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Constants and equations 

This recommendation is based on the article of Wiedensohler et al. (2012). 
 
The constants and equations follow the recommendations in the ISO15900 standardization (also 
given in Kim et al., 2005): 
 
Dynamic gas viscosity at 296.15 K and 1013.25 hPa: 
 
 
 
 
 
 
 
 
Mean free path at 296.15 K and 1013.25 hPa: 
  
 
 
 
 
 
 
Cunningham correction: 
 
 
 
 
 
Bipolar charge distribution 

To calculate the bipolar charge distribution analytically, an approximation formula for lower charging 
states, n, (-2,-1, +1, +2) was developed (Wiedensohler, 1988). This formula is valid for particle size 
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ranges from 1 to 1000 nm or 20 to 1000 nm particle diameter for n equal to -1, 0, +1 or -2, +2, 
respectively. The according approximation coefficients are given in Table 1.  

 
Approximation formula: 
 
 
 
 

 Approximation coefficients ai(n) 
i n=-2 n=-1 n=0 n=+1 n=+2 
0 -26.3328 -2.3197 -0.0003 -2.3484 -44.4756 
1 35.9044 0.6175 -0.1014 0.6044 79.3772 
2 -21.4608 0.6201 0.3073 0.4800 -62.8900 
3 7.0867 -0.1105 -0.3372 0.0013 26.4492 
4 -1.3088 -0.1260 0.1023 -0.1553 -5.7480 
5 0.1051 0.0297 -0.0105 0.0320 0.5049 

 
Table 1: Approximation coefficients after Wiedensohler 1988 

For higher n (+3, -3, +4, -4 etc.), the Gunn formula below can be used. A ratio of the electrical 
mobility of positive to negative ions ZI+/ZI- of 1.4/1.6 was suggested in Wiedensohler 1988. 
 
Gunn (1956) equation: 
 
 
 
 
 
 

References 

Kim, J.H., Mulholland, G.W., Kukuck, S.R., Pui, D.Y.H. (2005). Slip correction measurements of 
certified PSL nanoparticles using a nanometer Differential Mobility Particle Analyzer (Nano-DMA) for 
Knudsen number from 0.5 to 83. J. Res. Natl. Inst. Stand. Technol. 110, 31-54. 

Wiedensohler, A. (1988). An approximation of the bipolar charge distribution for particles in the 
submicron size range. J. Aerosol Sci. 19, 387-389. 

Wiedensohler, A., W. Birmili, A. Nowak, A. Sonntag, K. Weinhold, M. Merkel, B. Wehner, T. Tuch, S. 
Pfeifer, M. Fiebig, A. M. Fjäraa, E. Asmi, K. Sellegri, H. Venzac, P. Villani, P. Laj, P. Aalto, J. A. Ogren, E. 
Swietlicki, P. Roldin, P. Williams, P. Quincey, C. Hüglin, R. Fierz-Schmidhauser, M. Gysel, E. 
Weingartner, F. Riccobono, S.Santos, C. Grüning, K. Faloon, D. Beddows, R. Harrison, C. Monahan, S. 
G. Jennings, C.D.O’Dowd, A. Marioni, H.-G. Horn, L. Keck, J. Jiang, J. Scheckman, P. H. McMurry, Z. 
Deng, C. S. Zhao, M. Moerman, B. Henzing, G. d. Leeuw, G. Löschau and S. Bastian (2012). Mobility 

2

0 P I+
2

I-

2
0 P0 P

2

2 ln
( ) exp

44

D k T Zn
e ZeF n

D k TD k T
e

π ε

π επ ε

  ⋅ ⋅ ⋅ ⋅  −  
   = ⋅ − ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅      

5
P

0

( ) log

( ) 10

i

i
i

Da n
nmF n =

       
∑

=



 

Particle Size Spectrometers: Harmonization of Technical Standards and Data Structure to Facilitate 
High Quality Long-term Observations of Atmospheric Particle Number Size Distributions. AMT 5, 657–
685. 


