THERMAL PHYSICS

IS A HEAT WAVE A HEAT WAVE?

Expected learning outcome
Understanding how to derive the heat equation,
its meaning and implications. lecture notes

Dr Alessandro Esposito
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One-dimensional heat flow in a metal rod

U — 50 polystyrene

metal rod
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dt dx

e Specific heat (c), thermal conductivity (k) and density (o) of the material constant and
uniform.

e No heat source or sink in the system.

e Perfectly insulated, long thin bar (L*>>A).



Net heat balance in the rod
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Net balance of thermal energy

should I stay or should I go?
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The heat equation: how thermal energy redistribute in space and time

< 6Q = cpAdz|[T (x,t + dt)— T (xz,t)]

thermal diffusivity

I

5Q = kA|— oT +8_T ]dt
oz vea OT licuiar
cpAdx[T(x’tert)—T(g;,t)]—mAdt oT —B_T
OF limgraes OF lo=s
\ or|  _oT
T(z,t+dt)—T(z,t K (933' ity O g
dt B dx

\ -

or

Ot

O*T
@

O’




Heat flows to homogenize temperature in the rod (2nd law)




...until steady state is reached

A the derivative of a line is a constant
the derivative of a constant is 0




Is a heat wave a heat wave?
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at 8562 The Met Office has issued another update on when the heatwave will hit B ‘

Sheffield in its long-range forecast.




Is a heat wave a heat wave? Brief demonstration

polystyrene

Tcold

thermochromic paint
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Is a heat wave a heat wave?
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irreversible dissipative process - diffusion

stress wave - electrical signals
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Electrical resistivity (W m'K

... but copper atoms do not diffuse!?

phonons (lattice vibrations)

free electrons (metals)
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Electrical resistivity (Qm)

Einstein and Debye models for heat capacity
A gas of phonons

Drude (classical, Wiedemann-Franz law )
Drude-Sommerfeld (Fermi gas)
A gas of fermions




Next

How do we solve the heat equation?

Newton'’s law of cooling Yy T

Thot metal rod

How do we measure thermal conductance?
Frequency and time domain methods. J LN VAV V¥



