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-James Clerk Maxwell in 1859 -—-on the basis of probabilistic
arguments, and gave the distribution of velocities among the
molecules of a gas.

-Maxwell's finding was generalized (1871) by a German
physicist. Ludwig Boltzmann
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-of a particular chemical. compound or element
-All the molecules have the same mass

-their kinetic energy 1s only dependent on the speed of the
particles.

e .
Kinetic Energy = 2mv

-Moving molecules. the speed v --from very slow to very fast
particles

Most of the particles: at a speed close to the average v.
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The probability of a small system 1n thermal equilibrium with
reservolr occupying state S, with energy Eg

Where Es1s the energy of the particle

k 1s the Boltzman’s constant = 8.617 x 107 eV/K
T 1s the temperature

A 15 the normalization constant

e P - Boltzmann factor
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The Maxwell speed distribution

Statistics -distribution of kinetic energies 1n a large collection of
particles

Maxwell and Boltzmann- plotting the fraction of molecules in a
container with a given kinetic energy versus kinetic energy.

Or

Plot the probability that gas molecules will have a given kinetic
energy versus kinetic energy.
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Probability

ost probable kinetic energy

Average kinetic energy

KE
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From equipartition theorem. for an 1deal gas

g = ikT —mv 2

2

vi=3kT/m. V= V(3kT/m) average speed

-interested to know the real speed

-1if  P,: probability a molecule moving with velocity v
P.=0 ... speed vary continuously

-But some speeds are more probable than others
-Can present the relative probabilities of speed by graph
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Probability ~ area

-the probability the speed between v; and v; 1s equaled to area
under the graph
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Pvl,vz = If(v)dv

For v, — vy small. f(v) almost unchanged v v dv f (v)dv

f(v): the height of the graph

-1s called distribution function

f(v) o« (probab. of a molecule with velocity v)

o (number of vector v corresponding to v)

(probab. of a molecule with velocity v) o e’
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-every point on the surface of sphere radius v. 1s speed which can
be associated with velocity vectors

Surface area = 47v-

V}f

(number of vector v corresponding to v) o 47 v*
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Probab. of a molecule with velocity v

Total probability = 1 ‘

f(v) _ C(4ﬁvz)e—mv2fzk1"

‘ note: take x = v\(m/2kT) ‘

1= I f(vydv==C 4::1"[ 22T gy,
0 0

Jr

note: sze_x2 dx=——
! 4
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| m o 28— 2kT
f(V)—(zﬁkT) (4mv7)e
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3/2
ﬂV) f(l') - (%J (4m.2)e-ﬂ.'ﬂ'

vo=V(2kT/m)
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number at speed v

speed —=

Points to note:

. No molecules at zero energy
. Few molecules at high energy
. No maximum energy value

Innovative.Entrepreneurial.Global



Total number of particles, N = 18

2 balls in separate boxes: States, 6 with number of particles, n; =12
n_ 12
N 18
2 balls 1n one box: States, 3 with number of particles, n; = 6
n; 6

— =—/| [Note: N=2N;=12+6=18
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Case 2: putting 3 balls into 3 different boxes
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Total number of particles. N = 81

Total no of accessible states?
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Total no of accessible states?

3 balls in one bm:l States. 3 with number of particles. n; = 9
n_9
N 8l

2 balls 1n one box and | ball in separate box:

States. 18 with number of particles, n; = 54

3 balls 1n separate boxes:

| States, 6 with number of particles. n; =18

n-ﬁ

—1:

N 8l

|Note: N = XN; = 9+54 + 18 = 81|
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n;: number of molecules 1n the 1th energy state
N: total number of molecules

E;: energy of the 1th energy state

K: Boltzmann’s constant

R: gas constant

R:kNA
But E;=% mV; e
0 1 Em 1 H(VI) B e 2kT
N my?

n(v;): number of particles with velocity v;

‘ N : total number of particles ‘

Innovative.Entrepreneurial.Global




Innovative.Entrepreneurial.Global




OPENCOURSEWARE

Maxwell-Boltzmann distribution function

m 3/2 | IIlVE
n_ =4nN v© exp| —
2nkT - 2kT

n, number of
particles with

velocity v
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1

Let E= Em"’z & dE=mvdv & ngdE=ndv

Where, ng — number of particles with energy E
TO WRITE MAXWELL-BOLTZMANN DISTRIBUTION FUNCTION:

, 1 3/2
n- =——N EY? exp(——
E — TII”Z (ij p( )

g 2 1 i pl/2
N F(E)— [kTJ exp(—ﬁ) (*)
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The probability of finding particle with energy E

E2
P(E) = jf(E)dE
El

Eq (*) can be written as.

P(E) — CE 1/2 e—E/kT
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Effect of temperature

Prob

kinetic energy

Note that the area under
the curves should be
constant since total

probability must be one
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Prob

l

J. /

0°C

2T N\ increases (area underthe CUIVE InCreases

As temperature increases the probability of
tinding molecules at higher energy

witl temneramrf:)

L

w”c

kinetic energy
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The Maxwell-Boltzmann probability distribution functions......
to determine the speeds of molecules.

-determining a statistical representation which will accurately
predict the velocities of particles m a given sample

-restrict to an 1deal or hard-sphere gas m which there are no
mtermolecular mteractions

-examine the number of collisions of gas exerts on a planar
boundary surface, perpendicular to the x-axis.

©080

ocw.utm.my



N: number of collisions,
p n: density of particles.
A area of the surface,
A t: time duration 1n which the particles are allowed to collide.
But v,t: distance along the x-axis,
A(vit): volume.
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The change in momentum of the molecules as they hit the wall

Ap=N2mv = 2mp,AAt Z vof(v,)

Vy >0
Pressure 1s related to momentum

Ap

P =
A At

=2mpy Y vif(vy)

V>0
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Gas 1s assumed to be stationary

The sum of all velocities above zero 1s equal to half the sum of
all the velocities from negative to positive mfinity. Pressure

P=2mpy Z Vif(vx) =2mpy E Z Vif(vx)

VX}(] ‘EK:—G{}

- nRI
B L
vI
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‘ The mean-square speed of the molecules ‘

‘ In terms of the number of moles and Avogadro's number: ‘

nR1T = II]IINA<V2 >

X
SHEES

M: molecular weight.

For three dimensions,

()= s 6 ()= 302)
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C

onsequently:

<v2>: —3;2[]” and v,ooo= 1/—3;;T

Vims: the root-mean-square speed

Constants

R
b=

A
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Kinetic energy

(E) = ”’<2"’2>_ m[Ska)_ 3k, T

2 2

m

The mean kinetic energy of an ideal gas 1s dependent only on 1ts
temperature.
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to derive a function which could relate several state
variables of a gas to produce a distribution of speeds
for the molecules of which the gas consists.

One begins by creating a distribution function g,

gWav=jf)fv,)fv.)dv.dv.dv.

To derive some information from this equation,
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the expression for g

S0 =
v dv

Taking the derivative with respect to vy,

fODfG ), 1 de

v, 81:}, v dv
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can equate the left hand side of each equation with
some constant, let say -k

-k
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OT

integrating: ‘ f(V ) — Ce—k"f:fz
. X

C Is the integrating constant‘

the integral of the distribution over the entire region of
space it encompasses must be unity.
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using numerical tables or from integral tables

1= N 27
k
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‘the value of k

gv)= )y fv.)
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Using the mean kinetic energy of an ideal and the
distribution g:

|cannot be solved in closed form.
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Use table o 3mk'? (2m)"?
< >_ 1/2 3/2
2021)* Kk

5)=2m

Y
3k, I 3m
2 2k
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the velocity distribution f

1/2

m —mv>/2k,T
V.) = e
100 =\ 37
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THE END....

¢

Innovative.Entrepreneurial.Global




OPENCOURSEWARE

REFERENCES:
1. REAF, F : “Fundamentals Of Statistical And Thermal Physics”, McGraw-Hill.

2. KITTEL & KROMER: “Thermal Physics”, W.H. Freeman & Company.

Innovative.Entrepreneurial.Global



