CoNTINUOWS RANDOM VARS [ConTivued]

EXAMPLE & COLLISIONS IN A GAS

wWe'll fook at the probabi iy tnat
a qaf molecule travels ditravce
S without wmaking a tollsion ...

o)
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o hes) the SURVIVAL PROGABILITY P(S), ‘

Provided [asis usuat {7 the gas s
wniform, P has one properhy that
woutdd help us to quess its fometional

form :
®

P(x+y) = P(x) P(y)

[_To Yurvive® to ditt. X+y, 1t must survive
to dist. X AND thew survive a further ditk y!]

(trongly Swegerty an exponential f'cﬂu,
P(s) = e~5A,

PHYS o1 LECTURE ¢

|

[coLLisions v gas]

We'll try to relate A 4o microscopic
parometers describiug the 9as : the
diameter D of a molecule [assumed
Spherical] and the qas density [ of
molecules per unit volume],

W'l need the probanitity of fiueiug
7o Moleeule (W & Swall yolume AV,
ASuwme that the Molecnles are udependent
of one another oud that a given
Molewnie S equnlly Ikely 4o be anywhere
im V. The probability that a given
molecule (§ Mot i AV (S then
- V=4V
v==
ond the prob. that none of the N Molecutes
it inav (s
N &~ 4 . NaV
=g - Na

Nz (|- &v
=(1-3
using the binomial tueorew
for (140N = L4 (V)x+(Y)x2..
and  astuming X if gwaly.]
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[coLbisions 1N AST

CALCULATION : Now put toqether all
(ngredients to find A differential eguation

[cou-mms IN GAS]
STRATEGY © Asswme we kwow P(s), and

then nie it fo careniate P(S+aAS) for P(S):
>R  P(stas) = P(S)Pas)
Make use of = P(S) P(no Molecule (w AV)
P(s+ As) m P(s)np(as) (see(@®) | = p(s)§1 — NAY1  frowm
" v
rob. of no - - Nav
\:o\hﬂ'ct in AS = P(s) va P(s)
But the probabity of wo coltision (v Use Taylor expansion [or defiuition of
AS s the probabiiity that twere (s o derivative 1] to weite left-hand frde as
no Molecule (U the volume Yswept out" | P(s) + aS AP(S) ... , So P(f) comcels
. | as
I distance & : [ $rom each Side :

1_."_’_._-_:. | as P = _wavp o _WN®%,cp
O} D) CEENEP I

or d_P =_(‘-m_pl)P
Y

sz—-ds—;—:(‘ ‘« ! ols
e mtm it (=t =17
= mwDh*as [Vke cylinderof O wWerll weife TNDY 4o L Teneck fhat
9!——:___ radiug D owd © V) » [

A — the 'meaw free path® — has dimeusions

height AS] of tongth 1]




feoLLisions N GAS]

SOLUTION |

4P = _1p

' A

LdP - 1 st
> 8oy few
= [Fdf = [x%
o P =% + C

= P‘s) = A‘-’,A [W‘f\efﬁ A= QC]

Value of A from Pp(o) =1, ie. Amd,
[Also fotlows from P(o+o) = PCoYP(o)

> A=A]
Hence Bs) = C-m\ as we originally
quessed
EXAMPLE 1

- [coLLisioNs 1N GAST
| WARNING @ Althoughh arquments (ike

the ones wefve just wmade are common
(n the kinetic theory of gases, we’ve
oversimplified things "Stigutiy" by iqnoring
the fach that ALL the wmolecules are

M MObiOn — net juck the ove of (nterest.

The motion Matters: a Slow Moving
molecule Will be bombarded by ofher,
fotter wolecuies, ane So has a fhorter
Mean free path A than a fast wmolecule,

On average that effect reduces the
meov free path by o factor of I
tompared with our cihwate

0N the other hawd, our arquweut is
five for Scatteriug of o particte by
fixed Scatieriug Centves [e.q., Scatieriug
of an electron by FXeol (Wpurity (oug
i a Solid], or for Aiffusion of a'ligut’
Molecule ™ o gas of ‘heavy! [slow] ones,




