
Read Last time , talked about

First law!

de -- tgtdw ( sign has increase
in system forheat

2nd law (next time)
In and work as )

3rd Law ( Exists absolute zero
,
return later)

Zeroth Law

If Cis in thermal Eg w/ AIB ,
then AIB are in thermal Eq

Reminder about work
-

w= -fitter → dw= -Fdr

P -V R= F/a ⇒ dw= - P . Adr

= - P - DV

if D=Psys , & dvs 0 , energy increases

charge against pressure



Going to talk about work in 4
possible charges of state ,
especially for ideal Goes

① const press we

② Const volume

* I:÷÷:/
' iink::S:
on worksheet

First
, Jump ahead to talk about

heat & heart capacity
Heat is " amount of energy that flows

as a result of a difference in temp
"

(Also , anything that changes E & isn't work )

←
extensive

In equation farm dq= Cdt dean

where C is the heat capacity, another

response function . Does not have

to be int - of Temp . ⇒C -- d8/dT



We know from experience C is how

much energy a system Can stare

under particular thermodynamic
conditions
-

In fact
,
2 heat capacities ,

@ canst U & Coesstp

Cu = (08ft) v Cp = (d8/dTlp
Should one be bigger then the other ?
Cu > Cp? Cp > Cr ? Cp -- G ? depends ?

Di
'

How much heat flows?

Suppose C CHIC for Tminctctmax

q= find = Climax -Tminl -- CDT

(= n CDT / ← may remember



How much does this change internal
energy?

DE= gtw ,
so

, (adiabatic
a) const volume expansion

we 0
,
BE = CHT ater ,

b) Const pressure
w= -PDV , DE

= Cpt -Rev

Return to Cp vs Cu :

dE=dq-Pdx
Cu - (08Gt) , (%t)v ← heat opacity

measures

energy changefirst law as we said

Cp=f%t)p=( aging),
Imagine exists H -- Et PV

DH = Et Pdu + Vdp ( product rule)

@ canst P, DH -- Et Pdu



so Cp= (8¥)p ,
Cp measures increase
in Enthalpy !

due to heat flow

consider Ideal Gas ! (Tables .li

① PV = n RT Pg 98)

② E= Zz NRT (monotonic ) (will shoo
later in

⇒ Cu=ZnR ( ind of temp ! )
class )

Cp =# ( Et PV )= (InRtt NRT)

=§nR

Cp > Cu ! by nR= Nkrs

True for any ideal gas ,
Cp - Cv = NR



Work & Energy Change for
changing conditions or a gas

w -- - ftp.t.dv , area under q
p -V curve

Lets draw some

P yvi
If coutts ①
-

w = -PsysbvHamm
DE = of -Psy s DV = Cpst -pbv

How much does T change? Need to

know about
gas . Mine I

"

worksheet : Ideal gas : A -- % , "z

T = PG ⇒ at = Plur -Villar

DE= CA- II peu = (Atl nRst get second way&



canst U ②
dw= - Pdu = O ,

no work !

DE = Ku DT from first law & cherry
rule

yeses ,
no area

Isothermal
,
reversible ③

↳ guess
Amendola ( gas

P↳
,

p=nRT/u

Uf

w = - fpcvldv =

" * iggy
- f

.

.

"
"Idu

=
- n RT h( 4- Iv;)

Expanding but const T
-

Q: day -0? dq> o dgco ?



DE = q t w

Ideal gas ,
d E=0 , ECN , 4TH

ECT)

⇒ of =
t n RT In ( uyv , )

dq>o for this process !

Adiabatic Expansion
-

④ ( hardest)

de -- dy t dw = dw

dw = - Pdo =p
-Mt) du

U
ideal

yes
need to know how T changes w/
volume to find work / energy

Expansion mens - Pdu so , Energy

goes down . This means
final

energy is lower .
For ideal gas

Eat ⇒ expansion leads to cooling-
lower T → lower pressure teen



Whatdoes it look like compared to
isothermal

PTT ' ←isothermali
,

less w?-o✓ dog -
.
.
.
.
.

Paik'T'

falls § Ipf ,Vt,Tf%aey.gl#gv
const

V

coolingso BE total = Of Cult

or dE= Adt

⇒ Edt = - nRu_dV
T

⇒ Cu In (Tff ;) =
- nR In ( Vfw;)


