Problem#03
Dancing Coin

« What makes the coin jump?

* Setup

= Take a strongly cooled bottle and put a coin
on its neck. Over time you will hear a noise

* Heat transfer

and see movements of the coin. Explain this
phenomena and investigate how the relevant
parameters affect the dance.

* Pressure VS Time

Approach

« Pressure VS Temperature
Reporter:

Rojan Abdollahzade

« Conclusion
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DANCING COIN, IYPT 2018

ART AN AMAZING FACT IN SCIENCE
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PRESSURE VS TEMPERATURE

PRESSURE VS TEMPERATURE
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EFFECTIVE PARAMETERS HEAT PROFILE AND TEMPERATURE
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Road Map
Problem#5

Filling Up a Bottle

When a vertical water jet enters a bottle,
sound may be produced, and, as the bottle
is filled up, the properties of the sound
may change. Investigate how relevant
parameters such as speed and dimensions
of the jet, size and shape of the bottle or

« The resonance in system

« Setup

« Different phases

« Natural frequency of the system

Approach

« The frequency of an one end closed pipe
« The effect of parameters

water temperature affect the sound.

« Conclusion

Rojan Abdollahzade = ;:

e et up =

Team Iran M- om0 1 1

Explanation
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FILLING UP A BOTTLE, IYPT 2019

ART AN AMAZING FACT IN SCIENCE

The frequency of an one end closed pipe
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FILLING UP A BOTTLE, IYPT 2

ART AN AMAZING FACT IN SCIENCE
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Problem

« Simple Transformer Law

1 1 T f * Investigate
. ranstormers the importance of frequency and other

parameters in determining the
non- ideal behavior of transformers.

Hyung Kyu Jun,
] Republic of Korea
J Non ideal behavior?

. Non Ideal Behavior

Reluctance

* Simple Transformer Law

n_»nm

— 1 :Deviation from S.T.L

sz N2 Flux R

. . Say, M. G. (February, 1984). Alternating Current Machines 5E
N()n ldeal behavlor McLaren. Elementary Electric Power and Machines

Flowcharts

" " "
" " "
Definion ™ Theory ™  Experiment ® Conclusion
Waveform [} [} ]
" " "
. " "
*
O - - -
» — Non ideal -
—"- T = behavior .
. - — V. "
tdaart o 41 a
Frequency V "
" "
2 T s
" "
G
Core Metal [} ]

Number of turns

ore loss equation
J Core loss equation coreloss P = Kf* B

K, a, B: constant

Core loss occurs by
magnetic saturation of a s
core magnet

W.G. Hurley et al. Optimized Transformer Design:

‘Wire loss equation

| V =444 NABf
B\ B P =VI o Bfl =(const)
1

J input

T — =% c—0
Bf BZfZ
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Total Loss Equation * > V,/V, is maximized when

* Total loss = (Wire loss) + (Core loss) P, is minimized
loss

. SO, i(rntﬂlﬂmﬂ
I)loss = B2 2
Other parameters : Core metal, shape,
etc.
a=0.001, b=3
Py =— s +bf"B o
Bf a=2,3=2,B=0.04,

Frequency

. Changing parameters Optimal frequency =

Republic of Koma

1. Frequency—> Optimal frequency? f _d a +bf” B’)=0

2. Core material df df B 2f :
3. Number of turns ratio

So, P minimizes(->V,/V, maximizes) at

4. Waveform 1
2a +2
7 Kﬂ — —
Frequency -V,/V, Graph . fapﬁmum = 52
abB
94.00 p x .
e LD Calculating the optimal frequency ..
93.00 E ‘ a= 0.001942, b= 0.0005,
%92.50 Q a= 17,=19
é 92.00 W.G. Hurley et al. Optimized Transformer Design:
> Inclusive of High-Frequency Effects (1998).
91.50
SO, 1
91.00 —
2a +2
90.50 . = — = 17Hz
000 2000 4000 6000 8000 10000  120.00 f;’p timum o bBﬂ +2
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9360 |
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2 260 |
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loss — B2 f2 f

Ratio between core loss & coil loss

(coreloss): (coil loss) = 1:1
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TRANSFORMERS, IYPT 2009

ART AN AMAZING FACT IN SCIENCE

Changing core metal B Changing core metal
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TRANSFORMERS, IYPT 2009

ART AN AMAZING FACT IN SCIENCE

) Squal‘e \vaveforn’l ) Tl'lﬂngle waveform
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Problem

* Along string of beads is released from a
beaker by pulling a sufficiently long part
of the chain over the edge of the beaker.
Due to gravity the speed of the string

. increases.
3. String of Beads
. ¢ Ata certain moment the string no longer
Rojin Anbarafshan \"' touches the edge of the beaker (see
’%‘,ﬁ)ﬁ picture).
>

IYPT 201: |

BAD SAULGAU - GER!

Investigate and explain the phenomenon.

) Observations
Interesting Phenomenon

IYPT 2012 Germany, National team of I. R. Iran

" The Approach

Initial Prediction : The string doesn’t go up ( No peaks )

|Basic explanationl — | Understanding the physics |

Theory for Governin, o i
y ™" || contradiction |- Reso""nAg Fhe
tensions equations contradiction
Designing Understanding
different experiments the problem Observations : The string goes up and we see a peak

The interesting question is
that why this string goes
up and rises?!

Experimental Setup

« Blacking the beads each 1 meter to recognize them

[1] Audio English Online Dictionary

* Placing the string of beads * Fixing black papers on

in the beaker the wall for background =
* Placing a high-speed camera I Having a light while capturing
for capturing the motion of the video

string (with high fps)
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What happens?! Is that possible theoretically?!

T(x +dx)

With stead!
state assumption

The string velocity
is increasing due to
gravity

We need a force
to pull the string
down

%>0

In a certain moment
the tensions and 4
weight forces are no 2 %1 In that moment
longer enough to pull E > z $ the string rises to
the string down : T— reduce its velaci

T in the peak is maximum

Is that possible theoretically?! £ A Contradiction?!...
Tensions

Tyax = peak = w? - Agr .
TZAUZ = T>Tpeak'x°

dP d
Second law of Newton: T = —— = @ (m.v)

dt
The theory has an incorrect initial assumption: Steadiness

eady Tension in Tim

Numerical

The unsteady tension

Resolving the Sl Due to arrangement
Contradiction
~_

The extra force
Due to bending resistance

Unsteady Tension in Time

Resolving the contradiction Theoretically

Unsteady Tension
Explanation Tpear can be bigger than T in most of the times

r P(t) = Alv
g Ax
T P(t+At) =2 l+7 v
T T dt
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Arrangement Numerical Method

Flowchart

Equations of Initial x , v
for each particle

Solving these Finding |
equations numerically acceleration Updating ¢

The string motion as a result Updating
X,

240 fps

Numerical Method

. : Numerical Scheme
\ Modeling String

Unsteady Tension in Time
Resolving the Contradiction Numerically

Assumption : 1. The distance between the beads is constant

2. No bending resistance

i+1 Known:  X;,Xy,Vxi,Vyi, By, By, m
r ® M
i
Unknowns: @, dy; , T; Y o
! Equations: 1.3F, = ma, ‘
Initial condition : B = 0 5
Tioy 2.1F, = may, ) =0
L] 3.Aa, Ax + Aay, Ay = Av,?

i—-1

Extra Force
% Bending Resistance

. . " 240 fps
Unsteady Tension in Time
Resolving the contradiction Numerically

=0.001 s

1 time step

The Source of the Extra Force
12 Bending Resistance

" t(timestep)

“) The Source of the Extra Force

Numerical Solution String of beads has

bending resistance

— n
i —_
D Fs = Frvtera
= i=1

B

* In the numerical results : No extra force
* The thing was neglected was the bending resistance

Due to the numerical solution we

guess the reason of this extra
force is the bending resistance
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The Bottom Force

No bending resistance: N = mg

Bending resistance: NB =mg + Fextr

240 fps

T/ Np =N = Ngxtra —  Appli & -
bottom «
.--_j " i String of beads

=== TN, = >T< vk

N, extra

hain or string of beads? SelEUE T

String of beads * If the string reaches a steady state we have:

Agh=2? s>v=.gh
That is why the question specified

Experiment
2 Velocity

Counting the number of frames |**
between each 2 black beads

w(m/s)

o 2 4 ¢ i) ® 0 2 1 %

Theory vs. Experime

« Defining an average velocity for each height
* Plotting the average velocity vs. height

. v—~h There waves are responsible for the
. irreproducibility
2
§, 2 ] a=theory
W experiment
. = T hem : 5
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Principles of Wave

The approach

[1

* The speed of the wave on a string : u= |=

Wave point - a8l - v,u | The wave speed
of view Source of waves in our problem a Same direction increases
H The string with
speed v
v,u The wave speed

[1] Fundamentals of physics , David Halliday , Robert Resnick , Jearl Walker , Volume 2, page 67

Different Different
waves shapes

The Waves in Our Problem The waves in our problem
Source and Speed _2 Grouris

WSUGEEEBCEIAS » Producing waves

beads with the rim

Pending the string is i 2 groups of waves
in touch with the rim are produced

.
by of the string speed of the string speed
T T1=v? B g P

Speed of thewaves: U = |[—— —— U =TV u=0
Static waves

u=2w

The speed of the waves is equal
to the speed of the string

A Peak or A Wave?!

The shape of the string is the waves
Group 2 remain and they get similar to a peak

" Interesting Waves - Interesting Shag 2 Conclusion

The shape of the string is a function of many things < The arrangement and the bending resistance of the string of beads
m— cause unsteady tension and extra force

* The waves are exist in our problem due to the impact with the rim

* The shape of the string of beads is this waves

The whole phenomenon is a

because of this and
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Vertical Acceleration

COHC'USIOI’] #, Due to Bending Resistance

With bending resistance | - [Without bending resistance

Bending resistance can
__vertleal acceleration

IDOF system : 2n ,n ~ 1000}

The string dynamics is

seems impossible iy e e i ot I

Methods

) Theory Method

Physical
, Base of the theory Experiments

Numerical
Solution

Theories

Governing Solving the Understanding
equations for » equatgions ’ the answer of

chain dynamics the problem

Chain Theory

1. Lagrangian point of view : The motion of every single particle Lagrangian Point of View

For each bead

2. Eulerian point of view : The motion of a considered volume !
Base Lagrangian method: F = ma
Chain Theory '
Eulerian Point of View The motion of each bead
Base Eulerian method: Control Volume ¢
| dF _dTr ~ Tr o N
F, Force on the unitof length: — = ——~ 1 — — N — Ag§
Study the whole volume ds ds R
= dm >
P dF dm | &=* | dF
Pin out =G Es | g=—
Momentum conservation: ds ds Ads

Applied forces to the volume

51'71(1') - Poutx(t) + Pproduzc‘ed(t) = Pcm(\t) =ma Refe rences

Input Output Center of mass momentum
momentum

momentum

Chun Wa Wong ,Kosuke Yasui, Falling chains(2006)

* W. Tomaszewski ,P. Pieranski, The motion of the freely falling chain tip (2005)

Anoop Grewal, Phillip Johnson,Andy Ruina, A chain that accelerates, rather than

slows, due to collisions: how compression can cause tension(2011)

Jean-Christophe Géminard ,Loic Vanel, The motion of a freely falling chain tip.

Force measurements.(2007)

Pawe Fritzkowski ,Henryk Kaminski, Journal of Mechanics of Materials and
y Structures, volume 3, DYNAMICS OF A ROPE AS A RIGID MULTIBODY
5 SYSTEM (2006)

Waldemar Tomaszewski ,Piotr Pieranski, Dynamics of ropes and chains: I. the
fall of the folded chain (2005)

Numeriggrl Method

)
g Wi i
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e The Problem

A woodpecker toy (see picture) exhibits an
oscillatory motion. Investigate and explain the
motion of the toy.

Problem no.6

Woodpecker Toy

ré%ﬁ 2
AMIRREZA SOHEILI &

IYPT 2012

BAD SAULGAU - GERMANY

IYPT 2012 Germany, National tea

Background Theory Experiment
—

Motion steps + Defined parameters « setup

Woodpecker toy details * Degrees of freedom s m
Governing equation + Impact + Sound Proc
dynamics +  Frequency
Numerical equation solving LSHE)
Simulation

Results

Diagrams.

pnsist of 3 rigid bodies :

< The woodpecker

> parameters: < The sleeve
The woodpecker :
S center of mass
Js moment of inertia
g angular velocity
@ angular displacement

< The pole

The sleeve :

M center of mass )
my mass -

Jm moment of inertia 'y {
wy  angular velocity s | fu
@u  angular displacement |

¥ vertical displacement
v vertical velocity
Others :
€, angularstiffness

> DOF of the system:

y v
Ps

(1)  Slocker, Ch. Dynamics of Structure-Variant Systems

4 Th €0rY-Equations

- TheOry-Impact dynamic

> Main equation of motion (second law of NEWTON) :

F =mi NOTE: = Z(WrAp + WyAy) Ar |4
. & Considering dt W is direction
F+mi=0 % Considering s force Contact Ay
. > The way for finding A
% Considering F for spring Fdt+mdq =0
% Weneed AV (Vafier impact = Vbefore impact )
F=kq

& =AV
% Considering contact forces (dR)
=t -
“ Matrix Form §=y"+CORy

[K]lq] + [M][4] = 0 Mdu + Fdt +dR =0 §=y*—CORy~

222 NOTE:
kq+mig=0 dR??? ¥ is Velocity ———
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Theo 'Y-Impact dynamic

> Three gap Functions : > Direction in WPT :

g =y +lg=ls-15)- hyf ¢
8va =y = 1) Ty
&3 == 10)= hf

¢ Theory-Main equation

» Contact Forces :
dA ;€ Upr(¢y)

Anén =0

dAy;€ pidA ySen(S'y)

(uAy + Ar)épigne =0

(2) "
(uAy — A7) §Lepe=0 3)
&1 = Sright — SLeft (4)

Unknowns: T Srignt  Siert

» Main equation of motion:

Mdu+ Fdt +dR =0

» Algorithm: 1
M=+ Dr

tf=t"+Dr

Q Choose a time step At and compute the
midpoint and the endpoint

Q Compute the midpoint displacements

1
M =44 2 Dryt
9 =4 2

Q Matrix calculations according to-slide 7

—(mg +my)g mg +my mgly mglg o
F=| ~Colpy-ps)-msiug M= mgly Iy tmshy® mslyle ) M(u®—u")-FAt ’Z (wyA g +wyA ) =0
~Cy(ps — pu) = mslgg mel, melyl Js +mgl U Computationof : T E 4
— SMG ST TS, Vi =wou Ci=v +&y,
A T 4
Vi =wou

4

NOTE:
The mass matrix M
The vector F

% Theory»NumericaI solution

> Programming:

> FFT Vs, LSHE :
“ Gaps in trajectory + Discontinuity % FFTis not accurate enough

“ Using LSHE method

Q 5. Computation of

¢ =q" +%Dt.u£

> Poincare map:

L

¥im]
B
i
H
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- Experiment-Setup . Specifications of WPT

geometry radius of pole o = 00025m

inner radins of sleeve ra = 00031 m
; doeve fyy = D.0058m
distance M-G = 0.010m
distance G-S
distance 5P 2
length of beak -1 Is = 0.0201 m

inertias mass, sleeve my = 0.0003kg

mass, woodpecker ms = 0.0045
moment of inertia, sleeve Ju = 50107
moment of inertia, woodpecker  Js = 7.0-10 Tkgm?

EXperi me nt-lmage Processing RESULTS

wiININ ‘\ ‘. _
Ul u ik

015 D

e 3007 i~ 0 BT Fgamgs. =100 0 1m0 31)

Theory V. EXp-Diagrams
Theory \/s. EXp-Diagrams

Frequency FiS)

{ Frequency FiM)

Frequency(Hz)

=

) 7
6 L . . . " , Sprg Sfiess inrad)
0 o001 o0 003 00 0% 06 00

Spring Stffass{Nrrad)
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* Conclusion _ Conclusion

Our path to conclusion,

3DOF | Gover_mng Numerical @
equations method
I
v' Our Theoretical assumptions & calculations were almost accurate !
Image Finding
ir i
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Problem #17: DIDGERIDOO
The *didgeridoo’ is a simple wind instrument traditionally made by the 1 . 0 I NTRO D U CTIO N

Australian aborigines from a hollowed-out log. It is, however, a
emaikable instrument because of the wide variety of timbres that it
produces. Investigate the nature of the sounds that can be produced and
how they are formed. - Origin: Australian aborigines

)

Brazilidf Team - Accoustic behavior: Cylinder

- Eucalyptus branches hollowed out by termites

Diogo Bercito

2.0 NECESSARY KNOWLEDGE

a) Resonance
- - Natural frequencies of vibration 2'0' 1 NECESSARY KNOWLEDGE
- Amplification of the sound (Com‘)
- Improvement of some frequencies (usually behind 200Hz) -
c) Didgeridoo functioning
b) Closed cylinders behavior
- Many different techniques and individual styles
- Only produces odd harmonics (1,3,5...)

- The sound is created by the vibration of the player's lips, being

jcduoncyisipversivieopottionallicle amplified by the resonance in some frequencies.

cylinder lenght

Rarefaction —
Condensation - Result: A bass intense sound that differs from the inicial buzz sound

3.0 EXPERIENCE
3.1 MATERIAL

- Three PVC Tubes

- 3.1 Material

- 8.2 Procedure =Two Hollow Bamboos

= Sound analysis softwares
- Microphone
- Didgeridoo

Measuring tape

3.2 PROCEDURE 3.3 MEASURE EACH CYLINDER

- - Measure each cylinder Lenght (m)

1 | PVC
- Play each cylinder v cyinder#1 | 1-230 +/-0.005

PVC
- Analyze each sound in the computer oyinger#2 | 1170 +-0.005

CyliF:ngr#s 0.610 +/- 0.005

Bamboo#1 | 1.000 +/- 0.005

Bamboo#2 | 0.610 +/- 0.005

Didgeridoo | 0.610 +/- 0.005




3.4 PLAY EACH CYLINDER 3.5 ANALYZE EACH SOUND ON

After playing them, it is possible to make some TH E COMPUTER

.ual|tat|ve statements.

=Opened or closed cylinder?
- The bigger is the cylinder, the basser is the sound

- Playing it with more intensity, the sound is more hig
pitched

1271127 =1

365/127=3
- The lips must be relaxed in order to have a bass an 665/127=5
clear sound.

(approximated values)

Odd harmonics!

3.5.1 ANALYZE EACH SOUND ON 3.5.2 ANALYZE EACH SOUND ON
THE COMPUTER (cont.) 0 THE COMPUTER (cont.)

Procedure:

. . . FUNDAMENTAL 1ST 2ND 3RD
- Create a white noise in the mouthpiece of the

4TH
FREQUENCY HARMONIC | HARMONIC | HARMONIC
didgeridoo

HARMONIC

omsrss | 132Hz | 390Hz | 678Hz | 921Hz |1216HZ
- Close the other extremity

#
- Measure the sound using the microphone Samboo#e iz AHlAR || Gl || SR |2kt

Didgeridoo 133Hz 415Hz | 678Hz | 958Hz [1231Hz

Software error: 12 Hz

3.5.3 ANALYZE EACH SOUND ON 4.0 DATA ANALYSIS
THE COMPUTER (graphs.)

- It was already said that the bigger the cylinder is, the

- basser the sound is. We can apply the formula for closed
cylinders to explain it.

f = v/4L | (velocity of sound, at 16 °Celcius, is 341mis)
M - Comparing the theoretical values with the experiment data

for the three tubes of 0.61m (PVC #3, Bamboo #2 and

Bamboo #2 Didgeridoo Didgeridoo).

" Experiment|
Theoretical values Data

PVC
TUBE #3 139Hz. 132Hz

Bamboo #2 139Hz 125Hz
+—sirss. The white noise

Didaeridoo 139Hz 133Hz

4.0.3 DATA ANALYSIS (CONT. 3) 6.0 CONCLUSIONS

- The most intense it was played, the most high-pitched - Timbre
./as the sound. We can apply the formula to explain it

- Intensity of each harmonic

- It is possible to vary
- It is possible to calculate the wave lenght for the threé the timbre by:
cylinders of 0.61 (PVC #3, Bamboo #2 and Didgeridoo)

-Varying the material of the

didgeridoo
341=M32 > A=341/132=| 2 Gm - Playing it with different
341 =M25 > A=341/125 = intensities
341 =M33 > A=341/133 = 26m

- Varying the lenght of the
didgeridoo

5th harmonic

1st harmonic:




HERON’S FOUNTAIN, IYPT 2018

ART AN AMAZING FACT IN SCIENCE

a3
s

IYPT e foner

International Young Physicists Tournament

Question:

Construct a Heron’s fountain and explain fow
it works. Investigate how the refevant

parameters affect the height of the water jet.
Team Iran

QUESTION NO.4
HERON'S FOUNTAIN

After pouring some water in the top container
the fountain starts working and then stops.

1. Gravity pulls down water from
container 1to 3

2. The air in container 3 is displaced with water
3. The air rises up through
the tube into container 2

4. This air increases the pressure
in container 2 and the water will
form a fountain

Reynold’s number

‘ || AP-Pair-Pwater
og(hl-h2)

Re= =2040

What did we do to see the
relation between Qund AP?

I
|
® Ll otinder
. ;|

Results for 50cm long tube '
Results for 60cm long tube

Q=1.398"10"* VAP Q-1.4:10-*V2P

-3
0

1]

Flow rate (ka's)

[Ches 1i=5. 65*10—4 "Ic,,_,a,—1 398* 04

]2 _

Qbernuotti>Qreat

Flow rate (ko/s)
u

) 100 150 00 50 )
pressure (pa)
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HERON’S FOUNTAIN, IYPT 2018

ART AN AMAZING FACT IN SCIENCE

32uv.

H=h4- ha-(hioss1+ huossz loss™ od2g

4

H= (hy- hy)- 22 u(11+tz) v,
el

| == Diameter of tube 1

b Length of tube 1

=

container
=

Flexible hoses

| Container |

Results and Effect of

Height of the

fountain parameters
x 10? = Average height of fauntan
E 52 Hi J% Pard ; POS! loCH
E ; 'ﬂk I (height from top of water in bottom container to top
£ o I‘ -.,ﬁ container)
£ "
z 3 Amount of water poured
_ =

Temperature of water

Diameter of tube

Time (7130 second)
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HERON’S FOUNTAIN, IYPT 2018
ART AN AMAZING FACT IN SCIENCE

Kinematic viscosity of fluid
Length of hoses

Amount of water in bottom container
Length of tube 1

Amount of water
poured in the system

Average hsight of fountain{mm)

Fu T { h{mm)
E )
5 } l Amount of water in bottom container
g
| H=-2V...+1.3 |
l : |_|n e n.,m n = \\mm P— ‘
" " s £ B b
amount of water poured (mi) E » ~
Il ™8
E ",
i e
-
Conclusion i *

Conclusion P s SR A A

Amount of water in botiom container (mi)

We were able to construct a

heron’s fountain and investigate © Sago S 05k 0l 4 Sugyud ¢ Vlow Suilko
the relevant parameters on the 0515 I8 plol dao 1S5 9 Loudnad

. . © Halliday, Resnick, Jearl Walker. Principles of Physics
helgh.t of the fountain, one of the ninth edition.
most important parameters was © Bloomfield, Louis (2006). How Things Work: The Physics
h1’ we were also able to Pl‘ediCt of Everyday Life (Third Edition). John Wiley & Sons.

. : p- 153

the helght of the fountain. ® Philip J. Pritchard. Fox and McDonald's Introduction

to Fluid Mechanics 9t edition.
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Problem#13
weighting time

Reporter

Rojan Abdollahzade

FLOW CHART

Introduction Theory

+ Does the scale shows the
real weight?

« How does the hourglass
works?

. Setup

+ Flow Rate

+ The first approximation
+ Experiment prediction
Center of mass
The second approximation
+ Experiment prediction

Results

+ Theory and experiment
comparison

+ Effective parameters

+ Conclusion

PROBLEM

Problem NO.13
Itis commonly known that an hourglass changes its weight (as
measured by a scale)while flowing. Investigate this phenomenon.

Experiment

* The effect of density

* The effect of orifice

* The effect of height

+ The effect of shape of upper

container

* The effect of lower container
+ Sand behavior

HOW DOES THE HOURGLASS WORKS?

1)Sand starts flowing

2)During the sands flowing

3) The last moment of sands flow
4)Sand is at rest in the lower container

The weight of sand

infree fall is not |f ===

shown by the scale

transferring force
to the system

Density=1.8 g/cm3 H=15cm Orifice2

The weight is shown
by the scale

We have sand in free
fall and impact of sand
on lower container in

the same time

-

WEIGHT CHANGE(G)

o « Flow rate

Am
=7

5
Q=Crgpy (Do — kdy)?

. e

Q

[2JBeverioo W A, Leniger H. A-and Van de Velde ] The flow of
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- THE FALLING PHASE:

h*l Aty 2 t = 2
=3 gty 1= g ZII
I—I AW, =—AM, g
Flow Rate: Q:A—m
The falling phase:AW;  The steady phase:AW,  The impact pha: : At _
THE STEADY PHASE: AWy = —Qy2g9H

F=2=0v=0/2gH

Non-elastic collision

THE IMPACT PHASE:

A

1, - —
Smv =mg(H-Z,) =Qv = \/2g(H — Z,) L

W = 2= Qv=Qy29(H — Z,) i
H

IAW =0\/2g9(H —Z,) —Q\/29(H — Z,) =0

EXPERIMENT PREDICTION
Density=5.2 g/cm3 H=31.5 EXPERIMENT PREDICTION

Density=5.2 g/cm3

™ES)

CENTER OF MASS

THE STEADY PHASE

Ahy
v, =—2
LTUAE
Ak,
27 At
d*zem
V>V, > AW,=M(g+—")

dt i
L) it

At At Iz
2
THE STEADY PHASE THE STEADY PHASE

Z1 1 2 h=2,
pA1Zi(= +h =pAy Z. pAz(h—Z3)(
>Zcm= 111512 )+2;12+ 3 MZ 2 >ﬂ=_i ’lel
dt pAL
A, u
Zl, ] -, ¢ an_ o
dt "~ p(Ai-43) IZZ
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o

0

4
ST E ADY p HAS E Density=1.8 g/cm3, H=15c¢m,R=0.8cm
¢ 0.06
dZZCm Qz Ay Az 52 0.08
MWy=M—T =" —————— |2
2 dt?p  p \(41-43)% A, (A;-4; 81 / 0.0
g 0 0.03
% 002
EXPEF PF N g'l or
-2
Density=5.2 g/cm3 [Jo.06
‘ - ' . s .
‘ / .01 TIME(S)
FFEC

Density=1.8 g/cm3 H=34cm Orificel

Density=1.8 g/cm3 H=34cm Orifice2

2

)

2

“+

-

ﬂ El
\/_/—_ :
o

o ' 2 mes 0 ‘

P 191

]

i
34cm

s

%

H

g
6cm
2em

.
4cm |

Density=1.8 g/cm3 H=34cm Orifice2

= . :
e |
TFIE EFFECT OF FHEIGHT
— ‘ Density=1.8 g/cm3 H=15cm Orifice2 ° Density=1.8 g/cm3 H=34cm Orifice2

1

)

4

s AW, = —0./2g1H]
i

1 2 a B

OPTAINE

D=1.8 g/cm3 H=34cm ,bigger chamber

W,=0.076




SAND BEHAVIOR

Funnel Flow

SAND BEHAVIOR

mm S Day and s Parkes  Dopariment of Goology, The
.......... LEL TRH, UK, (1996)

Density=4.8 g/cm3 H=34cm Orifice2

Nice agreement

R

a5 Parkos  Dopartmont of Goology, The o [— 2 s .
ter LE] TRH, UK, (1996) .

THEORY AND EXPERIMENT COMPARISON EFFECTIVE PARAMETERS

Density=1.8 g/cm3 H=34cm Orifice2

. » The effective parameters for W,:
é AT W 121
g/ / o AT W,
g-—\ o s T T L 0t swpt Yy

The effective parameters for w; w;:
. e QT W Wy T

s HT1=2W, W, 1
o ZT=2W

+  We have two competing effects while hourglass following , the weight » The effective parameters for Q:
of sand in free fall and the impact of sand in the base of the hourglass. .
+ Density
» For determining the magnitude of forces we presented a theory and . .
the relevant parameters were detected. + Diameter of the orifice

» Diameter of the Particle

»  We perform the experiment using even sub-standard equipment and « Diameter of the container
achieve quantitative agreement with theory.

» Angle of upper container
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Explanation

6. Hurricane Balls
Reporter: Negar Rahimi

Two steel balls that are joined
together can be spun at incredibly
high frequency by first spinning them
by hand and then blowing on them
through a tube, e.g. a drinking straw.
Explain and investigate this

phenomenon.
. o
planatio
* Speedin,
“ * Qualitative explanation and theory] P g
Blower increases angular velocity O Steady State

* Quantitative explanation and results

* Conclusion

Experimental setup a processing

,.4,%”5-

iof LI ==
.4
1 .
£ - s -
Hurricane balls 3 Angle (degrees) —_—

Angular velocity (rad/s)

15 L/min from oxygen capsule
Camera filming at 240fps.

Why does the ball rise?
Qualitative explanation

Steady State

Speeding

3 rotational degrees of freedom ’ =(2mgrcost)

r
I

Incgeases /.

1 1
K:el2 2sin? 0 + Elgl’2+zll( + cuss)\i)

I s 5
N\ ' o =x=vl

Rises center of mass

L =1L 2sin?6+ 11562 +31() + 0 cos6) 2-2mgrcost

rdl
B .

3 rotational degrees of freedom

TOP VIEW

P
2mgr > L
b -

P. 193

d=¢xij

auses the balls to speed up

Fy

,,_causes the balls to rise

Drag force
y




»® a
ts .

2| Rolling without sliding

U = 2mgrcost
. 1.1
K:Elz 2sin% 6 + EI3H2+E,1( + ¢ cosB) 2

Steady state

6=0
U = 2mgrcosy b constraints

) 1 Rolling without sliding
K==L ?sin?0+ —1;0 24+ =1;(!) + ¢ cos §) 2
2 2 2 m

o
16 — (I (1 — gcosB)psin® + %(bzsinecose + 2mgrsing)=0

. . 1
16 = 711(111 - ¢c059)¢sin9 + E(bzsinecose + 2mgrsin®

2 g
N g =— — 2
cos 5

3 :
I, =2x (gmrz) rg?

2
L =2x (Emrz)

7, = Rsinf

Rolling without sliding

2r(1+6)

2r(1+68)

b
O
O

2r(1-6)

angle (degree)

I
" / -~ | =i |
| ‘/{, %
af
/
.y C =
o e ole
al angula 0 and ma ang
o o o o
O D Oompa O
T 1=5mm r=7mm N %
£
) i
2 e £ g
2 < 8 o
8, 24 31 i ° £
) ofs 5 E :
g g € éd g ¢
5 § £
- " "
racius (mm) racis (mm)
angular angular velocity ( angular velocity (rad/s) 0 0
1=75 mn
ple-pa expe e T —
b
.
e
1
-
i
b
[ angular velocity (rad/s)

2 2 2 2 i & 8
L =2(§m1r1 +omen 2
2 2 se
—_9(2 2 2) 42 - o z
ly =2 (mun? + m(n +m)?) +Emy s
]
57
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of Physics 36.5 (2015)
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MAGNETIC BRAKES, IYPT 2014

ART AN AMAZING FACT IN SCIENCE

Task

When a strong magnet falls down a nen
ferromagnetic_ metal tube, it will experience a

16

retarding force. Investigate the phenomenon.

®

o
w

Magnetic Brakes & Magnetic moment
o El conductivity
ﬁ’ d Diameter
Matej Badin n h Magnetheight
n  Numberof magnets
T Radius of tube
w Width of wall
vy
-w Is It Really so Simple?
o . 04
Qualitative Explanation .
0,35 o
¢ B, =119+0,02T

®

Terminal velocity [md]

o o
& =

06 g

¢

h=5mm

d=6mm

Non-monotonous dependence!
Explanation igsufficient

o

0 =42-10°Sm™*
r=65mm
w=11mm

3 4 6

Consequence of an electromagnetic inductior ’
do ;
B I~— ad—tz ~ov,B,
Fz.l F ~ ByI12mr ~ v,0B}2mr o,
0
Terminal velocity 0 1 2
mg Number of magnets
Vo~ —
" B ) N
Magnetic Dipole Model

0,4
0,35
0,3

—g

Threatening the magnetic field as the one created by magnetic dipole
(with the same magnetic moment )

Magnetic Dipole Model o

0,25

(]
o
o
Q
o
T
2
o
x

Terminal velocity [md]
o
N

®

5
¢ By=1194£0,027
m=108g
h=5mm
d=6mm

E

0 =42-10°Sm™
r=65mm
w=11mm

¢

Wagnetic Dipole

Ofxveriment

4

0,4

2 2
_ ASpO g V W
4 0,35

F=
1024

r (Derivatic

High-number of magnet limit

Terminal velocity [md]

(for large number of magnets)

o 2

L o e
0,1
ag 0,05
0
0 2
‘ Number of magnets

High-number of magnet limit

g

= =42-10° Sm™
T = &5 mom
w = 1,1 mm

4

Number of magnets

Magnetic Dipole Model: Too rough

Instead we used expressions feolenoid field
" ‘o omi > iy

Electromagnetism 9.2pg.319
(Proof in appendix)
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W

Magnetic Dipole Model: Too rough

Exact Field Model

04
1,00 035
0,90
0,80 T 03 a,—1.19+nnzr
0,70 >
; 20,25
0,60 3 : - gm
B 0,50 T 02 @ =ct Field Model o
p(d/2,z) = Wagnetic Dipole
» 4 £ 0,15 Bigh Length Limit
0,30 g 01 xperiment )
0,20 2 0,
010 ¢ 0,05 o= 13;5"’”
r=65mm
0,00 0 w=1,1mm
0 2 4 6

Number of magnets

Goals of Our Work i

Simpler theory,

Summary of (Good) Existing Work

M. Hossein Partovi, Eliza J. Morristlectrodynamics of a Magnet Moving through a
Conducting PigeCan. J. Phy&4, (2006)

+ Exact solution — .
ot numerical approach
Cumbersome to handle
Norman Derby Olbert Cyli Experimentallyinvestig

78,Issue 3, pp. 228852010) large number of param

+ Exact solution of the field of
—

Experimental drawback @ -

Our Approximations

&
Calculating infinitesimal forces from each ring

— Quaststatic limit (v < ¢)

— Skin effect neglected F = —v021 (r + ;)w f, i B2z
— Inducted currents in magnet
neglected (SeHfnductance)

;) Numerical approach with Exact Magnetic Fielc

w

— Cylindrical symmetry of the
system

Cu Tubes

— Magnet falls down always in the

e
O
——

Uniformly Magnetized NdFeBMagnets

Tube N1 N2 N3 N4
Inner radiugmni 475 6.5 78 10,1
Width [mm] 125 1,1 1.2 1,02

(Photographs not in scale

(Data for one magneRemanenagivenby the manufactoy Conductivity1¢Sm’] 422 | 422 | 422 | 422
N1 N2 N3 N4 NS5 Measured using Kelvin bridge
Mass[g 1,06 1,88 2,09 654 954 Cu Tubes

ul 119002 133 119002 | 119002 | 119002

Magnetic 0,130,001 | 02501 | 054041 | 0835015 | 122001
3 8 12 15 18
Height of the 5 5 5 5 . 5

2cm
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| Measurement of Terminal Velocity H

IQ:I 0,8 m Long tube

Measurement coif -
L1 Aluminum holder

320
52mH

L1 Measurement coil

'<:=| 0,8 m Long tube

Measurement coil

¢= 0,8 m Long tube

20
3 Measurement cmf

52mH

320
52mH

Measuring the voltage course in ti
uv]
2

Measurlng all the possible
combinations 180
different se¢
times repeated ' I¥]
A lot of datal

Error of the time measurement
Typical velocity error €%

L \4
Force from coil << Gravity forc: =
( 100x smallg — N
Zoom In

Experiment vs. Theory Experiment vs. Theory:

-1 JThe largest tube, 04" vexperimene[ms =]
2 Vexperiment[ms™'] the smallest 035
18 magnet ’

1,6 Overestimated 11
B effect thick tubes

¥ =09161x + 0,0611

Theory
Theory g Trendiine
Trendline 0,05
o LA Vineorylms ™)
0 0.05 0.1 0.15 0.2 0.25 0.3 0.4

Veneory[ms™*]

, 1 15 . = Correctionof the Theory
I Z -
Magnetic field: Change in radial direction Force should converge

1

0,9
08 Overall force (~ integral) decreases The tubeis divided into large
07 - number of thin tubes
’ approximately as 1% converges
06
Bp(x,h/z) 05 @ xact Field
B, 04
0,3 THW o
" - 2
0.2 F= —UZJanr pJ:me(p'z)dzdp
0,1
0 2x Numerical calculation with exact
1 2 3 4 5 6 7 8 i magnetic field
,
T
(Not well defined) Outsideof the magnet
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Changing Width Correction I Experiment vs. Theory

F/v[kgs™]
06

Vexperimene[ms ']

1,8
Before correcion i =077 000
0,5
1,4
04 1.2
0,3 1 ..'l"' Theory
k — Trendllne
0,8
02 0,6 Small magnets in large tube
After correction | _ 45 . 106 sm™1g4 Rotation
04 r=475mm Shift to the side
0,2
Veneory[ms~']
0 Tube width [m] )
0 1 2 3 4 1,5

Experiment vs. Theory: Zoom In

04 Vexperiment[ms ]

Experiment vs. Theory: Zoom In

04 _
Vexperiment[ms ']

035 y =0,9917x + 0,0034 0,35 [r=0.9917x 0,00} ]r‘
03 T[ “

+ 0,25 4- kl]
‘}i 4 Almost pe ll' JI

°
N
a

0.2 typic: depen
Theory 0,15 yp ql 1 1 p Tiendline
0,15 Trendline
0,1
0,1
0,05
005 0w Veneorylms ]

* 1 magnet Exp
* 2magnet Exp

Tube radius

3 5magnet Exp
1 magnet Theory
« 1 magnet Exp 0,2 2magnets Theory
2,5 « 2 magnets Exp 5 magnets Theory
& « 5magnets Exp (Fixed)
E 1 magnet Theory 0,15 tube
> 2 2 magnets Theory inner
g 5 magnets Theory radius
215 | I £
T |
c
1
=
S
0,5

Tube width [mm]

4 6 8 10
Tube inner radius [mm]

Number of magnets in 1st tube

0,35 .
F= —v,az:r(n—) j Btz
Theoretical Model Cl
:smg Solenoid field
106
5 mm
6 i

E 03 C ion for tube
20,25 thickness
8 m=
2 02 @ xac Field Model ke - Fm -»-,uxn[ ,aLs,E,,“d:d,a
Zo1s e
€ Oeperiment _
’4_‘3 0,1 Almost perfect
0,05 =42 ©
B.=119+ 0,027 Sm™
0 r=65mm
0 2 4 6

w=11mmn

Number of magnets
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Appendix

Conductivity Measurement
Extra Theory
Partovi & Morris] Results

D(z+az)

Bz

V-B=00) Ouiay+2mrBydz =00 I o= ~2mrB,

Models Comparison

0,6 Asymptotic
* solution for small
0,5 lengths

Asymptoticsolution for
very long magnets

w
£
04
3
o
203 O osirent
= @ xact Field Model
£ Magnetic Dipole
E 0.2 (@kiigh-number of magnets limit
@
i)

0,1

0
0 2 4 6 8 10
Number of magnets

W Pk

Lenz law:

Theory
Z4

g

Uina ==

)
= B 2mr

For the every ring in the heigitabove the magnet
U,

B dl = dl—;l: = —v,0WB ), »dz

dF = =2mrBy 5 dl

g

L-x
F= IIZD'ZNTWf Bl oz
x

Magnetic Dipole Model

) B,

et o _ufwwn i g
n- 5 3

dipole Az I I

Radial field B — £ 3p3i]

5
4r 2+ 7
12-x

L Li2-x
F= [27pB,dI == [27pB, vowaz

~Li2ex ~Li2ex

Resistance of small ring

dl = —27pB,y T4
27p

Inducted voltage

¥ < 45512 v
sz[f—"] lSpa'umame/o'WJ. z 2 dz= e V:’
P ,m(zz ip )’ 1024 r
Pl GV S
S
128p7

Justifications of Our Approximations
+ Not considering:

Skineffect o_ 20 _10ms
p - Conductivity WHo
- AC Frequency

Characteristic frequency

; ~102s71
+———_ Tube radius

— Inducted currents in magnet (Seifiductance)
Characteristic

time of eddy
currents decay

-inductance

—

dz L
“ R(dz)
@) "~ mmpmicresistance

Another Assumptions
» Not considering:

—Di OF 1 1, : ]
Displacement currents 9 10
(Consequence of quasistatic 0t ‘4
fields) h
. . €V -
Displacement/Conduction currents o 107t

— Dipole radiation
Dipole radiation vhmicdissipation

454400k mag V' W

m?/enc’ Vo2 +vi b «
(om?/ 1024 r

Conductivity Measurement

+ UsingKelvin bridgwith
Ry =R}
R, =Ry
« Inl; = 0 state:
1
Ry =Ry—
x VR,
* Used resistance:
Ry =10"%*Q
Ry, ~10—-1000Q

Unknown
resistance

Conductivity of our copper pipes: Pure copper conductivity

o= (42 +2)106Sm~1 0 =56-1065m™1
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Conductivity Measurement

High precit
galvanom
( ~5.16¢

Equivalence of the Fields

+ Simple proof from Electromagnetism 9.2pg.319

Conductivity Measurement l

Power source]
~ Amps

High precision
galvanometer
5168 A)

B

[CylindricaMagnetsandidealSolenoids

B,= Bo(a+cxk.,|.\,4) -a Gy ,\.u,fn)

Uniformly magnetized cylinder M = M,k \ d
o Ve e e LB - B (ﬂ+C . —pcC. . )
i e i Ly - d+2p k7?0 (k7 17)
o (MG
) 4nlx —x? " "
Where  Cpen= ] __Ceos pEoun ¢ —d complete elliptic
By definition The sameBas if it was created by o (cos® g+ psin® @)yeos® g + ksin® g integral
(bound) currents h
By =V X Agy —p Jb=VxM z:ztE :d—2p
K, =Mx# w d d+2p
H, - B d z
In our case By =u, zhdz Z\/l' + “E] If+[%*p]
— — Magnetic field is caused by =
=VxXM= z . 5
K]b— MV AM_ 0 N q azimuthal bond surface currents Pom—— d
b = M XA = Mo 27+ /’*5]
2

Tthereforethe same field as Coil

Shift & Rotation

P! step- Transformations of the coordinate systemShift & Rota

odpd.
” I Bopy* P )8

Modificated theory

A

dl, = —erpv

Magnetic fieldflowing outsidéhe
tube inradial direction

2 (8)” un)dﬂ] v

v

dpdz

(zp)

ol fe
"f

é-—.s

Ty ) | dpd

Shift to the side zero inclination

1
. EEE———
g
808
<
% 0,7
> —1Mag in the Smallest
3 06 Tube
205 1Mag. In the Largest
e Tube -
S04 —5 Mag. In the Smalles| 5
k3 Tube
203
B
202
c
E 0,1
£ o

0 02 04 06 08 1

Shift/Maximal Possible Shift

Tl

Inclination of the magnet zero shift

12
—Exact Mode - 1 Mag Smallest Tube
10 |—Exact Model 1 Mag Largest Tub
8 | —Magnetic Dipole Model - 1 Mag.
Smallest Tube

inclination

Terminal velocity/Velocity at zero

1

0,5

Inclination Angle [Rad] .

15

Shift

model
+ Solvedin G.Dongso C.L.Ladera, andP.

Am. J. Phys. 79, 193 (2011)

Magnetic Dipole Model

Elliptic integrals No advantage against our

Dampedfall of magnets inside a conducting

ius LB [ [Glu. )Pt = Mm @)
i w[1 - (blajcos )
U-taoosdl
" (8 & i
:,[..m o J\.-..\,...,-J
e
i \ ot
3
i kg e
i “

i
b
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q Rotation Magnetic Dipole l

Rotati On M ag neti C D i po I e Analytical solution possible only for magnetic dipole model

Analytical solution possible only for magnetic dipole model

AUty V W ,
Magnetic momentcould be divided into two (with the same positi = WTACOSW)
Hyer = |filcos(a)
Bnor = |filsin(a)
Resulting magnetic field is the superposition of the two partial

Thanks to: (d+g)-5=(ii-c')+(5-c°)

f

o

Associated radial fields(Flowing perpendicular to tube) Induced voltages ( over infinitesimal ring;
2r
= 3 =
Uper B _ 1 3pdu] u !Bppvdé’¢0

P 74” WS
] Torque on Magnet l

& 3p’ . 4z
Hhor B, =L%(cos(ﬂ)’ +sin(B) cos(ff)— £ ——cos(f})
e 3p
Induced voltage{ infintesimal ring) due to vertical
‘component of the magnetic moment:

3
U= 1 el P .

Motion of the magnet e g

lndu‘ctnd curreninducesmagnetic fieldn the
Velocity Assuming braking force from infinite tube all time: position of the dipale:

J

Hyer

c dg _u 2l B= U_zf‘z;q :(ﬁ)’sp’rry wo-‘,{l(zh;;’)’-‘m‘x
v ﬂ?[l,e’a‘] T e e \ar s .

(Biot-Savartaw for current loop at distana

Which exertstorque on magnetic dipole:

>
7= jix B:yBsm(a):(ﬂ] 6p)7r,uzwa1{l(lz +p2)
4 6

Distance travelled (o= 0):

_mgy, (MY of 67
/ Time o= C t+[ch(e 1]
Precession of the magnet
Worst case scenario Characteristic time 95 % of terminal velocity Distance A

m, m
Veorminar = = L6ms™ By t=7=0,165 B) 3:=048s  B) seo=52em

—w X
| Large velocities Skin effect \

. . . Position in the tubE\
« Using results from [Partovi & Morris] for those parameters:
uB_2uB _ 2u (g Y oo 1 3 1
: : o ; === = Lo | —(z
Maximal E for which equilibrium exists o T mRw  mRB\ 4r P WG! 6( A T‘J, )
0.5 ' ‘ q‘ / r
' Rotation about magnet axis
04
3 B, =11940(
= Stable Unstable m=10 H H
£ 043 e
fug B el "~.v  [Partovi & Morris] Result
= d=6n i . . .
02 Limit of « Obtained the general solution for uniformly magnetized
magnetic cylinder pipe system: -
0 braking
o =42-10°¢ P = —| Im[Q(k)
20 40, &0 B0 100 r= 6’5 "

bkt = (1
Velocity (mfs) - WhereQ(k)is ratio of b(k)/by(k)

Exact, but_very cumbersome to handle
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* Fill a bottle with some liquid. Place it on a horizontal
surface and give it a push. The bottle may first move
forward and then oscillate before it comes to rest.
Investigate the bottle’s motion.

10.Rocking Bottle
Reporter: Shiva Azizpour . F;,
IYPT 2012 push
BAD SAULGAU - GERMANY V

Theory Experiments Discussion

- Observation

> Theory Vs. Experiment
« Fixed Bottle

> Theory Revision
* Numerical Theory
* Results

> Non-Dimensional

> Theory Vs. Experiment
* Fixed Bottle When giving a
push to a half filled

* Moving Bottle
bottle we can see

> Frequency Vs. Height some oscillations
in the motion

> Fixed Bottle > Fixed bottle

« Pendulum > Moving Bottle
image processing

o X-t

© V-t

> Moving Bottle

* Formulation

Frequency vs. height

» Pendulum vs. Numerical

> Frequency Comparison

motion of water in bottle Theory
Pendulum

e 7 =mglsin(@) = 16
app/Md to the g ( )
pendfilum

mgl
The angular = |—
speed of w= I
S pendulum
Theory ~ Theory
Moment of Inertia 3 Water as a Pendulum
Frequency(Hz)
Now assuming the water in the bottle oscillating like a .
pendulum: .

1 L h 3
I=-pL hyR? - h2(2h% + R?) + 3R* tan‘1<—) +— .
‘ Where p is the density and L is the length of O @ e 6 O
the bottle.
‘V His the deviation of water free level from bottle’s center.
—MA+F—N,=0
fnrces«[

—ma + N, = ma

I, =F <R
torques ..
1,60 = (—mA —mg) X L

Moving Partially Filled Bomex
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Theo ry Theory

Moving Partially Filled Bottle ovineskdriallEUISAEOLS

I, = mR? [(1 + ﬂ) ¢ +%(§casﬂ - ézsinﬂ)] Frequency is not
m dependent on mass of
o8 = —mRL (gcos8 + 2 sine) the bottle. \

substituting I, 0= mR? [(p + % (6cosO — 925in6)] m

= mR? B g
I,,6 = —mRL (¢cosO + Esm@) ‘[We can assume
that the bottle
Mass of the bottle disappears from the equations. is fixed.

Experiments
More Than Half Filled Bottle

The waves are seen at the top

when the bottle is more than
We change the images into black & white by half filled.

detecting the colored water.

i

xperiments

Less Than Half Filled Bottle

240 fps

240 fps

- Experiments
Image Processing Results

, Xvs. t

The amplitude
decreases because of
damping.

Experiments
(# Moving Bottle

Experiments
Results

240 fps

Frequency(Hz)
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Experiments . Experiments
Moving Bottle (# Moving Bottle
bottle water
0 ¢ 02 04 06 08 1 12 14 16
£ » ;
water AR botte
e $ %o ° 2 o1 o o3 1 iz 1
§mu = 50 .
3 50 R °
b Time(s) Time(s) g 24 ees
3 .
>—250 *
o 02 04 06 08 1 12 14 00 .
time(s) time(s)

Experiment

Moving Bottle
Frequency vs. height

) Experiments

frequency

0 16

As se¢n in the ‘

diagrg
The fi
the b
water|
same,

m,
lequencies o
ttle and
are the

Frequency(Hz)

Velocity(pixel/s)

© water velocity

 bottle velocity

Time(s)

1 Pixel=0.00125 m

Theory
Theory vs. Experiment » Numerical Theory

2 Pendulum

Frequency(Hz)

Here’s a

Initial and
mismatch ir > °© Boundary
the positive Conditions

values of h. a0

Post
Processing

Theory

Theory

Numerical Results Numerical Results

The motion
similar to a
pendulum
when his
negative.

Waves on the
surface

Will have a greater
effect when the
bottle is filled
more than half.
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Theory Theory

Numerical Results Numerical Results

When the When the bottle is
botre s s
less than the same velocity.
half filled ,

All of the l

water

sections The water on
are the surface has
oscillating. more velocity

~ Theory

Numerical Results

Theory
5 Numerical Results

The frequency increases by increasing the water fraction.
H=-0.02 H=0.02

s Frequency(Hz)
.

X(mm)
X(mm)

Time(s) Time(s)

H=0

X(mm)

' Theory G .’ Theory

Non Dimensionals

Non Dimensionals

Here using the numerical

Parameters Non dimensionals results ;
WegetTT, = f(”l) y = 0.1308x" + 0.0491x? - 0.017x2 + 0.0376x + 0.1861

h h R?=0.998

T, =—
R PR .

Rf.2 Ty = f(my)

g _Rf

Ty =
f 9

The frequency is h
derived using this = If=
function R

Q

/ Experiments
72, Moving Bottle

; : Theory vs. Experiment
2 fixed Bottle

Frequency vs. height

Frequency(Hz)

6

Frequency(Hz)

001 002 003 004
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’ Conclusion

- Frequency(Hz)

Conclusion
Frequency vs. Height (3% Pendulum Vs. Numerical
. Frequency(Hz) Frequency(Hz)
Frequency vs. height . .

N The frequency increases s . [

> oo as the amount of wat .

3 >0 s
oo oo s{® increases in the bottle . M 2

2 .

o o o I N A FRE

' Conclusion

# Pendulum Vs. Numerical

G T
X

All the water will move

when the bottle is less
than half filled.

The mismatch between the initial
theory and experiment can be
explained in the revised theory.

120

Velocity(pixel/s),

“*water velocity
Bsecond returning

170

Just the water near th
surface will move whe
the bottle is more tha
half filled.

270
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‘M z Problem

Problem No.2 Inconspicuous Bottle It is stated that:

I R A NArmin Takbiri  Put a lit candle behind a bottle. If you

blow on the bottle from the opposite side,

IYPT 2020 the candle may go out, as if the bottle was
"“I not there at all. Explain the phenomenon.

N

o,  ol—rl—o]

T®) X

Fuel X

e
Will change the
Coanda effect v © P <Py “F* direction of the

e Vortex
« Candle condition: Won’t go out

* No vortex

* Motion of flame of the candle : N6Hriatulate

* Flow motion: Will separate from each other
and weak flow will circulate behind the plate

flow
AP(Pressure) R il change
y dp - »the directl% .
F=— CpF Weak flow
* Why happen? t of the flow :
+ Circulate
Ap( Momentum) + Placed between two points

* Become from narrow pipe for

" Explanation

* Earlier and easier wrap
around back of cylinder

* Flow jet
2 kinds Vet = Vordinary ‘ -._—% EHIE
tjet
L

< tordinary
- Ordinary flow

e

it = Ay —
u:Flow velocity* Green: A; = 2, v = uyy P
Reynold number Re = puDy 1 Viscosity > miuy =1,

Hn > 72 — 2
* taminar  Re <5x10° p: Density " Red: Ap=mriv=u T Tt
ed: 2 2 x2 Upr I
4A — XL _ 2= a?
Types of flow— * Transient Re =5 x 10° Dy = P y4 Uy T

Ux1
(. —» Circle  loBay =2
Turbulent Re > 5 x 108 44wt "

= =2r | 108 Uy =108 Uz
P 2mr

R 2pur ag,
—p | Re = — -
- A1 %M

— D,
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Continuity equation Experiment setups

_ 2, o2 2, .2
Ajtyy = Agllyy === Uy = M3 Uy == T{Uyy =Ty

D, Dyu. Dyu.
> (= rhug) x P b Pt R
Rey 1 Re, 2 Setups
= Re; X 1= Rey X rjm=p — = (=)?= % e Jog, — = 2
Re, 'y Re,

| log, Re g. Re; =2

Ax;=18.5cm + 0.1 Ax,=7.0cm £ 0.1
xperiment setups

Ax, Ax, Ax,

¢ First setup

* 2 Setups

* Second setup

Second setup 10cm £0.1 Smooth
R 2.0cm £ 0.1 i
Ay = 3.14cm? + 031 1y = 1.0cm £ 0.1 Ut Fe = Cylinders
- : n * u 3.0gm + 0.1
Ap— Anz =9.62cm* £031 154 1, = 1.75em + 0.1 Ux xm 4.0dm + 0.1 Rough
Apz = 15.90cm? +0.31 =225cm+0.1 Uu : e
ns Tn3 emx xh 5.0cm + 0.1
h=h

- Re, =B
Experiment results

Re, = A
Rep, =4

u Condition of Candle
* 1,A=Goout

s3a361 655460 5051 Re

A (cm? R.(cm
9.62 + 0.31(cm?

+ Conditions

of candle
1 - . Type of cylinder Ax
2,B= l flame Iandl circulate m
15458 o005 o Re /[ Distance between candle and cylinder
Type of cylinder Re | —puy T_. Awl —f u, A7

15.90 + 0.31(cm?) 2 £ 0.1(cm) Rough 7.0 + 0.1(cm)

u Condition of Candle 1 u Condition of Candle

B

Uyl

2 1
. Uym = A .
Uy = A 6
IAn =15.90cm? + 0.31| ! I I ‘
0

= Ays < A
tam ;14 23 L 415458 509805 668706 Re ! 534161 655464 s Re
Uxp =

W, = 9.62em? +031 |
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o

u Condition of Candle 1 H Condition of candle 2
1
2 I I I
1
l I I 415458 509805 ce8706 R e
o
415458 509805 668706

A, (cm? R .(cm
15.90 + 0.31(cm?

Type of cylinder

Smooth 7.0 + 0.1
S—

£ in v
Simulation steps it + @ ot

+ A Geomatry 1 o
1 Rectangle . 1) ™ 55
ORI 1
3 Diference L (61
58 Form Unien (fi}

« Theory: Navier - stokes equation Roughness of cylinder =c
Ap=c
« First simulations 3
R, = i
* 2 types of simulation p= e
X . Roughness of cylinder = c
* Second simulations A —c i
=

o5

Place of cylinder = ¢

2 1 o
18 12 o S |
i, 1
18 18 - B
14 4 o
12 12 =
1 3 ::
os s b
os o
02 LH] ( Distance between center of cylinder and blower
o2 o
x s R_(cm
20 5
o)
oa
o 2 (10
o) TH 4 s
o1 k
o4 2
3
o - 1 5
o ' is
il 1
b
s &

20 20
20 12
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o

Simulation results

Simulation conclusion

Upax: It s happen in the moment of adhesion

Simulation result

40

Low pressure vortex

8 . 40
laminar Flows

Simulation conclusio

Uxy > Uy

Ay <Ay,

o]

Theory vs experiment

Theory

Experiment

U, X A\Tvl Simulation

U, X A;l Continuity equation

n
'

1

Condition of Candle 2

534161 655464 859764

u Condition of Candle
2
1 I I I
415458 509805

668706 R

Uy =B

A, =1590cm? £ 031

U.xl=A

An=9.62cm? £0.31

A, < Ay
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Theory Experiment
fo < fr — @iy > Condition of candle
U, X Ay, }

— =]

1 2

£pe of eylinder: Rough {/pe of eylinder: smooth

Theory Experiment
" Condition of Candle

20 14 2

Uy > U

e | . .—»
Aw1<Aw2

uxh. - A 415458 509805 668706 Re

¢ Introduction o uy o At
* Why candle will go out

1590 + 1(:,"2) 2.+ 0.1cm)
Re —_— Uy | — A I—>

* Why Coanda effect will happen

. Separations * Re x Ay}

* Coanda effect

* Types of flow e A, x4,

* Phenomenon explanation * Wake area

* Reynold number e Ays <Ayr
o Continuity equation

* Setups * Ry x A4,

* Experiment results

* Simulation o AR« Ax
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Friction Oscillator What make the oscillation?

Problem#13

A massive object is placed into two i
identical parallel horizontal cylinders. |
The two cylinders each rotate with the
same angular velocity, but in opposite
directions

Investigate how the motion of the
object on the cylinders depends on the

relevant parameters. i U,
Reporter :Sahar Semsarha % & ot
V1 % &b |
How to control the
speed of the engine?

)

\ e Data analyzing\ ‘\
k T

Data Gathering @ Mat lab app

Tracker app

. . X
Why does it start moving? "
m
The rod wont start moving if
we put it exactly in the middle,
But it is not exactly in the
middle that how the massive
part with push the rod toward
the other side.

Newton's second law

5= %(l(ﬂz —pd — (pg + u2)2xg '* 28(py + ﬂz)sl"

constant
_ dpp — iy _
2ptpp

- g
) 736(u1+uz & = Acoswt + Bsinwt I
X
b,

x =xg+ Acoswt + B sinwt A=x-xy B=—

0 - 1 -
Vio f=
#z}z cos(wt + @)

Xo

x=xq+| (x0) - X[])z +
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. N

-

No effective parameters \

Effective Parameters
" —
f= 7}/% - -

constant

Period of oscillation given by theory
0.7586

e, Distance

Fr2vs 1D

4 |- oaoie s ara

EN) aam a2
D11

higher siope

:
H
}

Normal Force

Ni+Ng=mg

Liwy+Nglp = wyl,

| x=sin at

i=-2gp
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h Y Theory vs Experiment
How to guess the time coefficient

40cm

. * The second derivate is negative
—

* X can be sinusoidal

x = cosat ‘k:asinat‘ i=-a @

—Zgu%:—azx

o 2 4 6 8 10 12
Tirme(s]
2gm Time(s)
2 _ 29K a= |— 21, 2X0.15
= l theory =T =m [— =3.14 X =0.656974
0 gu 9.8%0.7
2

Experiment = §=0.666666

X{m)

X

Not the same friction coefficient
Period of oscillation

not the same
0.34
-0.36 Friction
0.15
—suger
i ——aluminium|

01
— 04
E /\ \ i
e 005 \ /
= A
£ e
-0.44 T 0 j 1 3
]
0.46 005 ' {
-0.48
0 ] 10 15 0.1
Time(s)
-0.15
References — 5 1 a4 & & 3
Time(s)
[1] D. Russell. “The Friction Oscillator “[Video]. (Jul 23,
2013)
[2] Robin Henaff et al “A study on kinetic friction” (Oct
13, 2017)

[3] The Friction Oscillator by Enrique Zeleny”The Friction
Oscillator” (July 23 2013)

[4] Robin Henaff, Gabriel Le Doudic, and Bertrand Pilette.
A study of kinetic friction: The Timoshenko oscillator
American Journal of Physics 86, 174 (2018)
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Task l

A ball is placed in the middle of a rotating
saddle

13. ROTATING SADDLE

Investigate it's dynamics and explain

the conditions under which theball
does not fall off the saddle.

How can the rotation m (laboratory ref. frame)

help the stability? _
. 1. Goes around with the
+ Static saddle:

iust rolls off saddle
Justrofls o Centripetal force needed
- unstable
* Rotating saddle:
rolls around the saddle ) )
> offect of | 2. Remains stationary
efecto T opes (Rolls back quickly enough)
cancels
=>stable

Existing theory I

oo retaing-sacta e+
i ey B i

. Thompson: The rotating-saddle trap: a mechanical
analogy to RF-electricquadrupoleion trapping?
= Canadian journal of Physics, Vol. 80, 2002

1. Suff:_clenbadd le * Koch: konzeption und Aufbau einer mobilen
rotation perimentiereinheit fur Schulerd ionen zum
can these Thema Teilchenfallen
— Cancels the effect of be achieved ? = Universitdt Stuttgard, 2004
slopes * Point mass in gravitational potential
— Constrained to saddle’s surface

Ui y)="Bleoy) F=ovU

y

2. Rolling backwards
— Avoids centrifugal

force * Mathematical trick: 2= k(> — V)
— coordinates in complex plane  z= x+jy
b . I
POSITION Solution

Qt -p.Qt ot -pQt
A<= (Ae” + Be " + ce” + De ")

The only requirement :
for stability: EXPERIMENTAL VERIFICATION
f>fc

+/2gh
% <05 f= £ = fCRITICA
fy 277,
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Apparatus:Saddles

h,=6,5cm
ro=38cm

“f,=2,25Hz
hy=1,5cm material = nylons
r,=38cm
° f=1,08Hz

material = plastic
—

Second condition:
Must roll backfast enough

Friction/rolling resistance

Drags the ball
to rotate with the saddle

Ball becomedinstable

Literature: Effect of friction
‘ Thompson:ﬁFriction =-kv

— Analytical solutionalways diverges

* Koch: FFn'ction =-k é

— Numerical solutionno record of stability

1. DRAG FORCES & FRICTION

ART AN AMAZING FACT IN SCIENCE

w

Radius range:
1,88 cm- 5,0 cm

Apparatus:Balls

Radius range:
0,63 cm- 3,26 cm

Mass range Mass range
8,399 3579g 2,469 2656 g

Stability vs. Frequency

YELLOW saddle

BLUE saddle

big ping pong bal big ping pong ball
o WHY?
£
s vve |- . f5 o
16 * 35
n AN = N\
o N\ z s
2 3 o A
£l £
4 ] ! *—&
.. ~drag forces
o ¢ S LA IO
04 08 08 1 12 14 15 Nl 07 09 14 13 15 17 19 21 23 25 27
frequency (Hz) frequency (Hz)

f>f, mup Significantincreasein lifetime

but clearly not infinite .

Parametresaffecting the lifetime

1. Drag forces & Friction
2. Frequency

3. Ball

4. Initial position

u
ThOmpSOn: - TL = trapping lifetime

71 = Lln(i’]
@2 R

Higher friction® lower lifetime

- o~ friction coefficient

- R =initial distance from
the center

- ry=trap's radius

p -
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i Not so simple I

1. Lifetime vs. Friction: Experim

— Koch'’s article:
DRY Teflonspray Cleansaddle
NYLON SADDLE (lower friction (higher frictioh
u=0,25 Lifetime 10,1s 54,7s
HIGHER FRICTION
PREDICTION CONFIRMEE
MAXIMUM LIFETIME: P 'f"‘"’"' B ’f“ HIGHER LIFETIME
2,255 ;f:' 6,335 . 7
0 n H

What if the ball does

NOT S“p? Similar to zero friction (no slip)

SUFFICIENTFRICTION )

Dragging effect:
only rolling resistance

& (much lower than
dynamic friction)

Avoids " slipping

& Relatively stable:

« Zero friction

Sufficient friction: no slipping

- Sufficient friction
Measurement:

Slipping vs. Rolling Parameters affecting lifetime

Slipping (dynamic friction) Rolling (static friction)
' 1. Friction
— dynamic: the lower, the longer lifetime
— static: fulfills condition

AVERAGE LIFETIME: AVERAGE LIFETIME:

(30 measurements) (30 measurements) ? 2. Frequency
. 3. Moment of inertia
2,7S o4s 8,8s 265 4. Initial position

1. Ball free to move upwards l

« Veryfast rotation:

» Height changes harmonically

up, DOWN P

Harmonic

/\ frequency = 2Q
\/ \/ time .

height

P.217
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Condition of jumping Estimation vs. reality l

- Saddle shape in polar coordinates h=kr* cos(2¢ We measured the distance in which jump occurred

and estimated the frequenc
» Vertical acceleration: 5= kr* cos(2Qt) g v

1
-—. /2 mmmm) f=3,43Hz+0,14Hz

f =
a<g  Constrained m
to surface « Measured frequency:

a>g  Jumps
) f =3,69Hz

Critical frequency r - fF. 1 g

for jumping: Ml 4gr \ k

q

Parameters affecting lifetime

( 1. Friction

2. Frequency
( — Lower limit: rise of lifetime 3. MOMENT OF INERTIA
— Upper limit: jumping

3. Moment of inertia
= 4. Initial position

J= %ml‘i3
Hollow VS. Solid Ball
Greater moment of inertia AVERAGE LIFETIME AVERAGE LIFETIME:
More energy needed for rolling(M = Jg) (30 measurements) (30 measurements)

‘ Lowz#speed l 8,96 s+1,74 2,11 s +o03as
Longer‘lifetime ‘—

Parameters affecting lifetime

Should-have J=2mR B B
longerilifetime than 5 1. Friction ’? 4. Initial position

2. Frequency

3. Moment of inertia
— Higher moment of inertia = longer
INITIAL POSITION lifetime
Lifetime VS Initial distance . q
25 Conclusions
2 —\'c  Conditions under which the balshould b

,,“/. stable i

— Sufficient saddle rotation

= Theory:Critical frequencyfc
\ - \ = Experiment never stabldrise od lifetim

5l

Lifetime [s]

9

o

o
o

4 05 0

— Avoiding centripetal force v

saddle

o

= Theory: No or low drag force
= Our contribution: by backward rotatio

o
=)

0,30 0,50 0,70
R[ecm]
Thefurther from the center we place the ball,
the sooner it falls off
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Conclusions

Examined
— Friction:

= Theory: solution only for specific case

= Our contribution: sufficient friction = more stable
—Jumping (not mentioned in theory)

= upper limit for frequency exists + estimation

— Rotation of the ball (not mentioned)

= Dependence on the moment of inertia

ART AN AMAZING FACT IN SCIENCE

Balls trajectory (Yellow saddle)

_ :

X(em)

APPENDICES

w

——g

Similar to
Prediction: Stability vs. Frequenc predicted
Y b q ¥ behaviour
§ o v
g . g : But always
= 3 limited
2 lifetime
f 2 f critical f < fcn‘tical
all ping pong ball
Apparatus:Rotation i

» Rotation:driller

— Frequency range:
0.6Hz 3.7Hz

Trapping Lifeime (s)

‘small ping pong ball

Trapping lfetime (s)

25

frequency (Ho) frequency (He)

Saddle

« Convexin one direction;
concavein the other

« Various saddle types:

o Liletime< 8

: S

INITIAL POSITION l

Lifetime VS Initial distance

L=

e

saddle

0,30 0,50

Rcm]

0,70

2= k(X ~ ")

« Convenient for mathematical description

P. 219

POINT MASS vs BALL I

M= Fr= Je

DEEPER SADDLE

THE BIGGER
COMPONENT OF F
CAUSES THE TORQUE

|

THE LESS IT RESEMBLES
OINT MASS
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'DEEP' vs 'SHALLOW' saddle i

Friction
—blue saddle

MAXIMUM LIFETIME:

4,07 s

THE SMALLER THE SADDLE'S HEIGHT

IS, THE MORE STABLE THE BALL IS

Theory using the following formula F=-V U
Gravitational potential: Zylelds
Ox_2mehy s (208 ysin(208)]
- assigned to the rotating at r;
frame (fixed to U) L e
9 mg] )
aT;V= = L[ ycos(2Qt)- xsin(2Qt)]
0

Uty )= ey

0

using dimensionless parameters 7=2fand ¢= o

2M2
- converted to the laboratory . il nof)
frame: converting to the complex plane (Z= x*¥),
Ulx, y mgzh, (X y)cos(2Q1)+ 25y sin(2Q1)] the 2 quzatlons are reduced into:
ry 9z 212
5+2qx 7= 0
aT
Applying another substitution z(t)= f(r)é" - The condition for stability is:
yields the solution: R o ~bgh, . ~Bgh,
f(1)= AeP +Be P +Ce* +De *T =7 2711,
where A,B,C,D are real parameters depending on initial conditions regardless of initial position of the ball q>0,5
= 7&2 -1 ] 4
8+ € R- {0} => resu/;t will dllgerge in any case => particle is q<0,5 3
trapped only if+ €1, thus e % §
i 2
2lg<1 => <05 o
__gh i :
q—er;SO,S G P P Y FC T g I N

g
‘Lh H
SOURCES

STABLE TRAPPING  "/sre(oorsstt) iyt s,
‘small ping pong e rotating-saddle trap: a mechanical analogy to RF-
PARAMETERS

electricquadrupoleion trapping?
(Can. J. Phys. Vol. 80, 2002)
Balf's Trajectory (BLUE saddle)

Wolfgang Rueckner, Justin Georgi, Douglass Goodale, Daniel
Rosenberg, David Tavilla:

Rotating saddle Paul trap

(American Journal of Physics 63, 186 (1995); doi: 10.1119/1.17983)

amail ping perg bt

"l

A. K. Johnson and J. A. Rabchuk:

A bead on a hoop rotating about a horizontal axis: A one-dimensional
ponderomotive tray

(Citation: American Journal of Physics 77, 1039 (2009); doi:
10.1119/1.3167216)

Tobias Koch:
X (cm) Konzeption und Aufbau einer mobilen Experimentiereinheit fur

stable unstable zum Thema

¥iemy

p——
ey

el 21 Real [1) :

P.220
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Problem No. 13 Candle powered turbine

Reporter: a ﬁhra Hosseini Problem

A paper spiral suspended above a candle
starts to rotate. Optimize the setup for
maximum torque.

Initial Observation

Theoretical framework
4 .
* Spiral * Theoretical Framework

1. Number of spiral cycles

2. Radius of the spiral circle 1.Macroscopic View
3. Paper width 2.Microscopic View
* Convection
* Candle ) * Microscopic View :
1. Candle wax combustion Discuss the Partial force applied to the

2. Candle flame I
3. Distance between candle and spiral '

Equation for wax combustion :
Mot conduction 02 CocHoy + 38 0, — 25 CO, + 26 H,O +Heat

Heat radiation
Water, ef C
7 1 .
Recion Nny Q=ch0—>K=Emv
N Oxygen!
Fuel

7

=
2> Btate direction
= N\ :
<> . f1
-_ B
A-I, N,  — — 0

A
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Com}éction is the circular motion that happens when warmer part of fluid rises,
. . while the cooler part of fluid drops down.
1.Macroscopic View

2.Microscopic View
* Microscopic View : (

Cold side

Discuss the Partial force applied to the
spiral

~— Solid walls

&mt side

Theoretical Framework

Schlieren photography

RN

P.222
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?vs d for N=7

elocity Decrease

14 16
diem)

s for b=k

* Theoretical framework

Solution Outline v Energy Transition

v Drag Force
—— ‘ % [ v Force applied to system
s sl T l )"( S %‘*—‘* ) Ee v Total torque equation
m ﬂ o i E i | | J v Torque limit definition
L 1 i il 1 v Convection Mechanism effects

v’ Study of air flow transition

" Examberofromnds
Conclusion I v 4 Number of rounds+4 Density observed

rev/svshforN=5 ,d= 1.5 v Study the rotation and angular velocity
v’ Color code of each experiment
' '} v Optimization for best results

!

18

rev/s
5 -.: E

=1
@?’D

L —

[

6 s 10 12 c:
h f-——
- ==h
—

l

. =—
-—

https://www.thoughtco.com/where-does-candle-wax-go-607886

M. P. Raju and J. S. T'len, Combustion Theory and Modelling 12, 367 (2008). *

(PDF) Torque and pitch angle control for variable speed wind turbines in all operating
regimes (researchgate.net)
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Ramin Abdollahzadeh Ira n Ring on the Rod

A Washer on a vertical steel rod may start spinning
instead of simply sliding down. Study the motion of
washer and investigate what determines the terminal
velocity.

 Contact point

Outer Radius : 3, Inner radius : 2

sliding spinning Free fall 1

e,

Multiple Terminal velocity
collisions is reached W\ Wyy

=
<
[
-
g
N

Spinning motion \

—
Angle(’)

P. 224
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Motion Transition
SLIDING , SPINNING TRANSITION

ST N

3]
3
2
Il
Q
IS)
1%)
|
S
5

D
] 1 washer slides and
B ‘ levels out before it is
< ' allowed to reach
maximum tilt
0.1 0.2 t(S) 0.3 0.4 0.5
’amax

Theory based on Energy

ky+ky + imvz2 -mg(v,t) + uN(rwyyt) +%r= cte

kg
1.3%

| = (1.251,245m) x 107 m?

- % pv2CyA.d = (300,6000) x 10

d = distance I_. 7% 102 = negligible

p = density of fluid

v = speed of the object relative to the fluid
Cp = Drag coefficient

A = cross sectional area

‘\_ Dyod
Term 1 T () !

1,2 , 1702
Elwxy+51wz

1 r

Ixy = Em(:ﬁ(rzz —T12)+h2) 2
"]
=22 ky + k +l 2—mg(v,t) + uN(rwgyt)=
Iz'Em(rz —1rE) 1tk +omvy —mg(v,t) +uN(ray, =const
lcm\ N
d

Uz = Zr:[ (wxy+wz)
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& &
i 1
E=k +k,+ E"sz —mg(v,t) + MN(rwxyt) Plexi glass

0

1
E=ki+k +Emvz2 -mg(v,t) + }N(rwxyt)
Dyod = (wf;lz+wxyz) - HNTCny =0 mgcosa

rotation time in
(g CONdition

washer 4 washer 16 washer 12

Rotation time during the entire movement of washer on the rod

p o Velocity on z Axis

)

cm.
S

Time (s)

v (

o
washers

washers

Rotation Time in Steady State Washer NO.9

ts (s)

_.|||II|‘ II||. | | HVz Mtspin Mtsteady state
> o g

2 washer 16

F Washer NO.9
Washer NO.9 Washer Diameter: 6cm

Hole Diameter: 3 cm Solution Outlingy f ~n 4
o R = £
[ : O O 3ot Nt ammenmeel t~.
ow s o gl o
TorEee s U S8
| Vw1 gerRengReggay
I o e . ER I
: DR Eskithami-mgn) tulgg,t) 1)
U B
/ ‘ 1
2 k
1 1 1 1 1 >
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washer 16

Vv Studied amplitude
v Motion transitions
vV Qmax

v Spinning Motion

v energy

SRR I I R

0.75
0.8
0.85
0.9
0.95

References

«  https://byjus.com/jee/perpendicular axis theorem/

* https;/fyoutube/  3jNb 9Eis Tyw

+  https:/fcourses.lumenlearning.com/suny  osuniversityphysicschapter/ 10 - 4-moment - of - inertia -and -
rotational - kinetic - energy/

« https://wwwyoutubecom/watch?v=ibe ~ 2CaspBJY

«  https://hypertextbook.com/facts/ 2005 fsteel.shtml#:~text=The% 20 coefficient’% 20 of% 20 static% 20 friction,
ore% 2C% 20 limestone% 20 and% 20 various% 20 chemicals

*  https:/fwwwyoutube.com/watch?v-ZRJFonHi 558

+ https:/fiopscience.ioporgfarticle/ 101088 /1361 - 6404 fab 6414
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for

e =

Problem No.10 pnducting Lines

Nrsha Niksa I

IYPT 2020

L

A line drawn with a pencil on paper can
be electrically conducting. Investigate the
characteristics of the conducting line.

Literature Review

cartan

black, and graphite powder

\o Density, Press!

Intuitive Theory

- Van der Wa

B. Marnho et al, Powder Tech. (2012)

s V]

Experimental Investigation

Mode I: Conductivity during Compaction
Mode Il: Conductivity on a Paper Film

Influence of Bulk Graphite Density on Electrical Conductivity

S, Rattanaweeranon’, P. Limsuwan®, V. Thongpoal’, V. Pirryawong’,
P. Asanithi”*

S. Rattanaweeranon et al, Procedia Eng. (201

ure, Mass, and

als Interactiong

E ity of
‘lack, and graphite powder
ermardo Marinho ", barcns Chisand ***, Evgeny Thalya

multi-wall carban nanotubes, carbon

£ Kaning " sberus e Wih

B. Marnho et al, Powder Tech. (2012)

Electrical conductivity of compacts of graphene, multi-wall earbon nanotubes, carbon
Dlack. and graphite powder

Bernardo Marinho **, Marcos Ghislandi “**,

Ini

Evgeniy Tialya %, Car £ Koaing ©, Gijsbertus de With *

B. Marnho et al, Powder Tech. (2012)

Referenced  experimentally - deduced theory
Experimented with a multitude of parameters
Useda controlled  experimental  apparatus

Did not introduce an independent theoretical
framework that could have been compared
theory

with

fie

fluence of Bulk Graphite Density on Electrical Conductivity

S Rattanaweeranon”, P, Limsuwan*®, V. Thongpool®, V. Piriyawong®,
P. Asanthi™

S. Rattanaweeranon et al, Procedia Eng. (2011)

The chosen parameter (
indetail .

Material properties were measured in a
ways

density )was investigated

number of

A preliminary theoretical framework was
introduced and was not theoretically developed

Literature Review

r]nflue'nce of Bulk Graphite Density on Electrical Conduclivir? |

S. Rattanaweeranon et al, Procedia Eng. (2011)

S Rattanaweeranon’, P. Limsuwan®”, V. Thongpool, V. Piriyawong’,
P. Asanithi®”

erimental Investigation
t}ﬁulk Density

L
Pouillet's Law

Power Supply

C Voltmeter

[ ] []
~— it i ° PY
ite Stripe
Pouillet is not ﬁplicahlg
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fad

Structure of Carbon I
Oponda =1 —o -— s
Snn 4
L 1

7

Fh=pEIcliz]-

1z

— L.
QEQQF’A@L"‘ 4]

Q¢ = 6e | 152,252, 2p?

fr

Obond 1,23 = 1

fr

m
Voltage

AN =ﬂ|ﬁ|At) (|ff|) cos§ = nu. AAt  [3] vy = —ﬂ,wherep -0
- 2 2y — dR
—@— qnu. AAt 72y = ;P ZXI: L9 I: o 8
=434 gnii = o

— o 5 o a2y
ViV =-—=+-—5=0

—r o dx? = dy

keN ~type_

'ﬂ‘ Eankuk = Zpkukl = qnu = pu
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Cross checking

W COMSOL

MATLAB .

£
g°
22
017 =
P "
MATLAB DR e TS
yim ¢ o x(m)

Error  Calculation

Ammeter +10nA

0

Voltmeter

Graphite Stripe.

: ‘j’ +10 my
2 o

Aluminum Stripes

0.2 X 2cm?,0.4 x 3cm?
0.8 x5cm?,1 x6cm? 0.2 cm, 0.4 cm, 0.8 cm, 1 cm

arameters
2
6cm |

8H,4H,4B,8B 01

- - b

2.cm,3 cm,5cm,6cm 4V 12V

og m
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for

Parameter: Length

R=551M0 R=1701M0
T=04m
Theory Experiment

RxV
R«ﬂm

vt
RT

Theory

Rox W1
-1
RocP Graphite

Lt
RT

a~04764 | 7 2~ 03253 a~04685 | @~ 04375
R=11m | | R=100M R=119ma | | =164
a= 0.1973 . @~ 03585 =02028 i a =~ 0.2091]
R=ossun | R=084Ma R=167m0 i | R=121M0

@~ 03290 @~ 04581 . )

R=1209ma f§ | R=1144 M : 3:71 v o

P Wb ; Graphite 1
At - Rl
@~ 00661 @~ 02467 \
R=1083M0f | R=543M0
K. -

Length (cm) 2. ¢m:0.62 3 cm: 05181092 6.cm:039
Width () Q @n: 034 1cm: 065
?:fnfm P 2><0 2?(35 é’noc%d%ﬁvés 6x0.8:286
siles  Protractor: +6(
voaee () Voltmeter: H10mV
Amineter: +10'4*
Experiment

Y
L -

Experiment

__:C

Theory

L

Experiment

),
&5

>
™
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Problem No. 1 1
Drifting Speckles

Arsha Niksa

Shine a laser beam onto a dark surface.
A granular pattern can be seen inside the
spot. When the pattern is observed by a
camera or the eye, that is moving slowly,
the pattern seems to drift relative to the
surface. Explain the phenomenon and
investigate how the drift depends on
relevant parameters.

Literature Review

NEW APFROACHES

Laser speckle experiments for
students

A E Enas. Uiniversity of Sumey, UK.

AE. Ennos
DOl : 101088,1964  reads

) . ) . NEW APPROGACHES|
Algorithms for simulation of speckle (laser and otherwise)
" . Laser speckle experiments for
Donald D. Duncan™, Sean J. Kirkpatrick’ students
“Oregon Health & Science University. 3303 SW Hond Ave. Portland, OR USA 972304501
*Oregon Health & Science University, 20000 NW Walker Rd, Beaverion, OR LISA 97006-8921 AE Ennos Unieaily o Samy: UK
AE. Ennos

D.D. Duncan, . J. Kirkpatrick 001 : 101088,1964  reads

D01 : 1017 4337 reads

+  [Neglects the effect of

_— "
« Only inclusive of flat planes { I pughness

N hensi . ) . ‘ave polarization was not
o comprehensive experiments ’ Well-detailed
Polarization &\

Objective Pattern ; \ / , & h

Ellptically

polarized light
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Reflected linear
palarized light

| e + Relatve Motion of
Observer
Refracted partially
pelarzed light 1

Shifting

C(xg,ye, zg) > (xB, Y5, ZB)

RN

lProjections Analysis,

0+¢
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Microscopic Pattern

y  rand(x) = r(x)

for ‘
Simulation Wi igr Tt vty a

E COMSOL

M values
) md 11, 1m02) s

S

® dygeer = 0.85m

® f =120 fps o oun] |

®1=08 W/sz 055m,115m 54X, 64X s ‘

d Mmi:roscope =58 - s

® 1=532nm 60 /ps,240 fps 532nm. i ::: I ‘ i

© No external interference oazs ! '|'| U. it H

« Rough paper oWy omty . o aced NI RERREERIVR WEELL
R R

Time (s)

Parameter: Interference
aa
(A
91.946% . - I

N
Sl
M
=Y

()

s &
s £

&=

90.019% e
|
o max — 7 rad [——

: o [ 10 18 20 F- £
- 65472% Time{s)

87.663%

Z8SET0—

52.784%
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Parameter: Roughness

75.615%

ART AN AMAZING FACT IN SCIENCE

. 65.195%
o B - :
36.883%
7.663%

Parameter: Magnification

285ET0—

e Log o E gy i Ressect 1 Time

83.145%
s 86.124%
- 50X
o |—==
o 60.965%
7.663%
o 60.659%

78SET0—

Parameter: Distance

SSIM o« v™
n=>1
d?v d?v

W>>O’W<O

* 055m
= 1.15m

g

0—

In(E) = —0.1352

Z8SET

7.663%)

l]]- 083V
é‘ l)_12W/Cm u
33.334%

36.694%

e g of Erargy wid Rassioct o Tirm

L

Il

T )

e
IRERERRR]

Z8SET'0—
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Natural Log of Energy with Respect 1o Time
Parameter: Wavelength 80

AT, — >0 ' J I

; : 2 I}

3  92492% A h ’HI“ ’ Mm |

. : am

* 632.6 nm

N e "".".":'?"". 1 P

P o ||Fl| | Y e 2T
¥ 46.433%87.663% n “WF" ‘h' |

Z8SET'0—

e

ot 93.599% v dv
Do : a2 > Ve~ O
97.595% e A S
P
) 39.642Y
' 97.682%|" -

76.351Y%

: ’ b r’:l‘? “ - "

faia

v e d - opt.
vV < fexternal I - opt.

M — opt.

e o 1(0)prack f - cte.

Theory vs. Experiments

dycentre = v = —sin(0 + ¢)

Vrelative € n(O)black

eferences

CH - opt.
A v P (1] Superposition, . A. Russel, State University of Pensylvannia , (1996).
-f < v '/ [2] Introduction to Polarization, Edmund Optics [Internet]
d - opt, / P(d) [3] Algorithms ~ for simulation of speckle (laser and otherwise ),Duncan, D & Kirkpatrick, Sean. (2008

Dol : 1017

[4] Laser  speckle experiments for students, A.E. Ennos Physics , Education, Volume 31,

v
M- opt. / (1996). 001 101088
v

[5] Ray Optics Module, ~ COMSOL ~ Multiphysics , A part of exemplary libraries Number 3,
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Problem No.14 Ball on membrane

Zahra Hosseini I ra n @ ltisstated that  :

... When dropping a metal ball on a
rubber membrane stretched over!
plastic cup, a sound can be heard.
Explain the origin of this sound and
explore how its characteristics depend
on relevant parameters.

PN
‘““2+"  Normal membrane
Stretched mode ll - lo
& = —l
0

“‘&:_ 3“‘” I “l\ o 2,
Th ical F k 0T _ 2 =
eoretical Framewor! o c*Tk = T = Acos(cst) + Bsin(cst) m——p| f = o

Propagation speed

Wave e~
\ u(a,0,t) =0 — r=a — u:RT@—)R(a)z()
\\ Amplitude
Wavelength
nm
R=EJ,(sr) » Jp(as) =0 s as=apy, > S = .
u= Epml. (an—'mr) A cos Caﬂt + Bsin —Can'mt (Cpcos(nB) + Cysin(nh))
n, n a a a n n
nm
_ Canm
f= 2ma
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I, ~ Ei
l—' L‘J LJ )

Fyn + Fgyi

—
mmm Bound

Experimental setup

Normal Stretched
membrane mode

The Sound Can Be heard
0.71
1
Elastic membrane from top view 15 0

€ 1.46 Frequency Number of collisions
16

Number of collisions

plitude
13@ Movements of the ball

1.4 Frequenc
6 X % Y 24 g
1.6 Echoed sound inside the cup
2 mplitude
3 Included in the surroundings

5gramat5cm—1layer membrane and 5gram at5cm -2 layer membrane
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1 layer membrane

-
-
Frequency vs €
o} //-
= P
; 2layer membrane ... /
g -
- C
;""\,hﬁfh!“MI"”' WA %:_m
3 ‘H’il mlll||L"\‘l'LI‘JI|hl'\\Ii‘a‘l\‘lli‘-‘lnl"‘lilw'i"'”'l" 2
aal U l i [
1 i ; t
: €
é;ftf
L 4
P | Theoretical Result
b u= an Epmln (uz’" r) (A cos (Ca:'m t) +
Bsin (221 (Cycos(nB) + Cysin(nf)) 1
C(Xn’m |

2ra i

|
iy
DM Pl juatlie sl
80
. 70
60 £
. i
s0
;lm <40 o
H 30 L.
=
2 { 20
o 10
t
0
.{ 0 2
F—r O hicm)

W 55 —&-5g —e—24g

Number of collisions &=1.46
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Freguency vs Distence

5.5gball 1 layer n

w— 24 g ballTiayer

Frequency &=1.46

Amplitude vs Distance

Amplitude € =1.46

_Number of collisions for ball 24 g £=1.21

Experimental Result |

Faquaney

5.5 g-ball -1 fayer membrane

{
24-g-ball-1-layer membrane

Number of collisions for ball5.5g £=1.21




BALL ON MEMBRANE, IYPT 2022
ART AN AMAZING FACT IN SCIENCE

=== Young modulus for latex : 1.2 Mpa
stress =(elastic modulus) x strain
___,.«-"" Almost negligible
s e~0
Stress-Strain relation of hyperplastic material 168
166 ‘
164
162
£ 160
=
158
156
154
152
1] 2 4 6 8 10
Frequency vs h for 5g h(cm)
T T T
=1 IS LNNNND. NRRURININE SO, SRS, S R— —8—55g —&—5z —8—24g
18- ' 1
165 L &
= s -~ ]
E
5
§ e 9
g
g | ol e o B A
161 =
160 4
18- x
5 | | L i | L | i
2 E) a 5 [ T 8 9 1

hiem)
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lban
2803 Problem Statement )
Problem NO., Oscillating Screw
Nita Jafarzadeh @ When placed on its side on a ramp and released, p screw

may experience growing oscillations it fraxglsdovn the
ramp. Investigate how the motion of the screw,
the growth of these oscillations depend on the rglevant
parameters.

Motions .
0

Force analysis

* Fy = Gravity force

* mgsin® = Parallel force to ramp 7

* mgcos@ = Perpendicular weight force to ramp
* Ny, = Normal force of incline of point A’

* N, = Normal force of incline of point A

* fax = x-axis friction of point A’

* fax = Xx-axis friction of point A

* fary = y-axis friction of point A’

* fay = y-axis friction of point A

Parameters

CM, =The center of the body mass
CM =The center of mass

CM,, =The center of the head mass
r, =Body radius
R =Body length
rp =Head radius

oo
d =Head thickness @

p =Density . .
I, = Distance between the and the CM and the head of the screw @ 0

1, =Distance between the CM and the bottom of the screw d
N 2 _ 24 2 .
(Narki)™ = fare™ + fary Screw on a Horizontal Surface
A N,
Tp

(Napi)? = far” + fAy2

*  Ny,4 = Normal forces

* ug = Coefficient of kinetic friction
*  fanax = X-axis frictions

* fanay = y-axis frictions

Perfect Rolling
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1 Cone on a Horizontal surface
Simplification N / ¢
2 9 ;

Cone on a Ramp

Cone Rotating and Sliding with Two Frictions
Ine.x:t‘i‘g_l-ol,’_‘

fs =Slipping friction
fr =Rolling friction

Rolling with Sliding

fr = kNy@
Torque k =k, + kv
o anna v =Tangential velocity= v =1l¢p
To = ~Fosinbsingle+ iR =—F;sin@singly + fLR = ¢ According to | equation:
= 1é ta ..

—FgsinfOsingl, + LR = ¢

Constant multiplicative (A,B,C):

¢ =—Asing+Bp +C

o Shosuke Sasaki ,Yohe Namba,Tadao
Iwanari, Yasuyuki Kitano,2021
Analysis of the rotational motion based on

Considering the differential equation analysis rolling friction and torque article
1. If ¢ be small enough:
¢ =—Asing+Bp+C
¢~—-Ap+By+C
= @ ~ C1e%sint + C,
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9

:
¢ =~ e®sint + 0

e

2. If g get bigger that it can not anymore consider equals sing:

5 sin(piq)

G=-Asinp+Bp+C -
120 < <o°
Parameters The friction coefficient of the ramp

+ The friction coefficient of ramp

« The angle of the ramp(6)

(209 )o3ue 550310 UL

+ The release angle of the screw(B)

Times)
Position vs Time-Low friction coefficient

+ The body length(d)

The release angle ( 60%)-Low friction coefficient

Pa ramn leters + The mass of the head of the screw
e E
« The friction coefficient of ramp Radius of washer(r) e :

+ The angle of the ramp(6)

« The release angle of the screw()

Experimental Setup

°f

Fosionvs Time 157 ofne
"The angle of the ramp
Pestionsngtine 22-ftheramp

6cm

oton e im0 ot s g £
The release angle of the screw tonsTne0Ton e E
£,
o 8w
Position vs Time-0° of release angle Posionvs Tme-30°f elease angle T
= g 300
£ TN O

3 = Position vs Time-60° of release angle
< estion s Time 60 ofrleaseangle o
i B
e J T
e ege 5"

= 2 ‘Time(s)

The body length

Position vs Time-Long distance

Radius of the washer

Position vs Time:Big radius

2[8ue aseafos 2uL
Vertcal Poston(mm)

Time(s)
Position vs Time-small radius

The release angle(30° }long distance
snipe 1a- co)oiBue asealps auL

The release angle(30° )small radius

Tme(s)
Comparison Position vs Time
- w o PostonvsTme Position vs Time
B \/\ 100
00
E /\
E o
¢ ~15 %Egin(t) e s
Position vs Time § " e
£ o
. 3 o 0 s 6o 5 100
B g
% es ~ - ” > 0
g =8 92%sin(t) Time(s)
£ 500
o ‘Time(s) , e

@ =~0008e sin(t)
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