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Friday, January 25, 2019 7:31 AM

Thermodynamics
Foundation Stage (MG.2.L2)

Lecture 2

State Variables and Equation of States, Ideal Gas
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Textbook Chapters (* calculus version)

BoxSand :: KC videos ( ideal gas law)

Knight (College Physics : A strategic approach 3) :: 12.2

*Knight (Physics for Scientists and Engineers 4t) :: 18.6

Giancoli (Physics Principles with Applications 7t) :: 13-5; 13-6; 13-7
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Warm up
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https://boxsand.physics.oregonstate.edu/ph202/thermodynamics/ideal-gas-fundamentals

Selected Learning Objectives

=

Key Terms
* Average translational kinetic energy per particle
* Average mass
* Root mean square speed
* Thermal energy
* Boltzmann's postulate
~ Boltzmann's constant
~ Temperature
* Thermodynamic equilibrium

Key Equations

Key Concepts

o

Questions

Act I: Connecting micro to macro

Problem Statement: Determine if the pressure increases, decreases, or stays the same in the following scenarios. Try to use the
microscopic arguments of the gas particles to support your decision to your neighbors.

(a) The volume of a sealed container decreases (b) The temperate of a gas increases while (c) The number of particles increase
while the number of particles and temperature the volume and number of particles stays  while the temperature and volume
stays the same. the same. remain constant.
i (1) Pressure increases l B) Pressure increa@ (1) Pressure increases
(2) Pressure decreases (2) Pressure decreases (2) Pressure decreases
(3) Pressure remains the same. (3) Pressure remains the same. (3) Pressure remains the same.
™~ // C .. leea D <ans T D KE D 2 more NT 2 e fm"_l’"'l“
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Problem Statement: Consider the three graphs below. Identify the proportionality of each plot (e.g. If you think the plot represents
y =5 x3, then the proportionality would be x3).

(a)

Y,

(b) (c)

Y, Y

(2) x?
(3) %@
(4) 1/x

X X - X
(1) x X (1) x
@ |- ’ @
(3)x | 3) %3
%

Act ll: Ideal gas equation of state

Problem Statement: One mole of an ideal gas has a set of state variables: T1, P1, V1. If the pressure is tripled while the temperature is
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held constant, what is the final volume in terms of the initial?

0 PV= aRT

4) V1/3 -r|

5) Vi/9 \/‘:nRPl

Problem Statement: One mole of an ideal gas has a set of state variables: T1, P1, V1. If the volume is doubled while the temperature is
tripled, what is the final pressure in terms of the initial?

—
(1) P/3 % = |
2) Pi/z I I \/l n K !
(3) 2P:/3 _
(4) P _ | R
P=0k <~
(6) 3P1/4 |
(7) 2Py
(8) 3P; —_ T, Y
L _ 3T 2( _'\:
Pz=ng“_‘— R’LV’ - 2 RVJ -LP‘
1
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Problem Statement: An ideal gas trapped in a cylinder expands while is pressure drops. The starting point for this process is labeled A
and the end point is labeled B in the graph of pressure versus volume shown below.

(a) Which of the following are correct with respect to what happens to the Pressure
pressure? A .A\
D - Y '

1) Pi=1/2 P; . = B

(3) Pr=P; _

(4) Pr=3P; Rc =3k

PP T
. .
0 v, Volume
(b) Which of the following are correct with respect to what happens to the
volume?
- (c) What is the final temperature in terms of the initial?
(W) Vi=1/2V, Ve= 1y, P
(2) Vi=3/4V;

(1) T=3/16T; T; B ‘@’G)(‘l)
|

(3) Vs=3V, _ 3T — =
V= grm 7w

t=16/3 T, TF=BT-Z

Problem Statement: Five points representing five different equilibrium states of one mole of an idea gas are labeled on the pressure-
volume graph shown below. Rank the temperatures of the idea gas in each equilibrium state.

“Pressure oV
4p T: AR 2 «PY
3P A B
i ? C T Smallst > D! RV, DAV, 2 To
2P
P ‘D IE E: Po(‘LV‘,) :) ’L’T;
Ac (BR)v, 2 3T,

0 2V, 3V, 4V, 5V, ‘\;lolume
o ¢ @Y D HT,
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0 V., 2V, 3V 4y, 5y, Volume

\

> HT.

) T

¢ @rY(aw)

\

\|

loeyest —> B1 (32)(HV)

Problem Statement: Cylinders with equal cross-sectional areas contain different volumes of an idea gas sealed in by pistons. There is a
weight sitting on top of each piston. The gas is the same in all four cases and is at the same temperature. The pistons are free to move
without friction. Rank the pressure of the gas in each cylinder.

A Piston B Piston C| Piston
5kg

Sﬁ\/“‘{, Qrea s A
D PA = hre holding veghts vp

2 P <KPR=R <P

Problem Statement: Two cylinders are filled to the same height H with ideal gases. The gases are different, and the cross-sectional areas
of the cylinders are different. Both cylinders have pistons that are free to move without friction. The temperature of the gas in cylinder A
is the temperature of the gas in cylinder B.

(1) greater than Piston Piston

2) less than
2kg 4kg

(eh).=2(BA) o,

= -
IPA Tm N=No=&ml \/ - L \s
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" LPA
= = _ |

Pg 1A = 2 PaA Em:) n'« nl} gt“kl« \/A = —1—_ \/ﬁ

’—) PA = Pg r

—_ \ylmj
PV=nRT >

pr R g Rl
:') T: nR OAK = ﬂ, K /
T < T

Thermodynamics Page 7



