of the experiment: ¢!
Q o
N /" Aj2m; b:200cm; c:17.5cm; || Thas seem= fo
o o, Ak Bes C:5° 2oy Qb boih
‘N{L\(; d})‘" i — \,‘"E way) Zm
M \TP“’ A .
-. B \‘\ \
C
Al
Fig.3 b
P -f:' - > ik J '-} \7.?‘ l AL w‘f‘ E"'!\r_;
7.1Raw data 3 ‘ ) preve.

The raw data of my experiment are all the graphs and data about the
motion of the can. Each quantity has its own table of data, graph of
displacement over time, velocity over time and acceleration over time.

“\AAA-AA N 1 i\ L"'\-
Some of them are in the appendix. \\‘ o ol \rle o
7.2Speed comparison 2 1
, ”»
The first step in the subject comprehension is to compare the final A 3.
velocity of the object with the theoretical value that a hollow cylinder "

should have after rolling along the same incline.
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i s \C\

\V -
Q}\ \}D\ => % Mv?+ % | w?+ Mgh (E at the top) = 2 Mv? + ¥ | w? + Mgh (E at the bottom)
)

The hollow cylinder velocity can be computed by using the law of

conservation of energy which states: (=

Ex1 +Ep1 +Eq1 = Exz +Ep2 tEg O,

The moment of inertia of a hollow cylinder is: “{:( W:;M"’ A
()}-0
gl 7
% M(R+ RYY) ( &
Where R, corresponds to the inner radius non-occupied by water (See ~ =,
Flg4) U}HLJ\T‘M I,}"\:“ A
v W
W oot e
\ et [Tl & o oy
walah) = = wmo - G AW E ¥ : V'/w)‘\
v X B
3 A : :"T‘:'a [ y R
Lo - |
E (2.
( Waa W V"‘""H"""k“ljv - . \:_7 t,‘ ’\
\H,,.) L.{s i_ﬂ,-\‘\o)‘(.’ "-k‘ F|g47 N S . - &._____‘_:

With the moment of inertia, the equation ]ooks like that (assuming no air
resistance):

(% Mv?); + (% [ MR+ R’) ] w?)y + (Mgh); = ( % Mv?); + (% [ M(R*+ Ry’) Jw?) + (2)

(Mgh)» f
| !

]
The total energy at
the bottom of the
incline -~

The total energy at
the top of the incline

_The Greek letter “w” stands for the angular velocity and if the object is
slldlng without sllppmg ‘w” = VIR (NB: the R used here is the full radius \
of the | can) \

In our case the equation looks like that:

" Tank Schematic: Horizontal Cylinder. N.d. N.p., n.d. Web. 1 Nov. 2011.
<http://www.calculatorsoup.com/calculators/construction/tank.php=.

N tnbpear \Lt;'__""L“'\C,‘Jl“LC'r’ e
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0+0+Mgh="%M2 + %[% MR+ R J(VIRZ +0

2>  Mgh=%Mv? + %[% MR+ R%) [(VIR)? s
The M’s are cancelled and then the result that we obtain is: e \':‘
A £
> gh=% V2 + % (R*+Ry%) (VIR)? Y. -
D> gh=V?[ (% + % (R*+R,%) )/ R? ] o
P2 BGR) [T + HBL B ‘

' o R, R R weq

VOUARE ‘HT»_ !

[ “=SQRT((0.81°0.1743)/(112+ 112+(1/2)"(R12+R2°2)*1/5.2°2)) | f it

This is one example of the formula put in excel to compute the
theoretical speed. ] ——

The moment of inertia of the hollow cylinder has been chosen because it

is the only moment of inertia varying with the radius. Anyway, the

moment of inertia chosen does not matter if it corresponds to the object.

It means that the moment of inertia of a thin hoop is equal to the moment
of inertia of a hollow cylinder having its inner radius equal to the total
radius. Additionally, the moment of inertia of a solid cylinder is the same

as the moment of inertia of a hollow cylinder having its inner radius of

zero and total radius “x”

It can be proved by this demonstration:

Moment of inertia of a thin hoop: MR?

Moment of inertia of a hollow cylinder: %M(Rzl + R?) &/

When R1 is equal to R because the hollow cylinder is empty, the
equation becomes: %M(ZRZ) therefore -> MR? .

& e 3 == Y T )

The speed of the can with no water in it rolllng along an incline can be
computed as. 2

( R = e A
S == Sy

® Appendix N P o
10 2y ut
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IR o — e ey
ML o
‘ LL}’LA v - ﬁ U\)J’J: Vl-)\:u,' _i i ML w 1
.t.\ ‘})’\’D > W)/] . U\Lj'ou 1
e R
L\ A2 = IR : e, oy
T/) ¢ gh . = k"\ o -"H( LTS ;’5}\;\3.“)\}1_»41 JE{—;‘
After the two meters of incline at 5°, so 17.43 ”crg}of “y" component: i =--
v=+/9.81x0.1743 = 1.307. ms™ M agqam Wi
- -’—'?\_'.\i_-'_‘ _ o /
LR 77 (‘_Lnj KA 1(£J_{ f LA~

And with =M (R*1 + R?)

U,UUL >v=y(R’gh) /[ % + % (R*1+ R
% \w =/(5.22x9.81x 0.1743) / [ % + % (5.22 + 5.2%)]
* =1.307 ms”

= The speeds values are the same. o _ _ ;
yadues o} R, R

Moment of inertia of solid cylmder Iz MR2 Lside, rect

arruol| ¢

Moment of inertia of a hollow cylinder: %M(Rzl +R?) keza» qUO Fe. i-—i\%'f’

i~

M y When R1 equal 0 because the hollow cylinder is full, the equation

AN
7t »J;( becomes: %MRZ. Therefgre, it is the same moment of inertia as a solid
Qr}:m cylinder.
W (KE"““ .
o
rf'u/iﬁ (-f
K Now in order to compute the ollow cylinder’s final speed, the inner
L .. radius Ry is essential (See fig4). More we compare it to a case where .
,y/“ the can has a high percentage of water in it, more it decreases To ‘
J‘ W calculate the inner radius we have to know how much space a certain
Uy percentage of water will occupy: sl Seab s
1 m
'\; ~ With zero percent of water; the radius of the cylinder |@ 5.2(C cm}and Appes /
&) consequently R, = 5. Zéms The helght of the cylinder is 9.6 cm) The }“,
C - volume of a cylinder |sw . U
\f\ b 1
2 ""'0\’ (TT x RY) x H \(/C‘\i‘ ' ) ~
el ~ t'J - o
In our case we have: o Ju® £
N P
(Tr x5.22 ) x 9.6= 8155 o }J
C | A~
: . . wFio \sz i
Volume of the cylinder with 1.&0 percent occupied: A
—— \ ')’("‘ -~
e v

11
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8155 — 81.6 = 734 cm®

SN

No

Therefore:

3 1
X

A\
éﬁ" =

of- / TXxr2x 9.6 =733.957 cm®
& NN

= 4 933 cm — TRa B Wnas on € A At ~

S —

-When 20 % of the volume will be occupied by water, the radius of the st ri»—s

= =N
| (pamthilbe: P 27 e
Total volume is= 652.407 cm®, 1T X 12 x 9.6= 652.407 U‘L“;‘
=2 r1—43‘5fcm PN =IO P

-When 30 % of the volume will be occupied by water, the radius of the

~ paint will be:
-

'~ Total volume is = 570.45 cm® 570.45= 1T x 12 x 9.6

= r=4.34cm

B X°
: ,‘T,f j
-When 40 % of the volume will be occupied by water, the radius of the I
paint will be: * uQ'
Lanad: e b g
Total volume is = 488.9 cm®, 488.9= 1T x 12 x 9.6 '
Ry W
-> = 4.026'cm USL *
: /;.: ¢ j\ . EX(o 1 ) \\)PLJV
S 2
-When 50 % of the volume will be occupied by water, the radius of the 1%

/paint will be:
' -

Total volume is = 407.35 cm®: 407.35 =TT x 2 x 9.6

-> 1= 3.675cm

e
"

—Wh\ﬁﬁo % of the volume will be occupied by water, the radius of the
aint will be:

12

IMutlaress /**u[u % mmh:r &UTK r\j;?-,.
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Total volume is = 325.8 cm®; 325.8= T x 12 x 9.6

->r;= 3.287 cm

MI L

-When 70 % of the volume will be occupied by water, the radius of the
paint will be:

Total volume is = 244.25 cm® 244.25= T x> x 9.6

——

->ry= 2.846 cm

-When 80 % of the volume will be occupied by water, the radius of the
paint will be:

Total volume is = 162.7 cm® 162.7=Tr x *x 9.6
-> 1= 2.32\30m e e 79 (\f

-When 90 % of the volume will be occupied by water, the radius of the
paint will be:

Total volume is = 81.15 cm® 81.15 =TT x ?x 9.6
->r;= 1.64cm

Obviously when 100 % of the volume is occupied by water, the inner
radius is zero

LR i . - o i s i PR SR o 5
RC(F:{-‘}"(,-#" e and  Un m_,‘\—fh-.*’f.us\g‘jf : r(r.ff 3= J__ C AP ory,

—

> teet cocdd e 3 wen i a ok = ( _Os P I'H\/
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R 2 Lo M
\ \FP‘J, JqJ[‘):c') " o !'Jj) }.‘/
D 7 Wy %5 'y J""’. »‘u 5 .
,' L'U _["' L x_},\f (14 j“" L e
Summary: 4 . Pty S
/ s
volume occupied R1 R2 Theoretical speed LA /\( "
— — —— -~ b“.
e )] i ~
N ba Ol 0] 52| /52 1.307 oo W R
\ WM
A [n-;bl«:c 10 | 4.933 5.2 1.324 P {W: , O”ﬁw"‘y;:
(5= 1’ ] . 3 = v\("’ Ak o
1 LAl Gl e
'\}d)\h' , 20| 465| 52 1.341 ;«fu‘\,; \))}fﬁk
U e ¢ {
"~ 30| 434| 52 1.360 W A W
A W - W A
ks AW N .
L 40 | 4.026 5.2 1.378 . PO
% \sl/ (j}’
R i 50| 3.675| 52 1.398 g dﬁy
) \
‘() Xy ¥
= Ny 60 | 3.287 52 1.418
) e ‘\"t:\\r‘
g g 70| 246| 52 1.456
S ’),“I\V N 80| 2323| 52 1.462
3= %
SR 3 R
" 3\- 90 | 1.64 5.2 1.485
N/ )
r 3 100 o| 52 1.500;
.‘ Lr’\)\ .
e Fadle & Lo bue |
P b [ - M, £ - [ .
\Q"KT)J‘\J~T’J'1" W
» " - - "
v+ -2 This graph summarises all the final velocity of the can after 2 metres Pf o
: . . - P el o & SURTV WL T i
- incline and their uncertainties oo~ M ) [ 1
5 7 3:1\.%} PRE
Percentage / g AN e e |
. of waterin | trial 1 trial 2 trial 3 Average | absolute -2 . AN
‘ﬁj the can (_215'1) (ms™) (ms™) (ms™) | uncertainties o *0.0(%
W 0| 1.265| 1.235| 1.226| 1.242 0.023¢) A Aodm.
- 10| 1.207| 1.285| 1.201| 1.231 0.054 | + p.0lmit (&30
( =) 20| 1.307| 1.251| 1.285| 1.281 0.03¢ _
— 30| 1.324| 1417| 1365| 1.368 0.049 (¢ )
40| 1.355 1.4 . 1.406 1.387 0.032 [¥ 0. 02>
50| 1.362| 1.458| 1.451| 1.423 0.061
60| 1.439| 1539| 1479| 1.485 0.054
70| 1.613| 1455| 1.464| 1510 0.103
80| 1.452| 1.606 1.52) - 1.526 0.08 | Average of al|
90 | 1.475 152  1.631| 1.542 0.089 _the
]
100 1.545 1.622 L1577 1.581 0.041 J|_mce|f'|:air]|jes
0,056 [« 7
/ //
Tatle lade g P 2
B rekeyante
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More the speed increases, the bigger are the uncertainties (that can be

seen in the table above).
That m_ééns that the kind of error affecting the movement could be
computed as a percentage error. The percentage of all the points can be
calculated roughly by a rule of three, by dividing “100” by “1.41” and then
multiplying it by “0.056".
Average of all the points: 1.41
Average of all the uncertainties: 0.056
(100/1.41)x0.056= 3.97%
This answer means that we could consider the uncertainties for each
point to be 3.97%. , <,
= Lot 4o LodM b VW
(L
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Final velocity after 2 meters of incline in ms™
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Equation of the lines:
Theoretical velocity of the uniform cylinder:

Y Y = 0.002x + 1.2316
W ) Experimental values of the velocity of the can with water in it:

”\* ,J\J’ Y =0.0037x+ 1.3016

N
4
- F

|

e
va.'
X

"7. 3Interpretation of results \::

Similitude:
imilitude o GConl vels UJ,}.

1) Both, the theoretical values and the experimental valuesf are
increasing with volume of water in the can.

Explanation:
The object is under the gravitational force thus it is normal that its
speed is increasing. BwT vedocdy vs hds fw\rlﬁfr 3 Ir
or troangloFionad o J**f"f‘ -
Differences:

1) We can see a significant speed reduction for the second point of
the experimental value. The can speed is higher when there is no
water in it than when there is 10% of walter in it.

Explanation:

- Without water in the container, the can is going faster than when there
is just 10 percent of water, 80 ml. That means the water makes the can
go slower. The water is probably making friction in the can and reducing
the total energy at the end because it makes that some of the total
energy becomes friction which is thermal energy or noises. Moreover, to
prove it, we can see that the second point of the experimental points is
the only one which does not include the speed of the hollow cylinder in
its uncertainties.

"

e ‘ ki 5 " -\
':,__,\r.v._J, G “}_F_.\_, e VMla Vs oAl S Y\ Cona. Oy iy m\ L \
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2) The slope of the experimental point’s equation is steeper than the
theoretical point equation slope. At more or less 50% of water the can
looks to be as fast as if the mass was uniformly around the edge and
then at 80%, even faster. e T

¥ 'ad
‘.\ 2
M

Explanation:

- The moment of inertia of our object created by the disposition-of the
water in the cylinder is smaller than the moment of inertia of a hollow
cylinder. Consequently the speed is greater.

k. 7
i (@
8.Comparison of the graphs shape

The next step of the analysis is the comparison of the experimental
graphs shape obtained, and the theoretical graphs shape. This step has
the goal to look more precisely at how the object is moving along the
path. Firstly, it determines how the motion of a hollow cylinder looks like
along the incline of the experiment. Then it looks closely at how the can
filled up with water moves along the same incline according to the
obtained graphs. After that, the differences between the two different
motions are explored. It helps us to understand some observations
made above.

18




19

Theoretical values

As the net force exerting on the object does not change (gravitational
force), the “velocity over time graph” looks roughly like that:

WDt dbheaulr o=

52 & .t D
tJOMI S

Velocity

Time

The graph could not start at the origin because the motion recorder
starts recording a bit before the object is dropped.

(This graph assumes no air resistance)

And the acceleration looks like that: [N

acceleration

Time

The acceleration is always related to the gravitational force and the
incline doesn’t change.
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2) “The theoretical velocity and the experimental velocity are
increasing with time”

Explanation:

is increasing. Cuplowns flass | clecr uwphoation had-

- e Ponbiorn wens hatr bhaloscexs

3) “There are some variations of the acceleration in the incline, they Vo
: : wi.
have sinusoidal shape.” o U}fw
W
J) L"'U
Explanation: 7 & ¢
The liquid in the container is moving up and down, and because it is

moving in arc of a circle the change in velocity have sinusoidal shapes.

These periods can be measured:

E yol
05—2 Q/\ / \\/’\\/\\A
_ 005 H I

| e

1 r -y T T 1—|_ T Ll T L) ] T W L] - i ] T T
05 10 15 20 25
Time (s)

T=+4-03s exploun
w=2mw/T=21¢" A

During the experiment no correlations between the variations and the '/
oL i, T
can characteristics could be found. * ¥

; (¢
[ The object is under the gravitational force thus it is normal that its speed KK /7

N
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4) “These variations are less significant with time” Lo’ A
~ 1 "\ M2
Possible explanation: k ‘\j'}‘ i

There are two factors in this phenomenon. The maijor effect is the fact : -f:;"”f
that we can consider the rotational motion of the can becoming higher at '3 ,_r”; :
the end, so the liquid is naturally pushed to the edge of the can. Thus ey
the can is losing this effect of water moving up and down. The second o ,,, )
factor is the fact that the net force magnitude acting on the object T

decreases with time, because the friction force magnitude increases with P
velocity which increases with time. A

ad )

5) “The average acceleration is decreasing with time”

Possible explanation:

This pattern is due to the fact that the net force acting on the can will

eventually result to zero, the reason is that the gravitational force will 1<
equal the friction force made by the can going down the incline. .
v L M AN el
Ul W i o da Ay e
2 A e badkus - weadia W
v Wy sy A Vs et L droa
T K R be WA
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9.Further investigation

Another test has been done to support the observation that the
variations of acceleration are due to the fact that the liquid is going up o
and down. To prove this: the same amount of water put in the can for the ):@
graph above (30% of water); has been filled up in the can. Then the can f}();“
has been lain down on its side, in a fridge like in a fig1. The water froze

and became ice, it got stuck on the side of the can. Then the motion of

the new can has been recorded along the same incline used for the first

test. The goal is to amplify the effects of having a mass on a side of the
cylinder.®

Results:

Position over time

N . : ¢ {1 Qf "
|Click to ¢hdose¥ coldmn| | A
L 19 Z V4 . \ - Y

Paosition (m)

acolE;

° Some small part of this paragraph are inspired by a site:
Dixon, David. Wikihow. N.p., n.d. Web. 22 Nov. 2011. <http://www.wikihow.com/
Tell-If-Eggs-Are-Raw-or-Hard-Boiled>.
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Velocity over time

1 .b—_] =
[Click to choose Y column|

1.0-

elocity (m
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Findings ' o

A

M i
As it is seen the variations in these graphs are much bigger than the ] W
variations of the studied motion. Thus, they exist because the mass is / .\/X ’
stuck on the side of the cylinder.

LR

N

This experiment proves us that if the mass of an object is not uniformly Y,

, ; . {
around the edge; the object will not have a constant acceleration. ry“”lﬁm L
/ N
M7
. 3 ,\yr”’ 5
\ l — (7 L&,t)’k “\ L.uw.aﬂ\“('% ‘-"') Wy .\_\E'\'\ AN 1 \ 7 :

10.Conclusion of the findings and evaluation

This investigation has led to several interesting observations. First of all,

the fact that the liquid in the cylinder creates friction with the side of the
cylinder itself, it has for consequences to slow down the general motion

of the cylinder. This effect can be assumed to be greater if the viscosity

of the liquid in the cylinder is higher. Secondly, having a cylindricél - A

?
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container filled up with more than fifty percent of water seems to be

faster than a hollow cylinder with the same amount of mass uniformly
distributed around the edge. The possible reason is the fact that the

water makes the moment of inertia of the cylinder smaller and therefore
increases the speed as explalned durlng the results analysus Thirdly,

this motion has variations in its acceleration, consequently in its velocity

and its motion. This is due to the fact that the liquid is moving up and ( v
down in the can. This effect is smaller when there is not a lot of water in

it (less than 20 %) or if there is too much (more than 70 %). Additionally, - .J%w"’
this effect decreases whenever the velocity of the can increases. ; fl’“_ Wl
Relating to the third observation, these variations are even bigger if the -~ v
mass is stuck on the side of the cylinder. d

There are certain limitations to this investigation. The variations acting
on the velocity of the can could be observed. The velocity after two
meters of incline was recorded. One of the biggest limitations is the fact
that this velocity recorded after two meters was maybe at a minimum or
at a maximum on the sinusoidal variations of acceleration! That means
that there are some possibilities that the velocity recorded was just at the
moment where the object was going faster or inversely, slower. “
Therefore, it gives us a bigger range of uncertainties than the chosen
one. The impact of this effect has been a bit reduced by the fact that we
did three trials. Another important point is the fact that it wasn’t possible
to see clearly if the object wasn’t sllpplng during any moment of the

incline.
v

The possible improvement of this investigation could be to do it on a
bigger scale. The complexity of all the effects, the understanding of the
size of the period of the variations... to understand all this factors clearly,
the experiment should include more derivations and expands. For
example the incline should be much bigger, for example, 20 meters. “
There should have been much more trials in order to reduce completely!

the variations of velocity effect. e . .
d oty néeda o be W

‘\\‘J\J:L, '\_'\‘;‘\ ‘l‘\’\ & l-’-: ; u,_), \r{'u H*'

25




3 e S
lowguone m) aﬂgrmbe;

| | SR LORSS rac# P e o) |
: ST Wuhs hor Alows Uned.

T  usrrarude Madeliua) bor CRJUQC‘%X
hL&i‘ﬂh@‘ﬁ&dﬂé s

Sormb GTTIA (s reerenaung-

\u“"‘é)&&%ﬂ_ '*"U) '\-‘-QWU\ 3,-.-.,\«.\'\-\. Wé.1 (PR {ua‘vwbl—wk-q et a\woww o UL
w%,mu\AﬂMwwh t..c«w,,’rh,d. wﬂ&m%%“w
*ama At ) e ada m,wm wal S QNG G e
L VRO VUV T E IOV Sy WWM«M,)M\«AL‘ Ay aydho Wk
\P""‘\M-k"\ M) U\.“M}-‘\- WH\ M’\'\A—t \,-.;H.l“_

il e

el el S g Aei, 5 ek s e e v, ©
AANGM T el s sk, Neiualis \
S ) \-W}u«k ’""\MMMM_ ! Qﬁﬁauw SEPEN
g e | B R T
m“ bl Wt Cmdia e,
Yt B I o M T VI, S WP NUTS W SR VIRV
5“ I‘*Mj AR o LW’“QSL ol "‘J\"\-u-\.-..,\r*-‘-’\
: R e T \M\-“‘\\\-\_‘L.\.B SR Y,
: WM g Cle s ak - e
‘j‘"-t) el AR -

=
=



‘26

10.Utilisations of the effects in our life

BNEN eans
The egg: / ViMeN ITEas

Everybody knows that if you want to know if an egg is cooked/or not you

just have to make it spin. If the egg is cooked it will spin(Correctlyand if

the egg is not cooked it won’t spin. However, if we turn the raw egg long
enough we could make it spin just as well as the hard-boiled one. This o
technique is based/our observations. The variations in the velocity that P

we observed are the liquid moving in the container; in this case the liquid %
in the egg is moving and changing the center of gravity. Eventually ifwe < |-

WINY

-

4.

3

turn the egg long enough, as we have seen, these variations will calm F LA >
down and the raw egg will be able to spin. " o]
ol
Further research and improvements:
Explanation of the use of water in a fluid coupling.
3 il
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