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Why a Vacuum?  
Nature abhors a vacuum!  

2  

Provides the time needed to maintain a 
clean surface during analysis.  

Does not limit the travel of the 
electrons we intend to analyze. 
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Monolayer Coverage Time  

For an ideal gas, the time needed for monolayer 
coverage is determined by  

3  

tm =  
 n  

s ZA   

where s is sticking coefficient, n is the 
number of sites per unit area, and Z

A
 is 

impingement rate. 
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Impingement Rate  

4  

In an ideal gas, the impingement rate is given by  

ZA =  
ρ v  

4    

where ρ is the number density of gas 
molecules and v is the mean velocity.  
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Particle Mean Free Path  
In an ideal gas, the mean free path is  

5  

molecules
(all the same type)  2 ρ d2 π  

1    

2 P d 2 π  
k T    

=  l
m
 =   

where d is the collision diameter.  

ions  li = 2 l m     

le = 4 2 l m     electrons  

Note that l
m

 P 
is a constant 

for a given gas 
at a given T.  
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Viscosity  

The viscosity of an ideal gas depends on pressure 
according to  

6  

η =  
ρ v Mi lm  

2 No     
for l

m
 << d

t
   

where d
t
 is the diameter of the conduit. 
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Others  

7  

The thermal conductivity and heat capacity of 
gases also depend on pressure.  

The ratio of thermal conductivity, heat 
capacity, and viscosity form a constant. 
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Transport Dimensionless 
Numbers  
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Reynolds 
Number  

Re =  
v dt ρ  

η   

Knudsen 
Number  

Kn =  
lm  

dt   
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Vacuum Ranges  
We typically identify three ranges of vacuum.  

9  

 Pressure Range
Type (P x d

t
 in Pa m) Kn Fluid Flow

low > 0.6 < 10–2 Re > 4.0 turbulent

 Re < 2.3 laminar

medium 0.6 – 10–2 10–2 – 0.5 Knudsen

high/
ultra-high < 10–2 > 0.5 molecular   
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Units and Dimensions  
Pressure has many forms in “vacuum technology”  
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  to -> Torr mbar Pa
v from
Torr 1 1.333 133.322
mbar 0.75006 1 100

Pa 750.06 x 10–5 0.01 1  

Multiply by the factor given in the table. 
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