LibreTextsm

6.4: The Probability-density Function for Gas Velocities in One Dimension

In Section 4.3, we find a differential equation in the function p, (v, ). Unlike the velocity, which takes values from zero to infinity,
the x-component, v,,, takes values from minus infinity to plus infinity. The probability density at an infinite velocity, in either
direction, is necessarily zero. Therefore, we cannot evaluate the integral of dp, (v;)/pz (vz) from v, = —co to an arbitrary
velocity, v,,. However, we know from Maxwell’s assumption that the probability density for v, must be independent of whether the
molecule is traveling in the direction of the positive z-axis or the negative z-axis. That is, p, (v,) must be an even function; the
probability density function must be symmetric around v, = 0; p, (v;) = p» (—v.) . Hence, we can express p, (v, ) relative to its
fixed value,p,, (0), at v, = 0. We integrate dp,, (v;) /pz (v;) from p, (0) to p, (v;) as v, goes from zero to an arbitrary velocity,
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The value of p,, (0) must be such as to make the integral of p, (v, ) over all possible values of v,, \(-\\infty < v_x <\infty \), equal to
unity. That is, we must have
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where we use the definite integral [ exp (—axz?®) dz = /7 /a. (See Appendix D.) It follows that p, (0) = (A/ 27)/% . The one-
dimensional probability-density function becomes
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Note that this is the normal distribution with =0 and o2 = A1, So A7 is the variance of the normal one-dimensional
probability-density function. As noted above, in Section 4.6 we find that A = m/kT .

This page titled 6.4: The Probability-density Function for Gas Velocities in One Dimension is shared under a CC BY-SA 4.0 license and was
authored, remixed, and/or curated by Paul Ellgen via source content that was edited to the style and standards of the LibreTexts platform.

¢ 4.4: The Probability-density Function for Gas Velocities in One Dimension by Paul Ellgen is licensed CC BY-SA 4.0. Original source:
https://www.amazon.com/Thermodynamics-Chemical-Equilibrium-Paul-Ellgen/dp/1492114278.

https://chem.libretexts.org/@go/page/206343


https://libretexts.org/
https://creativecommons.org/licenses/by-sa/4.0/
https://chem.libretexts.org/@go/page/206343?pdf
https://chem.libretexts.org/Courses/Pacific_Union_College/Kinetics/06%3A_The_Distribution_of_Gas_Velocities/6.04%3A_The_Probability-density_Function_for_Gas_Velocities_in_One_Dimension
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Thermodynamics_and_Chemical_Equilibrium_(Ellgen)/04%3A_The_Distribution_of_Gas_Velocities/4.03%3A_Maxwell's_Derivation_of_the_Gas-velocity_Probability-density_Function
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Thermodynamics_and_Chemical_Equilibrium_(Ellgen)/04%3A_The_Distribution_of_Gas_Velocities/4.06%3A_Boyle's_Law_from_the_Maxwell-Boltzmann_Probability_Density
https://chem.libretexts.org/Courses/Pacific_Union_College/Kinetics/06%3A_The_Distribution_of_Gas_Velocities/6.04%3A_The_Probability-density_Function_for_Gas_Velocities_in_One_Dimension
https://creativecommons.org/licenses/by-sa/4.0
https://www.amazon.com/Thermodynamics-Chemical-Equilibrium-Paul-Ellgen/dp/1492114278
https://www.amazon.com/Thermodynamics-Chemical-Equilibrium-Paul-Ellgen/dp/1492114278
https://chem.libretexts.org/@go/page/151679
https://www.amazon.com/Thermodynamics-Chemical-Equilibrium-Paul-Ellgen/dp/1492114278
https://creativecommons.org/licenses/by-sa/4.0/
https://www.amazon.com/Thermodynamics-Chemical-Equilibrium-Paul-Ellgen/dp/1492114278

