Equations 13-1 and 13-2 are accurate only if AL {or AV) i small
compared (o Ly (or ¥l This is of particalar concern for liguids and even more
a0 for gascs becawse of the large values of 8 Furthermore, B itsell varies
substantially with temperature for gases Therefore, a betler description of
vilume changes for gases is needed, as we will discuss starting in Section 13-6,

Anomalous Behavior of Water Balow 4°C

Most substances expand more or less uniformly with an increase in lempsen-
ture, as long as no phase change ocewrs. Water, however, does not follow the
Woarer v prararel usual pattern, 17 water st 0°C is heated, it actually decreases in velume until it
icomracts iwfen reaches 4°C. Above 4°C water behaves normally and expands in volume as the
aareicd from O0 foe 47 lemperalire 1% inereised, ]"ig. 13=11. Waler thus has ats preatesl de m.il}l ar 4",
This anomalouws behavior of water i of great importance for the survival of
aguatie life during cold winters When the water in a lake or river is above 4°C
and begins 0 cool by contscl with cold air, the water at the surfoce sinks
because of its greater density. It is replaced by warmer water from below, This
a mixitg continues until the temperaiure reaches 4°C, As the surface water coals
EJ PHYS5ICS APPLIED further, it remains on the surfoce because it is less dense than the 4°C water
Lifeamder e below. Water then freezes first ar the surface. and the ice remains on the surface
singg we (specilc gravity = U917 s bess dense than waler, The waler al the
bottom remains liguid unless it is so cold that the whole body of water freezes
If water were ke moal shibslances, I‘H.:Elln'l'lni.': iare dense ag 11 cools, e waler
at the bottom of o lake would be frozen first, Lakes would frecze solid more
easily simce circulation would bring the warmer water to the surface to be effi-
crenlly conled, The complete freexing of a lake would cause severe damage 1o
its plant and animal life. Because of the unusaal behavior of water below 4°C,
il i rare for any large body of water to freeze completely, and this is helped
by the layer of e on the surface which acts ws an insulator 0 redoce the flow
of heat out of the water into the cold air above. Without this peculiar bt
wiancleriul properiy al water, life on this |'.||1'|111,:l ax we krow 1l rni;rJ'tl nisl have
been possible,

Nt only does water expand as it cools from 4°C to °FC, it expands even
more 5 it freezes o ce This is why ice cubes Moal n waler and pipes break

when water inside them frecies

AGURE 13-11  HBehavior of water as a function of lempaerature near 470, (&) Volome of
1 AWKEH) pram of water ns a funciion of emperature. (h) Densiiy ve jiemperniare. [Mode the brenks
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