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Translatglonal Energy Mode

» Begin by examining relations between TD properties
and pure translational motion, i.e., translational energy
* Represents

— complete energy of structureless particle, e.g., electron
or proton in absence of electric field

— TD properties associated with translational mode of
particle with internal energy modes assuming &, and &,
are separable (most gases)

» Use particle in a “box” model (confined)
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Translatlonal Partition Function
* Translational energy a(nn )= h? &+l§+1§

modes T em| 2212
 Translational partition function

1/2 ) 0 ©
—& h 1 —p2n? -ngn; —n2n?
ingie +/KT 7= [ j Qtrzge’hxge YYEehz
i 2L, \ 2mkT = = ]

« Can simplify analytically if we replace X \;vith [
— spacing of expon. arguments?
A =7 [(n +1fF —n ] =n?[2n, +1]
— for N, at SATP, 7,~10-°
— previously (Boltzmann limit), we found n; e, ~ 4x10°
=A=0(109)...... small!!!
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Translatlonal Partition Function
Qi :Zw:ef"'zn'z :iefﬂfnf mhy

mn; F(mn;)
* Since A, small I

2n 2 d
Q[rl _J‘ e -7in (7777| I)
‘ Ch( 1 Y
RS e
o2 3/2 12 Tt
77 h( 1 1
Q= QsQey Qe =75 {E[zka) LL,L, | L=V
2 kT 3/2 - =volume
Q, = ﬂm_ V Thermal DeBroglie
” h? Wavelength (for system) Boltzmann (dilute)
h2 12 limit valid for
 =V/A° A= N <<V/A®
Q=V/ [2 ij /
B AE/ME 6765

P

.:.Sh ol of Aerospace Eng

Translatlgonal TD Properties

» What are TD properties of translating particle

— use Partition Function relations found previously
* Pressure

o= Nkt 21N
N len Q, ZV/A3
3
b, = NKT 5Qtr kAL
Q 0 VA

Thermally Perfect (ldeal) k=R/d,,
PeV = NKT Gas Eqn. of State n(mo|e/s)= N/,
 So purely translating particle produces

TD pressure | _ P, pressure associated strictly with

translation energy/motion
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Translational TD Properties
« Energy g _ p\k729InQ

oT
Etr :kTZaIthr —sziaQ“’

N 61T 5 Q, T o = (zﬂka jS/ZV
— kT2 Y2 e 2
=bT¥V
E, 3 average KE can also get from
N = E KT per molecule Kinetic Theory
étr =§§T € :ERT
. _de 2 2
VAT . 3 R Purely transl. particles both thermally
Copr = 2 and calor. perfect (if =—/)
TPG= ¢, -6, =R €, =5/2R  7=C,/c,=5/3
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uipartition of Energy

* Inclassical Statistical Mechanics (before QM)

— can be shown that every energy mode that is a
quadratic function of a degree of freedom of the
system (e.g., position or momentum) contributes a
value of Y2 to ¢ /R

— Principle of Equipartion of Energy

» Thus 1
¢, /R = number of quadratic"modes"><E

« Fortranslational 1 _, 21 21 s
energy mode  £x =, M & =5V, & =omy;

1
— Cv’tr/R = 3><§ Same result we got with QM Stat Mech(for —])
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Translatlonal TD Properties
° Entropy S = Nk[1+|n%j+$ Q, :(Zﬂhmsz )3/2V _bT¥V

3
Str=Nk[1+Inb+InT 2V]+§Nk E, =3/2NkT
= Nk 1+Inb+§InT+Ink—T 3
2 p 2
=Nk[§InT—In p+§+lnka
2 2 Sachur-Tetrode
Equation
PN 3/2
ggzémT_mp+{_Hn@mmska absolute entropy
R : 2 h giyesfarpiliarcpg result
s . . 4§2=52mI£-mfi
cp/R const. for given particle m R R T, P,
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Translatlonal TD Properties
+ Chemical Potential ﬁ:_kng
27mkT )
vy a(ET oy
Ly :—kT(1+Inb+In—]
N
5
=—kT(EInT—In p+|nka
=RT|I il >InT |+RTI
S S T
‘:/' compare to tpg result
/utr(T) u=p"(T)+RTInp

sign (<or>07?)
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Summary Translatlonal Energy Mode
2m:2ij v

* Inthe limit A;small o ;(

Etr/N:ng vtr/R 3/2

Py =P = NkT/V

S, 5 5 (2zm)"*k®”
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