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« What is meant with thermal equilibrium?

« Thermal equilibrium: if two objects with different T are placed in contact,
they may reach the same temperature and are then said to be in thermal
equilibrium (not net flow of thermal energy).

« What is the Oth law of Thermodynamics?

« Oth law of Thermodynamics: If two systems are in thermal equilibrium
with a third system, then they are in thermal equilibrium with each other.
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* The change of volume of most solids, liquids and gases is proportional to the T change (smalli!!)
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« Which property of T is important that thermometers function? Which materials are
particularly well suited for measuring T7?

* Expansion of liquids/gases. The higher the beta and alpha, the better suited for measuring T —>
Mercury well suited: uniform thermal expansion over a wide temperature range, high boiling point,
& low freezing point.

« Give a physical explanation for the fact that thermal expansion coefficients of liquids
are typically larger than that of solids.

* Solids: molecules are tightly bound in a fixed, orderly arrangement (e.g. lattice) —> when heated,
the molecules vibrate more vigorously but generally maintain their relative positions, leading to a
smaller overall expansion

* Liquids: molecules are less tightly bound and can move around more freely. —> When heated,
these particles move more readily, leading to a more significant increase in volume.



Recap... Thermal expansion

*Linear expansion formula Al =aloAT accurately valid only for
infinitely small changes in T

*For n heating steps, i.e. a continuous rise of T, the accurate
formulais | = lpe cAT



Recap... Thermal expansion

HOW muCh Sh()uld I Care? “Not much, unless you melt the solid!!”

Materia{ Aluminium  Bras Iron Lead Quartz
a(C) 25x10°  19x10° 12x10° 29x10°  0.4x107

* Melting temperature of:
Aluminium — 933 K
Iron — 1811 K

Estimate a 1 meter long iron bar and aluminium bar: assuming linear

thermal expansion from room temperature (300 K) to melting point,

: . deltal (Al) = 25e-6/K x 633 K x 1m = 0.01583m
the length will be: ;.- (Fe) = 12e-6/K x 1511K x 1m = 0.0181m

* Compare your results with that obtained from the precise formula of

thermal expansion . HAD) = 1m x exp(25e-6/K x 633 K) = 1.01595 —> delta | = 0.01595
| (Fe) = 1m x exp(12e-6/K x 1511K) = 1.0183 —> delta | = 0.0183
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« If you heat a thin circular ring in the oven, does the ring’s hole get larger or smaller?
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for a short time will often make it easier to open. Why?
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« Would the linear expansion coefficient change if we used millimeters or feet instead of
meters?

» The linear expansion coefficient of a material, expressed in terms of
temperature change, is an intrinsic property of the material and does not
depend on the unit of length measurement used.

« What is meant with the anomalous behaviour of water?

« Most materials: volume increases (density decreases) with incrasing T

« Instead, water behaves unusual because, its volume in the range of from 0 to 4
C actually decreases (and its density increases) as T increases (ice is “lighter”
than water)

« What is thermal stress and how can it be computed?

« Because of thermal expansion, thermal stresses can occur if materials are
rigidly fixed and T changes. The required compression to keep an object at its
original length can be computed via Young’s modulus E, Al =1/E P Io



