
I APPLICATIONS OF THE FIRST LACO (GENERAL)
1] НЕАТ САРАСіТ

THIS MEASURES THE HEAT, JO, REQUIRED TO RAISE THE TEMPERADRE
BY d T: C = 終
ACTUALLY, THIS IS SOMECIMAT AMBIGUOUS, ESPECiALLY FOR
GASES. TO RAISE AIR BY 1°C REQUIRES MORE ENERGY
IF ALLOWED TO EXPAND THAN IF HELD AT CONSTANT VOLUME.

AND SO CUE SEPARATELY DEFiNE:
Cv = (87)v

V. CaNTANT P- CONTAT.
THe HEAT CAPACiTiES AT CONSTANT VOLLME AND ARESSURE, RESPECTiVELY.

THESE ARE EXTENSIVE PROPERTiES. INTENSIVE PROPERTiES ARE
FOUND BY DIViBING B Y MASE TO GIVE THE "SPECIFIC. HEATS":

ITHIS IS THE TEXT'S DEFiNiTION, GNENS CURG IN UNTS
OF J / noL K). MORE STANDARD IS TO ACTUALLY DIVIDE
BY MASS, KNOWING THE MOLAR MASS Of THE SUBSTANCE

FRom THE FIRST LAW, dU = SQ -PCV, IT
FOLLOWS THAT FOR A SYSTEM AT

2 U = C r o T
CONSTANT VOLOME

FOR AN IDEAL GAS CV ANO CA ARE DIRECTLY RELATED.
FROM PV = R T → VdP + PdV = nR d T → PdV= -VdP+dr
SO FROM FEET LAW, USING (3 → CudT = SQ+VdP - nhdT
NOw CONSiDER AN ISOBARIC SYSTEM → SQ=CpdT + VOP =0
S o CudT = CoaT - n e d T

Cp = Cv+ nR
I N TERMS OF SPECiFIC HEATS : Cp = Cv
EXAMPLE : FOR AIR Cv = 718J/kg.K), Ra =28751KgK = Cp = 1005 J/kg.k)



2 ] ENTHALPY
WHEREAS THE INTERNAL ENERGY, U, IS USEFUL FOR
SYSTEMS KEPT AT COUSTANT VOLUME (dU = SQ- PdV = SQ),
ENTHALPY I S USEFUL FOR SYSTEMS KEPT AT CONSTANT
PRESSURE. EXPLiCiTLY, DEFiNE ENTHAPY AS

H = U + PV.

THEN, IN AN ISOBARKSYSTEM CH = dU+ d(PV) =JU + PIV+VdP.
So, wiTH dP=0 » dH = dU + PaV.
COMBINED COiTH FIRST LAW, dU = 8Q -POV - SWore

d H = 8Q - SWoreR, P-CONSINT

IN WHICH SWORER IS NON-COMPRESSIONAL WORK leg FROM
MICROWAVES, ELECTRiCiTY, etC.

IN THE ABSENCE Of OTHER WORK, ENTHALPY CHANGÉS ONLY AS A
RESULT OF HEAT INPUT FOR A SYSTEM AT CONSTANT PRESSURE.

SO MEAT CAPACITY AT CONSTANT PRESSURE IS
Cp = (37)₽

so dH = CadT
EUEN IF NOT AT CONSTANT PRESSURE, THE FIRST LALU CAN
BE RECURiTTEN IN TERMS Of ENTHALPY. IGNORING OTHER WORK
WE HAVE CaT=dH = 8Q + VdP
O R cooT=ah = Sq + le dP (SPECiFIC ENTHALPY)

H (ANS L) IS A STATE VARIABLE AND dH (modh)
IS A TOTAL DIFFERENTIAL SAH =0



3J HEATS of TRANSFORMATION
ONE OF ThE MOST COmMON ApPLICATiONS o f

ENTHALDY IS IN CHARACTERiZING THE CHANGE OF
PHASE BETLEEN SOLID, LIQUID AND GAS. Eg, AS
AN ICE CUBE FIRST MELTS AND THEN EVAPORATES,
THE VOLUME OCCUPIED BY THE W A T E R MOLECULES

CHANGES SUBSTANTIALLY, BUT THE PROCESSES ALL
TAKE PLACE AT THE SAME PRESSURE, FURTHERMORE
THE TEMPERATURE IS COUSTANT DURING THE TRANSFORMATION.

SLOPE CA
RSLOPE G

PLOT SHOWING SPECiFIC

R = h z - ん ， ENTHIALPY Of A SUBSTANCE

T AS IT CHANGES PIASE ABOT

TEMPERATURE TO

THE "LATENT HEAT" MESSURES THE CHANGE IN SPECiFIC
ENTHALY DURING A CHANGE IN PHASE: l= SQM = 8q IS
THE HEAT SO REGUIRED TO CHANGE THE PHASE PER MASS M
OF SUBSTANCE. SPECIFICALLY lA IS THE "LATENT HEAT CE FUSION'"

(FOR MELTING) ANA lY IS THE" LATENT HEAT Of VAZOORiZATIO" (fR EVARia)
SOME VALGES: CATER: Pf = 333x10 J/kg, ly =2.25x10 JAg

MERCURY: lA - 1.26x10% J/kg, lv = 2.64 x/0 5 /kg
ETHIL ALCOHOL: In 8.66 x 105/kg

AMAZING FACTS ABOUT WATER:
CV (0 4.2x10 J/UK) IS LARGEST OF ALL LIQUES

→ LARGE HEAT STORAGE I N OCEANS

lU IS LARGEST OF ALL LIQUIDS
→ LARGE HEAT TRANSPORT BY DROPS < VAROUR IN CLADS

... AND MANY CHER RECORD BREAKERS BESIDES (LARGEST ATELECTREC

CONSTANT → GREAT SOLVENT; LARCEST SURFACE TISiON NERT TO MERCORA →BIG RADU DRORS



2 4
4] ADiABATIC COMPRESSION Of AN IDEAL GAS

IN AN "ADiABATIC PROCESS, HEAT DOES NOT INTER OR LEANE
THE SYSTEM. Eg IT IS INSULATED OR THE PROCESS IS
SO FAST THE HEAT HAS NO TiME TO ESCAPE ViA RADiATION Of IRUIT,

FROM FIRST LALO leg E R ON p.20 of NOTES) USE dU = CrOT

IN COMICH CY IS ASSUMED CONSTANT (A RESULT FROM
STATISTiCAL MECHANICS... WAIT FOR IT \ AND P= F(nRT)
(FROM EGUATION Of STATE). SO O BECOMES

I N T E G R A T E
→

BOTH S I D E S < CONSTANT
Cv
nR L n T = - L n V + 6
T(Culnk) = と く 1 1 INITTAL VALOES BEFORE COMPASSIN

→ > VT(CunR) = E ' = VoT. -(Cv/nR)

RECALL G p= Cv+ nh =
DEFINE Y = E , THE "ADiABATiC CONSTANT
[FROM STATiSTiCAL MECHANICS LOE WiLL SEE THAT

8 = / FOR A MONATOMIC GAS (He, Ar,..) AND 8 = 7 5
FOR A DiATOMIC GAS (O2, Ne, ~AIR,. ... )

So I S WRiTTEN V T A OR, MORE
EXPLiCiTLY: = To (V/N.)' -8

EXAMPLE: L OF AIR IN A BICYCLE PUMP AT 20°C IS
RAPIDLY COMPRESSED BY 10? WHAT IS ITS TEMPERATEL

S o T = ( 2 7 3 +20) (0.9/1)'-(115) = 293(0,9-215
= 306K = 33°C,



4] (coNTd)
GIVEN ECUATIONS, WE CAN USE THE EQUATiON Of STATE
TO RELATE TEMPERATURE TO PRESSURE AND PRESSURE TO
VOLUME CAR DENSITY) IN AN ADiABATIC PROCESS.

T = T.
2 （ 売 ） ” = （ 品 ）

T = T. (P/P.)X Win X=1-8
(X 22/5 FOR A MONATOMIC GAS; X=¾ FOR A DiATOMIC GAS)

EXAMPLE: DRY AIR AT THE GROUND (PRESSURE | BAR = 1000 MBAR)
WiTH TEMPERATURE 2 0 ° C MOVES ADiARATiCALLY UPWARDS

TOTHE TOP O: THE TROPOSPHERE LUHERE THE PRESSURE IS 250 MBAR.
WHAT IS ITS TEMPERATURE?7 a ( 2 7 3 + 2 0 ) ( 2 5 0 1 0 0 0 ) 3 1

= 1 9 7 K = - 7 6 K

LIKEWiSE
GIVES:

RELATING PRESSURE TO VOLUME ANO DENSITY

P = Po (V/Vo) -8
= Po ( e / l o )

EQUATION O ALLOWS US TO COMPOTE THE "POV WORK"
OF A N ADIABATTE PROCESS

W = SVEP d V = SV
= Pivi i t (V/V:) -8 IVE
= T-8 PiVi [(VE/Vi)'-r - 1]
= ToLPiVE (VE/Vi) 8 - PiVi] = [-8 [PAVE-P.Vi]

EXAMPLE: COMPRESS 10L OF AIR AT /IBAR ADiABATiCALLY TO 9L.书 尼 ⽇ （ 1 0 P a ） （ 9 / 1 0 ） - 7 1 = 1.16 x 10 Pa
>   W   =   - 7 I ( 1 6 x 1 0 P a ) ( 9 x 1 01 )   -   ( 1 0 7 a ) ( 1 0 x 1 0 7 ) ]

= - 1 0 8 J (COMPARE W. - 107J FOR ISOTHERMAL COMPRESSiON


