
3 THE FIRST LAW Of THERMODYNAMICS
I A REViEW OF DIFFERENTiALS

FOR A FUNCTION Of 2 VARiABLES, bIXY) [THINK HERIT],
THE TOTAL DIFFERENTiAL I S d h =Tx) dx + (dy) dy: 0h. dx
Leg. MIS IS CHANGE IN ELEVATiON BY MOVING BY MOVING ASMALL DISTANCE dX IN X-DIDACTION AND SMALL DiSTANCE dY IN Y-DIO
IF • YOU WALK A PATH I STARTING AT (XUY,) GOTUG TO (X21%2), THE
THIS I S THE "FUNDAMENTAL THEOREM OF CALCURUS"
IMPORTANTLY, THE CHANGE IN HEIGHT IS ALWAYS THE SAMANO MATTER WHAT PATH YOU TAKE AS LONG AS YOU START AT
(XA, %) AND END AT (X2,/2). IN PARTICULAR, IF YOU FOLLOW
A LOOP TRAIL FINDING WHERE YOU STARTED, THEN EIS A CLOSED PATH AND THE INTRURAL IS WRiTTEN SeTh. dE = 0
THAT IS TO SAY, THE PROKESS IS "REVERSIBE

IN THERMODYNAMICS, LALOS ARE OFTEN WRiTTEN INVOLVENG
DIFFERENTiALS: Sf = dax + bdy, wHERE OF ax, b=ba,y).BUT Sf ITSELF IS NOT NECESSARILY AT TOTAL (EXACT) DEFERENTIAL.IT IS ONLY THE CASE IF ONE CAN CORiDE Q=(SE) AND b-(SE).

Que CAN TEST I f THIS IS POSSiBLE BY CHECKING I f a b
SATiSFY д а = б х

ExaMpLE: Sf= xdx + y dy.
=1 V

Bur y = by = ₫4
< COUSTANT



1 72] (CONFIGURATION) WORK
THIS I S WORK PERFORMED BY FORCES ACTING O N A SYSTEM
OR BY A SYSTEM EXERTING FORCES ON ITS ENVIRONMENT.IMPORTANTLY, CONFiGURATION WORK IS REVERSIBLE: IF
A FORCE DOES CORK ON A SYSTEM, THE SYSTEM CANEXERT FORCE BACK OU iTS ENVIROMENT RESTORING I T TO ITS
ORIGiNAL STATE.

AREA A J F: PA

THE COMMON EXAMPLE IS "PIV" WORK.
FINAL POSE
w r r   a u s *   ‡ 1 dx

Eg CONSIDER A GAS IN A VESSEL WITH A PiSTON AT
ONE END. THE FORCE APPLIED TO THE PISTON IS SPREAD OUT OVERITS ARLA A AND SO IS FELT AS PRESSURE P= F/A.
IF THE PISTON MOVES A SMALL DISTANCE dX (>0 IFOOMARISONE
THE WORK IS SW = Fdx = PAdx = + PdV
THE TOTAL WORK IN CHANGING THE VOLUME FROM VI TO VE IS

W= + Jv. PdV
N O T E   :   C O R K   I S   N E G A T I V E   I E   G A S   C O M P E S S E D   l u e   D O K   O U   S U S t e n )

WORK IS POSITIVE If GAS EXANDS (SYSTEM WADES ON ENVERMIT
LARGH! OTHER TEXTS EMPLOY THE OPPOSITE CONVENTiON]

THOUGH WE WILL USUALLY DEAL COITH POV WORK,
CONFIGURATION WORK IS MANiFEST I N OTHER FORMS:

o dA (SURFACE TENSION)
E da (ELECTROMOTIVE FORCE... eg A BATTERY)
BdM (MAGNETIC FORCE... eg IN INDUCTiON COIL)E d P (ELECTREL FiELD ACROSS DiELERIC... eg CAPACITOR)



3 . COMPUTNG PaV WORK
AS THE SW NOTATION IN LSW = PaVI SUGGESTS,THE WORK IS NOT INDEPENDENT Of 'PATH. IT
DEPENDS ON HOLO P CHANGES AS V CHANGES.

18)

ARLA DE IN GRAAM

1) ISOCHORTE PROCESS (V-CONSTANT) → W= 0
2) ISOBARIC PROCESS (P-CONSTANT) = W = P(Vp- Vil
3) ISOTHERMAL PROCESS (T-COUSTANT)FOR IDEA GAS W = nRT SUt dV = nRT Ln(&/Vi)

• P R O S E S S4) ADIABATIC PRONTERE. HAVE TO CAIT TO NEXT
CHAPTER AND BEYOND. EFFECTIVELY THIS I S THE
CONDITION THAT ENTROPY, S, IS CONSTANT ENO HEAT LOSS(SEE P. 25 OF NCTES)

EXAMPLES
1) WHAT IS THE WORK TO COMPRESS IKM OF AIR BY IL ASSUMING

THE VOLUME CHANGE IS SO SMAL THAT THE PRESSURE REMAINS AT I BAR?
S oữ THIS I S A N ISOBARIC PROCESS

→ W= P(VE-Vi) = (0°Pa) (- 103m) = - 100J/
2) WHAT IS THE WORK TO COMPRESS 1OL OF AIR BY IL ASSUMING

DRESSER RA 1AM: 20° TIROUNDE MO THE DUTTAL
INiTIALLY CUE HAVE PiVi= MRT
→ DR = PiVi/T = (1013x10 Pa)(10 m3)/(293 K)

7 346 J/K
SO, ASSUMING ISOTHERMAL PROCESS,

W= (3.46J/K) (293k) Ln (106) = - 1 0 7 J



41 DISSIPATiVE WORK AND HEAT
D I S S i PAT I V E COORK IS THE THERMODYNAMIC EQUIVALENT
OF A BLOCK SKiDDING TO A HALT DUE TO FRICTION. THEWORK I S IRREVERSIBLE : FRICTION ALWAYS DECELERATES(REMOUES KINETiC ENERGY) FROM THE BLOCK.

FOR LIQUEDS AND GASES, THE CONTERPART Of FRTETiO
IS VISCOSITY, WHICH SLOWS MOTiON AND DiSSiPATESENERGY. TYPICALLY THE ENERGY LOSSIVOWMEISM IS THE MOLECULAR VISCOSTY (i 10-3 Kg/(on-S) FOR WATER A STP)I N AN ELECTRIC CIRCUIT, THE COUNTERPART OF FRICTION
I S THE RESISTANCE. THE POWER LOST DUE TO A CURRET IPASSING THROUCH A RESISTOR Of RESiSTANCE R IS P= IR.So ThE 'wORk" LOS IN timE dt Is SW=- I 'Rdt.
IF ENERGY IS CONSERVED, WUMERE DOES THE LOST WORKGO? ANSWER: HEAT. THIS IS DEVOTED BYSQ.
FALL AND YOU MIGHT GET A FRICTiON BURN. RESiSTORS GET
HOT WHEN CURRENTS PASS THROUGH THEM. STIRRING A POT
OF WATER IMPARIS KINETiC ENERGY WHICH EVENTUALLY
DISSiPATES ViA TURBOLENCE TO WARM THE FLUID.

HEAT ITSELF CAN ENTER OR LEAVE A SYSTEM THROUGH
VARiOUS PROCESSES

1) CONDUCTION: TRANSFER BY MOLECULAR CONTACT2) CONVECTION: BULK MOTION USUALLY BY SUOYANCY
3) RADiATiON: TRANSFER BY ELECTROMAGNETIC CAVES (OS INFRARED)

HEAT ENERGI ALLAYS FLOWS FROM HOT TO COLD.



5, THE FIRST LALO OF THERMODYNAMICS
THIS IS THE LAW Of CONSERVATION dE ENERGY, INCLUDINEMEAT ENERGY: " WORK PERFORMED BY SYSTEM

du = +

CHANGE OF TOTAL
ENERGY OF SYSTEM HEAT THAT W O R k INPUT

TO SYSTEM T O S Y S T E M

U IS CALED THE "INTERNAL ENERGY" OF THE SYSTEM.
IT IS A STATE VARiABLE, MEANINA THAT INACYCLICALPROCESS, THE INTERNAL ENERGY IS THE SAME AS AT THE START$dU =0
SUPPOSE THE WOORK IS DUE ONLY TO pRESSURE: SW = POV
So D →

d U = 8Q - PdV

IF THE PROCESS IS ISOCHORIC (V-CONTANT), THEN UCHANGES OULY DUE TO HEATING OR COOLINA THE SYSTEM: dU - 8G

IF THE SYSTEM IS INSULATED (Eg IN A THERMOS), THEN
NO HEAT CAN LEAVE OR ENTER THE SYSTEM: dU = - POV

SYSTEMS FOR COMICH 8Q=0 ARE SAID TO BE "ADiABATIC"

SOMETIMES @ IS CRiTTEN IN TERMS OF INTENSIVE PROPERiESBY DIVIDENETHROUCH BY MASSER IMOUS. Eg DIUDIN, BY MASS!d u = Sq - Pda! 3
WHERE X = VMASS = 1 e , WiTH CE DENSITY


