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R 8.314 Jmol-1K-1 k 1.38 x 10-23 J/K

Ny 6.02 x 1023 mol-1

PHYSICS - HEAT AND THERMODYNAMICS - FORMULA SHEET

Kinetic Theory of Gases and Gas Laws

Notation m molecule mass - no = N/V - f degrees of freedom

0 Postulates of Kinetic Theory

e Ideal gas: point molecules, elastic

collisions, no forces between collisions

(so no PE), random motion, uniform
density.

e Real gases behave ideally at high T
and low P.

e Gas Laws
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e Always use kelvin: T = £+ 273.15. All
V-tlines meet at —273.15 °C.

Mnmix =

e Minkg/molin P = pRT/M (air 0.029).

STP: 1 atm, 273 K, 22.4 L/mol.

e Weighted free piston: Pgas = Patm +
Mg/S.

Real Gases, Change of Phase and
van der Waals Equation

2
[(P + ‘%) (V - nb) = nRT

e Add to P, subtract from V. a:
attraction, b =~ volume of 1 mol of
molecules.

e Above T, no pressure liquefies the
gas; at C the isotherm has a horizontal
inflection.
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Pressure of Air and Barometric
Relation

P = hpg

(P — Py & MENIRT

e latm=76cmHg=1.013 x 10° Pa.
Tilted tube: use vertical height [cos 6.

e Faulty barometer: Pair = Prrue —
reading, then Boyle on the trapped air.

e Centre of gravity of a tall column:

RT/Mg. Rotating tube: P =
Py eMw’ P12RT

e Distribution of Molecular Speeds
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® Vinp : Vmean - Vims = ﬁ:\/ 8/m:
V3=x1:1.13:1.22.

e Average velocity = 0; mean speed # 0.
Hotter: peak moves right and flattens;
heavier: slower.

o Pressure, Kinetic Energy and

Temperature
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e Same T = same average KE per
molecule, for every gas. kis in J/K.

e H,at STP: Vims = 1837 m/s; 1 mol H,
at STP: KE =~ 3.40 x 103 J.

1atm 76 cmHg = 1.013 x 10° Pa

STP 1 atm, 273 K, 22.4 L/mol

o Degrees of Freedom and
Equipartition of Energy
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f
[E = EkT per molecule

e f: monatomic 3 - rigid diatomic 5 (7
above ~5000 K; H, below ~50 K: 3) -
linear 3 + 2 + x- non-linear 3 + 3 + x.

2
°y= 1+ 2, £, 4. Never count the

bond-axis rotation.

e Internal Energy of a Gas

f
[ = EnRT

monatomic: U = %nRT

diatomic: U = gnRT

5+x

linear polyatomic: U = nRT

non-linear: U = 6%(nﬁ’T

£ f1n1+f2n2+...
= n+n+..
f1n1 Tl + f2n2 Tz + ...

fim +6Hno + ...

e Ideal gas: U dependsonlyon T.

o Insulated rigid mixing: weight by 7n,
not by n. He 600 K + N, 200 K (1 mol
each) > 350 K.

e Mean Free Path and Diffusion

A= 1
V2 d? (N] V)
Ao kT
V2 nd?P
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e AiratSTP: A~ 107" m. A o< T/(d?P):
doubling P at fixed T halves A.

e It's T (not m) in A. Diffusion stops
when concentrations are equal.
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