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Distribution of Speed

150

- Frequency (Hz)
E 30 — Fitting
5100' 40 — Fitting
& 50 — Fitting
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=
o
&

0 oo L] I L] L] L] L] "

0.0 0.5 .0

Vx / Vmax
[2% 14] & & Aso] & 322 dAe] v ol tigh £ 3 % 9" 3
n(zx) = Ae 5 Fitting
Frequency (Hz) A K R —squared
30 121.1 31.86 0.9890
35 98.84 21.01 0.9756
40 94.13 19.86 0.9736
45 39.08 16.84 0.9727
50 83.50 14.61 0.9828
%) 30.12 13.99 0.9370
60 31.48 13.93 0.9755
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n(z) = Ae” Kt Fitting
T3 | N 4 K | R Ty | N 4 K | R-

(Hz) om squared (Hz) om squared
100 | 31.78 | 23.07 | 0.9890 100 | 2456 | 14.75 | 0.9753

200 | 63.00 | 24.57 | 0.9756 200 | 43.75 | 11.58 | 0.9822

30 300 | 92.60 | 23.68 | 0.9786 50 300 | 67.22 | 12.42 | 0.9897
400 | 1284 | 25.27 | 0.9727 400 | 90.86 | 12.82 | 0.9901

500 | 1585 | 24.69 | 0.9828 500 | 115.1 | 13.21 | 0.9925

100 | 28.59 | 19.75 | 0.9884 100 | 20.27 | 9.456 | 0.9673

200 | 54.96 | 1895 | 0.9875 200 | 39.73 | 9.507 | 0.9675

40 300 | 85.27 | 19.86 | 0.9812 60 300 | 63.72 | 10.59 | 0.9873
400 | 108.2 | 17.92 | 0.9689 400 | 77.72 | 8.872 | 0.9742

500 | 133.7 | 17.79 | 0.9772 500 | 100.7 | 9.861 | 0.9857
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1 = cles

2 - clear all;

3= v¥N = wlsread( 30hz", 'B1:B100");

4= Nrat i ob=v=N/sum(wxl) ;

5 - sumNr=sum(Nrat iob);

Bile= cnt=size(vxN);

7 - count=cnt(:,1);

8- I for i=l:count

9- Hratioa(i,1)=Nratiob(i,1)/sumNr;

10 - end

11

12 - wyzvN=zeros({count , count, count ) ;

13

14 — [lfor i=1:count

15 - for j=1:count

16 — for k=1:count

17 - wxvzvN(i, i, k)=vsN(i, 1)+Nratioa(j,1)+Nratioalk,1)
18 = end

19 - end

0 - end

22 - vN=zeros(100,1);

23 — [for In=1:100

24 - for i=1:count

25 - for ji=1:count

26 — for k=1:count

27 - R=i~2+j"2+k"2;

28 - if (A>=(In)"2) && (R<=(In+1)"2)
29 - wNCIn, 1)=xyzeNCi, JLk)+vl(In, 1)
30 - else

3 - wN(In, 1)=0+vN(In,1);

32 - end

33 - end

M - end

H-  end

36 - end

37 - vH=wl*2;
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clear all:

wiN = slgread( 30hz', "Bl :BI100");
Nrat i ob=vaH/sum{val) ;
sunbr=sun{Nratiob);
cnt=size(vut);

count=cnt{:,1);

“tor i=1icount

Mratioali,l)=Nratiob{i,1)/sumNr;
end

wyN = slsread( 30hz', "C1:C100°);
Hrat ioby=vyH/ sun{vyN);
sumbry=sum{Nrat ioby):
cnty=sizelvyN);

count=cnty{:,1);

| for i=l:count
Mratioay(i,1)=Nratioby(i, 1}/ /sumNry;

end

wyzvl=zeros{count, count, count ) :

I for i=l:count

for j=1:count
for k=1:count

wvzvM i, i, k)=vxN{i, 1)+Nratioal ], 1)«Nratioay(k,1);

end
end

end
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30

- yN=zeros(100,1);

32 - for In=1:100

33 - for i=1:count

3 - for j=1:count

3 - for k=1:count

I - R=i"2+j"2+k™2;

7 - if (Rx=(In)"2) && (R<=(In+1)"2)
| - wNCIn, D) =syawl (i, jL k) +wN(In, 135
39 - else

40 - wN{Tn, 1)=0+wHiIn, 1)

41 - end

42 - end

43 - end

44 — end

45 — end

46 — wH=yN+2;
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Abstract

Maxwell-Boltzmann velocity
distribution of collision particles

analyzed by Tracker

Jihoon Lee

Dept. of Science of Education
Physics Major

The Graduate School

Seoul National University

In this study, we aim at modeling the microscopic viewpoint of ideal
gas and quantitatively analyzing collision particles using analytical
method called tracker. The ideal gas model was composed of PHYWE
products for modeling. The chamber body is modeled as the ideal gas
volume, the glass beads as ideal gas particles, and the vibration
frequency of bottom plate as temperature.

To analyze this model, one of the beads is identified as a red target
particle, and the position information of the particle over time is
obtained through the tracker. However, since the information obtained
by the tracker contains the concept of orthogonal, when we obtain a

graph of the velocity distribution, it follows an orthogonal velocity

,4’7,



distribution on one axis, not the Maxwell Boltzmann distribution of
the three—-dimensional space.

After obtaining the data, the orthogonal projected velocity
distributions on the x and y axes were analyzed. The difference
between the two graphs 1s due to the gravitational, the forced
vibration of bottom frequency, and the number of particles.

The atmospheric pressure distribution to height was also analyzed
through density of the collision particles during experiment. The
graphs depends on the plate frequency, which can explain the
relationship between temperature and gravitational energy.

Finally, the orthographic database obtained from the tracker was
reconstructed in 3-D to confirm the Maxwell Boltzmann distribution.
In order to know the particle distribution in the velocity space, we
need to know the orthogonal information on three axes. Depends on
the each set of axis distribution, it can indicate an environment of
zero gravity or gravity. We plotted the axis transformation
distribution through an algorithm using MATLAB program, and we
can confirm that this distribution follows the Maxwell Boltzmann
velocity distribution well.

Quantitative analysis and statistical approaches were possible
through the tracker data obtained in a short time. In addition to the
analysis in the paper, tracker will be useful in experiments on other

dependent variables or new ideal gas model analysis.

keywords :

Maxwell-Boltzmann velocity distribution, Position distribution,
Dimensional transformation, Orthogonal projection, Tracker
Student Number : 2017-29737
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