Definition of T:
T is equal in any 2 bodies at thermal
equilibrium.

Thermal Expansion
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a is coefficient of linear expansion

B is coefficient of volume expansion
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Formal definition of T (Ideal gas thermometer)
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T = Tyr. D0 H%a/ where T = 273.16 K

AQ extensive quantity

Heat Capacity. C = AT (for a body)

_ AQ intensive quantity
“MmAT  (of a substance)

heat per unit mass for change
of phase (at constant T).

Specific Heat ¢

Latent Heat:

Work done against pressure P

dW = F.ds
= PAds

= PdV

where U is a

du = dQ - dW  qiqie function

Isobaric P const Isochoric V constant 4

Adiabatic Process: AQ =0 (fast or insulated)
Free expansion open tap
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No work done, Experimentally, findAQ = 0

OAU=0 0O U=UT) only

Calculating work for gases:

W =[PdV = RV

Isothermal: W 5 P dV :jnvﬂ-dv =

Isobaric:

Vi
nRTINn Vi

Adiabatic: PV = constantrevise derivation
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Kinetic Theory
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Heat conduction
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Planck's radiation law:
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a-0- Amax =
Id)\ o Black body radiation

Hnett = 60A(T4— Trad)
For both: insteady state%%t = 0% Hn = Hout

Principle of special relativity:

Mechanicsand Electromagnetisnare
the same in inertial frames.
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t=th (but from the vehicle)..
Proper time tg in the rest frame.
At 1 in all other frames tis
Ao y= faster than proper time

Relativity of simultaneity and time-order
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Lorentz transformations v<<c O Galileo

X' = y(x — vt)
y =y =1z
t =y - Y20
Y8~ 2.
ux' = g;( = . Ux ;uv not additive

Relativistic Mechanics

Define p=ymv. Conserved in both frames.

K= [dw = ... = my- 1)
v=0

ymcZ2 = mé& +K = proper energy + K



Energy and momentum
p =ymv
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The photoelectric effect
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e Experiment:
eVp = hf-hf
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eVStop: K hf = ht) + K
Photon energy E = hf

hfy = work function

p s classical EM

result

for photon [ p:g = :

Compton scattering
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de Broglie p = hA for massive particlés
Bohr - de Broglie atom
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Hydrogen spectrum
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probability o) 0

Photon:

absorption
( amplitude
of EM field
Massive particles p'ﬁ‘?rwbc?ialgwitob [ pydl

Heisenberg's Uncertainty Principle
(Finite) Fourier transform: finite length sample
limited precision in f. &f > 1/2rT
E=hf. O &E=Hmf2h2a&
OE.bt = h/2n

Similarly: 3(1/A) Z 1/2n& - &p.dx = h/2m
Examples: Heisenberg's microscope,
'Orbit' of the H atom (in ground state),

Virtual particles, especially Yukawa's pion,
Diffraction through a slit,

Young's experiment with localisation

Quantum tunnelling
R oy
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if K>0, W has wave solutions (cos or sin x)

+ (E-V)W =

if K<0 W has exponential decay

Examples a decay, tunnel diode,
Scanning Tunnelling Electron Microscope



