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Exercise:
Mean velocity of a particle (at RT)

For an Ar Atom:

For a SF, Molecule:

For a H, Molecule:
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Particle velocities
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For a SF, Molecule: 206 m/s
resp. 742 Km/h

For an Ar Atom: 394 m/s
resp. 1417 Km/h

For a H, Molecule: 1762 m/s
resp. 6343 Km/h
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https://www.youtube.com/watch?v=Q3A-8CgBAJo
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For a SF, Molecule: 206 m/s
resp. 742 Km/h

For an Ar Atom: 394 m/s
resp. 1417 Km/h

For a H, Molecule: 1762 m/s
resp. 6343 Km/h

Velocity of sound in air: 331,3 m/s (740 mph)!
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wave (longitudinal wave) confined to
a plane. This is the only type of
sound wave that travels in fluids

(gases and liquids). . . .

For monatomic gases, the speed of  \/@|OCITY Of sound in air: 331,3 m/s (740 mph)
sound is about 75% of the mean

speed that the atoms move in that

gas.

© J. W. Bartha 2020
TUD internal use only!

Slide: LO5 23


https://www.youtube.com/watch?v=u19QfJWI1oQ
https://www.youtube.com/watch?v=Q3A-8CgBAJo
https://www.youtube.com/watch?v=NJ1l4_v0hFM
https://en.wikipedia.org/wiki/Speed_of_sound
https://en.wikipedia.org/wiki/Longitudinal_wave

(L) universimar Particle velocities

DRESDEN

gkT\ "/
D= (E) For a SF, Molecule: 206 m/s
resp. 742 Km/h

For an Ar Atom: 394 m/s
resp. 1417 Km/h

For a H, Molecule: 1762 m/s
Pressure-pulse or compression-type r'eSp. 6343 Km/ h

wave (longitudinal wave) confined to
a plane. This is the only type of
sound wave that travels in fluids

(gases and liquids). . . .

For monatomic gases, the speed of  \/@|OCITY Of sound in air: 331,3 m/s (740 mph)
sound is about 75% of the mean

speed that the atoms move in that

gas.

© J. W. Bartha 2020
TUD internal use only!

Slide: LO5 24


https://www.youtube.com/watch?v=u19QfJWI1oQ
https://www.youtube.com/watch?v=Q3A-8CgBAJo
https://www.youtube.com/watch?v=NJ1l4_v0hFM
https://en.wikipedia.org/wiki/Atmospheric_escape
https://en.wikipedia.org/wiki/Speed_of_sound
https://en.wikipedia.org/wiki/Longitudinal_wave

TECHNISCHE
@ UNIVERSITAT
DRESDEN

8kT\ "
U = (E)

For an Ar Atom:

394 m/s
or 1417 Km/h

For a H2 Molecule:

1762 m/s
or 6343 Km/h

© J. W. Bartha 2020
TUD internal use only!
Slide: LO5 25

Particle velocity Ar and H,?



(L) universimar Particle velocity Ar and H,?

DRESDEN

1/2
- (8kT\Y
-} — —_— : MAXWELL-BOLTZMANN DISTRIBUTION . 3
™m | 4_
Concorde
For an Ar Atom: =

—

or 1417 Km/h ' csa ol @
For a H2 Molecule: =5 %%
1762 m/s | | | 3 }
or 6343 Km/h 0 500 880 , 1450

Miles Per Hour

Figure 1-2. Relative speeds of argon atoms and other familiar bodies

This corresponds about to the sonic speed

© J. W. Bartha 2020
TUD internal use only!

SIide:LO5 26



TECHNISCHE
@ UNIVERSITAT
DRESDEN

Velocity distribution versus mass
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Maxwell-Boltzmann Molecular Speed Distribution for Noble Gases
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Velocity distribution versus mass
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Exercise:
What is the unit of f(u)?
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Going from the velocity- to the energy
distribution function:
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054 Energy distribution for two temperatures

04

03

G(E)

02

0.1

0D T T

E/KT
http://www.pci.tu-bs.de/aggericke/PC5/Kap_l/Energievert_Boltzm.htm
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The MB energy distribution function answers also the
question: How many particles n(E,) have sufficient
energy to initiate some specific process that require a
certain threshold respectively activation energy E..

L

temperature K=300

activation energy

Number of entitites —

E e

activation energy

Kinetic energy —

E,
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The MB energy distribution function answers also the
question: How many particles n(E,) have sufficient
energy to initiate some specific process that require a
certain threshold respectively activation energy E..

L

temperature K=300

activation energy

Number of entitites —

£,

Y activation energy

Kinetic energy —

E,
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The MB energy distribution function answers also the
question: How many particles n(E,) have sufficient
energy to initate some specific process.

A
n(c) rjﬁ(ﬁ)JE HH o ;():T) o
o _/2 [

f & (D) “IFeNdE
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The MB energy distribution function answers also the
question: How many particles n(E,) have sufficient
energy to initate some specific process.

1 fie
%\ : -E
Nn(c) -—éﬁ(E)JE %r,@,—)g/f /7

-3, L
= f%(@ “IFe NdE

0 % :f’////g/,

2 Eo - -

nNe= 7 /= € IZE, =
- .‘smmr\g
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Homework:
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SACHSEN

“VTLOb £ 01:h2

Exercise:
Scenario: Vacuum based dry etching of a Si trenchl!

How many gas particles reside at a pressure of 0,1 Pa
(10-3 mBar) at a temperature of 23 °C inside of a
1x1x1 tm3 trench?
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W

»Wissen schafft Briicken.«
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