
吩

o n  th e  s y s te m .

in c re a s e  in  in t e r n a l e n e rg y , t h e  h e a t s u p p lie d  to  th e  s y s te m  a n d  th e  w o rk  d o n e
(d ) re c a ll a n d  u s e  th e  firs t la w  o f th e rm o d y n a m ic s  e x p re s s e d  in  te rm s  o f th e

(c ) re la te  a  ris e  in  te m p e ra tu re  o f a  b o d y  to  a n  in c re a s e  in  its  in te rn a l e n e rg y .

kin e tic  a n d  p o te n tia l e n e rg ie s  a s s o c ia te d  w ith  th e  m o le c u le s  o f a  s y s te m .

s y s te m  a n d  th a t it c a n  b e  e x p re s s e d  a s  th e  s u m  o f a  ra n d o m  d is trib u tio n  o f
(b ) s h o w  a n  u n d e rs ta n d iń g  th a t in te rn a l e n e rg y  is  d e te rm in e d  b y  th e  s ta te  o f th e

(a ) d e fin e  a n d  u s e  th e  c o n c e p ts  o f s p e c ific  h e a t c a p a c ity  a n d  s p e c ific  la te n t h e a t .

C a n d id a te s  s h o u ld  b e  a b le  to

L e a r n i n t c o m e s

 F i rs t  L a w  o f  Th e r m o d y n
a m i cs �

c o n te n t

n  T h e r m o d y n a m ic s

c h a p te r l
F irs t L a w  o f

Y E A R  5 -
6  P H Y S ıC S  D E P A R T M E N T

R A F F L E S  ıN S T IT U T ıO N



H e a t C a p a c ity  th e  e le c tr ic a l e n e rg y  s u p p lie d .

o f  S p e c ifıc  in v o lv e  h e a t in g  a  m a t e r ia l t h r o u g h  a  c h a n g e  in  t e m p e r a t u r e  A T  a n d  c o m p a r in g  it t o

D e te rm in a t io n  T h e  m a in  p r in c ip le s  o f  d e t e r m in in g  s p e c ific  h e a t  c a p a c it y  b y  e le c t r ic a l m e t h o d s

S .  I.  u n it : jo u le  p e r k ilo g ra m  p e r k e lv in  ( J  k g
'

'

K
-

'

)

T  =  
c h a n

g
e  in  t e m p e r a t u r e

m -
m a s s  o f  b o d y

Q  =  
q u a n t it

y  
o f  h e a t

W h e re  c -
s p e c if ic  h e a t  c a

p a c it y

c =  
Q  

m
V  e  

Y

M a th e m a tic a lly , th is  d e fin itio n  c a n  b e  e x p re s s e d  a s

c a p a c ity

H e a t h e a t re q u ire d  to  ra is e  th e  te m p e ra tu re  o f  u n it m a s s  o f  th e  s u b s ta n c e  b y  o n e  d e g re e .

s p e c ific  T h e  t lu m e rjc ä ı] iá fLiê l o f  th e  s p e c ific  h e a t c a p a c ity  o f a  s u b s ta n c e  is  th e  q u a n tity  o f

c a p a c ity , it is  im p o rta n t to  m a k e  re fe re n c e  to  th e  n u m e ń c a ı v a ıu e .

T h e  u n it o f h e a t c a p a c ity  is  n o t th e  jo u le  a n d  th is  is  w h y , in  th e  d e fin itio n  o f h e a t

S .  I.  u n it : jo u le  p e r k e lv in  ( J  K
'

'

)

T  =  
c h a n g e  i n  t e m p e r a t u r e

Q -
q u a n t it y  o f  h e a t

W h e re  C -
h e a t  c a p a c it

y

M a th e m a tic a ıly , t h is  d e fin itio n  c a n  b e  e x p o s s e d  a s

to  ra is e  th e  te m p e ra tu re  o f th e  b o d y  b y  o n e  d e g re e .

H e a t T h q n u m e rlc a ı v a lu e * o f th e  h e a t c a p a c ity  o f a  b o d y  ia  th e  q u a n tity  o f h e a t re q u ire d

9 .  1 Em ific  H e a t c a rÆ B w d  S ıf i c  L a te n t H e a t

to  th e  m e c h a n lc o  o f a to m ı a n d  m o ıe c u le s  In  a  s u b s ta n c e

h e a t a n d  m e c h a n ıc a ı w o rk  to  th e  m ic ro s c o p ıc  c o n c e p t o f te m p e ra ıu re , w h ic h  re la te s

internal e n e rg y  lı in tro d u c e d  to  m a k e  U ıe  lin k  b e tw e e n  th e  m a c ro s c o p rc  c o n c e ¢« ı o f

s y s te m  b y  m e a n s  o f b o th  h e a t lra n ıfe r a n d  m e c h a n rc a ı w o rk  T h e  c o n c e p t o f

c o n s e rv a tio n  o f e n e rg y  u ıe d  in  m e c h a n ic s  a s  it c o n s id e rs  e n e rg y  e x c h a n g e  to  1

p ro c e s s e s  w h ic h  in v o ıv e  h e a t a n d  m e c h a n ic a l w o rk .  T h la  ıa w  ıı a n  e x le n r lo n  o f M e

T h e  n m t la w  o f ıh e rm o d y n a m ic s  ıı u o i ï lr a l ıo  u n d e rııa n d in g  th e rm o d y n r m lc

c h a n g e  th e  p h a s e  o f a  ıu b a la n c e  (e .  g .  B o m  B o lid  to  liq u id ,  o r  fro m  liq u id  to  g ıı) .

ın te ra c ıio n s .  S ım ila rıy , la te n t h e a l lı u ıo d  to  c a ıc u la ıe  th e  e n e rg y  re q u ire d  to

a n d  a p e c ific  h e a t c a p a c ııy  a llo w  lo r th e  c a lc u la tio n  o f ıe m p e ra tu re  c h a n g e ı In  s u c H

te m p e ra tu re  c h a n g e r  in  b o th  o f ıh e m .  Th o u g h  ıh lı ıı n o ı g u a ra n ıe e d  H e a t c a p a c ity

E n e rg y  tra n s fe r b e ıw e e n  ıw o  s u b a ıa n c e s  In  th e rm a l c o n ta c ı u s u a ıly  c a u s e s

9 m tr o d u c t io n



te m p e ra tu re

fin a l

te m p e ra tu re

In itia l

m a s s  m

lim e

d iffe re n c e  
V

p o te n tia l

c u rre n t ı

3

u t
te m p e ra tu re

o u tıe t

. . . .. .

n t ï

E x p e rim e n ta l S e t -

u p  M e a s u re m e n ts  ta k e n

re a c h e d  s te a d y  s ta te ) .  A s  s u c h , th e  h e a t c a p a c ity  o f th e  a p p a ra tu s  c a n  b e  ig n o re d .

ta k e n  w h e n  th e  in le t a n d  o u tle t te m p e ra tu re s  h a v e  s ta b ilis e d  (i.  e .  Th e  s y s te m  h a s

c o n ta in in g  a n  e le c tric  h e a te r
, 

a s  in  th e  fo llo w in g  fig u re .  M e a s u re m e n ts  a re  o n ıy

L iq u id s  In  th is  m e th o d , a  s te a d y  flo w  o f th e  flu id  ( liq u id  o r g a s ) , 
is  p a s s e d  a lo n g  a  p ip e

G a s e s  o r F o r g a s e s  o r liq u id s , t h e  c o n tin u o u s  flo w  m e th o d  is  u s e d .

ı v  t

I V  t =  m c (Ļ - T
,)

e le c tric a l e n e rg y  s u p p lie d  b y  h e a te r =  h e a t re c e iv e d  b y  b lo c k

b y th e  p rin c ip le  o f c o n s e rv a tio n  o f e n e rg y ,

If c  is  th e  s p e c ific  h e a t c a p a c ity  o f th e  m e ta l
, a s s u m in g  n e g lig ib le  h e a t lo s s e s ,

th  e  rm o  m  e t e  r

, 
o n  h e a te r

Lo w  v o lta g e  d .  c .  p o w e r s u p p ly

E d m ĝ m l n e r J D  M e a l u re m e m n ļ a k e n

w h ic h  tw o  h o le B  h a v e  b e e n  d rilıe d  to  a c c o m m o d a te  a  h e a te r  a n d  th e rm o m e te r .

F o r s o lid s , th e  m a te ria ı u n d e r te s t ıi  ın  th e  fo rm  o f a  a o łid  c y lin d e r o f m a s s  m , in toS o ıld s

尋

国
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4

(I V - I
'

V
'

) tC  =

S o lv in g  th e  s im u ıta n e o u s  e q u a tio n s

1 
ı 

V
'

x t   ·  
m  

ı 

c  (Ut -

. ) + H

n e w  e ıe c tric a l e n e rg y  s u p p lie d .  N e w  h e a t tra n s fe rre d  +  H E A T  L O S S

F u rth e r C a lc u ıa tio n s

o u tle t te m p e ra tu re

in le t te m p e ra tu re

th ro u g h  in  tim e  t 
m  m

'

m a s s  o f X  p a s s in g

tim e

p o te n tia l d iffe re n c e  V  V

c u rre n t I

M e a s u re m e n ts  M e a s u r e m e n ts

N e wp re v io u s

a n d  o u tle t te m p e ra tu re s  re m a in  a t th e  s a m e  v a ıu e s  a s  th a t o f th e  firs t e x p e rim e n t .

d ıĦe re n t n o w  ra te  a n d  a d ju s tin g  th e  p o w e r o f th e  h e a tin g  c o il to  s u c h  th a t th e  in le t

T h is  m e a n s  th a t ın  o rd e r to  e ıim in a te  H , th e  e x p e rım e n t h a a  to  b e  re p e a te d  w ıth  a

s a m e  ln ıe t a n d  o u tle t te m p e ra tu re  a n d  th e  s a m e  d u ra tio n .

o f th e  s e tu p , th e  h e a t lo s s  c a n  b e  e lim in a te d  b y  re p e a tin g  th e  e x p e rim e n t u s in g  th e

S in c e  h e a t ıo 8 s  to  e u ıT o u n d in g s  ls  p ro p o rtio n a ı to  th e  a v e ra g e  e x c e s s  te m p e ra tu re

E x c e s s  te m p e ra tu re  o f a  b o d y
-

t e m p e r a t u r e  o f  b o d y
- te m p e ra tu re  o f s u rro u n d in g s

o f th e  e x p e rim e n t .

H e a t lo s s  H  d e p e n d s  o n  th e  e x c e s a  te m p e ra tu re  o f th e  a p p a ra tu s  a n d  th e  d u ra tio n

e le c tric a l e n e rg y  s u p p lie d - h e a t tra n s fe rre d  ◆ H E A T  L O S S  (lo  B u rro u n d ln g s )

B y th e  p rin d p ıe  o f c o n s e rv a tio n  o f e n e rg y ,

C a lc u ıa tio n s
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) w rp t  h q Ä

ī v ţ  
m Ļ

,  ı \  

b T  ļ  H

ų Łd ï i c qi W 1 \ T q Ï E 1  l,\  ļ ï q n s f{Łr N

a »  \1 Ýrim ıĄ r
'e ıl c o t

(b ) th e  s p e c ific  h e a t c a p a c ity  o f o il.

(a ) th e  ra te  o f h e a t lo s s  fro m  th e  a p p a ra tu s ,

T a k in g  th e  s p e c ific  h e a t c a p a c ity  o f w a te r to  b e  4 2 0 0 1  k g

-
'

K
-

1

,  
c a lc u la te

3 .  9  V .

ra te  o f fıo w  is  7 0  g  m in
-

1

,  
th e  c u rre n t is  2 .  7  A  a n d  th e  p o te n tia ı d iffe re n c e  is

2 .  U s in g  o il,  w h ic h  flo w s  in  a n d  o u t a t th e  s a m e  te m p e ra tu re s  a s  th e  w a te r , th e

d iffe re n c e  a c ro s s  it is  3 .  3  V .

2 0  g  m in
-

1

,  
th e  c u rre n t in  th e  h e a tin g  e le m e n t is  2 .  3  A  a n d  th e  p o te n tia l

1 .  U s in g w a te r , w h ic h  e n te rs a t 1 8 .  0 °
C  a n d  ıe a v e s  a t  2 2 .  0 °

C , th e  ra te  o f fıo w is

A  s tu d e n t u s in g  a  c o n tin u o u s  flo w  m e th o d  o b ta in s  th e  fo llo w in g  re s u ltsE x a m p le  2

rl m t  A ţ

U ttır ita ı t m  11 
ı W d

'

W \ a
ıi ru  L

» 
【'
ī

ų j '!

'
j 

P rın u ¢Ļ ,  r  t o E

p e rc e n ta g e  o f h e a t ıo B ı In  U ıe  a p p a ra tu a .

«b ) If th e  tru e  v a lu e  o f th e  ıp e c ıllc  h e a t c a p a c ity  ıı 5 4 0 0 1  k g

- ı 

K
' ı

,  
e ıılm ıte  th e

(I ) C a ıc u ıa te  ıfıe  ıp e c ific  h e a t c a p a c ity  o f th e  llq u ld .

0 .  0 6 0  kg  m in
-

ı

.  
Th e  te m p e ra tu re  riıe  a ıo n g  th e  fıo w  ıı 2 .  0  K .

liq u id ,  h e a t ıi  s u p p lie d  Io  th e  liq u id  a l a  ra te  o f 1 2  W .  W n e n  th e  ra te  o f n o w  is
E x a m p ıe  1 ın  a n  e le c trk a l c o n s ıa n t n o w  e x p e rim e n t ıo  d e te rm in e  th e  ıp e c ific  h e a t c a p a c ity  o f a

Y E A R  S - ı P H Y S IC S  D E P A R T M E N T
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6

Te m p e ra m re  t T e m p e ra tu re - T v ıb ra tıo n - T a v e ra g e  k in e tic  e n e rg y

N o  lo n g  ra n g e  s tru c tu re

e s c a p e ) a re  v e ry  fa r a p a rt)

ıiq u ld , o p p o s in g  th e ir m o le c u le s  (b e c a u s e  th e y

fo rc e s  n e a r th e  s u rfa c e  o f th e  b e tw e e n  a to m s /

a ttra c tiv e  a n d  re p u ls iv e  (p u lls  b a c k  th e  m o le c u ıe s  a ttra c tiv e /re p u ıs iv e  fo rc e s

. . & M  S tro n g  in te rm o le c u la r A ttra c tiv e  c o h e s iv e  fo rc e s  N e g lig ib le

th e ir m e a n  p o s itio n s  s p a c e  o c c u p ie d

a to m s /m o ıe c u le s  a b o u t th ro u g h o u t th e  liq u id  s p e e d s  th ro u g h o u t th e

A l e X  L im ite d  to  v ib ra tio n s  o f th e  R a n d o m  m o tio n  R a n d o m  m o tio n  a t h ig h

e x te n t)

c o m p re s s e d  (to  a  c e rta in

s h a p e  w h e n  s tre tc h e d  o r 

e a s ily  c o m p re s s e d

a re  p la c e d  in

c o n ta in e r in  w h ic h  th e y

th e  s h a p e  o f  th e  c o n ta in e r  a n d  fills  u p  e n tire  s p a c e /

v  ◆ u m e ls h a p e  
F ix e d  v o ıu m e  a n d  s h a p e  F ix e d  v o lu m e  b u t ta k e s  N o  f ix e d  v o lu m e  o r  s h a p e

D e n s ń y  H ig h  H ig h  L o w

d is ta n c e .  3 × 1 0

-
1 o  

m .  3 × 1 0

-
1 o  

m  V e ry fa r a p a rt

C ry s ta l L a ttic e  S tru c tu re  L iq u id  a to m s l m o le c u le s  G a s  a to m s / m o le c u le s

m le Æ m jb

'"us'"t'" 

O  i   ·

g e o m e tric a l s tru c tu re )

la ttic e  s tru c tu re  (re g u la r ,

re g u la r p a tte rn  c a lle d  a  in  s o lid s

A l o m y l n  ◆ e c u le s  
c lo s e ıy  p a c k e d  in  a  s lig h t ly  f u r th e r  a p a rt t h a n  f a r  a p a rt

A .  Z  A to m s /m o le c u le s  a re  A to m s lm o le c u le s  a re  A to m s /m o le c u le s  a re  v e ry

S o ıld  L ıq u ld  G a s

C h a ra c te ris tic s  o f th e  th re e  s ta te s  o f m a tte r

T h e re  a re  th re e  s ta te s  o f m a tte r : s o lid , liq u id  a n d  g a s .

b y e x p e rim e n ts  d e m o n s tra tin g  B ro w n ia n  m o tio n .

o f  M a tte r  
d im e n s io n s  a re  a b o u t 3  × 1  o

-
1 o  

m .  E v id e n c e  fo r  th e  e x is te n c e  o f m o le c u le s  is  g iv e n

nm  is  m a d e  u p  o f m a n y  m illio n s  o f m o ıe c u le s , w h ic h  a re  p a rtic le s  w h o s e

Y E A R  5 4  P H Y S IC S  D E P A R T M E N T
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te m p e ra tu re

e n e

b o lıln g  p o in t

a t m e ıtin g  p o in t o r

in te ra c ü o n s

In te rm «»łe c u la r

tra n s iü o n

bo ilin g  o c c u rs  in  th e  b o d y  o f th e  ıiq u id .

fix e d  te m p e ra tu re .  E v a p o ra tio n  ta k e s  p la c e  a t th e  s u rfa c e  o f th e  liq u id  w h e re a s
e v a p o ra tıo n  E v a p o ra tio n  c a n  ta k e  p ıa c e  a t a n y  te m p e ra tu re  w h e re a s  b o ilin g  ta k e s  p la c e  a t a
B o ılln g  a n d  B o th  b o ilin g  a n d  e v a p o ra tio n  re p re s e n t a  c h a n g e  o f p h a s e  fro m  liq u id  to  g a s .

T h is  in d ic a te s  th a t th e rm a l e n e rg y  s u p p lie d  to  th e  b o d y  is  u s e d  to  b re a k  b o n d s

A t m e ıtın g  p o in t a n d  b o ılın g  p o ın \  th e  te m p e ra t u re  re m a in s  c o n s ta n t .

L a te n t h e a t o f fu s ıo n  L a te n t h e a t o f v a p o r is a t io n

c h a n g e  o f s ta te  o c c u rs  c h a n g e  o f s ta te  o c c u rs

th e  la ttic e  s tru c tu re  c o lla p s e s  b o n d s  a re  c o m p le te ly  b ro k e n

fo rc e s  c a n n o t h o ld  th e m  to g e th e r b e tw e e n  m o le c u le s

v ib ra te  e o  v io le n tly  th a t th e  a llra c tlv e  o v e rc o m e  th e  a ttra c tiv e  fo rc e s

m o le c u le s  h a v e  e n o u g h  e n e rg y  to  th e rm a l e n e rg y  s u p p lie d  is  u s e d  to

L a ttic e  s tru c tu re  h a s  to  b re a k  
h a v e  to  b e  ç q m p  b ro k e n .

A ll b o n d s  b e tw e e n  a to m s /m o le c u le s

S o lid  to  liq u id  L iq u id  to  g a s

M e ıtin g  B o iıin g

W n a t h a p p e n s  d u rin g  a  c h a n g e  in  p h a s e

h e a t a d d e d

te m p e ra tu re

h e a tin g  c u rv e  o f a  s u b s ta n c e  a n d  its  p h a s e  o r s ta te  a t v a rio u s  p o in ts .

tw o  p h a s e s  c o e x is t u n til th e  tra n s itio n  is  c o m p le te d .  T h e  fig u re  b e lo w  s h o w s  th e

T h e  tra n s itio n  fro m  o n e  p h a s e  to  a n o th e r is  n o t in s ta n ta n e o u s .  D u rin g  tra n s itio n , t h e

L a te n t h e a t o f v a p o ris a tio n  (liq u id _
g a s )

P h a s e  L a te n t h e a t o f fu s io n  (s o lid - l iq u id )

C h a n g e  o f T h e  a m o u n t o f h e a t re q u ire d  to  b rin g  a b o u t a  c h a n g e  o f p h a s e  is  c a lle d  la te n t h e a t .
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吕

liq u id  w iıı b e c o m e  c o o ıe r .  T h a t is , e v a p o ra tio n  re s u lts  in  c o o ıin g .

 S i nc e  t e m p
e r a t u r e  i s a  m e a s u r e  o f  th e  a v e r a g e  k i n e t i c e n e r g y  o f  a  m a t e r i al ,

 t he�

m o ıe c u ıe s .

 T h i s r e s u ı ts  I n  a  d e c r e a s e  i n t h e  a v e r a g
e  k i ne t i c-

e

n e r gy  o f  t he  r em a i ni ng �

to  e s c a p e  * o m  th e  a ttra c tiv e  fo rc e s  o f th e  m o ıe c u le s  b e h irłd  lt .

 ı f a  m o l ec u ı e n e a r  t h e  s u r f a c e  o f  t h e  ıiq
u i d g

a
i ns  e n o u g

h  e n e r g y ,  jt wi ıı be  ab l e�

g a in  e n e rg y  a n d  o th e rs  lo s e  e n e rg y ,

a n d  m a k e  fre q u e n t c o llis io n s  w ith  e a c h  o th e r .  D u ń n g  c o llis io n s , s o m e  m o le c u le s

 T h e  k i ne t i c t h e o r y  s u p p o s e s  t h a t  m o ı ec u ı es  o f  ıiq
u

i ds  a r e  a t  c o n t i nu a l  m o t i on �

E v a p o ra tio n  is  th e  re s u lt o f th e  e x c h a n g e  o f e n e rg y  b e tw e e n  m o le c u le s .

J .  W h y  d o e s  a  c o o lin g  e « e c t a c c o m p a n y  e v a  p o ra tio n ?

re q u ire d  b y  th e  g a s  to  d o  w o rk  d u rin g  th e  e x p a n s io n  p ro c e s s

(b o ilin g  m u s t b e  d o n e  in  a n  o p e n  c o n ta in e r) to  a c c o m p lis h  th is .  E n e rg y  is

s ta te .  T h e  g a s  n e e d s  to  d o  w o rk  a g a in s t th e  e x t e r n a l  o r  a tm o s p h e ric  p re s s u re

T h e  v o lu m e  o c c u p ie d  in  th e  g a s e o u s  s ta te  is  m u c h  la rg e r th a n  th a t in  th e  liq u id

v a p o ń s a tio n .

b o n d s  w e  e x p e c t th e  s p e c ific  ıa te n t h e a t o f m e ıtin g  to  b e  ıe s s  th a n  th a t o f

b o n d s  m u s t b e  b ro k e n .  S in c e  m e ltin g  m e a n s  th e  b re a k in g  o f re ıa tiv e ly  fe w e r

s tru c tu re  n o  lo n g e r h a s  a n y  rig id ity .  W h e n  a  ıiq u id  v a p o r is e s , a ıı th e  re m a in in g

th e ir m u tu a ı a ttra c tio n s  (i.  e .  s o ín e  m o ıe c u ıa r b o n d s  a re  b ro k e n ) ,  s o  th a t th e

*  T o  m e ıt  a  s o ıid
, 

w o r k  m u s t b e  d o n e  to  s e p a ra te  s o m e  o f  th e  m o le c u le s  a g a in s t

T h e  fo ııo w in g  a c c o u n ts  fo r th e  d iffe re n c e  in  th e  tw o  v a ıu e s  fo r th e  s a m e  s u b s ta n c e

s p e c ific  ıa te n t h e a t o f v a p o ris a tio n  o f w a te r is  2 .  5 2  × 1 0
6

1  k g

-

1

.

F o r e x a m p ıe , t h e  s p e c ific  la te n t h e a t o f fu s io n  o f  w a te r is  3 .  4 0  × 1 0
5

1  k g

-
1  

w h ile  th e

la te n t  h e a t  o f  f u s io n  f o r t h e  s a m e  s u b s ta n c e ?

2 .  W h y  is  th e  s p e c if ic  ıa te n t  h e a t o f  v a p o r is a t io n  h ig h e r  t h a n  t h e  s p e c ifıc

k n o w n  a s  th e  la te n t h e a t o f  v a p o r is a tio n .

T h e  e n e rg y  re q u ire d  to  c h a n g e  fro m  th e  liq u id  s ta te  to  th e  g a s e o u s  s ta te  is

th e  b o n d s  c o m p le te ly .

ıiq u id  is  u s e d  to  o v e rc o m e  th e  a ttra c tiv e  fo rc e s  b e tw e e n  m o ıe c u ıe s  a n d  b re a k

T h e  te m p e ra tu re  re m a in s  c o n s ta n t d u rin g  b o d in g  a s  th e  h e a t s u p p lie d  to  th e

a to m s  a n d  c a u s e s  th e  ıa ttic e  s tru c tu re  to  b re a k .

T h is  is  b e c a u s e  th e  e n e rg y  is  u s e d  to  o v e rc o m e  th e  a ttra c tiv e  fo rc e s  b e tw e e n

/ u s n , w ill n o t c a u s e  a n  in c re a s e  in  th e  te m p e ra tu re .

D u rin g  th is  p ro c e s s , th e  e n e rg y  s u p p ıie d  to  th e  s o lid
, c a lle d  th e  la te r)t h e a t o f

u n d e rg o e s  a  p h a s e  c h a n g e .

c a n n o t h o ıd  th e m  to g e th e r , t h e  l a t t ic e  s tru c tu re  c o lıa p s e s  a n d  th e  s o ıid

A t m e N in g  p o in t th e  m o le c u le s  v ib ra te  s o  v io ıe n tly  th a t th e  a ttra c tiv e  fo rc e s

M o d e ı

o f  K in e tic  te m p e r a tu re ?

A p p lic a tio n  1 .  W h y  d o e s  m e ıtin g  a n d  b o iıin g  b o t h  ta k e  p la c e  w it h o u t a  c h a n g e  in
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◆

m
L a te n t n e a t o t tu s ıo n  : '

r 
= - ş .  ı.  u n it is  jo u le  p e r K ilo g ra m  ( J  K g

'

)

M a th e m a tic a lly , th is  d e fin itio n  c a n  b e  e x p re s s e d  a s

te m p e ra tu re .

h e a t re q u ire d  to  c o n v e rt u n it m a s s  o f ıiq u [d  to  g a s  w ith o u t a n y  c h a n g e  o f

T h e  n u m e ric a l v a lu e  o f th e  s p e c lfıc  la te n t h e a t o f v a p o r is a tio n  is  th e  q u a n tity  o f

D e fin itio n  
re q u ire d  to  c o n v e rt u n it m a s s  o f s o lid  to  liq u id  w ith o u t a n y  c h a n g e  o f  te m p e ra tu re

T h e  n u m e ric a l v a lu e  o f th e  s p e c lfıc  la te n t h e a t o f fu s ıo n  is  th e  q u a n tity  o f h e a t

m a te ria l.  T h is  a m o u n t o f h e a t in v o lv e d  is  c a lle d  th e  la te n t h e a t.

ıiq u id  to  its  s o lid  s ta te  o r a  g a s  to  its  liq u id  s ta te , e n e r g y m u s t b e  re m o v e d  fro m  th e

g a s e o u s  s ta te , e n e r g y m u s t b e  s u p p lie d  to  th e  m a te ria l.  C o n v e rs e ly , to  c h a n g e  a

S o  to  c h a n g e  a  m a te ria l fro m  th e  s o lid  to  th e  liq u id  s ta te  o r fro m  th e  liq u id  to  th e

c o n tin u e s  to  ris e  if m o re  e n e rg y  is  s u p p lie d .

m o le c u le s  o f th e  m a te ria l.  O n c e  th e  c h a n g e  o f s ta te  is  c o m p le te d , th e  te m p e ra tu re

te m p e ra tu re .  T h is  is  b e c a u s e  th e  e n e rg y  s u p p ıie d  is  u s e d  to  re a rra n g e  th e

fu rth e r h e a tin g  m a k e s  th e  s o lid  liq u e fy  (o r  th e  liq u id  b o il) w ith o u t c h a n g e  o f

internal e n e rg y  o f th e  s o lid .  H o w e v e r w h e n  th e  m e ltin g  (o r b o ilin g ) p o in t is  re a c h e d ,

W h e n  a  s o lid  (o r liq u id ) is  h e a te d , its  te m p e ra tu re  ris e s  d u e  to  th e  in c re a s e  o f th eL a te n t H e a t

(d e c re a s in g  p ro b a b ility  o f a  v a p o u r m o ıe c u le  re b o u n d in g  o ff a n  a ir m o ıe c u le ) .

(iv ) re d u c in g  th e  a ir p re s s u re  a b o v e  th e  ıiq u id

o f re tu rn in g  to  th e  liq u id

(iii) c a u s in g  a  d ra u g h t to  re m o v e  th e  v a p o u r m o ıe c u le s  b e fo re  th e y  h a v e  a  c h a n c e

(in c re a s in g  a v e ra g e  k in e tic  e n e rg y  o f a ll th e  m o ıe c u le s )

Oi) in c re a s in g  th e  te m p e ra tu re  o f th e  liq u id

(i) in c re a s in g  th e  a re a  o f th e  ıiq u id  s u rfa c e

T h e  ra te  o f e v a p o ra tio n  ċ a n  b e  in c re a s e d  b y

回

国

N e w  a v e ra g e  k in e tic  e n e rg y  o f th e  re m a in in g  m o le c u le s   ·  0 .  8 8 9 1

N e w  to ta l k in e tic  e n e rg y   
·  8 1

e s c a p e s .

O n e  e n e rg e tic  m o le c u ıe  o f 2 1  (re m e m b e r th a t in d iv id u a ı k in e tic  e n e rg y  c a n  v a ry )

T o ta ı k in e tic  e n e rg y   
·  1 0 1

C o n s id e r 1 0  m o le c u le s  in  th e  liq u id  w ith  a n  a v e ra g e  k in e tic  e n e rg y  o f 1 1  e a c h .

te m p e ra tu re .

re m a in in g  m o le c u le s  w ill b e  lo w e r
, 

w h ic h  in  tu rn  re s u lts  in  a  d e c re a s e  in

S in c e  th e  m o re  e n e rg e tic  m o le c u le s  e s c a p e , th e  a v e ra g e  k in e tic  e n e rg y  o f th e
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(n o
.  

H e a te r)

c o n tro l s a m p le

1 0

m  
1

- m  
2

JV  × t +  m
2 l, 

=  m
1
l
,

fro m  h e a te r s u rro u n d in g s  o f fu s io n

E ïe c tń c a l e n e rg y  +  
H e a t * o m

.  
L a t e n t  h e a t

B y th e  p rin c ip le  o f c o n s e rv a tio n  o f e n e rg y

C a lc u ıa tio n s

tim e  t

s u rro u n d in g s  in  
m 2

ic e  d u e  to

m a s s  o f m e lte d

tim e  t

s u rro u n d in g s  in

h e a te r a n d  m l

ic e  d u e  to

m a s s  o f m e lte d

tim e

d iffe re n c e  
V

p o te n tia l

c u rre n t 
I

M e a s u re m e n ts  T a k e n

m 2  

d u e  to  s u rro u n d in g s

m a s s  o f m e lte d  ic e

a n d  s u rro u n d in g s  
m i

ic e  d u e  to  h e a te r

r ų  ı

lo w  v o ıta g e  d .  c .  p o w e r s u p p ly

m e n   S e t-

u p

o n c e  th e  ra te  o f m e ltin g  b e c o m e s  s te a d y .

re s is to r) is  u s e d  to  e n s u re  a  s te a d y  h e a te r c u rre n t .  M e a s u re m e n ts  a re  o n iy  ta k e n

o f fu s io n  s te a d y  ra te .  T h e  m e ıte d  liq u id  is  c o lle c te d  in  th e  b e a k e r b e lo w .  A  rh e o s ta t (v a ria b le

L a te n t h e a t  T h e  s o lid  in  th e  fu n n e l (in  th is  c a s e , ic e ) ls  h e a te d  e le c tric a lly  s o  th a t it m e lts  a t a

M e th o d s

L a  t.  n

, X ' ' " g y  S u p p lie d .

o f S p e c ific  
h e a t in g  a  m a t e ria l t h r o u g h  a  c h a n g e  in  p h a s e  a n d  c o m p a r in g  it t o  t h e  e le c tr ic a ı

D e te rm in a tio n  T h e  m a in  p rin c ip le s  o f  d e te r m in in g  s p e c if ic  la te n t h e a t b y  e le c t ric a l m e t h o d s  in v o lv e
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c o ııe c te d  in  tim e  t 
m

m a s s  o f  liq u id

tim e

p o te n tia l d iffe re n c e  
V

c u rre n t I

M e a s u re m e n ts  T a k e n

fla s k  is  s te a d y .

liq u id  in  th e  c o lle c tin g

ra te  o f c o n d e n s a tio n  o f

d e te rm in e d  o n c e  th e

*  T h is  c a n

v a p o ris a tio n  is  s te a d y .

ta k e n  o n c e  th e  ra te  o f

 M e a s u r e m e n t s  a r e �

c u rre n t .

e n s u re  a  s te a d y  h e a te r

 A  r h e o s t a t  i s u s e d  t o �

1 1

V

'
.

N e w  e ıe c tric a l e n e rg y  s u p p lie d - n e w  a m t  o f la te n t h e a t +  s a m e  H E A T  L O S S

F u rth e r C a lc u la tlo æ

m

p o te  

! 
v

@ æm ııı

N e w  M e a s u re m e n ts= @ o u s  m e a s u rrrrr e mm e n ttttts

s a m e  a n d  th e  h e a tin g  tim e  is  a ıs o  th e  s a m e  a s  b e fo re .

e x p e rim e n t , t h e  h e a t ıo s s  is  th e  s a m e  s in c e  th e  b o ilin g  p o in t o f th e  ıiq u id  is  th e

w ith  a  d iffe r e n t v a p o r is a tio n  r a t e  b y  a d ju s tin g  th e  h e a tin g  p o w e r .  In  th e  re p e a t

tim e .  T h is  m e a n s  th a t in  o rd e r to  e lim in a te  H , t h e  e x p e r im e n t h a s  t o  b e  r e p e a te d

H e a t lo s s  H  d e p e n d s  o n  th e  e x c e s s  te m p e ra tu re  o f th e  b o ilin g  ıiq u id  a n d  th e  h e a tin g

IV  × t  ·  m ı
,  

+  H

æ le đrić ä ı e n e rg y  s u p p ıie d  a m t o ĺ  l i t ė h t  h e a t +  H E A T

B y th e  p ń n c ip le  o f c o n s e rv a tio n  o f  e n e rg y

c a ıc u ıa tio n s

回

国

h

n s e r 

h  
b e

to  e s c a p e

ıe s  fo r v a p o u r

lo w  v o lta g e  d .  c .

t a l  s e t -

w

v a p o u r ru n s  d o w n  th e  tu b e  in to  a  c o lle c tin g  fıa s k .

C o n d e n s a tio n  ta k e s  p la c e  o n  th e  o u te r w a ll a n d  in  th e  c o n d e n s e r .  T h e  c o n d e n s e d

v a p o u r th e n  p a s s e s  th ro u g h  h o le s  in  th e  n e c k  o f th e  in n e r fla s k  in to  th e  o u te r fla s k .

T h e  ıiq u id  in  th e  in n e r fla s k  is  h e a te d  e le c tric a ııy  s o  th a t it b o ils  a t a  s te a d y  ra te .  T h e

»o r iz a t io r

0

a t e n t h e a

v a p

L a
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ç  
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L
1 Ų ţ '

1
"
1 

\h  þr  ; .  ° r  r . "
.  r  Ē t .  【,  \ k  in a J þ  · ł r )

T h e  s p e c ific  h e a t c a p a c ity  o f w a te r is  4 2 0 0 1  k g

-
'

K
-

1

.

s te a m .

A s s u m in g  th a t th e re  w e re  n o  h e a t lo s s e s
, d e te rm in e  th e  s p e c ific  la te n t h e a t o f

o f w a te r w e re  b e in g  e v a p o ra te d  e v e ry  m in u te  in  th e  b o ile r ,

tim e .  A ll th e  s te a m  is  p ro d u c e d  a t 1 0 0  
°

C  a n d  is  t o t a ll
y  c o n d e n s e d  in t o  w a t e r .  16  g

th e  s a m e  in itia l te m p e ra tu re
, th e  s a m e  te m p e ra tu re  ris e  is  o b ta in e d  in  th e  s a m e

A lte rn a tiv e ly , 
b y p a s s in g  s te a m  fr o m  a  b o ile r in to  th e  s a m e  in itia l m a s s  o f w a te r a t

» o m  ro o m  te m p e ra tu re  to  8 0  
° 

C .

A  6 8 o  w  e ıe c tric  h e a te r is  u s e d  to  ra is e  th e  te m p e ra tu re  o f a  c e rta in  m a s s  o f w a te r
E x a m p le  4

e .  m

j u f  M w  L b ilu  1 x w
Į 

t
ĺ

lĐ  
<

'

\ \  \ ū
J

J

\ ; tk .  D b  \ r L.  ť \L ļ f.  f
' a o o ĵ

- t o o l L Đ o J

Ł \ o o r

ġ r  n ó T

h
l

T h  \ l F t ) tTg)fmm \
k h oJ u  iıUL R L ţ o r o łF  l.  1tntrdun łf .  D u r a ķ t m t

s p e c ific  ıa te n t h e a t o f v a p o rlz a tio n  o f w a te r -
2 .  0  × 1 0

8  
J  k g

-
'

)

(S p e c ific  h e a t c a p a c ity  o f w a te r -
4 2 0 0 1  k g

'
K

-
'

a n d

(b ) s ta rtin g  fro m  2 0  
°
C , w h a t m a s s  o f w a te r is  b o ile d  a w a y  ın  5 .  0  m in ?

(a ) h o w  lo n g  w ilı It ta k e  to  h e a t th e  w a te r to  ıts  b o iıin g  p o in t7

c a p a c ity  4 0 0 1  K
-

1

.  T h e  In itia l w a te r te m p e ra tu re  ıs  2 0  
°

C .  N e g le c tin g  h e a t lo s s e s ,

E x a m p le  3  A n  e le c tric  h e a te r o f 2 .  0  kw  is  u s e d  to  h e a t 0 .  5 0  kg  o f w a te r in  a  k e ttle  o f h e a t
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T h e  s p e c ific  h e a t c a p a c ity  o f w a te r is  4 2 0 0 1  k g

-
'

K
-

1

.

fu s io n  o f ic e , n e g le c tin g  a n y  h e a t lo s t to  th e  s u rro u n d in g s .

te m p e ra tu re  o f th e  w h o ıe  b e c o m e s  1 0  
° 

C .  C a lc u ıa te  th e  s p e c ific  la te n t h e a t o f

is  4 0  
o

c .  W h e n  a  fu rth e r 8 0  g  o f ic e  h a s  b e e n  a d d e d  a n d  h a s  a ll m e ıte d
, th e

o f ic e  h a s  b e e n  a d d e d  a n d  h a s  a ll m e lte d
, th e  te m p e ra tu re  o f th e  fla s k  a n d  c o n te n ts

ıc e  a t 0  
o

c  is  a d d e d  t o  2 0 0  
g  

o f  w a t e r  in it ia ll
y  a t  7 0  

o
c  in  a  v a c u u m  f la s k .  W h e n  5 0  gE x a m p le  5

Y E A R  5 - 6  P H Y S ıC S  D E P A R T M E N T

R A F F L E S  ıN S T ıT U T IO N



14

2
Egtõ Ë  a  =  

3  

N K T

S in c e  th e  in te rn a l e n e rg y  U  o f a n  id e a ı g a s  is  p u re ıy  k in e tic ,

to ta l E
x  

=  N  × ĝ k T

F o r N  m o le c u le s  : to ta l E x  
=  N x  m  < c  

2 

> =  ĝ N m  < c  
2 

> =  ļ M
g " < c  

2 

>

w h e re  m  is  th e  m a s s  o f o n eF o r o n e  m o le c u le  : <E x  > =  ġ m  < c  
2 

>-

m o le c u ıe

a m o u n t o f g a s  (N  o r n ) a n d  te m p e ra tu re  T  o n ıy .

T h e  in te rn a l e n e rg y  o f a n  id e a l g a s  is  p u re ly  k in e tic  e n e rg y  a n d  is  p ro p o rtio n a ı to  th e

In te rn a l In  a n  id e a ı g a s , t h e  a s s u m p tio n  is  th a t th e re  a re  n o  in te rm o le c u ıa r in te ra c tio n s  (n o

Id e a l G a s  

fo rc e s  b e tw e e n  th e  m o le c u le s ) .  H e n c e  a n  id e a l g a s  h a s  n e g lig ib le  p o te n fia ı e n e rg y .

th e  g ra v ita tio n a l p o te n tia t e n e rg y  o f th e  tra in  a s  it g o e s  u p h ill.

d o e s  n o t in c lu d e  its  k in e tic  e n e rg y  d u e  to  th e  n e t tra n s la tio n a l m o tio n  o f th e  tra in  o r

■国电画自自■ E .  g .  F o r a  c y lin d e r o f liq u e fie d  o x y g e n  in  a  tra in , th e  i n t e r n a l  e n e rg y  o f th e  o x y g e n

A  N \ 
w h o ıe  s y s te m .

N o T E  
internal e n e rg y  d o  n o t in c lu d e  th o s e  d u e  to  th e  b u lk  m o v e m e n t

_

o r
.  p o s ū ío n  o f th e

T h e  k in e tic  a n d  p o te n tia ı e n e rg ie s  o f th e  m o le c u le s  in  th e  s y s te m  th a t m a k e  u p  th e

T e m p e ra t u r e  m o le c u le s , w h ic h  in  tu m  im p lie s  a n  in c re a s e  in  th e  in te rn a ı e n e rg y  o f  th e  s y s te m .

A  ris e  in  te m p e ra tu re  im p lie s  a n  in c re a s e  in  th e  a v e ra g e  k in e tic  e n e rg y  o f th e

æ iiiäś íiá v e .  īlfe  ï i * t ė n t i á ıi i  Ë iĦ , fo llo w e d  b y  liq u id s  a n d  th e n  g a s e s .

@ p h a s e  c h a n g e s  fro m  s g d s  to  lia u id s  a n d  liq u id s  to  g a s e s , it c a n  b e  d e d u c e d  th a t

S in c e  e n e rg y  is  re q u ire d  to  b re a k  th e  in te ra to m ic  o r in te rm o le c u la r b o n d s  in  o rd e r

E n e r g y  in t e r a c t io n s  b e tw e e n  th e m  

e  to  th e

T h e re  m a y  b e  a ttra c tiv e  a n d  re p u ls iv e  fo rc e s  (in te m o le c u ïa r in te ra c tio n s ) b e tw e e n

h ig h e r th e  te m p e ra tu re .

k in e tic  e n e rg y  o f th e  m o le c u le s  o f a  s y s te m .  T h e  fa s te r th e  m o le c u le s  m o v e , t h c

T e m p e ra tu re , w h ic h  is  a  m a c ro s c o p ic  c o n c e p t, is  a c tu a lly  a  m e a s u re  o f th e  a v e ra g e

h a v e  k in e tic  e n e rg y .

M o le c u le s  a re  in  c o n s ta n t m o t io n  (tra n s la tio n , r o ta tio n  a n d  v ib ra tio n ) a n d  h e n c e

E n e rg y

K in e tıc

v ib ra tio n a l) a n d  p o te n tia l e n e rg ie s  o f th e  m o ıe c u le s  o f th e  s y s te m .

e x p re s s e d  a s  th e  s u m  o f th e  m ic ro s c o p ic  k in e tic  (tra n s ıa tio n a l, r o t a t io n a l a n d

T h e  in te rn a l e n e rg y  o f a  s y s te m  is  d e te rm in e d  b y  th e  s ta te  o f th e  s y s te m .  It c a n  b e

9 .  2  ın te r n a l E n e y
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1 5

· G . \飞人\Đ
ー U  Ī (飞ır

)

: 

ţ LT

q) t{H t \ c Į M tj* * ï ın M  \ t e lJ t  \ r o

2 5 °C .

(b » H e n c e , c a lc u la te  th e  in te rn a l e n e rg y  o f o n e  m o le  o f th e  a ir a t a  te m p e ra tu re  o f

6 .  17 × 1 0
-

2 1  

1 .

(a ) S h o w  th a t th e  k in e tic  e n e rg y  o f a  m o le c u le  o f a ir a t a  te m p e ra tu re  o f 2 5  
°
C  is

 团殂四 国  As s u m i ng  tha t  ai r be h a v e s  as  an  ide a l  ga s , �

2

3  

2

3

(S e e  A p p e n d ix  fo r a  b rie f d is c u s s io n ) .

v ib ra tio n a l m o tio n , o n  to p  o f th e  tra n s ıa tio n a l k in e tic  e n e rg y .

(d u e  to  th e  b o n d s  b e tw e e n  th e  a to m s ) a s  w e ıı a s  ro ta tio n a l a n d

o  T h is  is  b e c a u s e  th e  m o le c u le s  n o w  h a v e  m ic ro s c o p ic  p o te n tia l e n e rg y

T h e  fa c to r o f - d o e s  n o t a p p ly

F o r ĺ i i a t m o ıe c u l e s ,

e n e r g y .

F o r th is  re a s o n ,
- k T  is  s o m e tim e s  re fe rre d  to  a s  th e  m e a n  tra n s la tio n a l k in e tic

S u c h  a to m s  p e rfo rm  tra n s la tio n a ı m o tio n  o n ly .

T h e  fa c to r o f 
3  

a p p lie s  o n ıy  t c m m m  &  a s e s , i.  e .  G a s e s  o f s in g ıe  a to m s .

回

国

T h is  is  n o t th e  s a m e  a s  g(p ,
- p ,) ( - v y

T h is  is  w h y  th e  ıa s t p e rm u ta tio n  o f th e  fo rm u la  fo r th e  c h a n g e  in  in te rn a l e n e rg y

A U

 O n ı y a  c h a n g e  ļ n p or  Vw h i ch  res u l ts in a ch a n g e  in T  wi ll res ı Jlt i n a  c h a n g e  i n�

A U  is  s o le ly  d e p e n d e n t o n  th e rm o d y n a m ic  te m p e ra tu re  T

2 2  2
么u = 一 N K & ı = 一 n n ヘ ı = ニヘ

w
v

)

3 3 3

c h a n g e  in  in te rn a l e n e rg y  A U .

(p , V  7).  H e n c e  a n y  c h a n g e s  in  s ta te  (a n d /o r a m o u n t o f s u b s ta n c e ) w ill re s u lt in  a

A s  m e n tio n e d  e a rıle r , fo r a  fix e d  a m o u n t o f s u b s ta n c e , U  ls  d e te rm in e d  b y  its  s ta te

2 2  2
リ = - ıV K ı = 一 n H ı = 一 p v

3  3  3

F ro m  th e  id e a l g a s  e q u a tio n ,
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re s u lts  in  a  c h a n g e  in  v o lu m e  d v .  A d x

a g a in s t th e  e x te rn a l p re s s u re  p  i5  k n o w n  a s  p o s it iv e  w o r k  d o n e  b ı t h e  g a s .  T h is

T h e  w o r k  d o n e  b y  th is  fo rc e  F  in  d is p la c in g  th e  p is to n  th ro u g h  a  s m a ll d ĺs ta n c e  r

\  
p is to n

l
i ļ

c y lin d e r 

H

W  t§gąs  to  m o v e  th e  p is to n  a g a in s t th e  e x te rn a ı p re s s u re  p .

W  in  c o n ta c t w ith  th e  g a s .  W h e n  th e  g a s  e x p a n d s , ą  fo rç e  F  iş  a p p lį e d  o n  th e  p is to n

W o r k  D o n e  C o n s id e r a  s y s te m  o f g a s  in  a  c y lin d e r w ith  a  fric tio n le s s , m o v a b le  p is to n  o f a re a  A

te m p e ra tu re  d iffe re n c e  b e tw e e n  th e  s y s te m  a n d  its  s u rro u n d in g s .

H e a t Q  H e a t is  d e fin e d  a s  th e  tra n s fe r o f e n e rg y  a c ro s s  th e  b o u n d a ry  o f a  s y s te m  d u e  to  a

(C o m p re s s io n ) I (E x p a s io n )

W  
W o rk  d o n e  o n  th e  s y s te m  I W o rk  d o n e  b y

s y s te m  
H e a t ıo s s  b y  th e  s y s te m

H e a t a b s o r b e d  b y  th e  

旧匡 e c r e a s e  in  in te rn a ı e n e rg y
ıric re a s e  in  in te rn a l e n e rg y  

上 N e g a tiv e  (
- )

th e  o p p o s ite  o f h o w  it w a s  d e fin e d  in  th e  F irs t L a w .

H e n c e  if a n y  o f th e  q u a n titie s  a re  c a lc u la te d  o r d e fin e d  a s  n e g a tiv e , it ju s t m e a rls

T h e  F irs t L a w  fo llo w s  th e  c o n v e n tio n  a s  s ta te d  b y  its  d e fin itio n .

S ig n  onventions

B ae q u a tio n  fo rm

m a th e m a tic a l

in te rn a t e n e rg y  o f th e  s y s te m  

=  

th e  s y s te m  

+  

th e  s y s te m

to n n .  

IN C R E A S E  in  h e a t S U P P L ıE D  T O  w o rk  d o n e  O N

w o ld  e q u a tio n

th e  s y s te m ,  a n d th e  in te rn a l e n e rg y  o f a  s y s te m  d e p e n d s  o n ıy  o n  ıts  s ta te .

s y s te m  is  e q u a l to  th e  s u m  o f th e  h e a t e u p p lie d  to  th e  s y s te m  a n d  th e  w o rk  d o n e  m

T h e  F ir s t L a w  o f  T h e rm o d y n a m ıc s  s ta te s  th a t į n c  E  a .  æ  in  th e  In te rn a l e n e rg y  o f a

9 .  3 a w  o f T h e r m o d y n a m ic s
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1 7

re ıa tio n s h ip  b e ıw e e n  p re s s u re  a n d  v o lu m e  (i.  e .  Th e  p
- V  g ra p h ) .

F a r  M e  A 4 e v e ıs .  v l e  w ūı c o n c e n tra te  o n ıy  o n  g ra p h ic a l re p re s e n ta tio n s  o f th e

- S

H  ţ t ţ ļ Ę .  e A  
L E p t .  Tk t

l
s t e .

ic h  I o n t r a c t s  o n  m e ltın g  S o lıd  w h ic h  e x p a n d s  o n  m e ltın g

T
°" " i"

7

q u a n titie s  M r e a c h  o f th e  tw o  ty p e s  o f s o lid s  w h e n  th e  s o lid s  m e lt a t

\a b ıe  M th  th e  s y m b o ıs  +  o r - to  in d ic a te  th e  s ig n s  o f th e  th e rm o d y n a m ic

N  S m w e  s o ıiđs  c o n tra c t a n d  s o rn e  s o lid s  e x p a n d  w h e n  th e y  m e lt.  C o m p le te  th e

m  t i f y  e a c h  o f th e  te rm s  in  th ıs  e q u a tĺo n .

T h e lm  \a w  ţ  th e m n o d y n a m ĺc s  m a y  b e  e x p re s s e d  In  te rm s  o f th e  e q u a tıo nE x w  T

Į d w - - ıp d v  W . - J p d v

u n ia e ľ  \ h e  \  eb u re - v o ıu m e  (p
.  y ) g ra p h ,

f a M k e  M a n g e  ıh  v o ıu m e  fro m  v ï to  V n  w o r k  d o n e  g n  t h e  g a ı le  s im p ly  th e

·

= -

P  d v

- - (p A ) d x - - p (A  d x )

m M t ļ e m  d w   ·  - F d x
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 W ö r k  d o n e  W ,  o n  t he  ot he r  ha n d ,  l§! h g e æn g e �

ta k e n .

 I n t e r n a l  e n e r g
y  U

i s d e p e n d e n t  o n  st a t e  a n d  nt  of  the  Da t h/ D@ c e s s �

In  s u m m a ry ,

It is  o b v io u s  fro m  th e  a re a s  s h a d e d  th a t Iw .  
<  IW .  1 <  ıW c l !

W o rk  d o n e  W -
a r e a  u n d e r  t h e  

p
- V  g ra p h

.  

· 

.  A U  =  U
2

- U
,

- t h e  s a m e  fo r a lı th re e  p ro c e s s e s !

 F o r  a l l t h r e e  p r o c e s s e s ,  t he  ga s  ch a n g e s  from  st at e 1 to st at e 2. �

w h ic h  tra n s ıa te s  to  a  c o o rd in a te  o r p o s itio n  o n  th e  p
- V  g ra p h .

F o r a  fix e d  m a s s  o f g a s , internal e n e rg y  U  is  d e te rm in e d  b y  s ta te  (i.  e .  p , 
V

,  
T),

, 

5
g ra p h  

in fo rm a tio n

fro m  a  P
- V  

th e  p v  g ra p h  g iv e s  u s  th e  fo llo w in g

ın f o rm a tio n  p  F o r a  p ro c e s s  fro m  s ta te  A  to  B ,



1 9

o c c u r

s y s te m  (n e g a tiv e ) fo r th is  p ro c e s s  to

Q  h a s  to  b e  tra n s fe rre d  O U T  o f th e

+  W d o n e  O N  th e  s y s te m  is  p o s itiv e

+  W o rk  is  d o n e  9 a  th e  s y s te m

V d e c re a s e s  fro m  to

0  V

a k e s  p ıa c e  w ith o u t a  c h a n q e  in

o c c u r

s y s te m  (p o s itiv e ) fo r  th is  p ro c e s s  to

Q  h a s  to  b e  tra n s fe rre d  T O  th e

n e g a tiv e

+  W d o n e  O N  th e  ıy s te m  ıs

+  W o rk  ıs  d o n e  b t the  s y s te m

V in c re a s e s fro m  to

0  
ı 

V A  Ve  v

P B

P A

O  =  Q + W

A U  =  Q  +  W

th e rm o d y n a m ic s

A p pıy in g  th e  firs t la w  o f

H e n c e , ţ > > Ą > Ą

in c re a s e s , p lo t o f p v  s h ifts  u p w a rd s

A t h ig h e r te m p e ra tu re  r  (n R T )

( · R T )p V  =  R R T  P  =  I

A p p ly in g  th e  id e a ı g a s  e q u a tio n

h u - O

S in c e  te m p e ra tu re  T  is  c o n s ta n t ,

te m p g ı
.  
A tu rp , 

th e  p ro c e s s  is  k n o w n  a s  a n  is

If th e  c h a n g e  in  th e  p re s s u re  a n d  v o lu m e  tz

(1 ) ıs o t h e rm a l P ro c e s s  ( T is  c o n s ta n t)

P r o c e s s e s  w ith  a  ū e e  m o v in g  p is to n

S p e c ia ı T h e  fo llo w in g  p ro c e s s e s  a re  s  \  c ia l c a s e s  fo r a  fix e d  a m o u n t o f g a s  in  a  c y lin d e r
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s y s te m  (p o s itiv e )

+  H e a t Q  is  tra n s fe rre d  to  th e

e n e rg y  A U  is  p o s itiv e

+  T h e  in c re a s e  ın  In te m a ı

=  
T e m

p e r a t u r e  w i lı i n c r e a s e

If p  In c re a s e s  (fro m  
p o  to  p a )

th e  s y s te m  (n e g a tiv e )

+  H e a t Q  l5  tra n s fe rre d  o u l o f

e n e rg y  Ą U  is  n e g a tiv e

+  T h e  in c re a s e  in  in te rn a l

ı T e m p e ra tu re  w ill d e c re a s e

ıf p  d e c re a s e s  (fro m  p A  
t o  p e )

A U - Q  +  O  a u  =  Q

A U  =  Q  +  W

 A p p l yi
ng

 t h e  f i rs t  l aw  o f  th e r m o d y n a m i cs �

 s i nc e  v  is c o n s t a n t ,  w  = o. �

a s  a n  is o v o lu m e tric  o r is o c h o ric  c h a n g e .

If th e  c h a n g e  in  p re s s u re  o c c u rs  w iĮ h o u t a  c h a n g e  in  v o lu m e , th e  p ro c e s s  is  k n o w n

(3 ) ls o v o lu m e tric /ls o c h o rlc  P ro c e s s  ( V  is  c o n s ta n t)

s y s te m  (n e g a tiv e ) .

+  H e a t Q  is  tra n s fe rre d  o u t o f th e

n e g a tiv ę

+  ın c re a s e  in  in te m a ı e n e rg y  A U  is

ı 
T e m

p
e r a t u r e  d e c r e a s e s

=  
W o r k  d o n e  O N  t h e  s y s te m  is  Ķ

 V
d e c r e a s e s  f r o m  t o  V A

�

s y s te m  (p o s itiv e ) .

+  H e a t Q  is  tra n s fe iT e d  to  th e

In c re a s e  in  in t e r n a l e n e rg y  A U  is

■ 
T e m

p e r a t u r e  i n c r e a s e s

ņ e g a ļ į

ı 
W o r k  d o n e  O N  t h e  s ys te m  is

 V
i nc r ea s e s  from  t o�

P  

P

O  V A  V B  V

ıs o b a ric  a n s i o n  ls o b a ric  C o m p re s s io n

 w o r k  d o n e  o n  a  ga m . - J  p dv " p  d v  40 8 8 ı�

n o w  a  re c ta n g le  a n d  th e  m a g n itu d e  o f th e  w o rk  d o n e  is  th u s  p A V .

If th e  v o lu m e  c h a n g e  o c c u rs  a t c o n s ta n t p re s s m  th e  a re a  u n d e r th e  p
- V  g ra p h  is

(2 ) ls o b a r ic  P ro c e s s  (p  is  c o n s ta n t)



2 1

l»o s itiv e

ngative +  ın c re a s e  in  in te rn a l e n e rg y  A U  is

+  In c re a s e  in  in te rn a l e n e rg y  A U  is   
· 

T i n c r e a s e s  f r o m  t o

 T
d e c r e a s e s  from  \  to  ·

 P

 i
nc r e a s e s  * o m  p e  t

o  p
A �

 p

 de c r ea s e s  from  p a  t o P
a �

p o s itiv e

+  W o rk  d o n e  O N  th e  s y s te m  ıs  +  W o rk  d o n e  O N  th e  s y s te m  is

 V
i nc r ea s e s  from  t o  ·  V d e c r ea s e s  from  t o�

=  
A L L  v a lu e s  o f  

p ,  V  T  c h a n g e s !

Ą
p V - n R T  .

A p p ly in g  th e  id e a ı g a s  e q u a tio n

o  W o rk  is  d o n e  a t th e  e x p e n s e  o f th e  in te rn a ı e n e rg y  o f th e  s y s te m .

c h a n g e  in  p re s s u re

o  A  c h a n g e  in  v o lu m e  re s u lts  in  a  c h a n g e  in  te m p e ra tu re  a ıo n g  w ith  a

A U  =  W

A U  =  O  +  W

A U - Q  +  W

回

国

 A p p ı
y
i ng  t h e  f i rs t  l aw  o f  th e r m o d y n a m i cs �

 N o t e  t h a t  A U # O �

 N o  h e a t  tr a n s f e r  m e a n s  Q  = 0. �

w ith  th e  s u rro u n d in g s

(b ) th e  c h a n g e  in  p re s s u re  a n d  v o lu m e  o c c u rs  fa s te r th a n  th e  e x c h a n g e  o f h e a t

(a ) th e  s y s te m  is  in s u ıa te d  ; o r

b e  a c h ie v e d  in  th e  fo lıo w in g  c a s e s

fro m  th e  s y s te m ,  th e  p ro c e s s  is  k n o w n  a s  a n  a d ia b a tic  c h a n g e .  S u c h  a  c h a n g e  c a n

W h e n  th e  c h a n g e  in  p re s s u re  a n d  v o lu m e  o c c u rs  w ith  m  m  ıi e d  to  o r ıo s t

(4 ) A d ia b a tic  P r o c e s s  (n o  h e a t tra n s fe r , Q  =  O )

Y E A R  5 -
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(a )

(b ) S ta te  a n d  e x p la in  w h ic h  s y s te m  h a s  m o re  in te rn a l e n e rg y  a t th e  e n d .

(a ) S k e tc h  th e  p ro c e s s e s  d e s c rib e d  o n  a  p
- V  g ra p h ,

s a m e  s ta te , c h a ra c te ris e d  b y  th e  s a m e  p re s s u re , v o lu m e  a n d  te m p e ra tu re .

D  to  p re s s u re  p 2 , v o lu m e  V a , a n d  te m p e ra tu re  T a .  S o  th e  tw o  s y s te m s  e n d  u p  a t th e

p 3 , v o lu m e  V a , a n d te m p e ra tu re  T ı.  ıt is  th e n  h e a te d  a t c o n s ta n t v o lu m e  b y  p ro c e s s

A n  id e n tic a l s y s te m  u n d e rg o e s  a n  is o th e rm a l e x p a n s io n  b y  p ro c e s s  C  to  p re s s u re

to  p re s s u re  p 2 , v o lu m e  V 3 , a n d te m p e ra tu re  T a  ·

te m p e ra tu re  T z .  It th e n  u n d e rg o e s  a n  e x p a n s io n  b y  p ro c e s s  B  a t c o n s ta n t p re s s u re

p ro c e s s  A  b y  b e in g  h e a te d  a t c o n s ta n t v o ıu m e  to  p re s s u re  p z , v o lu m e  V r , a n d

A  s y s te m  o f g a s  w ith  p re s s u re  p ı, v o lu m e  V r , a n d te m p e ra tu re  T 1 u n d e rg o e s
E x a m p ıe  8

s y s te m .  T h e re  is  n e t h e a t ıo s t fro m  th e  s y s te m .

F o r th is  c y c le  o f p ro c e s s e s  to  o c c u r , h e a t h a s  to  b e  tra n s fe rre d  o u t o f th e

O - Q + W  Q  = - W

A U  ·  Q  +  W

■ 
A

p p lyin g  th e  firs t la w  o f  th e rm o d y n a m ic s

e n c ıo s e d  b y  th e  c y c le l) is  p o s itiv e .  i.  e . .

'

,  W  is  p o s itiv e

+  S in c e  lw .  c D  1 <  lw _ I, t h e  n e t w o rk  d o n e  o n  th e  s y s te m  (w h ic h  is  th e  a re a

p o s itiv e

: .  W
o E A  (o n  th e  s y s te m ) is

+  D  E  A
, c o m p re s s io n  o c c u rs

n e g a tiv e

.  .  W
.  c D  (o n  th e  s y s te m ) is

+  B  4  C  4  D
, e x p a n s io n  o c c u rs

+  A  4  B  : is o v o lu m e tric  p ro c e s s ,

T o ta l w o rk  d o n e  W # O

T h e  s y s te m  s ta rts  a n d  e n d s  a t A

(i.  e .  Fro m A + B  4  C + D + E A  ).

¡n itia l s ta te

o f p ro c e s s e s  a n d  e n d s  u p  a t th e  s a m e

w h e re  th e  s y s te m  g o e s  th ro u g h  a  c y c le

A  c y c lic  p ro c e s s  is  s h o w n  o n  th e  rig h t ,

a n d  e n d s  b a c k  a t its  b e g in n in g  s ta te .

A  c y c ıic  p ro c e s s  is  o n e  b y  w h ic h  th e  s y s te m  g o e s  th ro u g h  a  s e r ie s  o f p ro c e s s e s

(5 ) C y c ıic  P r o c e s s



p  / 

3

2 3

q W  Ļ T

b ų Q  1W

C to A
-

! t

- 1 
°

B  to  C

A to B  t

P ro c e s s  Q  W  U

a re  re q u ire d .

w ith  e a c h  p ro c e s s .  N o  c a lc u la tio n s

s ig n s  o f Q , 
W , 

a n d  U  a s s o c ia te d

T h e rm o d y n a m ic s , d e te rm in e  th e

C A , u s in g  th e  F irs t L a w  o f

a n d  Å U  is  n e g a tiv e  fo r th e  p ro c e s s

(d ) ıf Q  is  n e g a tiv e  fo r th e  p ro c e s s  B C

th e  g a s  d u rin g  o n e  c o m p le te  c y c ıe ?

(c ) W h a t is  th e  n e t h e a t tra n s fe rre d  to

c o m p le te  c y c le ?

e n e rg y  o f th e  g a s  d u rin g  o n e
(b ) W h a t is  th e  c h a n g e  in  th e  in te rn a ı

g a s  a n d  w h a t is  its  v a lu e ?

(a ) ıs  th e re  n e t w o rk  d o n e  o n  o r b y  th e

【e  9  A  g a s  is  ta k e n  th ro u g h  tń e  c y c ıic  p ro c e s s  d e s c rib e d  in  th e  g ra p h  b e lo w .
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-

1 .  \ łl  ĶJ

1 .  2

>  V / m
3

0 .  0 9 0  0 .  2 0  0 .  4 0

T U

小

p  / a tm

(1 a tm -
1 .  0 1 3  × 1 0

5  
p a )

is  is o b a ric  w ith  1 5 0  k J  o f e n e rg y  le a v in g  th e  s y s te m .

e n e rg y  e n te rin g  th e  s y s te m .  f ro m  C  to  d , t h e  
p

r o c e s s  ls  is o t h e r m a l ; fro m  d  to  a
, 
it

F ro m  A  to  B , t h e  p ro c e s s  is  a d ia b a tic ; fro m  B  to  C  it is  is o b a ric  w ith  1 0 0  k J  o f

A  s a m p le  o f a n  id e a l g a s  g o e s  th ro u g h  th e  p ro c e s s e s  s h o w n  in  th e  fig u re  b e lo w .

E x a m p le  1 0
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