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 (Heat)
 



4.186J 





 (Work)
(F) (S) 

W = F.S. 

    

P - V  PV -








 (Internal Energy)
•••> 





U 

•••>           



•••>     



•••> 



•••> SI `J’ `KJ’ 

 Thermodynamics Variables)
(P),  (V)  (T)

        





        

 (U)  (V),  (M)  (P)
(T) (P)
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 (Zeroth Law of Thermodynamics)
 “ 

” 



i) A,B   ii) A,B,C  

 

  









  (First Law of Thermodynamics)
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 (i) 
   

 



  Q = 0
C = 0

 (ii) :
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  T = O


Q QC
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m X T O
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  (Iso thermal process)
  







   



T = 0 

Pv 

P1V1 = P2V2
 

PV = P V







T1 < T2 < T3


i

PV = 

PdV + VdP = 0

PdV = - VdP

=> = tan = 
dP P
dV V




ii)        


>  W = + 

> W = - 

 



[ 0]Q QC T
m T mXO

    




 

[ ]
Vf Vf

Vi Vi

RTW Pdv dV PV RT
V


    

3

1

log 2.30 log10Vf VfW RT e RT
V Vi

 
         

3
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q = U + W 

T = 0 U = 0
Q = W

   



   (Adiabatic process)
       

  



   





(Poisson’s law) 

PV =


Cp
Cv

 

 



tan Cp
Cv

      
 

  



0Q OC
m T m T


  
 

0Q 

   

Vf Vf

Vi Vi

KW Pdv dv
V   

[ ] [ ] [ ]
[ 1] [ 1] [1 ]

i i f f i f f iPV P V R T T R T T
W or

 
  
  

 
  

, f f fPV K P V RT    i i iPV RT

i) W  uM

ii) W  (Ti - Tf)

iii) W  
1

1 

>>=> W< W< W
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Q = U + W
Q = 0

 U = - W
i) W =  U = 



ii) WU = 
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  0dP
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[ ] [ ]f i f iW P V V R T T R T        

W R T  

^ ^P

V

P

V
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dP
dV

 

(i) 

>    

 Q  U 

ii) 

>  

 Q  U 

   



2
fCv R



[ ] 0f iW P V P V V     

W = 0V

 (Cyclic and Non - cyclic process)








 Uf = Ui
U = Uf - Ui = 0



U T 

 0T 


^

^

^P

V

P

V(A) (B)

1 2
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 (Enthalpy) (H)
H = U + PV





  



       



(i)  

 



         



(ii)  





(iii)    





   

( ( )Q U W or U Q W        

  Q = U +W

  W 0 



  U CvT 

  W 0 log f
e

i

V
RT

V


 
 
 

  O - W +R
[ ]

1
f iR T T





   Cp   CvT P[Vf -Vi]=  R[Tf - Ti]
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 Reaumur OR 0OR 80OR 80

 (Celsius)  OC 0OC 100OC 100

 (Fahrenheit)  OF 32OF 212OF 180

 (Rankine) Ra 460 Ra 672 Ra 212

 (Kelvin)  K 273K 373K 100

* (freezing point)
* (boiling point)

  (Reversible process)
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(ii) 
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32 460 273
8 100 180 212 100

o o oR C F Ra K
D

  
   

 





RO R100

 0OC 100OC   

Rt 



100100
t oR

o

R Rt
R R






    e.m.f.(  

( t 

>  (Pyrometess) 


> 
32

5 9
C F 
 

>

32 273
9 5

F K 


  (Triple point of water)





6.11 X 102 Pa

6 X 10-3 atm.

0.01OC (or) 273.16K.

 (Heat Engine)
> 



> 

  



T1



T2

Q1

W
Q2
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Q1 

Q2 W 



 
 

 

1

W
Q






1 2 2

1 1

1Q Q Q
Q Q




  

>  



W = Q1, Q2 = 0.
 1 

    (Refrigerator (or) Seat pump)








       



(Freon) (Cl2f2) 
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W. 

Q
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du = 0.



T1



T2
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W
Q2
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dQ = dU + dW

 dQ = Q2 - Q1

dW = - W

dU = 0

dQ = Q2 - Q1 = -W

W - W = Q1 - Q2

(co - efficient of performance).

Q - 

W - 

(COP) 

 
2 2

1 2
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1 2
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  (Carnot heat Engine)

 











 



 







[Carnot Cycle)

 (Isothermal Expansion) :

   

 V1, P1  

P - V   A    T1 





  T1 - 

 V1 -  V2 P1 P2 

AB 

Q1W1


2

1
1 1
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V
Q W PdV  

2
1

1

loga
VRT
V
 

  
 

ABGEA.
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 Adiabatic Expansion)
 

V2 - V3 - P2 P3 

BC - 

      

T1 -  T2 -   



3

2
2 1 2( )

( 1)
V

V

RW PdV T T


  


W2 = BCHGB
  (Isothermal Compression)

T2 

CD 

D - V4, P4 

        

T2 

Q2 - 

W3 

4

3

4
2 3 2

3

log
V

eV

VQ W PdV RT
V
 

      
 



W3CDFHC


Q2 = RT2 loge 3

4

V
V
 
 
 

  (Adiabatic Compression)
  

V1 

P1 

      

  T1 -  

DA - D(V4,P4)
A(V1, P1) 

W4 


1

4
4 2 1( )

( 1)
V

V

RW PdV T T



   




 4 1 2( )
( 1)

RW T T


 
 DAEFD.
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(W1 + W2)
(W3 + W4)


W = W1 + W2 - (W3 + W4)
 W2  = W4

W = W1 + W3
W = Q1 - Q2

W = ABGEA + BCHGB CDFHC- DAEFD.
W = ABCDA





  

 




1 2

1

Q Q
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2

1

1 Q
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1 1
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4 4
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V VQ W
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B CBC
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1 2 2 3T V T V       ( 1TV    
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Cv

 


1
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1

2 2
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T V
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D A DA - 

 1 1
1 3 2 3T V T V  

1
1 4

1
2 1

T V
T V
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3 4
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V V

 

 

 

   

3 34 2

2 1 1 4
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3
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2 23
2

4
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>> P - V 



 


 
 


 


>>   

    


>>        


>>         



>>   
  

   

>>   - 

   



>>   ( )C C C H

H H C H

Q T Q Qor
Q T T T

  
 


>>  (Entropy)

QS
T


 

 



>> OK
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>> 
>> 



P V-PV =
P V - 

 PV  


Cp
Cv

 

>> 
dP P
dV V

 

>> 
dP P
dV V


 

>> 

2 1

1 2

log loge e
V PW RT or W RT
V P

  

>> 

2 2 1 1
1 ( )

(1 )
W PV PV


 

 (or)

2 1( )
(1 )

R T TW






>>  (V) 



 

  1
1

QS
T


   

   2
2

QS
T


   

  1 2S S S    

>>  

••» T1A 
••» AB 
••» T2 BC 
••» CD
••» ABCDA 
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PA  = 3 X 104 Pa VA = 2 X 10-3 m3 PB = 8 X 104 Pa VD = 5 X 10-3 m3

AB 600J BC 

200JAC



560J
800J
600J
640J

 ABABC
BABDA 



P1ACBP2P1
ACBB1A1A
ACBDA
ADBB1A1A

 A (B)V 2V 



A B  

A - B  B - A 

    40J     110J   



150J 70J 110J 40J
 

   

  

 CP T , C - 

 3
5  5

3  2
5  5

2
  1

6   62OC



37OC 62OC 99OC 124OC

>

^

^

>

>
VO

P
B C

A D

>

^

^

>
VO

P

B
C

A
D

P2

P1
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9. P-V 



C D

A C

A B

B D

 abca



ab

P-T 

   

 P - VA - B -



AB 

AB 

ACB = ADB

ADB 

 (perfect gas) A B 8 X 105J 

8 X 105J 

105J 



105J  0.5 X 105J

105J 0.5 X 105J
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 V = KT2/3

60K 

10R 30 R 40 R R

15. 



U 

U 

(i) - U (ii) Uiii) - U 

U = 0

 

W1 W2 

W1 = W2

W1 > W2

W1 < W2



 ABCA 



 1 2 1 2( )( )V V P P 

 2 1 2 1( )( )
2

P P V V 

 2 1 2 1( )( )
2

P P V V 

  P1 P2V  T



P1 = P2

P1 < P2

P1 > P2
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 P-V T1   T2 


b

c

V
V 


a

b

V
V




a

d

V
V




a

d

V
V





 dW=0 dQ < 0 

 

 

 A B - 











 


 

  2J

 -2J 2J  -1J 1J

 P- V 
 

 
 P- V 

 
 (Isoentropic)

 
 
(Isoentropic) 
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 dW=0 dQ < 0,  

 

 

 

   

 U(unique) 



 

 

 

U  U 

U  W 
 

 (Specific volume)
(Specific Gravity) 

 

 

  

 

(Fraction)


5
7 

3
7 

2
5 

3
5

 0OC100OC



12.48 X 102J 20.80J 25.00 X 102J 50.00J
 0

500J 

7000 J 7900 J 9000J 10000J
 T1T2




2 1( )

( 1)
R P P


 

2 1( )
( 1)

R T T


 

2 1( )
( 1)

R V V
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V 2V




( 1)V

Pv


 ( 1)
Pv
   ( 1)

P
V    ( 1)

V
P  

 Cv = 4.96 cal / mol K 

340K 342K 

27.80 cal 19.84 cal 13.90 cal 9.92 cal
 333cal 167 cal 



333 cal 500 cal 167 cal 166 cal
 150J 110J 



 40J 110J 150J
 2240J/gm 

168J 

2240J 2072J 1680J 168J
 110 J 

40J 

140J 70J 110J 150J
 

Q W 

Q = U + W Q = W – U Q = U – W Q = – W + U
  2Kg   

2 X 10-3m3  3.34m3 

200KJ 234 KJ 340KJ 468 KJ
 V1 V2 

  W1, 

W2, W3


W1 > W2 > W3 W2 > W3 > W1 W2 > W1 > W3 W1 > W3 > W2
 dU + dW = 0 
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          P–V  



Eint > 0, Q < 0
Eint = 0, Q > 0
Eint = 0, Q < 0
Eint < 0, Q > 0

 

 

 

 AB 

F 

QA QB 

QA = QB
QA > QB
QA < QB
QA < QB

 







 

  



   

 

   

 500m         



0.29OC 0.58OC 0.87OC 1.16OC
 

 [Isotropy]  

 100OC - 

  

     
5
3
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0OC  100OC   OK 

 

1672  Wh 1672  eV 1672 J 1672 erg
 

   

 

 

  

      27OC   

R = 2cal.mol-1K-1)
600cal 60cal 6cal 0.6cal

 

 

 

 

 

   

 P - V 


P

V



V
P


 P V 

  P V 

 P
V V P  PV 

 
9
7

 

 

 

 0o C 
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 NTP 1CC  5
3  



2 X 1010 Pascal  105 Pascal 2 X 105 Pascal 1010 Pascal
74. NTP - 

1.28 X 105 N/m2 1.33 X 105 N/m2 1.66 X 105 N/m2 1.41 X 105 N/m2

 27OC 



100K 200K 300K 500K
 

   

 

   

 0o C 1kg 0OC 



0.293 cal / K 2.93 cal / K 29.3 cal / K 293 cal / K
 

   

      

P – V 

 + 2  - 2  + 1 
 



   

 



 

  

 



 

 

 

 -P -P 

 

 -P -P 
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 R - f - 

Cv   2
RCv f  1

2
fCv     

Cv =

 f = 1.4)(P1, d1) 

(P2, d2) 
2

1

d
d 

2

1

P
P 

   

 0.8m 

 



0.6m 0.5m 0.4m 0.3m
 P – V 



AB BC
BC DA
BC CD
CD DA

 60kg 105 



1000m 400m 200m 100m
 30J 

J = 4.2J/cal 

 J 140J J J
92. 

   

  



   

   5OC  

 

50OC 227OC 273OC 500OC
95. OK 
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    T1  T2 


Cp (T1-T2) Cv (T1-T2) (Cp - Cv) (T1-T2) (Cp - Cv) (T1-T2)
 

   

 



   

  



OK 0OC 273K 373K
 

K 

K - 

   

 P,V T 



 

 

       



 

 

 

   

 

   

  100J 



J J 50 J 25 J

107. P1, V1 P2, V2 



Q W 



Q + W Q W Q - W
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 17OC 



887K 36.25K 2320K 1160K
 ABCA 

 

J
J
J
J

    ( = 1.14)     







1.2P1 P1 0.8P1 0.5P1
 7OC 1Kg 

8.3 X 104J 15.4 X 102J 6.67 X 103J 8.45 X 106J
 0OC0.01m3 

0.200m3 



12458J 33946J 8456J 10845J
    32  242 20atm - 



1.26 X 104J 4.85 X 104J  3.48 X 104J 2.56 X 104J
 1.0 X 106 Pa 300K 





3452J 4980J 1568J 2764J
115. 273K6g 



  



1365J 67977J 78919.4J 48590J
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