FTHIFERATURE AND GASHES

Chapter | 3



ST PIFERATURE SCATES

 [here are 3 scales used to measure temperature. The Fahrenhelt scale is used only In
America, the Celsius scale I1s used in the rest of the world and the Kelvin scale 1s used only

by scientist.

» Fahrenhert - In this scale water freezes at 32° and boils at 212°, so there are |30 degrees

between the two.

» Celsius - For this scale water freezes at 0 and boils at 100” so there are 100 degrees

between the two.

» Kelvin - In this scale O I1s the lowest temperature possible, water freezes at 2/3 and bolls
at 3/3 degrees. A change of | degree Is the same as In the Celsius scale.



B NVER T ING BETVWWEEN SC /A

» Conversion between Fahrenheit and Celsius:

3 9

« Conversion between Kelvin and Celsius:

i IR s T 85 T =10+ 273.19



FAIELE

- Converting between Temperature Scales: Room

Temperature: 'Room temperature’ Is generally defined to
be 25°C. (a) What I1s room temperature in °F (b) What is 1t in K¢

= Tp = -Tc+32 =(25)+32="T1°F
__K ol ?

T =1dc+273.15 =254+ 273.15 = 293K



POV UTE 20

Why do we think there Is an absolute zero!

Well It we take different gasses and cool
them we find that their pressures decrease.

T we extrapolate this trend all the gasses

Pressure,

seem to reach zero pressure at the same
temperature.

Ihus physicists theorized that this was the

| —200—100 0 100
lowest temperature that could exist. =273115

SR or OK. Temperature, 7°(°C)



I IERMAL EXPAINSICHN

* When substances are heated they expand. Solids largely follow a simple formula

AN — oAl

* where AL is the change in length, d Is called the coefficient of linear expansion

and Is a number that depends on the substance, L is the length and AT Is the
change In temperature.

 Note because a degree in Celsius and Kelvin are the same amount, ATc = ATk



ERATIPLE

- Calculating Linear Thermal Expansion: The Golden Gate Bridge: |he
main span of San Francisco’s Golden Gate Bridge i1s [2/5 m long at its coldest. The

bridge I1s exposed to temperatures ranging from —[5°C to 40°C. What is I1ts change In
length between these temperatures! Assume that the bridge 1s made entirely of steel.

L = 1275m AL = aLAT =(12x107°/°C)(1275m)(55°C) = 0.84m

AA_;SSOC a=12 x106/°C?




IEAL GRS LAY

» (Gasses are the simplest state of matter and at higher temperatures to a good

approximation can be considered as all behaving the same way.

» [his universal ideal of a gas Is appropriately called at ideal gas and it follows the

ideal gas law, which 1s

PV = NET

* where P Is the pressure,V the volume, | the temperature, N the number of

molecules in the gas and k a constant called
value k=1.38%10-23 |/K

Boltzmann's constant which has the




EouirLE 38

Calculating Pressure Changes Due to Temperature Changes: Tire Pressure:
Suppose your bicycle tire 1s fully inflated, with an absolute pressure of /.00% |0>Pa (a gauge pressure
of just under 90.0 Ib/in2) at a temperature of 18.0°C. WWhat Is the pressure after its temperature
has risen to 35.0°C¢ Assume that there are no appreciable leaks or changes in volume.

=< (02Pa
- P Nk P =
R 0°C = 18+273 = 291K Pl N e A
¥ G & i V 17 T5
PR G — 55 +) /5 = 308K
Pz = T K
7 P1—2 =— =X 1()5Pa308 — 7.41 x 10°Pa

17 291 K



PRANMELE 38

- Calculating the Number of Molecules in a Cubic Meter of Gas: How many molecules
are In a typical object, such as gas in a tire or water in a drink! We can use the ideal gas law to give us

an Idea of how large N typically i1s. Calculate the number of molecules in a cubic meter of gas at

standard temperature and pressure (STP), which is defined to be 0°C and atmospheric pressure.

F PV = NkT
T =0°C=2/3K )
P =101 x 10> Pa
N = ¢
1.01 x 10°Pa)(1m?
i a4 — o o e LD — 2.68 x 10*°molecules

KT (1.38 x 10-23J/K)(273K)



ERDERS |ANDING [HE IDEAL GAS .

» [he ideal part of the Ideal Gas Law Is that the molecules only interact by

collisions and that those collisions are elastic.

 Under these assumptions we can write down what Is going on In a gas

just using the physics we have learned.

» Let's Imagine a gas In a box. Every time a molecule hits a wall it will
transfer some momentum to the wall. This change In momentum, or
force, causes the pressure on the wall.




ERDERS |ANDING [HE IDEAL GAS .

When a molecule hits the wall the component of the velocity In the direction of the wall
will transfer momentum. Let’'s call this the x direction. Since the collision Is elastic If this Is
vy before the collision it must be -vy after;

Ap = mv, — m(—vz) = 2mu,

his molecule will hit the wall, bounce across the box, hit the other side and then come

back to hit the wall again. The time 1t will take to do this is If the length of the box Is L is
2

ANl o S mau
2L AL SO S LSS i
i T eyt DA

This is for just one molecule. It there are N molecules then each one will hit the wall with a
different speed. But we can talk about the average square speed of a molecule, then

mNv2
L

e —



ERDERS |ANDING [HE IDEAL GAS .

o mNv2
L
since there Is nothing special about the x-direction we know
)2 FRCD 2 Fp e M T Ay
i T i e and i e SO ngv

and we can write the force as

m N v?

 na
3L

the pressure on the wall can then be written as

F DN e e
JR e = mu?

W, 8y




FRIERMAL ENERCHS

F o liey ERi
Rt — mu?

rseon k)

2 1

P N 2
. = S(meu)

Notice that |/2mv2 Is the mean kinetic energy per particle, so If

N then R

S0 not only do we derive the ideal gas law usi
temperature must be related to the tota

In a gas the average speed Mo

then are movi
speed of

g In every direction. More

the molecules, which Is ¢

rect

] e
~(5me?)

Yy relatec

3

and  KF = §kT

ng mechanics, but we find that

Anetic energy of the gas.

o 1s the root mean squa
to the temperature of

S \F \/SkT

ecules are moving Is zero, since velocity Is a vector and
interestir

re (or rms)

the gas.



ERArITIEE o T

- Calculating Kinetic Energy and Speed of a Gas Molecule (a) VWhat
s the average kinetic energy of a gas molecule at 20.0°C (room temperature)?
(b) Find the rms speed of a nitrogen molecule (N3) at this temperature.

1 =20.0°C = 293K

3
R = 1.5(1.38 x 107*J/K)(293K) = 6.07 x 1074 J
kT m = 2(14)amu = 2(14)(1.67 x 107*"kg) = 4.65 x 10~ *®kg

U?“ms <

™

==l 1M 15

~[3(1.38 x 10~23J/K)(273K)
& 4.65 x 10~26kg



HOME WORK

e Chap 13-5,6,9,12,29,31,39, 42



