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5. Pressure measurement
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Characteristic of the 
velocity distribution
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Characteristic of the velocity distribution

90% of all 
particles occupy 
the interval 
between 
½ mean velocity 
and 
2·mean velocity!  
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Velocity Distribution versus mass 
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Velocity distribution depends on 
temperature and particle mass!

Taken from:
https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwiE1dednMvXAhUKvRoKHWpwDqgQFgg_MAM&url=http%3
A%2F%2Fwww.springer.com%2Fcda%2Fcontent%2Fdocument%2Fcda_downloaddocument%2F9783662443941-c2.pdf%3FSGWID%3D0-0-45-1492373-
p176865976&usg=AOvVaw1q79ZvMFSZ1XNLA4OKVqMNL05

https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwiE1dednMvXAhUKvRoKHWpwDqgQFgg_MAM&url=http%3A%2F%2Fwww.springer.com%2Fcda%2Fcontent%2Fdocument%2Fcda_downloaddocument%2F9783662443941-c2.pdf%3FSGWID%3D0-0-45-1492373-p176865976&usg=AOvVaw1q79ZvMFSZ1XNLA4OKVqMN
https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwiE1dednMvXAhUKvRoKHWpwDqgQFgg_MAM&url=http%3A%2F%2Fwww.springer.com%2Fcda%2Fcontent%2Fdocument%2Fcda_downloaddocument%2F9783662443941-c2.pdf%3FSGWID%3D0-0-45-1492373-p176865976&usg=AOvVaw1q79ZvMFSZ1XNLA4OKVqMN


© J. W. Bartha 2020   

TUD internal use only!

Slide: 17

Velocity distribution depends on 
temperature and particle mass!

Taken from:
https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwiE1dednMvXAhUKvRoKHWpwDqgQFgg_MAM&url=http%3
A%2F%2Fwww.springer.com%2Fcda%2Fcontent%2Fdocument%2Fcda_downloaddocument%2F9783662443941-c2.pdf%3FSGWID%3D0-0-45-1492373-
p176865976&usg=AOvVaw1q79ZvMFSZ1XNLA4OKVqMNL05

https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwiE1dednMvXAhUKvRoKHWpwDqgQFgg_MAM&url=http%3A%2F%2Fwww.springer.com%2Fcda%2Fcontent%2Fdocument%2Fcda_downloaddocument%2F9783662443941-c2.pdf%3FSGWID%3D0-0-45-1492373-p176865976&usg=AOvVaw1q79ZvMFSZ1XNLA4OKVqMN
https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwiE1dednMvXAhUKvRoKHWpwDqgQFgg_MAM&url=http%3A%2F%2Fwww.springer.com%2Fcda%2Fcontent%2Fdocument%2Fcda_downloaddocument%2F9783662443941-c2.pdf%3FSGWID%3D0-0-45-1492373-p176865976&usg=AOvVaw1q79ZvMFSZ1XNLA4OKVqMN


© J. W. Bartha 2020   

TUD internal use only!

Slide: 18

For an Ar Atom:

Exercise: 
Mean velocity of a particle    (at RT)

For a SF6 Molecule:

For a H2 Molecule:
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For an Ar Atom: 394 m/s
resp. 1417 Km/h 

For a SF6 Molecule: 206 m/s
resp. 742 Km/h 

For a H2 Molecule: 1762 m/s
resp. 6343 Km/h 

Particle velocities
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Pressure-pulse or compression-type 
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 
sound is about 75% of the mean 
speed that the atoms move in that 
gas. 

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
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Particle velocities

Escape velocity from earth: 11000 m/s !

L05

Pressure-pulse or compression-type 
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 
sound is about 75% of the mean 
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For an Ar Atom: 
394 m/s
or 1417 Km/h 

For a H2 Molecule: 
1762 m/s
or 6343 Km/h 

Particle velocity Ar and H2?
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For an Ar Atom: 
394 m/s
or 1417 Km/h 

For a H2 Molecule: 
1762 m/s
or 6343 Km/h 

This corresponds about to the sonic speed

Particle velocity Ar and H2?

L05
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Velocity distribution versus mass
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Velocity distribution versus mass
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Exercise:
What is the unit of f(u)?
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What is the unit of f(u)?

Why is this unit evident?
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Going from the velocity- to the energy 
distribution function:

“VT L05 e   17:02

L05

https://videocampus.sachsen.de/m/827334d94238642a3bedbd95637079cfac9b665103b7b68f1e468bb7d5b98c48b7e42474969007330ed8a5d6a70ba25518f611be344839e1e71fe957dd7e5703


© J. W. Bartha 2020   

TUD internal use only!

Slide: 36

Going from the velocity- to the energy 
distribution function:

f(u)>f(E)
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Going from the velocity- to the energy 
distribution function:
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Energy distribution for two temperatures
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The MB energy distribution function answers also the 
question: How many particles  n(Eo) have sufficient 
energy to initiate some specific process that require a 
certain threshold respectively activation energy Eo.

Eo

Eo

L05

https://www.geogebra.org/m/BUZcCfvf
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The MB energy distribution function answers also the 
question: How many particles  n(Eo) have sufficient 
energy to initate some specific process.

L05
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The MB energy distribution function answers also the 
question: How many particles  n(Eo) have sufficient 
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Exercise:
Scenario: Vacuum based dry etching of a Si trench!

How many gas particles reside at a pressure of 0,1 Pa 
(10-3 mBar) at a temperature of 23 ⁰C inside of a 
1x1x1 µm3 trench?
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