Learning goals:

* Determine the sign of W for different parts of a system and
explain why these must add to zero for a closed system

* Explain why the temperature change is zero in the free expansion
of an 1deal gas

* Explain why the change in internal energy for a gas depends only
on the 1nitial and final states and not the specific process

* Use the First Law of thermodynamics to calculate Q for a
process depicted on a PV diagram

* For processes on a PV diagram with the same initial and final
state, determine which has the largest Q and/or the largest W
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A person pulls on a piston to reduce
the pressure of the gas inside a
cylinder. In this situation:

A) the work done by the gas and by
the person are both negative.

B) the work done by the gas and by
the person are both positive.

C) the work done by the gas is
negative and the work done by
the person is positive.

D) the work done by the gas is
positive and the work done by
the person is negative.



A person pulls on a piston to reduce
the pressure of the gas inside a

T cylinder. In this situation:
f 2 | E A) the work done by the gas and by
i I ’ ¢ the person are both negative.
[ 1 ’
r : r [ @ the work done by the gas an@
" y ” 4 the person are both positive.
W e

Yn s e"lf's“u“d’:p 1‘;‘ wer K C) the work done by the gas is
~n Pu \ a .
perse JN,S ﬁfj, rve werk negative and the work done by
the person is positive.

& oulside air doos -ve
weork so D) the work done by the gas is

positive and the work done by
\'JS"‘-} w?"""* \'J’:)‘;"Q =0 the person is negative.



LAS\ time
i Pkys‘.cs 1IS7.... 4?




THe €RST LAW of THeRMODYNAMICS
— COV\Se(Va‘llon o“ ev\erﬂy

: ‘ =t o : E AU =Q-W
a7 ey /l\ /Y '\
3 A [ 5 / Wovk Aoae
het L‘ej\-‘, by aa
c\nqv\oe “ﬂroe Y §as
n Clﬂemy sas

of qu



\l\'Ofk dOV\C. \oy A 96\5 (C""S“’N\“ Prthvurg)’.
W= P AV

N{=7% ’\A DX

ESSSS Y L S & EX TS S TS & S N

% C,Ovnf\fession:
- : S \,ng v\esa‘\ive

RV b VY vV VY Ny oL VL VAN

A

B expansion
A 2 I 2 ’ v
: :*: y WQ&S FOSI "W e
L~ d L~ Y
’ 7 J g
[~ [~

@ Q)




Work for cL‘“"S“\ﬁj pressure:
Vs
P(ﬁm \/\[ i S VY 4V

‘4 "

50 1 Y ‘
Yo §\
W R §\ e = ovrea under
20 - NI ‘
o § \ “'L\_Q T)’V SfAPL\

"|\§\

o 20 30? so oo 1o V(D)

re c'\mwa\e. avrea + i( \V in(,“simﬁ

is P(V)-4dV

- |£ VAQC(Q,\S},U



’u : Tb\e ev\ergy of o QoS
/

%uum og . kivxe—hc enevgy @

yo‘la«-}lomdev\e\rg\/ (")

&>
Vh ‘a\rn“'.ovml emcrgy \ X //'/’

electro stotic
‘) otentia l emevgy d: ,,,,,, é

MaiV\ eqy\a‘\"‘om: AM = V\/CV AT

la({)b( '@bf more

molav SFCCJG"C heat comf'e)( nmolecnles



Exa\mple : Ev\eray o‘F a Monor‘aw\ic '\Aeq\ 30\3

o ®—> M = ‘\'o‘\'a\ k;nc""\c ev\ergy o(
o— o wolecules

® o _ N
\..\/ e:l - N Ek;\n \

=~

It oo './' = Comstanx |

‘ —

ne-

¢ / >

RQSL«H‘: (A 2—3-; nR T
R

AU=nC, AT 5o Cy=7



A container with a partition 1n the middle 1s filled haltway with
an 1deal monatomic gas. If the partition 1s removed
instantaneously so that the gas 1s allowed to fill the box, the
final temperature of the gas will be

A)lower than the original temperature.

B) the same as the original temperature.
C) higher than the original temperature.
D) I have no idea how to think about this.

Hint- \«J‘l\a“ 15 ‘H\e micro$Cop'\c meanih3 o{ ‘}ew]?e\ra“ure?

EXTRA: What if it is a real gas with attractive interactions between molecules?
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\ The graph shows three possible

1 R : :
processes for an ideal gas going
from A to B. For which path is the
change AU largest?

A
>V
A) Path1
B) Path 2
C) Path3

D) They are all the same.
E) We don’t have enough information to answer.
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A The graph shows three possible

1 R : :
processes for an ideal gas going
from A to B. For which path is Q
(the heat added) the largest?
A
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Hint: Use the First Law of Thermodynamics.

A) Path1

B) Path 2

C) Path3

D) They are all the same.

E) We don’t have enough information to answer.
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