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* The First Law and Its Consequences

Pressure-Volume Work
Internal Energy

Heat Capacity

Special Cases of the First Law



Pressure-Volume Work
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Pressure-Volume Work

TszA oW = Fds
TFZPA oW =pAds
AH SW =p dV
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Pressure-Volume Work

oW =pdV

Intensive Units — work or energy per unit mass

4
=M
P dv
w=po
ow =pda

Where a is the specific volume

aq
w = fSWEf p da
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The Total work done by (or on) a parcel during a transition from one state to the next
depends on how it gets there!

w = fpda = jal p1(@)da + jaopz(a)da

(440] aq
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The Total work done by (or on) a parcel during a transition from one state to the next
depends on how it gets there!

w = fpdazjalpl(a)da+jao

(440] aq

A

py(a)da

w = ¢ pda = CLOSED CYC

LE



A

One-way expansion

/// \ |\ L LA M 7/
Po iti @ Ao/,

‘>

O(O ol

Closed cycle

W

TSR
SIS

CRL
KL
20 %%

Q

X

&
&

OL1 )

Closed cycle

The Total work done by (or on) a parcel during a transition from one state to the next

depends on how it gets there!

(440]

w = fpda = jal p1(@)da + jaopz(a)da
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* ANY diagram where the total work involved in a process is
proportional to the area enclosed by the curve representing that
process

e Skew-T diagram



First Law of Thermodynamics

» Special Case of the Law of Conservation of Energy
* Energy stored by the parcel is its internal energy



First Law of Thermodynamics

* Special Case of the Law of Conservation of Energy

* Energy stored by the parcel is its internal energy

* Pressure volume work done by the system = reduction in internal energy +
heat supplied by the environment

* Pressure volume work done on the system = increase in internal energy +
heat transferred to the environment



First Law of Thermodynamics

* Special Case of the Law of Conservation of Energy

* Energy stored by the parcel is its internal energy

* Pressure volume work done by the system = reduction in internal energy +
heat supplied by the environment

* Pressure volume work done on the system = increase in internal energy +
heat transferred tothe environment

Recall: sw = p da



Joule’s Law

» Ideal gas (kinetic theory of gases) — molecules do not exert attractive or repulsive forces

* From equation above the internal energy (u) is proportional to the temperature of the
air parcel !



0q = —du+pda

* Ideal gas (kinetic theory of gases) — molecules do not exert attractive or repulsive forces

* From equation above the internal energy (u) is proportional to the temperature of the

: | T
air parcel ! Falling mass

rotates paddle.

Rorating Insulation
paddle
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Heat Capacity

Add heat (6q)
Then temperature will increase (from T to T+dT)
aq . . >
T = Heat capacity of the material (or specific heat)

Heat Capacity at Constant Volume = Isochoric case

(@)
Cp, = |——=
v ar a=constant

Heat Capacity at Constant Pressure = Isobaric case

(@)
c, =|—
P dT p=constant



Heat Capacity at Constant Volume = Isobaric case
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Heat Capacity at Constant Volume = Isochoric case

(ar)
Cp, = \|\—=
v ar a=constant

Recall,Joule's Law: 6q = —du + p da

Since volume is constant, da =0
(So, heat equals internal energy — no work done on system)

B du
“ = ar
du = c, dT

6q =c,dT + pda

c, =718] kg 1K1




Heat Capacity at Constant Pressure = Isobaric case

T
ATWA ol

ds} | dv=Ads

P P

constant

constant




Heat Capacity at Constant Pressure = Isobaric case

T oW =pdV

TF:pA
Al

A I
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Cp > Cy




Heat Capacity at Constant Pressure = Isobaric case
0q
c, = (_)
dT p=COTlStClTlt

<du + pda)
C.,n =
P dT p=constant

Product rule of differentiation
d(pa) =pda+ adp
Substitute the ideal gas law (R is constant)
d(RT) = RAT =pda+ adp
pda = RdT — adp
pda = R dT,where p is constant

(du +R dT)

C, =

P dT p=constant
du+ RdT du

Cp = = + R

dT dT

Cp = Cy + R



Review of Heat Capacity

Cp =Cy TR

du = c, dT

0q =c,dT +pda
8q = (cp —R)dT +p da
Recall RdAT =pda+ adp

8q =c,dT — adp =

¢, = 1005 kg~ 'K~' = 718 kg 'K~ + 287] kg~ 'K

https://www.khanacademy.org/test-prep/mcat/physical-processes/kinetic-molecular-
theory-of-gas/v/heat-capacity-at-constant-volume-and-pressure



Special Cases of the First Law

6qg =c,dT + pda
8q =c, dT —adp

Isobaric Process: (dp = 0)

0q = cp dT

Isothermal Process

Isochoric Process

Adiabatic Process



Special Cases of the First Law

6qg =c,dT + pda
8q =c, dT —adp

Isobaric Process: (dp = 0)

c Recall
0q = c, dT = (C—p)du du = c, dT
1%

Isothermal Process

Isochoric Process

Adiabatic Process



Special Cases of the First Law

6qg =c,dT + pda
8q =c, dT —adp

Isobaric Process: (dp = 0) C
8q =c, dT = ( p)du

Cy

Isothermal Process: (dT=0)

6q = —adp =pda = 6w

Isochoric Process

Adiabatic Process



Special Cases of the First Law

6qg =c,dT + pda
8q =c, dT —adp

Isobaric Process: (dp =0) /.
8q =c, dT = (—p) du

Isothermal Process: (dT=0) Cv

6qg = —adp =pda = doéw

Isochoric Process: (da = 0)

6q = c, dT =du

Adiabatic Process



Special Cases of the First Law

6q =c,dT +pda
8q =c, dT —adp

Isobaric Process: (dp =0) /.
8q =c, dT = (—p) du

Isothermal Process: (dT=0) Cv
6qg = —adp =pda = doéw
Isochoric Process: (da = 0)
6q = c, dT =du
Adiabatic Process: (6q = 0) negligible change of heat between the system and environment
c, dT = —p da
cp dT = a dp




Special Cases of the First Law

6q =c,dT + pda
8q =c,dT —adp

Isobaric Process: (dp = 0) (C

— _ p
5CI = Cp dT = C_) du Special Significance in
Isothermal Process: (dT=0) v Meteorology!!

6qg = —adp =pda = doéw
Isochoric Process: (da = 0)
6q = c, dT =du
Adiabatic Process: (6q = 0) negligible change of heat between the system and environment
c, dT = —p da
cp dT = a dp




Hint for Homework Problem 5.2




