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". as objects heat up the molecules
move faster

.. the faster, the more momentum (the
more inertia of motion), the farther
apart they move------ expand



This Thermal Expansion of a
substance 1s a formal property of
matter!

Al = alAt

Coefficient of

linear expansion ,
change in

| \ | / temperature
Changem/ﬁf = [ Af
length T
length of
object

— & note how "Q" is a ratio of
. raLo page 317
{Z lengths per degree C ( ()




G_XI

Lab chair legs:
[=60.0 cm

steel

tt=-10.0 C in winter
t:=32.0 C insummer

AL =7 Al = alAt

Al =12x107°/° C(.600m)42.0°C
Al =3.00x10""

or, Al =.300mm



¢X| How much do the railroad tracks
from Milwaukee to West Bend
expand and contract from winter

to summer?
] =32km Al = alAt
=-10.0 C

t=32.0C Al=12x107°/°C(3.2x10"m)42°C
steel



Sometimes we need to know how
much an object expands 1nall
directions----- volume

for linear expansion Al = al At

for volume expansion

its in all three Al ﬂI At
dimensions, therefore,
3x linear expansion £ =3a

@0npg3]7




A cylinder shaped steel tank 6m tall and 4 m wide
is filled with gasoline. How much gas overflows if
it is filled to the top at 10 C and heats up to 25 C?

A\/ :(750'L/0~7< —35}/0 ’/,(
[ﬁ(«?QLCN)/SQQ
AV =/ o3 m



How much does the steel cube (from
Heat Exchange Lab) increase in
volume when 1t went from 20.0 C to

100 C 1n our experiment?
7 =3.2x10"n’

— steel
£ =35x10"°C™
t=20.0C
t:=100.0 C
AV = [V At AT =9

AV =35x10"°C™(3.2x107 7 )(100.0°C —20.0%)
ATV =9.0x107°m’



At
Expansion -

» Stretching (elastic)

Change in length due to applied force

stress F/ A
E=""" ="
elastic property / A f 1'clTil j] Z

of a substance

(Young' _
Modulus) Fi




How much does our chair change in

length due to someone sitting on it? A
Lab chair legs:
[=60.0 cm
steel |
diameter = 2.00 cm L circle
ms=55 kg 9 2, A=nr
%
» F =55kg(9.9m/s")=540N
Al =7
Fi Fi
E=—  Al=—/
AlA EA
A7 S40N(.60m) 59210

200x10° N/ m* (7)(.0Lm)>



Force applied due to change in length
because of a temperature change is called

"Thermal Stress'

Usually this is measured
when two rigid objects are
"tied" together and are
incapable of moving. An

This equation comes from
putting "Young's Modulus
together with "'thermal

44

internal stress results. expansion”.
E = F yA] = ﬂ and, Al = alAt
A4 EA
\FZ /
— = lAt

EA

F |
—=a\ F = gEAA



What force of compression is applied
between two cement slabs 10.0 m long
with a contace area of (.20 square meters

if the temperature goes from -10.0 C to
35.0 C?

E=20x10"N/m"
t =-10.0°C

ff =35.0°C

F =oaBEAAt

F=(12x107°/°C)20x10° N/ m*)(0.20m" )(45°C)
F=22x10°N






Temperature Scales:

"F=9/5C+32 | "C=5/9CF=32) | “C=K+273




Zeroth Law of Thermodynamics

If two systems are in thermal equilibrium with a
third system, then they are in thermal equalibrium
with each other.
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FIGURE 13-7 Behavior of
water as a function of temperature
near 4°C. (a) Density vs. temperature:
(b) Volume, of 1.00000 gram of water,
as a function of temperature. [Note the
break in each axis.|



Water/Ice

1) Water has 1t greatest density at 4 degrees C

2) As water at O degrees is heated 1t decreases 1n
volume (increases in density) until it reaches 4 degrees

3) As warmer water cools by contact with cold air it
increases 1n density and sinks to the bottom and in
replaced by warmer water. This continues until it all
reaches 4 degrees---as the surface water cools further it
remains on the top because it is less dense than the lower
4 degree water and freezes on the top



