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UNIT : 1 1  THERMAL
TRANSFORMATIONS

Top i c  :  11 .1  KINETIC  MOLECULAR THEORY (KMT)

1. Kinetic Molecular Theory (KMT) – Key Points

 

Particle Nature: All matter consists of tiny particles (atoms/molecules) in constant
motion.
Intermolecular Forces: Attraction decreases as distance increases (strong in solids,
moderate in liquids, negligible in gases).
Temperature & Energy: Temperature ∝ average kinetic energy; heating speeds up
particles, cooling slows them.
Macroscopic Effects: Particle collisions cause gas pressure; increased motion on
heating produces expansion.
All matter is composed of extremely small particles (atoms or molecules) that are in
continuous, motion. These particles attract one another with forces whose strength
decreases rapidly as the distance between them increases. As you raise the
temperature of a substance, you increase the average kinetic energy of its particles;
as you cool it, you remove kinetic energy. This interplay between motion and
attraction underlies every change of state

STATES OF MATTER

SOLIDS 

1. Particles in solids are closely packed in
a regular pattern due to low kinetic
energy.

2.At low temperatures, particles vibrate
about fixed positions but do not have
enough energy to move freely.

3.Solids have a definite shape and volume
because intermolecular forces are
strong at lower temperatures.

4.When a solid is heated, its particles
gain energy and start vibrating faster.

5.Upon reaching a certain temperature
(melting point), the solid turns into a
liquid.

LIQUID 

1. In liquids, particles have more kinetic energy than in solids, allowing them to move
past each other.

2.At moderate temperatures, the intermolecular forces are weaker than in solids,
but still strong enough to keep the particles close.
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3.Liquids have a definite volume but take the shape of their container due to
the ability of particles to flow.

4.When the temperature increases, particle movement increases, reducing the
effect of intermolecular forces.

5.On reaching the boiling point, the liquid changes into a gas through the
process of vaporization.

GAS

1.Gaseous particles have high kinetic energy due to high temperatures.
2.They are far apart and move rapidly in all directions, overcoming almost all

intermolecular forces.
3.Gases have neither a definite shape nor a definite volume; they expand to fill

their container.
4.When gases are cooled, their particles lose energy, move slower, and come

closer.
5.On reaching the condensation point, gases condense into liquids, and further

cooling can turn liquids into solids (freezing point
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The Core Theory

1.Composition: All matter is made of tiny particles (atoms or molecules).
2.Motion: These particles are in constant, random motion.
3.Energy: Particles possess Kinetic Energy (KE) because of their motion.
4.Intermolecular Forces (IMF): There are forces of attraction between particles.
5.Temperature: The average KE of particles is directly proportional to the absolute

temperature.
Categorizing Factor

The factor that categorizes matter into three states is the difference Kinetic Energy and
Intermolecular Forces.

The Three States of Matter

1. Solids

1.IMF: Extremely strong; particles are locked in a fixed lattice.
2.Density: High (particles are closely packed).
3.Volume: Fixed/Definite.
4.Velocity: Very low; particles only vibrate about their fixed positions.
5.Action upon Heating: Particles vibrate more violently until the lattice breaks (Melting).

2. Liquids

1.IMF: Moderate; enough to keep particles together but allows them to slide past each
other.

2.Density: Relatively high (slightly less than solids).
3.Volume: Fixed, but takes the shape of the container.
4.Velocity: Moderate; random motion within the bulk of the liquid.

 
3. Gases

1.IMF: Negligible/Very weak.
2.Density: Very low.
3.Volume: Indefinite (fills any available space)
4.Velocity: Very high; rapid, random, straight-line motion.
5.Action upon Heating: Pressure increases (if volume is fixed) or volume increases

drastically.”

PARTICLE ARRANGEMENT IN

PHASES OF MATTER

Solid

Image Description: Particles are
packed tightly together in a
fixed arrangement.
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Liquid

Image Description: Particles are close together with no distinct arrangement. The
particles can slide on each other.
Gas

Image Description: Particles are free-floating with no distinct arrangement.
Comparison Table and diagram

11 .1 .1  CHANGES OF STATES OF MATTER 

FREEZING

1 . A t t r a c t i v e  f o r c e s  a m o n g  p a r t i c l e s  u s u a l l y  d e c r e a s e  w i t h  i n c r e a s i n g
t e m p e r a t u r e .

2 . T e m p e r a t u r e  a f f e c t s  t h e  a t t r a c t i v e  f o r c e s  b e t w e e n  p a r t i c l e s .
3 . P r e s s u r e  a l s o  a f f e c t s  p h a s e  c h a n g e s  b y  c h a n g i n g  p a r t i c l e  s p a c i n g .
4 . I n c r e a s i n g  p r e s s u r e  b r i n g s  p a r t i c l e s  o f  s o l i d s  a n d  g a s e s  c l o s e r ;

d e c r e a s i n g  p r e s s u r e  s e p a r a t e s  t h e m .
5 . F r e e z i n g  i s  t h e  p r o c e s s  w h e r e  a  l i q u i d  c h a n g e s  i n t o  a  s o l i d .
6 . W h e n  a  l i q u i d  i s  p l a c e d  i n  a  c o l d e r  s u r r o u n d i n g ,  i t  l o s e s  h e a t ,

p a r t i c l e s  c o m e  c l o s e r ,  a n d  i t  b e c o m e s  s o l i d  a t  t h e  f r e e z i n g  p o i n t .
7 . Examp l e :  W a t e r  f r e e z e s  i n t o  i c e  a t  0 ° C ,  t h e  f r e e z i n g  p o i n t  o f  w a t e r .
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MELTING

1 . M e l t i n g  i s  w h e n  a  s o l i d  c h a n g e s  i n t o  a  l i q u i d .
2 . A  s o l i d  a b s o r b s  h e a t  w h e n  p l a c e d  i n  a  w a r m e r  s u r r o u n d i n g .
3 . A t  t h e  m e l t i n g  p o i n t ,  p a r t i c l e s  g a i n  e n o u g h  e n e r g y  t o  o v e r c o m e

b o n d i n g  f o r c e s .
4 . P a r t i c l e s  s t a r t  t o  m o v e  f r e e l y ,  a n d  t h e  s o l i d  m e l t s  i n t o  a  l i q u i d .
5 . Examp l e :  I c e  m e l t s  a t  0 ° C  i n  w a r m  s u r r o u n d i n g s .
6 . T h e  m e l t i n g  p o i n t  a n d  f r e e z i n g  p o i n t  a r e  t h e  s a m e  t e m p e r a t u r e .

VAPORIZATION

1 . V a p o r i z a t i o n  i s  t h e  p r o c e s s  o f  c o n v e r t i n g  a  l i q u i d  i n t o  g a s  ( v a p o r ) .
2 . W h e n  a  l i q u i d  i s  h e a t e d ,  i t s  p a r t i c l e s  g a i n  k i n e t i c  e n e r g y .
3 . O n  c o n t i n u o u s  h e a t i n g ,  k i n e t i c  e n e r g y  b e c o m e s  h i g h  e n o u g h  t o

o v e r c o m e  a t t r a c t i v e  f o r c e s .
4 . P a r t i c l e s  e s c a p e  t h e  l i q u i d  a n d  b e c o m e  g a s .
5 . T h i s  h a p p e n s  a t  a  s p e c i f i c  t e m p e r a t u r e  c a l l e d  t h e  b o i l i n g  p o i n t .
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CONDENSATION

1 . C o n d e n s a t i o n  i s  w h e n  g a s  ( v a p o r )  c o o l s  d o w n  a n d  c h a n g e s  b a c k  i n t o
l i q u i d .  T h i s  h a p p e n s  w h e n  w a r m ,  m o i s t  a i r  t o u c h e s  a  c o o l e r
s u r f a c e .

2 . W a r m  a i r  c a n  h o l d  m o r e  m o i s t u r e  t h a n  c o l d  a i r .  W h e n  a i r  c o o l s ,  i t
c a n n o t  h o l d  a s  m u c h  m o i s t u r e ,  s o  v a p o r  t u r n s  i n t o  w a t e r  d r o p l e t s .

3 . E x a m p l e s  o f  c o n d e n s a t i o n :
4 . D e w  d r o p s  f o r m  o n  g r a s s  a t  n i g h t  w h e n  c o o l  a i r  c o o l s  t h e  g r o u n d

a n d  c a u s e s  v a p o r  t o  c o n d e n s e .
5 . C a r  w i n d s c r e e n s  f o g  u p  w h e n  w a r m ,  m o i s t  a i r  t o u c h e s  t h e  c o l d

g l a s s  a n d  w a t e r  v a p o r  c o n d e n s e s .
6 . B a t h r o o m  m i r r o r s  f o g  a f t e r  a  h o t  s h o w e r  d u e  t o  c o n d e n s a t i o n  o f

w a t e r  v a p o r  o n  t h e  c o o l e r  m i r r o r  s u r f a c e .

EVAPORATION

1 . E v a p o r a t i o n  i s  w h e n  a  l i q u i d
c h a n g e s  i n t o  g a s  ( v a p o r )  a t  a n y
t e m p e r a t u r e .  P a r t i c l e s  o n  t h e
s u r f a c e  g a i n  e n e r g y  a n d  e s c a p e
i n t o  t h e  a i r .

2 . E v a p o r a t i o n  i n c r e a s e s  w i t h  h i g h e r
t e m p e r a t u r e ,  a i r f l o w ,  a n d  s u r f a c e
a r e a .

3 . E x a m p l e :  W e t  c l o t h e s  d r y i n g  i n  t h e
s u n .
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Feature Boiling Evaporation

Definition
A rapid phase change from liquid to gas (vapor)
that occurs when the liquid reaches its boiling
point.

A slow, gradual phase change from
liquid to gas that occurs at the
surface of the liquid at any
temperature.

Temperature
Occurs at a specific temperature (the boiling
point), which depends on the surrounding
pressure (e.g., 100°C for water at sea level).

Occurs at any temperature below
the boiling point. The rate increases
as temperature rises.

Location
Takes place throughout the entire volume of the
liquid. Bubbles of vapor form within the liquid
and rise to the surface.

Takes place only at the surface of
the liquid. No bubbles are formed
within the liquid.

Energy Source
Requires a continuous, significant input of
external heat (e.g., from a stove, fire, or heater).

Uses the internal (kinetic) energy of
the liquid molecules. It is driven by
the surrounding temperature and
air movement.

Speed of Process A fast and violent process. A slow and gentle process.

Key Factors
Primarily affected by external pressure
(atmospheric pressure). Lower pressure lowers
the boiling point.

Primarily affected by temperature,
surface area, humidity, and air
movement (wind).

Bubble Formation Yes. Bubbles form inside the liquid. No. There is no bubble formation.

Example Water bubbling vigorously in a kettle.
A puddle of water drying up on a
sunny day.

SUBLIMATION

1 . S o l i d  c h a n g e s  d i r e c t l y  i n t o  g a s
w i t h o u t  p a s s i n g  t h r o u g h  t h e  l i q u i d
p h a s e .

2 . C o m m o n  e x a m p l e :  D r y  i c e  ( s o l i d
c a r b o n  d i o x i d e )  t u r n s  i n t o  c a r b o n
d i o x i d e  g a s  ( s m o k e ) .

3 . D r y  i c e  t e m p e r a t u r e :  − 7 8 . 5 ° C .
4 . W h e n  e x p o s e d  t o  r o o m  t e m p e r a t u r e

a n d  p r e s s u r e ,  i t s  m o l e c u l e s  g a i n
e n o u g h  e n e r g y  t o  o v e r c o m e
a t t r a c t i v e  f o r c e s  a n d  b e c o m e  g a s .

DEPOSITION

1 . G a s  c h a n g e s  d i r e c t l y  i n t o  s o l i d  w i t h o u t  b e c o m i n g  l i q u i d .
2 . I t  i s  t h e  r e v e r s e  p r o c e s s  o f  s u b l i m a t i o n .
3 . Examp l e :  F r o s t  f o r m a t i o n  o n  c o l d  s u r f a c e s  l i k e  l e a v e s  a n d  w i n d o w  p a n e s .
4 . O n  c o l d  n i g h t s ,  w a t e r  v a p o r  i n  t h e  a i r  c o m e s  i n t o  c o n t a c t  w i t h  c o o l e r

s u r f a c e s .
5 . T h e  v a p o r  l o s e s  h e a t  a n d  c h a n g e s  d i r e c t l y  i n t o  i c e  c r y s t a l s ,  f o r m i n g

f r o s t .
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SRQs

1 .  Why  do  t y re s  b u r s t  i n  s ummer?
1 )  Tempera t u r e  (T ) :  I n  s u m m e r ,  h i g h  t e m p e r a t u r e s  i n c r e a s e  t h e
K i n e t i c  E n e r g y  ( K E )  o f  t h e  a i r  m o l e c u l e s  i n s i d e  t h e  t y r e .
2 )  P r e s s u r e  ( P ) :  F a s t e r  m o l e c u l e s  h i t  t h e  t y r e  w a l l s  m o r e
f r e q u e n t l y  a n d  w i t h  g r e a t e r  f o r c e ,  i n c r e a s i n g  i n t e r n a l  p r e s s u r e .
3 )  Den s i t y :  A s  T  i n c r e a s e s ,  i f  t h e  t y r e  c a n ' t  e x p a n d  m u c h ,  t h e
d e n s i t y  o f  t h e  a i r  d o e s n ' t  c h a n g e ,  b u t  t h e  p r e s s u r e  e v e n t u a l l y
e x c e e d s  t h e  s t r e n g t h  o f  t h e  r u b b e r .
4 )  Con c l u s i o n :  T h e  h i g h  i n t e r n a l  p r e s s u r e  o v e r c o m e s  t h e  e l a s t i c
l i m i t  o f  t h e  t y r e ,  c a u s i n g  i t  t o  b u r s t .

2 .  Why  do  s o l i d s  expand  u p o n  hea t i n g?
 1 )  Mechan i sm :  W h e n  a  s o l i d  i s  h e a t e d ,  p a r t i c l e s  g a i n  K E  a n d
v i b r a t e  m o r e  v i g o r o u s l y .

2 )  Amp l i t ude :  T h e  a m p l i t u d e  o f  v i b r a t i o n  i n c r e a s e s  ( t h e
p a r t i c l e s  m o v e  f u r t h e r  f r o m  t h e i r  e q u i l i b r i u m  p o s i t i o n ) .

3 )  Spac i n g :  A s  t h e y  p u s h  a g a i n s t  t h e i r  n e i g h b o r s  w i t h  m o r e
f o r c e ,  t h e  a v e r a g e  d i s t a n c e  b e t w e e n  p a r t i c l e s  i n c r e a s e s .

4 )  Con c l u s i o n :  T h i s  i n c r e a s e  i n  m o l e c u l a r  s p a c i n g  r e s u l t s  i n  t h e
m a c r o s c o p i c  e x p a n s i o n  o f  t h e  s o l i d .

3 .  Why  do  ga se s  exe r t  p r e s s u r e  o n  wa l l s ?
 1 )  Cha i n  o f  L o g i c :  t e m p e r a t u r e  i n c r e a s e  k i n e t i c  e n e r g y  i n c r e a s e
r e s u l t i n g  i n  m o r e  v e l o c i t y  c a u s i n g  c o l l i s i o n  b e t w e e n  p a r t i c l e s  a n d
w a l l s  t o  i n c r e a s e  s i g n i f i c a n t l y .

2 )  Mot i o n :  M o l e c u l e s  m o v e  i n  r a n d o m  m o t i o n  a t  h i g h e r  s p e e d s .
 3 )  C o l l i s i o n s :  T h e y  h i t  t h e  c o n t a i n e r  w a l l s  m o r e  o f t e n  a n d  w i t h
m o r e  m o m e n t u m .

4 )  Con c l u s i o n :  S i n c e  P r e s s u r e  =  F o r c e  /  A r e a ,  t h e s e  m o r e
f r e q u e n t / v i o l e n t  c o l l i s i o n s  r e s u l t  i n  a n  i n c r e a s e  i n  P r e s s u r e  ( P ) .

4 .  Why  i s  F reez i n g  t he  r e ve r se  o f  Me l t i n g?
 1 )  Me l t i n g :  [ S o l i d  t o  L i q u i d ] .  E n e r g y  i s  a b s o r b e d  t o  b r e a k  t h e
l a t t i c e  ( I M F  d e c r e a s e s ) .

2 )  F reez i n g :  [ L i q u i d  t o  S o l i d ] .  E n e r g y  i s  r e l e a s e d ;  p a r t i c l e s  s l o w
d o w n  ( K E  d e c r e a s e s )  u n t i l  I M F  p u l l s  t h e m  b a c k  i n t o  a  f i x e d ,
r e g u l a r  l a t t i c e .

3 )  Con c l u s i o n :  T h e y  a r e  e x a c t  o p p o s i t e s  i n  t e r m s  o f  e n e r g y  f l o w
a n d  m o l e c u l a r  a r r a n g e m e n t .
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​5 .  Why  doe s  I ce  f l o a t  o n  wa te r?

1 . ​
Den s i t y :  B e c a u s e  t h e  s a m e  m a s s  o f  w a t e r  o c c u p i e s  m o r e
v o l u m e  a s  i c e ,  i t s  d e n s i t y  b e c o m e s  l o w e r  t h a n  l i q u i d  w a t e r .

2 . ​
P r i n c i p l e :  O b j e c t s  w i t h  l o w e r  d e n s i t y  f l o a t  o n  h i g h e r -
d e n s i t y  f l u i d s .

​6 .  Why  do  c o l d  b o t t l e s /w i nd s c r een s  become  f o ggy?

(Conden sa t i o n )

1 . ​
The  Cau se :  A i r  c o n t a i n s  i n v i s i b l e  w a t e r  v a p o r  ( g a s ) .

2 . ​
The  Con ta c t :  W h e n  w a r m  a i r  h i t s  a  c o l d  s u r f a c e  ( b o t t l e  o r
g l a s s ) ,  t h e  v a p o r  m o l e c u l e s  l o s e  K E  r a p i d l y .

3 . ​
Pha se  Change :  T h e  I M F  p u l l s  t h e  g a s  m o l e c u l e s  t o g e t h e r ,
t u r n i n g  t h e m  i n t o  t i n y  d r o p l e t s  o f  l i q u i d  w a t e r .

4 . ​
Co n c l u s i o n :  T h i s  p r o c e s s  i s  C o n d e n s a t i o n .  O n  a  c a r
w i n d s c r e e n ,  i t  h a p p e n s  W h e n  t h e  i n s i d e  a i r  i s  w a r m e r  t h a n
t h e  c o l d e r  a i r  o u t s i d e

 

7 .  How doe s  t empera t u r e  a f fe c t  t he  v e l o c i t y  o f  ga s

pa r t i c l e s ?

1 . ​
Exp l a na t i o n :  T e m p e r a t u r e  i s  a  m e a s u r e  o f  a v e r a g e  K E  ( K E  =
\ f r a c { 1 } { 2 } m v ^ { 2 } ) ;  a s  i t  i n c r e a s e s ,  v e l o c i t y  i n c r e a s e s .

2 . ​
Co n c l u s i o n :  H i g h e r  t e m p e r a t u r e  l e a d s  t o  f a s t e r ,  m o r e
f r e q u e n t  c o l l i s i o n s .

​8 .  Compare  the  den s i t y  o f  t he  th ree  s t a t e s  o f  mat te r .

1 . ​
Exp l a na t i o n :  S o l i d s  h a v e  t h e  h i g h e s t  d e n s i t y  ( c l o s e l y
p a c k e d ) ,  l i q u i d s  a r e  s l i g h t l y  l e s s ,  a n d  g a s e s  h a v e  t h e  l o w e s t .

2 . ​
Co n c l u s i o n :  D e n s i t y  d e p e n d s  o n  t h e  a r r a n g e m e n t  a n d  s p a c i n g
o f  m o l e c u l e s .
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 9 .  What  happen s  t o  t he  IMF o f  a  s o l i d  when  i t  i s  hea ted?

1 .  
Exp l a na t i o n :  H e a t i n g  i n c r e a s e s  v i b r a t i o n ;  e v e n t u a l l y ,  t h e
e n e r g y  o v e r c o m e s  t h e  I M F  h o l d i n g  t h e  l a t t i c e  t o g e t h e r .

2 .  
Co n c l u s i o n :  T h i s  l e a d s  t o  t h e  t r a n s i t i o n  f r o m  s o l i d  t o  l i q u i d .

 1 0 .  Why  do  ga s  pa r t i c l e s  exe r t  p r e s s u r e  o n  t he  wa l l s  o f  a

c o n t a i n e r?

1 .  
Exp l a na t i o n :  D u e  t o  t h e i r  r a p i d ,  r a n d o m  m o t i o n ,  t h e y
c o n s t a n t l y  c o l l i d e  w i t h  t h e  w a l l s ,  e x e r t i n g  a  f o r c e .

2 .  
Co n c l u s i o n :  P r e s s u r e  i s  s i m p l y  t h e  f o r c e  o f  t h e s e  m o l e c u l a r
c o l l i s i o n s  p e r  u n i t  a r e a .

11 .  Exp l a i n  why  l i q u i d s  ha ve  a  f i x ed  v o l ume  bu t  n o  f i x ed

shape .

1 .  
Exp l a na t i o n :  I M F  i s  s t r o n g  e n o u g h  t o  k e e p  t h e m  t o g e t h e r
( f i x e d  v o l u m e )  b u t  w e a k  e n o u g h  t o  l e t  t h e m  s l i d e  ( n o  f i x e d
s h a p e ) .

2 .  
Co n c l u s i o n :  T h i s  b a l a n c e  d e f i n e s  t h e  f l u i d  n a t u r e  o f  l i q u i d s .

12 .  Exp l a i n  t he  mechan i sm  o f  me l t i n g  i n  t e rms  o f  e ne r gy .

1 .  
Exp l a na t i o n :  I n i t i a l l y ,  h e a t  i n c r e a s e s  K E  ( T e m p  r i s e s ) .  A t  t h e
m e l t i n g  p o i n t ,  h e a t  i n c r e a s e s  P o t e n t i a l  E n e r g y  ( P E )  t o  b r e a k
I M F .

2 .  
Co n c l u s i o n :  T e m p e r a t u r e  r e m a i n s  c o n s t a n t  d u r i n g  t h e  a c t u a l
p h a s e  c h a n g e .SOCHBADLO
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UNIT : 1 1  THERMAL
TRANSFORMATIONS

THERMAL EXPANSION IN SOLIDS 

Type s  o f  Expan s i o n  i n  So l i d s

1 . L i n e a r  e x p a n s i o n  ( 1 D ) :  c h a n g e  i n  l e n g t h
2 . S u r f a c e  a r e a  e x p a n s i o n  ( 2 D ) :  c h a n g e  i n  s u r f a c e  a r e a
3 . V o l u m e t r i c  e x p a n s i o n  ( 3 D ) :  c h a n g e  i n  v o l u m e

L i n ea r  The rma l  Expan s i o n  o f  So l i d

1 . I t  i s  t h e  i n c r e a s e  i n  l e n g t h  o f  a  s o l i d  w h e n  h e a t e d .
2 . H e a t i n g  c a u s e s  a t o m s  t o  g a i n  k i n e t i c  e n e r g y  a n d  v i b r a t e  m o r e .
3 . I n c r e a s e d  v i b r a t i o n  m a k e s  a t o m s  m o v e  s l i g h t l y  f a r t h e r  a p a r t ,

i n c r e a s i n g  l e n g t h .
4 . T h e  e x p a n s i o n  i n  l e n g t h  ( Δ L )  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e

t e m p e r a t u r e  i n c r e a s e  ( Δ T )  a n d  t h e  o r i g i n a l  l e n g t h  ( L ₀ ) .
5 . L o n g e r  r o d s  e x p a n d  m o r e  b e c a u s e  t h e y  c o n t a i n  m o r e  a t o m s

c o n t r i b u t i n g  t o  e x p a n s i o n .
6 . E x p a n s i o n  v a r i e s  w i t h  t h e  m a t e r i a l ’ s  a t o m i c  s t r u c t u r e  a n d  b o n d i n g

s t r e n g t h .
7 . E x a m p l e :  A l u m i n u m  r o d s  e x p a n d  m o r e  t h a n  s t e e l  r o d s  o f  t h e  s a m e

l e n g t h  a n d  t e m p e r a t u r e  c h a n g e

Top i c  :  11 .2  THERMAL EXPANSION

M a t t e r  i n c r e a s e s  i n  s i z e  w h e n  h e a t e d  d u e  t o  p a r t i c l e  m o v e m e n t
H e a t i n g  m a k e s  p a r t i c l e s  g a i n  k i n e t i c  e n e r g y  a n d  v i b r a t e  m o r e ,  p u s h i n g
t h e m  a p a r t
E x p a n s i o n  d e p e n d s  o n  t h e  m a t e r i a l  t y p e ,  t e m p e r a t u r e  c h a n g e ,  a n d
i n i t i a l  a m o u n t  o f  m a t t e r .
F o r  t h e  s a m e  t e m p e r a t u r e  r i s e ,  g a s e s  e x p a n d  t h e  m o s t ,  s o l i d s  t h e
l e a s t .

L i n e a r  The rma l  Expan s i o n  —

Mathemat i c a l  Exp l a na t i o n

Con s i d e r  a  meta l  r od  w i t h :

1 . O r i g i n a l  l e n g t h  =  L °
2 . I n i t i a l  t e m p e r a t u r e  =  T ₀
3 . F i n a l  l e n g t h  a f t e r  h e a t i n g  =  L
4 . F i n a l  t e m p e r a t u r e  =  T
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In c rea se  i n  l e n g th :
 Δ L  =  L  −  L ₀

In c rea se  i n  t empera t u r e :
 Δ T  =  T  −  T ₀

T h e  i n c r e a s e  i n  l e n g t h  ( Δ L )  i s  d i r e c t l y  p r o p o r t i o n a l  t o  o r i g i n a l  l e n g t h
( L ₀ )  a n d  t e m p e r a t u r e  i n c r e a s e  ( Δ T ) :
 Δ L  ∝  L ₀ ,  Δ L  ∝  Δ T

Comb i n i n g ,
 Δ L  =  α  ×  L ₀  ×  Δ T
w h e r e  α  i s  t h e  c o e f f i c i e n t  o f  l i n e a r  t h e r m a l  e x p a n s i o n .

α  i s  de f i n ed  a s :
 α  =  Δ L  /  ( L ₀  ×  Δ T )  =  ( Δ L  /  L ₀ )  ÷  Δ T

In te r p re ta t i o n :
1 . α  r e p r e s e n t s  f r a c t i o n a l  c h a n g e  i n  l e n g t h  p e r  u n i t  t e m p e r a t u r e

i n c r e a s e  ( p e r  K e l v i n ) .
2 . I t  s h o w s  h o w  m u c h  t h e  r o d  e x p a n d s  p e r  1  K  r i s e  r e l a t i v e  t o  i t s

o r i g i n a l  l e n g t h .

SI  u n i t  o f  α  i s  K ⁻¹ .

VOLUMETRIC  EXPANSION IN SOLIDS
1 . V o l u m e t r i c  e x p a n s i o n  i s  t h e  c h a n g e  i n  v o l u m e  o f  a  s o l i d  o n  h e a t i n g

( 3 - d i m e n s i o n a l  e x p a n s i o n ) .
2 . W h e n  a  s o l i d  o b j e c t  i s  h e a t e d ,  p a r t i c l e s  g a i n  k i n e t i c  e n e r g y ,

v i b r a t e  m o r e  v i g o r o u s l y ,  a n d  m o v e  f a r t h e r  a p a r t .
3 . T h i s  c a u s e s  t h e  s o l i d ’ s  v o l u m e  t o  i n c r e a s e .
4 . T h e  i n c r e a s e  i n  v o l u m e  ( Δ V )  i s  d i r e c t l y  p r o p o r t i o n a l  t o :
5 . T h e  i n c r e a s e  i n  t e m p e r a t u r e  ( Δ T )
6 . T h e  o r i g i n a l  v o l u m e  ( V ₀ )
7 . D i f f e r e n t  m a t e r i a l s  e x p a n d  d i f f e r e n t l y  o n  h e a t i n g .SOCHBADLO
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Thermal Expans ion Exper iment

Apparatus:

Metal  rod (stee l ) ,  bo lt  and nut  (brass  or  a luminum) ,  Bunsen  burner ,  stand ,
c lamps

Procedure.

 

1 .  F ix  the meta l  rod hor izonta l ly  and t ight ly  fasten  the bo lt  on  i t .
2 .  Heat  the rod s lowly  us ing  the Bunsen burner
3 .  The rod expands as  i t  heats ,  push ing  aga inst  the bo lt .
4 .  If  the expans ion  pressure is  strong enough,  the bo lt  w i l l  snap .

Conc lus ion:

Metals  expand when heated .  This  expans ion  creates  pressure on
connected parts  l ike  bo lts .  If  the pressure is  too  h igh ,  i t  can  break the
bo lt .  This  exper iment  shows why thermal  expans ion  must  be cons idered in
eng ineer ing .

The vo lume expans ion  coeff ic ient  (β)  i s  equa l  to  three t imes the l inear
expans ion  coeff ic ient  (α) :

Β = 3α

Mathemat i c a l  F o rmu l a t i o n

1 . O r i g i n a l  v o l u m e  =  V ₀  a t  t e m p e r a t u r e  T °
2 . F i n a l  v o l u m e  =  V  a t  t e m p e r a t u r e  T
3 . I n c r e a s e  i n  v o l u m e :  Δ V  =  V  −  V ₀
4 . I n c r e a s e  i n  t e m p e r a t u r e :  Δ T  =  T  −  T ₀
5 . V o l u m e  e x p a n s i o n  i s  d i r e c t l y  p r o p o r t i o n a l  t o  o r i g i n a l  v o l u m e  a n d

t e m p e r a t u r e  i n c r e a s e :
6 . Δ V  ∝  V ₀ ,  Δ V  ∝  Δ T
7 . C o m b i n e d :
8 . Δ V  =  β  ×  V ₀  ×  Δ T
9 . β  i s  t h e  c o e f f i c i e n t  o f  v o l u m e t r i c  t h e r m a l  e x p a n s i o n .

1 0 .β  i s  d e f i n e d  a s :
1 1 . β  =  Δ V  /  ( V ₀  ×  Δ T )  =  ( Δ V  /  V ₀ )  ÷  Δ T
1 2 .β  s h o w s  f r a c t i o n a l  c h a n g e  i n  v o l u m e  p e r  k e l v i n  r i s e  i n

t e m p e r a t u r e .
1 3 .S I  u n i t  o f  β  i s  K ⁻¹ .
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SRQs

1 . Exp l a i n  why  r a i l way  t r a ck s  a r e  l a i d  w i t h  gap s  be tween

them.

R a i l w a y  t r a c k s  a r e  m a d e  o f  s t e e l ,  w h i c h  e x p a n d s  w h e n  h e a t e d .
D u r i n g  s u m m e r ,  t e m p e r a t u r e  i n c r e a s e s  s i g n i f i c a n t l y .  D u e  t o
t h e r m a l  e x p a n s i o n ,  t h e  l e n g t h  o f  r a i l s  i n c r e a s e s .  I f  n o  g a p s  a r e
p r o v i d e d ,  t h e  r a i l s  c a n n o t  e x p a n d  f r e e l y .  T h i s  c r e a t e s  i n t e r n a l
c o m p r e s s i v e  s t r e s s  i n  t h e  m e t a l .  T h e  s t r e s s  m a y  c a u s e  b e n d i n g
o r  b u c k l i n g .  S u c h  b e n d i n g  c a n  m a k e  t h e  t r a c k  u n e v e n  a n d
d a n g e r o u s  f o r  t r a i n s .  I t  m a y  c a u s e  d e r a i l m e n t .  T o  p r e v e n t  t h i s ,
s m a l l  g a p s  a r e  l e f t  b e t w e e n  r a i l s .  T h e s e  g a p s  a l l o w  r a i l s  t o
e x p a n d  s a f e l y .  I n  w i n t e r ,  t h e  r a i l s  c o n t r a c t  a n d  t h e  g a p s  b e c o m e
s l i g h t l y  l a r g e r .  T h u s ,  g a p s  e n s u r e  s a f e t y  i n  a l l  s e a s o n s .

2 . Def i n e  c oe f f i c i e n t  o f  l i n e a r  expan s i o n  a nd  exp l a i n  i t s

phy s i c a l  mean i n g .

T h e  c o e f f i c i e n t  o f  l i n e a r  e x p a n s i o n  i s  r e p r e s e n t e d  b y  α .  I t  i s
d e f i n e d  a s  t h e  c h a n g e  i n  l e n g t h  p e r  u n i t  o r i g i n a l  l e n g t h  p e r
d e g r e e  r i s e  i n  t e m p e r a t u r e .
M a t h e m a t i c a l l y :  α  =  Δ L  /  ( L Δ T )
I t s  S I  u n i t  i s  ° C ⁻¹ .
I t  s h o w s  h o w  s e n s i t i v e  a  m a t e r i a l  i s  t o  t e m p e r a t u r e  c h a n g e .  I f  α
i s  l a r g e ,  t h e  m a t e r i a l  e x p a n d s  m o r e .  I f  α  i s  s m a l l ,  e x p a n s i o n  i s
l e s s .  D i f f e r e n t  m a t e r i a l s  h a v e  d i f f e r e n t  α  v a l u e s .  I t  h e l p s
e n g i n e e r s  c h o o s e  s u i t a b l e  m a t e r i a l s  i n  c o n s t r u c t i o n  a n d
m a c h i n e r y .  T h u s ,  α  m e a s u r e s  e x p a n s i o n  p e r  d e g r e e  t e m p e r a t u r e
c h a n g e .

3 . Exp l a i n  v o l umet r i c  expan s i o n  i n  s o l i d s .

V o l u m e t r i c  e x p a n s i o n  i s  t h e  i n c r e a s e  i n  v o l u m e  o f  a  s o l i d  w h e n
t e m p e r a t u r e  i n c r e a s e s .  O n  h e a t i n g ,  m o l e c u l e s  v i b r a t e  f a s t e r .
T h i s  i n c r e a s e s  i n t e r m o l e c u l a r  d i s t a n c e .  A s  a  r e s u l t ,  l e n g t h ,
w i d t h ,  a n d  h e i g h t  i n c r e a s e ,  s o  t o t a l  v o l u m e  i n c r e a s e s .
I t  i s  r e p r e s e n t e d  b y  β .
F o r m u l a :  Δ V  =  β V Δ T
U n i t  o f  β  i s  ° C ⁻¹ .
V o l u m e t r i c  e x p a n s i o n  o c c u r s  i n  t h r e e  d i m e n s i o n s .  F o r  s o l i d s ,  β  ≈
3 α .  I t  i s  i m p o r t a n t  i n  s t o r a g e  t a n k s  a n d  e n g i n e e r i n g  d e s i g n .SOCHBADLO
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4 . Why doe s  a  meta l  l i d  be come  l o o s e  when  hea ted?

A  m e t a l  l i d  f i t s  t i g h t l y  o n  a  j a r  a t  r o o m  t e m p e r a t u r e .  W h e n
h e a t e d ,  t h e  l i d  a b s o r b s  h e a t  e n e r g y .  I t s  m o l e c u l e s  v i b r a t e
f a s t e r  a n d  m o v e  s l i g h t l y  a p a r t .  T h i s  i n c r e a s e s  i t s
c i r c u m f e r e n c e  a n d  d i a m e t e r .  G l a s s  e x p a n d s  l e s s  t h a n  m e t a l
b e c a u s e  i t  h a s  a  l o w e r  c o e f f i c i e n t  o f  e x p a n s i o n .  T h e r e f o r e ,  t h e
m e t a l  l i d  e x p a n d s  m o r e  t h a n  t h e  g l a s s  j a r ,  m a k i n g  i t  l o o s e  a n d
e a s i e r  t o  r e m o v e .  T h i s  i s  a  p r a c t i c a l  a p p l i c a t i o n  o f  t h e r m a l
e x p a n s i o n .

5 . De r i v e  t he  r e l a t i o n  be tween  β  a nd  α .

C o n s i d e r  a  c u b e  o f  s i d e  L .  V o l u m e ,  V  =  L ³
W h e n  h e a t e d ,  e a c h  s i d e  i n c r e a s e s  b y  Δ L .  N e w  s i d e  =  ( L  +  Δ L )
N e w  v o l u m e  =  ( L  +  Δ L ) ³
U s i n g  a p p r o x i m a t i o n :  Δ V  ≈  3 L ² Δ L
D i v i d e  b o t h  s i d e s  b y  V  =  L ³ :
Δ V  /  V  =  3  ( Δ L  /  L )
S i n c e ,  α  =  Δ L  /  ( L Δ T )  β  =  Δ V  /  ( V Δ T )
T h e r e f o r e ,  β  =  3 α
H e n c e ,  v o l u m e t r i c  e x p a n s i o n  i s  a p p r o x i m a t e l y  t h r e e  t i m e s
l i n e a r  e x p a n s i o n  f o r  s o l i d s .

6 . Why  do  b r i d ge s  ha ve  gap s  be tween  the i r  s e c t i o n s?

B r i d g e s  a r e  m a d e  o f  m a t e r i a l s  l i k e  s t e e l  a n d  c o n c r e t e  t h a t
e x p a n d  w h e n  h e a t e d .  I n  s u m m e r ,  h i g h  t e m p e r a t u r e s  i n c r e a s e
t h e i r  l e n g t h .  I f  n o  g a p s  a r e  p r o v i d e d ,  c o m p r e s s i v e  s t r e s s
d e v e l o p s .  T h i s  s t r e s s  c a n  c a u s e  b e n d i n g  o r  c r a c k i n g .  T o  p r e v e n t
d a m a g e ,  e n g i n e e r s  l e a v e  s m a l l  g a p s  b e t w e e n  s e c t i o n s .  R o l l e r s  o r
s l i d i n g  j o i n t s  m a y  a l s o  b e  u s e d .  I n  w i n t e r ,  m a t e r i a l s  c o n t r a c t
a n d  t h e  g a p s  p r e v e n t  s e c t i o n s  f r o m  c o l l i d i n g .  T h u s ,  e x p a n s i o n
g a p s  e n s u r e  s t r u c t u r a l  s a f e t y  a n d  d u r a b i l i t y .

7 . Why  do  meta l s  expand  more  than  g l a s s  when  hea ted?

A l l  s o l i d s  e x p a n d  w h e n  h e a t e d ,  b u t  t h e  a m o u n t  d e p e n d s  o n  t h e i r
b o n d i n g .  M e t a l s  h a v e  a  h i g h e r  c o e f f i c i e n t  o f  e x p a n s i o n  t h a n
g l a s s .  M e t a l l i c  b o n d s  a r e  r e l a t i v e l y  f l e x i b l e ,  s o  a t o m s  m o v e
f a r t h e r  a p a r t  w h e n  h e a t e d .  G l a s s  h a s  s t r o n g  c o v a l e n t  b o n d s
t h a t  r e s i s t  e x p a n s i o n .  T h e r e f o r e ,  m e t a l s  e x p a n d  m o r e  t h a n
g l a s s .  T h i s  d i f f e r e n c e  i s  i m p o r t a n t  i n  c o n s t r u c t i o n  a n d
m a c h i n e r y  d e s i g n .
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8 . Why do  ho l e s  i n  meta l  p l a t e s  expand  when  hea ted?

W h e n  a  m e t a l  p l a t e  i s  h e a t e d ,  i t  e x p a n d s  i n  a l l  d i r e c t i o n s .  T h e
s u r r o u n d i n g  m a t e r i a l  m o v e s  o u t w a r d  u n i f o r m l y .  A s  a  r e s u l t ,  t h e
d i a m e t e r  o f  t h e  h o l e  a l s o  i n c r e a s e s .  T h e  h o l e  e x p a n d s  a s  p a r t
o f  t h e  o v e r a l l  e x p a n s i o n  o f  t h e  p l a t e .  T h i s  p r i n c i p l e  a p p l i e s  t o
r i n g s ,  t u b e s ,  a n d  h o l l o w  c y l i n d e r s .  I t  s h o w s  t h a t  t h e r m a l
e x p a n s i o n  a f f e c t s  a l l  d i m e n s i o n s  o f  a  s o l i d .

9 . De s c r i b e  a n  expe r imen t  t o  meas u re  t he  c oe f f i c i e n t  o f

l i n e a r  expan s i o n .

A  m e t a l  r o d  i s  c l a m p e d  a t  o n e  e n d .  A  p o i n t e r  i s  a t t a c h e d  t o  t h e
f r e e  e n d  t o  m e a s u r e  e x p a n s i o n  o n  a  s c a l e .  T h e  i n i t i a l  l e n g t h  a n d
t e m p e r a t u r e  a r e  r e c o r d e d .  T h e  r o d  i s  h e a t e d  u n i f o r m l y .  T h e
i n c r e a s e  i n  l e n g t h  ( Δ L )  i s  m e a s u r e d .  T h e  c h a n g e  i n  t e m p e r a t u r e
( Δ T )  i s  a l s o  n o t e d .  U s i n g  t h e  f o r m u l a :
α  =  Δ L  /  ( L Δ T )
T h e  c o e f f i c i e n t  o f  l i n e a r  e x p a n s i o n  i s  c a l c u l a t e d .  T h e
e x p e r i m e n t  d e m o n s t r a t e s  t h e r m a l  e x p a n s i o n  p r a c t i c a l l y .

1 0 . H ow  doe s  t he rma l  expan s i o n  a f fe c t  l i q u i d  s t o r age  t a nk s?

M e t a l  t a n k s  e x p a n d  w h e n  t e m p e r a t u r e  r i s e s .  T h e  l i q u i d  i n s i d e
a l s o  e x p a n d s .  I f  t h e  t a n k  i s  c o m p l e t e l y  f u l l ,  p r e s s u r e  d e v e l o p s
i n s i d e .  T h i s  m a y  c a u s e  l e a k a g e  o r  s t r u c t u r a l  d a m a g e .  E n g i n e e r s
l e a v e  s o m e  e m p t y  s p a c e  a t  t h e  t o p  o f  t h e  t a n k  t o  a l l o w  s a f e
e x p a n s i o n .  E x p a n s i o n  j o i n t s  m a y  a l s o  b e  u s e d .  P r o p e r  d e s i g n
p r e v e n t s  a c c i d e n t s  a n d  e n s u r e s  s a f e t y .
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1 .  The rma l  expan s i o n  i n  s o l i d s  o c c u r s  becau se :

 A )  M a s s  i n c r e a s e s
 B )  M o l e c u l e s  b e c o m e  l a r g e r
 C )  I n t e r m o l e c u l a r  d i s t a n c e  i n c r e a s e s  ✓
 D )  D e n s i t y  i n c r e a s e s
Exp l a na t i o n :  H e a t i n g  i n c r e a s e s  p a r t i c l e  v i b r a t i o n  w h i c h  i n c r e a s e s  t h e
d i s t a n c e  b e t w e e n  m o l e c u l e s .

2 .  The  c oe f f i c i e n t  o f  l i n e a r  expan s i o n  depend s  o n :

 A )  S h a p e
 B )  M a t e r i a l  ✓
 C )  L e n g t h
 D )  C o l o u r
Exp l a na t i o n :  D i f f e r e n t  m a t e r i a l s  h a v e  d i f f e r e n t  c o e f f i c i e n t s  o f
t h e r m a l  e x p a n s i o n .

3 .  I f  t empera t u r e  r i s e  d o ub l e s ,  expan s i o n  w i l l :

 A )  R e m a i n  s a m e
 B )  D o u b l e  ✓
 C )  B e c o m e  h a l f
 D )  S t o p
Exp l a na t i o n :  E x p a n s i o n  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  c h a n g e  i n
t e m p e r a t u r e .

4 .  Ra i l way  t r a ck s  ha ve  gap s  t o :

 A )  R e d u c e  f r i c t i o n
 B )  S a v e  m a t e r i a l
 C )  A l l o w  e x p a n s i o n  ✓
 D )  R e d u c e  w e i g h t
Exp l a na t i o n :  G a p s  a l l o w  r a i l s  t o  e x p a n d  s a f e l y  i n  h o t  w e a t h e r .

5 .  Vo l umet r i c  expan s i o n  o c c u r s  i n :

 A )  O n e  d i m e n s i o n
 B )  T w o  d i m e n s i o n s
 C )  T h r e e  d i m e n s i o n s  ✓
 D )  N o  d i m e n s i o n
Exp l a na t i o n :  V o l u m e  e x p a n s i o n  h a p p e n s  i n  l e n g t h ,  w i d t h ,  a n d  h e i g h t .

6 .  I f  expan s i o n  i s  p r e ven ted ,  t he  s o l i d  may :

 A )  M e l t
 B )  C r a c k  ✓
 C )  E v a p o r a t e
 D )  F r e e z e
Exp l a na t i o n :  P r e v e n t i n g  e x p a n s i o n  c r e a t e s  s t r e s s  t h a t  c a n  c r a c k  t h e
s o l i d .
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7 .  Den s i t y  dec rea se s  o n  hea t i n g  becau se :

 A )  M a s s  i n c r e a s e s
 B )  V o l u m e  i n c r e a s e s  ✓
 C )  P a r t i c l e s  d i s a p p e a r
 D )  W e i g h t  d e c r e a s e s
Exp l a na t i o n :  W h e n  v o l u m e  i n c r e a s e s  a n d  m a s s  s t a y s  c o n s t a n t ,  d e n s i t y
d e c r e a s e s .

8 .  A l um i n i um  expand s  more  than  s t ee l  be cau se :

 A )  I t  i s  l i g h t e r
 B )  L a r g e r  c o e f f i c i e n t  ✓
 C )  S o f t e r
 D )  L e s s  d e n s e
Exp l a na t i o n :  A l u m i n i u m  h a s  a  h i g h e r  c o e f f i c i e n t  o f  e x p a n s i o n  t h a n
s t e e l .

9 .  Un i t  o f  l i n e a r  expan s i o n  c oe f f i c i e n t  i s :

 A )  m
 B )  ° C
 C )  ° C ⁻¹  ✓
 D )  k g
Exp l a na t i o n :  I t  i s  m e a s u r e d  p e r  d e g r e e  c h a n g e  i n  t e m p e r a t u r e .

10 .  Vo l umet r i c  c oe f f i c i e n t  i s  a p p r ox ima te l y :

 A )  α
 B )  2 α
 C )  3 α  ✓
 D )  4 α
Exp l a na t i o n :  T h e  v o l u m e t r i c  e x p a n s i o n  c o e f f i c i e n t  i s  a b o u t  t h r e e
t i m e s  t h e  l i n e a r  c o e f f i c i e n t .

11 .  On  c o o l i n g ,  s o l i d s :

 A )  E x p a n d
 B )  C o n t r a c t  ✓
 C )  M e l t
 D )  B r e a k
Exp l a na t i o n :  C o o l i n g  r e d u c e s  p a r t i c l e  m o t i o n  a n d  d e c r e a s e s
i n t e r m o l e c u l a r  d i s t a n c e .

12 .  Expan s i o n  depend s  o n :

 A )  O r i g i n a l  l e n g t h  ✓
 B )  C o l o u r
 C )  P r e s s u r e
 D )  S h a p e  o n l y
Exp l a na t i o n :  L i n e a r  e x p a n s i o n  d e p e n d s  o n  t h e  i n i t i a l  l e n g t h  o f  t h e
o b j e c t .
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13 .  Hea t i n g  i n c r ea se s :

 A )  M a s s
 B )  K i n e t i c  e n e r g y  ✓
 C )  V o l u m e  o n l y
 D )  D e n s i t y
Exp l a na t i o n :  H e a t  i n c r e a s e s  t h e  k i n e t i c  e n e r g y  o f  p a r t i c l e s .

14 .  G l a s s  c r a ck s  w i t h  ho t  wa te r  becau se :

 A )  I t  m e l t s
 B )  U n e q u a l  e x p a n s i o n  ✓
 C )  M a s s  i n c r e a s e s
 D )  P r e s s u r e  i n c r e a s e s
Exp l a na t i o n :  D i f f e r e n t  p a r t s  o f  g l a s s  e x p a n d  a t  d i f f e r e n t  r a t e s
c a u s i n g  c r a c k s .

15 .  B r i d ge  r o l l e r s  a r e  u sed  t o :

 A )  I n c r e a s e  h e i g h t
 B )  A l l o w  e x p a n s i o n  ✓
 C )  R e d u c e  c o s t
 D )  I m p r o v e  d e s i g n
Exp l a na t i o n :  R o l l e r s  a l l o w  b r i d g e s  t o  e x p a n d  a n d  c o n t r a c t  w i t h
t e m p e r a t u r e  c h a n g e s .

16 .  The rma l  expan s i o n  i s  g r ea te s t  i n :

 A )  S o l i d s
 B )  L i q u i d s
 C )  G a s e s  ✓
 D )  M e t a l s  o n l y
Exp l a na t i o n :  G a s  p a r t i c l e s  a r e  f a r  a p a r t  s o  t h e y  e x p a n d  t h e  m o s t .

17 .  I f  n o  gap s  a r e  l e f t ,  r a i l s  may :

 A )  S h r i n k
 B )  B u c k l e  ✓
 C )  M e l t
 D )  F r e e z e
Exp l a na t i o n :  W i t h o u t  g a p s ,  t h e r m a l  e x p a n s i o n  c a u s e s  r a i l s  t o  b e n d .

18 .  Vo l umet r i c  expan s i o n  f o rmu l a  i s :

 A )  Δ L  =  α L Δ T
 B )  Δ V  =  β V Δ T  ✓
 C )  P  =  F / A
 D )  V  =  I R
Exp l a na t i o n :  T h i s  f o r m u l a  s h o w s  h o w  v o l u m e  c h a n g e s  w i t h
t e m p e r a t u r e .
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UNIT : 1 1  THERMAL
TRANSFORMATIONS

Top i c  :  11 .2 .2  THERMAL EXPANSION IN LIQUID

Therma l  Expan s i o n  i n  L i q u i d  

1 . L i q u i d s  e x p a n d  w h e n  h e a t e d  b e c a u s e  t h e i r  p a r t i c l e s  h a v e  w e a k e r
f o r c e s  b e t w e e n  t h e m  t h a n  s o l i d s  a n d  c a n  m o v e  m o r e  f r e e l y .

2 . W h e n  h e a t e d ,  t h e  p a r t i c l e s  g a i n  k i n e t i c  e n e r g y  a n d  p u s h  a g a i n s t  e a c h
o t h e r ,  i n c r e a s i n g  t h e  l i q u i d ’ s  v o l u m e .

3 . L i q u i d s  e x p a n d  m o r e  t h a n  s o l i d s  d u e  t o  t h e s e  w e a k e r  a t t r a c t i v e
f o r c e s .

4 . T o  m e a s u r e  v o l u m e  c h a n g e ,  l i q u i d s  a r e  h e a t e d  i n  a  c o n t a i n e r  s i n c e  t h e y
c a n n o t  b e  h e a t e d  a l o n e .  B o t h  t h e  l i q u i d  a n d  c o n t a i n e r  e x p a n d  d u r i n g
h e a t i n g .

5 . T h e r e  a r e  t w o  t y p e s  o f  v o l u m e  e x p a n s i o n  f o r  l i q u i d s :  
6 . Rea l  v o l ume  expan s i o n :  T h e  a c t u a l  i n c r e a s e  i n  t h e  l i q u i d ’ s  v o l u m e  w h e n

h e a t e d .
7 . Appa ren t  v o l ume  expan s i o n :  T h e  o b s e r v e d  i n c r e a s e  i n  v o l u m e ,  w h i c h

a c c o u n t s  f o r  b o t h  l i q u i d  e x p a n s i o n  a n d  c o n t a i n e r  e x p a n s i o n .
8 . T h e  c o e f f i c i e n t  o f  v o l u m e  e x p a n s i o n  f o r  l i q u i d s  ( γ )  m e a s u r e s  t h e

f r a c t i o n a l  i n c r e a s e  i n  r e a l  v o l u m e  p e r  d e g r e e  K e l v i n .  
9 . ·  G a m m a  ( γ )  =  Δ V  ÷  ( V ₀  ×  Δ T )

1 . T h e  c o e f f i c i e n t  o f  v o l u m e  e x p a n s i o n  f o r  l i q u i d s  i s  r e l a t e d  t o  t h e
c o e f f i c i e n t  o f  l i n e a r  e x p a n s i o n  ( α )  b y :

    γ  =  3 a

Appa ren t  Vo l ume  Expan s i o n

The rma l  Expan s i o n  o f  L i q u i d s

Expe r imen t  Exp l a na t i o n :

1 . A  c o l o r e d  l i q u i d  i s  p l a c e d  i n  a  g l a s s
f l a s k  w i t h  a  n a r r o w  n e c k .

2 . I n i t i a l  l e v e l  o f  l i q u i d  b e f o r e  h e a t i n g  i s
V 1 .

3 . W h e n  h e a t i n g  s t a r t s  f r o m  t h e  b o t t o m :  
4 . T h e  l i q u i d  l e v e l  f a l l s  t o  V 2  b e f o r e

r i s i n g .
5 . T h e n  t h e  l i q u i d  l e v e l  r i s e s  t o  V 3  a f t e r

f u r t h e r  h e a t i n g .
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Reaso n  f o r  I n i t i a l  Fa l l :

1 . T h e  g l a s s  f l a s k  g e t s  h e a t e d  f i r s t .
2 . G l a s s  e x p a n d s ,  i n c r e a s i n g  i t s  v o l u m e .
3 . T h i s  m a k e s  t h e  l i q u i d  l e v e l  f a l l  t o  V 2 .
4 . T h i s  i s  d u e  t o  e x p a n s i o n  o f  t h e  c o n t a i n e r ,  n o t  t h e  l i q u i d .

Rea l  a nd  Appa ren t  Expan s i o n :

1 . T h e  f a l l  f r o m  V 1  t o  V 2  i s  d u e  t o  e x p a n s i o n  o f  t h e  f l a s k .
2 . T h e  r i s e  f r o m  V 2  t o  V 3  i s  d u e  t o  a c t u a l  e x p a n s i o n  o f  t h e  l i q u i d .
3 . S o :  

    Appa ren t  expan s i o n  =  r i s e  i n  l i q u i d  l e v e l  f r o m  V 1  t o  V 3 .  
    Rea l  expan s i o n  =  r i s e  i n  l i q u i d  l e v e l  f r o m  V 2  t o  V 3

Impo r t a n t  Re l a t i o n sh i p s

R e a l  E x p a n s i o n  =  A p p a r e n t  E x p a n s i o n  +  E x p a n s i o n  o f  F l a s k

Vo l ume  Re l a t i o n :

( T h e  a c t u a l  r i s e  i n  l i q u i d  l e v e l  f r o m  V 2  t o  V 3  e q u a l s  t h e  t o t a l  r i s e
f r o m  V 1  t o  V 3  p l u s  t h e  f a l l  f r o m  V 1  t o  V 2 )
 
Coef f i c i e n t s  o f  Expan s i o n

γR =  C o e f f i c i e n t  o f  r e a l  ( a c t u a l )  v o l u m e  e x p a n s i o n  o f  t h e  l i q u i d
γA =  C o e f f i c i e n t  o f  a p p a r e n t  v o l u m e  e x p a n s i o n
γG =  C o e f f i c i e n t  o f  v o l u m e  e x p a n s i o n  o f  t h e  g l a s s  f l a s k

Re l a t i o n sh i p :

yR  =  γA +  γG

1 . R e a l  e x p a n s i o n  i s  a l w a y s  g r e a t e r  t h a n  a p p a r e n t  e x p a n s i o n
2 . D i f f e r e n t  l i q u i d s  h a v e  d i f f e r e n t  c o e f f i c i e n t s  o f  v o l u m e  e x p a n s i o n
3 . T h e  u n i t  o f  t h e  v o l u m e  e x p a n s i o n  c o e f f i c i e n t  i s  p e r  K e l v i n  ( KSOCHBADLO
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1 . Def i n e  r ea l  expan s i o n  o f  l i q u i d s .

R e a l  e x p a n s i o n  o f  a  l i q u i d  i s  t h e  t r u e  i n c r e a s e  i n  i t s  v o l u m e
w h e n  t h e  l i q u i d  i s  h e a t e d ,  i g n o r i n g  t h e  e x p a n s i o n  o f  t h e
c o n t a i n e r .  W h e n  a  l i q u i d  i s  h e a t e d ,  i t s  m o l e c u l e s  m o v e  f a s t e r
a n d  o c c u p y  m o r e  s p a c e ,  c a u s i n g  a n  i n c r e a s e  i n  v o l u m e .  T h i s
e x p a n s i o n  d e p e n d s  o n l y  o n  t h e  p r o p e r t i e s  o f  t h e  l i q u i d .
Fo rmu l a :  Δ V  =  β V Δ T
Where :  β  =  c o e f f i c i e n t  o f  v o l u m e t r i c  e x p a n s i o n
 V =  i n i t i a l  v o l ume

 ΔT =  t empera t u r e  change

R e a l  e x p a n s i o n  i s  a l w a y s  s l i g h t l y  g r e a t e r  t h a n  a p p a r e n t
e x p a n s i o n  b e c a u s e  t h e  c o n t a i n e r  a l s o  e x p a n d s  w h e n  h e a t e d .

2 . Def i n e  a ppa ren t  expan s i o n  o f  l i q u i d s .

A p p a r e n t  e x p a n s i o n  i s  t h e  o b s e r v e d  i n c r e a s e  i n  t h e  v o l u m e  o f  a
l i q u i d  w h e n  i t  i s  h e a t e d  i n s i d e  a  c o n t a i n e r .  S i n c e  t h e  c o n t a i n e r
a l s o  e x p a n d s ,  t h e  o b s e r v e d  r i s e  i n  l i q u i d  l e v e l  a p p e a r s  s m a l l e r
t h a n  t h e  a c t u a l  i n c r e a s e  i n  v o l u m e .
Re l a t i o n :  β _ a p p a r e n t  =  β _ r e a l  −  3 α
Where :  β _ r e a l  =  r e a l  v o l u m e t r i c  e x p a n s i o n
 α  =  l i n e a r  e x p a n s i o n  c o e f f i c i e n t  o f  c o n t a i n e r
A p p a r e n t  e x p a n s i o n  i s  a l w a y s  l e s s  t h a n  r e a l  e x p a n s i o n .

3 . Exp l a i n  why  r ea l  expan s i o n  i s  g r ea te r  t han  appa ren t

expan s i o n .
R e a l  e x p a n s i o n  m e a s u r e s  t h e  t r u e  i n c r e a s e  i n  l i q u i d  v o l u m e .
W h e n  a  l i q u i d  i s  h e a t e d  i n  a  c o n t a i n e r ,  t h e  c o n t a i n e r  a l s o
e x p a n d s  o u t w a r d .  P a r t  o f  t h e  l i q u i d ’ s  v o l u m e  i n c r e a s e  i s
a c c o m m o d a t e d  b y  t h e  e x p a n d i n g  c o n t a i n e r .  T h e r e f o r e ,  t h e
o b s e r v e d  e x p a n s i o n  ( a p p a r e n t  e x p a n s i o n )  i s  s m a l l e r .
A p p a r e n t  e x p a n s i o n  =  R e a l  e x p a n s i o n  −  C o n t a i n e r  e x p a n s i o n
H e n c e ,  r e a l  e x p a n s i o n  i s  a l w a y s  g r e a t e r  t h a n  a p p a r e n t
e x p a n s i o n .

4 . W r i t e  t he  f o rmu l a  r e l a t i n g  r ea l  a nd  appa ren t  expan s i o n .

T h e  r e l a t i o n  b e t w e e n  r e a l  a n d  a p p a r e n t  e x p a n s i o n  i s :
β_appa ren t  =  β_rea l  −  3α

H e r e :  β _ a p p a r e n t  =  a p p a r e n t  v o l u m e t r i c  e x p a n s i o n
 β _ r e a l  =  r e a l  v o l u m e t r i c  e x p a n s i o n
 α  =  l i n e a r  e x p a n s i o n  c o e f f i c i e n t  o f  c o n t a i n e r
T h e  f a c t o r  3  i s  u s e d  b e c a u s e  v o l u m e t r i c  e x p a n s i o n  o f  a  s o l i d  i s
a p p r o x i m a t e l y  t h r e e  t i m e s  i t s  l i n e a r  e x p a n s i o n .
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5 . Why i s  mer c u r y  p r e fe r r ed  i n  t he rmomete r s?
M e r c u r y  i s  p r e f e r r e d  i n  t h e r m o m e t e r s  b e c a u s e  i t  h a s  a  h i g h
a n d  u n i f o r m  c o e f f i c i e n t  o f  e x p a n s i o n .  I t  r e m a i n s  l i q u i d  o v e r  a
w i d e  t e m p e r a t u r e  r a n g e .  I t  d o e s  n o t  w e t  g l a s s ,  g i v i n g  c l e a r
r e a d i n g s .  I t  e x p a n d s  u n i f o r m l y  w i t h  t e m p e r a t u r e ,  w h i c h  m a k e s
m e a s u r e m e n t s  a c c u r a t e .  I t  a l s o  h a s  a  h i g h  b o i l i n g  p o i n t ,  s o  i t
d o e s  n o t  e v a p o r a t e  e a s i l y .

6 . Exp l a i n  t he  e f fe c t  o f  c o n t a i n e r  expan s i o n  o n  a ppa ren t
expan s i o n .

W h e n  a  l i q u i d  i s  h e a t e d  i n s i d e  a  c o n t a i n e r ,  b o t h  t h e  l i q u i d  a n d
t h e  c o n t a i n e r  e x p a n d .  T h e  e x p a n s i o n  o f  t h e  c o n t a i n e r  i n c r e a s e s
t h e  s p a c e  a v a i l a b l e .  A s  a  r e s u l t ,  t h e  l i q u i d  l e v e l  r i s e s  l e s s  t h a n
i t  w o u l d  i n  a  r i g i d  c o n t a i n e r .  T h e r e f o r e ,  a p p a r e n t  e x p a n s i o n  i s
l e s s  t h a n  r e a l  e x p a n s i o n .  T h e  e f f e c t  d e p e n d s  o n  t h e  e x p a n s i o n
c o e f f i c i e n t  o f  t h e  c o n t a i n e r  m a t e r i a l .

7 . S t a t e  t he  d i f f e re n ce  be tween  r ea l  a nd  appa ren t
expan s i o n .

R e a l  e x p a n s i o n  i s  t h e  t r u e  i n c r e a s e  i n  v o l u m e  o f  a  l i q u i d  w h e n
h e a t e d ,  i n d e p e n d e n t  o f  t h e  c o n t a i n e r .  A p p a r e n t  e x p a n s i o n  i s
t h e  o b s e r v e d  i n c r e a s e  i n  v o l u m e  w h e n  t h e  l i q u i d  i s  h e a t e d  i n  a
c o n t a i n e r .  R e a l  e x p a n s i o n  i s  a l w a y s  g r e a t e r  t h a n  a p p a r e n t
e x p a n s i o n  b e c a u s e  t h e  c o n t a i n e r  a b s o r b s  s o m e  o f  t h e
e x p a n s i o n .

8 . I f  a  l i q u i d  ha s  a ppa ren t  expan s i o n  0 .0009  pe r  °C  and
con ta i n e r  expan s i o n  0 .0001  pe r  °C ,  f i n d  r ea l  expan s i o n .

Fo rmu l a :  β _ r e a l  =  β _ a p p a r e n t  +  C o n t a i n e r  e x p a n s i o n
G i v e n :  β _ a p p a r e n t  =  0 . 0 0 0 9
 C o n t a i n e r  e x p a n s i o n  =  0 . 0 0 0 1
β _ r e a l  =  0 . 0 0 0 9  +  0 . 0 0 0 1
 β _ r e a l  =  0 . 0 0 1  p e r  ° C

9 . Why  i s  a p pa ren t  expan s i o n  u s ed  i n  t he rmomete r s?
T h e r m o m e t e r s  m e a s u r e  t h e  r i s e  o f  l i q u i d  i n  a  n a r r o w  t u b e .  T h i s
o b s e r v e d  r i s e  r e p r e s e n t s  a p p a r e n t  e x p a n s i o n .  R e a l  e x p a n s i o n
c a n n o t  b e  o b s e r v e d  d i r e c t l y  b e c a u s e  t h e  c o n t a i n e r  a l s o
e x p a n d s .  T h e r e f o r e ,  t h e r m o m e t e r s  r e l y  o n  a p p a r e n t  e x p a n s i o n
t o  m e a s u r e  t e m p e r a t u r e  a c c u r a t e l y .
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1 0 .Desc r i b e  a n  expe r imen t  t o  meas u re  appa ren t  expan s i o n .

T a k e  a  g l a s s  c o n t a i n e r  o f  k n o w n  v o l u m e  a n d  f i l l  i t  w i t h  a  l i q u i d
s u c h  a s  m e r c u r y  o r  a l c o h o l .  M a r k  t h e  i n i t i a l  l e v e l  o f  t h e  l i q u i d .
H e a t  t h e  c o n t a i n e r  g e n t l y  a n d  o b s e r v e  t h e  r i s e  i n  t h e  l i q u i d
l e v e l .  M e a s u r e  t h e  i n c r e a s e  i n  v o l u m e  u s i n g  t h e  s c a l e .
Fo rmu l a :  β_appa ren t  =  ΔV /  (VΔT)

Where :  Δ V  =  c h a n g e  i n  v o l u m e
 V =  i n i t i a l  v o l u m e
 ΔT =  t e m p e r a t u r e  c h a n g e
T h i s  o b s e r v e d  v a l u e  g i v e s  a p p a r e n t  e x p a n s i o n .  R e a l  e x p a n s i o n
c a n  b e  c a l c u l a t e d  b y  a d d i n g  c o n t a i n e r  e x p a n s i o n .

MCQs

1 .  What  i s  r ea l  expan s i o n  o f  a  l i q u i d ?

A )  E x p a n s i o n  m e a s u r e d  i n  a  g l a s s  c o n t a i n e r
B )  E x p a n s i o n  i g n o r i n g  c o n t a i n e r  e f f e c t s
C )  E x p a n s i o n  o f  t h e  c o n t a i n e r  i t s e l f
D )  E x p a n s i o n  d u e  t o  f r e e z i n g
Answer :  B

Exp l a na t i o n :  R e a l  e x p a n s i o n  r e f e r s  t o  t h e  a c t u a l  i n c r e a s e  i n
t h e  v o l u m e  o f  t h e  l i q u i d  i t s e l f  d u e  t o  a  t e m p e r a t u r e  i n c r e a s e ,
d i s r e g a r d i n g  a n y  e x p a n s i o n  o f  t h e  c o n t a i n e r .

2 .  What  i s  a p pa ren t  expan s i o n  o f  a  l i q u i d ?

A )  E x p a n s i o n  i g n o r i n g  c o n t a i n e r  e f f e c t s
B )  E x p a n s i o n  i n c l u d i n g  c o n t a i n e r  e f f e c t
C )  E x p a n s i o n  a t  a b s o l u t e  z e r o
D )  E x p a n s i o n  i n  a  v a c u u m
Answer :  B

Exp l a na t i o n :  A p p a r e n t  e x p a n s i o n  i s  t h e  e x p a n s i o n  o f  t h e  l i q u i d
o b s e r v e d  r e l a t i v e  t o  t h e  c o n t a i n e r .  I t  i s  t h e  r e a l  e x p a n s i o n  o f
t h e  l i q u i d  m i n u s  t h e  e x p a n s i o n  o f  t h e  c o n t a i n e r .SOCHBADLO
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3 .  Wh i ch  o f  t he  f o l l ow i n g  i s  l a r ge r?

A )  R e a l  e x p a n s i o n
B )  A p p a r e n t  e x p a n s i o n
C )  B o t h  a r e  e q u a l
D )  N o n e
Answer :  A

Exp l a na t i o n :  R e a l  e x p a n s i o n  i s  a l w a y s  g r e a t e r  t h a n  a p p a r e n t
e x p a n s i o n  b e c a u s e  t h e  c o n t a i n e r  i t s e l f  a l s o  e x p a n d s ,  m a k i n g
t h e  l i q u i d ' s  r i s e  a p p e a r  l e s s  t h a n  i t s  a c t u a l  v o l u m e  i n c r e a s e .

4 .  I f  a  l i q u i d  expand s  i n  a  c o n t a i n e r ,  wha t  c a u se s  a ppa ren t

expan s i o n  t o  be  l e s s  t han  r ea l  expan s i o n?

A )  C o n t a i n e r  c o n t r a c t s
B )  C o n t a i n e r  e x p a n d s
C )  T e m p e r a t u r e  d e c r e a s e s
D )  L i q u i d  e v a p o r a t e s
Answer :  B

Exp l a na t i o n :  T h e  c o n t a i n e r  e x p a n d s  a l o n g  w i t h  t h e  l i q u i d ,
i n c r e a s i n g  i t s  o w n  c a p a c i t y .  T h i s  p r o v i d e s  e x t r a  s p a c e  f o r  t h e
l i q u i d  t o  o c c u p y ,  s o  t h e  o b s e r v e d  ( a p p a r e n t )  r i s e  i s  l e s s  t h a n
t h e  t r u e  ( r e a l )  e x p a n s i o n .

5 .  Wh i ch  l i q u i d  p r o pe r t y  i s  meas u red  by  r ea l  expan s i o n?

A )  C o e f f i c i e n t  o f  l i n e a r  e x p a n s i o n
B )  C o e f f i c i e n t  o f  v o l u m e t r i c  e x p a n s i o n
C )  S u r f a c e  t e n s i o n
D )  V i s c o s i t y
Answer :  B

Exp l a na t i o n :  R e a l  e x p a n s i o n  i s  a  c h a n g e  i n  v o l u m e ,  s o  i t
d i r e c t l y  m e a s u r e s  t h e  l i q u i d ' s  c o e f f i c i e n t  o f  v o l u m e t r i c  ( o r
c u b i c a l )  e x p a n s i o n .

6 .  I f  t he  l i q u i d  i s  i n  a  g l a s s  f l a s k ,  wh i c h  t y pe  o f  expan s i o n

i s  ob se r ved?

A )  R e a l  e x p a n s i o n
B )  A p p a r e n t  e x p a n s i o n
C )  L i n e a r  e x p a n s i o n
D )  N o n e
Answer :  B

Exp l a na t i o n :  W h e n  a  l i q u i d  i s  i n s i d e  a  c o n t a i n e r ,  a n y  e x p a n s i o n
w e  d i r e c t l y  o b s e r v e ,  l i k e  t h e  l i q u i d  r i s i n g  u p  t h e  n e c k  o f  a
f l a s k ,  i s  t h e  a p p a r e n t  e x p a n s i o n .
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7 .  What  happen s  t o  a  l i q u i d  when  hea ted  i n  a  r i g i d
c o n t a i n e r?
A )  R e a l  e x p a n s i o n  o c c u r s
B )  A p p a r e n t  e x p a n s i o n  o c c u r s
C )  N o  e x p a n s i o n  i s  o b s e r v e d
D )  L i q u i d  c o n t r a c t s
Answer :  B
Exp l a na t i o n :  E v e n  i n  a  " r i g i d "  c o n t a i n e r ,  t h e  c o n t a i n e r  e x p a n d s
s l i g h t l y .  T h e  e x p a n s i o n  o b s e r v e d  r e l a t i v e  t o  t h e  c o n t a i n e r ' s
m a r k i n g s  i s  s t i l l  t h e  a p p a r e n t  e x p a n s i o n .

8 .  The  d i f f e re n ce  be tween  r ea l  a nd  appa ren t  expan s i o n
depend s  o n :
A )  S h a p e  o f  t h e  c o n t a i n e r
B )  C o e f f i c i e n t  o f  e x p a n s i o n  o f  t h e  c o n t a i n e r
C )  V o l u m e  o f  t h e  l i q u i d
D )  N o n e
Answer :  B
Exp l a na t i o n :  T h e  d i f f e r e n c e  ( R e a l  -  A p p a r e n t )  i s  e x a c t l y  e q u a l
t o  t h e  v o l u m e  e x p a n s i o n  o f  t h e  c o n t a i n e r  i t s e l f ,  w h i c h  d e p e n d s
o n  i t s  c o e f f i c i e n t  o f  e x p a n s i o n .

9 .  Wh i ch  f o rmu l a  r e p re sen t s  a ppa ren t  expan s i o n?
A )  β _ a p p a r e n t  =  β _ r e a l  −  3 α
B )  β _ a p p a r e n t  =  3 α  −  β _ r e a l
C )  β _ a p p a r e n t  =  β _ r e a l  +  3 α
D )  β _ a p p a r e n t  =  β _ r e a l  β _ a p p a r e n t
Answer :  A
Exp l a na t i o n :  T h e  c o e f f i c i e n t  o f  a p p a r e n t  e x p a n s i o n  ( β _ a p p )
e q u a l s  t h e  r e a l  e x p a n s i o n  o f  t h e  l i q u i d  ( β _ r e a l )  m i n u s  t h e
e x p a n s i o n  o f  t h e  c o n t a i n e r  ( ≈ 3 α ,  w h e r e  α  i s  t h e  l i n e a r
e x p a n s i o n  c o e f f i c i e n t  o f  t h e  s o l i d ) .

10 .  I f  r ea l  expan s i o n  i s  0 .001  pe r  °C  and  c o n t a i n e r
expan s i o n  i s  0 .0001  pe r  °C ,  a ppa ren t  expan s i o n  i s :
A )  0 . 0 0 1 1
B )  0 . 0 0 0 9
C )  0 . 0 0 1 0
D )  0 . 0 0 0 1
Answer :  B
Exp l a na t i o n :  A p p a r e n t  e x p a n s i o n  =  R e a l  e x p a n s i o n  -  C o n t a i n e r
e x p a n s i o n .  T h e r e f o r e ,  0 . 0 0 1 0  -  0 . 0 0 0 1  =  0 . 0 0 0 9  p e r  ° C .
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11 .  Wh i ch  i s  t r u e  f o r  a l l  l i q u i d s ?

A )  R e a l  e x p a n s i o n  <  A p p a r e n t  e x p a n s i o n
B )  R e a l  e x p a n s i o n  >  A p p a r e n t  e x p a n s i o n
C )  R e a l  e x p a n s i o n  =  A p p a r e n t  e x p a n s i o n
D )  L i q u i d  d o e s  n o t  e x p a n d
Answer :  B

Exp l a na t i o n :  S i n c e  a l l  c o n t a i n e r s  ( s o l i d  m a t e r i a l s )  e x p a n d  t o
s o m e  e x t e n t  w h e n  h e a t e d ,  t h e  r e a l  e x p a n s i o n  o f  a  l i q u i d  i s
a l w a y s  g r e a t e r  t h a n  i t s  a p p a r e n t  e x p a n s i o n .

12 .  Why  doe s  mer c u r y  show  l e s s  a ppa ren t  expan s i o n  i n  g l a s s ?

A )  M e r c u r y  c o n t r a c t s
B )  G l a s s  e x p a n d s  s l i g h t l y
C )  T e m p e r a t u r e  d e c r e a s e s
D )  G l a s s  c o n t r a c t s
Answer :  B

Exp l a na t i o n :  T h e  g l a s s  c o n t a i n e r  e x p a n d s ,  i n c r e a s i n g  i t s
i n t e r n a l  v o l u m e .  T h i s  m a k e s  t h e  r i s e  o f  t h e  m e r c u r y  c o l u m n
a p p e a r  s l i g h t l y  l e s s  t h a n  t h e  a c t u a l  v o l u m e  e x p a n s i o n  o f  t h e
m e r c u r y .

13 .  I f  t he  c o n t a i n e r  ha s  h i g h  expan s i o n  c oe f f i c i e n t ,

a ppa ren t  expan s i o n  w i l l  b e :

A )  M u c h  h i g h e r  t h a n  r e a l
B )  S l i g h t l y  h i g h e r  t h a n  r e a l
C )  M u c h  l o w e r  t h a n  r e a l
D )  E q u a l  t o  r e a l
Answer :  C

Exp l a na t i o n :  A  h i g h  c o n t a i n e r  e x p a n s i o n  m e a n s  t h e  c o n t a i n e r ' s
v o l u m e  i n c r e a s e s  s i g n i f i c a n t l y ,  a c c o m m o d a t i n g  m o r e  o f  t h e
l i q u i d ' s  e x p a n s i o n  a n d  m a k i n g  t h e  o b s e r v e d  ( a p p a r e n t )
e x p a n s i o n  m u c h  s m a l l e r  t h a n  t h e  r e a l  e x p a n s i o n .

14 .  Wh i ch  o f  t he se  i s  u s ed  i n  t he rmomete r s  f o r  meas u r i n g

t empera t u r e?

A )  W a t e r
B )  M e r c u r y
C )  A l c o h o l
D )  B o t h  B  &  C
Answer :  D

Exp l a na t i o n :  B o t h  m e r c u r y  a n d  a l c o h o l  a r e  c o m m o n l y  u s e d  i n
t h e r m o m e t e r s  b e c a u s e  t h e y  h a v e  r e l a t i v e l y  u n i f o r m  a n d  v i s i b l e
e x p a n s i o n  o v e r  a  w i d e  t e m p e r a t u r e  r a n g e .
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15 .  Coef f i c i e n t  o f  v o l umet r i c  expan s i o n  o f  a  l i q u i d  i s

u s ua l l y :

A )  G r e a t e r  t h a n  s o l i d s
B )  L e s s  t h a n  s o l i d s
C )  S a m e  a s  s o l i d s
D )  Z e r o
Answer :  A

Exp l a na t i o n :  L i q u i d s  g e n e r a l l y  e x p a n d  m o r e  t h a n  s o l i d s  f o r  t h e
s a m e  r i s e  i n  t e m p e r a t u r e ,  m e a n i n g  t h e i r  c o e f f i c i e n t  o f
v o l u m e t r i c  e x p a n s i o n  i s  h i g h e r .

16 .  Appa ren t  expan s i o n  i s  meas u red  when :

A )  L i q u i d  i s  i n  f r e e  s p a c e
B )  L i q u i d  i s  i n  c o n t a i n e r
C )  C o n t a i n e r  i s  r e m o v e d
D )  L i q u i d  f r e e z e s
Answer :  B

Exp l a na t i o n :  A p p a r e n t  e x p a n s i o n  i s ,  b y  d e f i n i t i o n ,  t h e
e x p a n s i o n  o b s e r v e d  w h e n  t h e  l i q u i d  i s  c o n f i n e d  w i t h i n  a n d
e x p a n d i n g  a l o n g  w i t h  i t s  c o n t a i n e r .

17 .  I f  t he  c o n t a i n e r  c o n t r a c t s  o n  hea t i n g ,  a ppa ren t

expan s i o n  w i l l :

A )  I n c r e a s e
B )  D e c r e a s e
C )  R e m a i n  s a m e
D )  B e c o m e  z e r o
Answer :  A

Exp l a na t i o n :  I f  t h e  c o n t a i n e r  c o n t r a c t s  ( a  h y p o t h e t i c a l
s c e n a r i o ,  a s  m o s t  e x p a n d ) ,  i t  w o u l d  p r o v i d e  l e s s  s p a c e ,  f o r c i n g
t h e  l i q u i d  t o  r i s e  m o r e .  T h u s ,  t h e  o b s e r v e d  a p p a r e n t  e x p a n s i o n
w o u l d  i n c r e a s e .

18 .  Rea l  expan s i o n  c a n  be  ca l c u l a t ed  i f :

A )  C o e f f i c i e n t  o f  c o n t a i n e r  a n d  a p p a r e n t  e x p a n s i o n  a r e  k n o w n
B )  O n l y  a p p a r e n t  e x p a n s i o n  i s  k n o w n
C )  O n l y  c o n t a i n e r  e x p a n s i o n  i s  k n o w n
D )  N o n e
Answer :  A

Exp l a na t i o n :  S i n c e  A p p a r e n t  =  R e a l  -  C o n t a i n e r ,  t h e  R e a l
e x p a n s i o n  c a n  b e  f o u n d  b y  a d d i n g  t h e  c o n t a i n e r ' s  e x p a n s i o n
( c a l c u l a t e d  f r o m  i t s  c o e f f i c i e n t )  t o  t h e  o b s e r v e d  a p p a r e n t
e x p a n s i o n .
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19. Which is negligible for water in a metal container?

A) Real expansion
B) Apparent expansion difference
C) Heat capacity
D) Surface tension
Answer: B

Explanation: The difference (Real - Apparent) is the container's expansion. For water
in a metal container, the difference might be significant if the metal expands a lot.
The question likely implies a scenario with minimal container expansion, making the
difference negligible. However, based on standard concepts, "Apparent expansion
difference" is the most direct answer as it refers to the difference between real and
apparent.

20. Apparent expansion is always ______ than real expansion.

A) Greater
B) Smaller
C) Equal
D) None
Answer: B

Explanation: Apparent expansion is always smaller than real expansion because a part
of the liquid's real expansion goes into filling the extra space created by the
expansion of the container itself.
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UNIT : 1 1  THERMAL
TRANSFORMATIONS

TOPIC  :  11 .2 .3  APPICATIONS AND CONSEQUENCES OF

THERMAL EXPANSIION IN REAL  LIFE

Th e rm ome t e r s :

1 . L i q u i d  m e r c u r y  o r  a l c o h o l  e x p a n d s  w h e n  h e a t e d
2 . T h e  l i q u i d  r i s e s  i n  t h e  c a l i b r a t e d  c a p i l l a r y  t u b e
3 . T h e  h e i g h t  o f  t h e  l i q u i d  c o l u m n  s h o w s  t h e  t e m p e r a t u r e

B im e t a l l i c  s t r i p  t h e rm o s t a t  :

1 . M a d e  o f  t w o  d i f f e r e n t  m e t a l s  ( b r a s s  a n d  i r o n )  j o i n e d  t o g e t h e r
2 . M e t a l s  e x p a n d  a t  d i f f e r e n t  r a t e s  w h e n  h e a t e d
3 . U n e q u a l  e x p a n s i o n  c a u s e s  t h e  s t r i p  t o  b e n d
4 . T h e  b e n d i n g  a c t s  a s  a  s w i t c h  t o  c o n t r o l  h e a t i n g  d e v i c e s

E x p a n s i o n  j o i n t s :

1 . U s e d  i n  b r i d g e s ,  b u i l d i n g s ,  a n d  p i p e l i n e s
2 . A l l o w  m a t e r i a l s  t o  e x p a n d  a n d  c o n t r a c t  d u e  t o  t e m p e r a t u r e

c h a n g e s
3 . P r e v e n t  s t r u c t u r a l  d a m a g e  b y  a b s o r b i n g  t h e r m a l  s t r e s s

Ope n i n g  t h e  c a p  o f  a  b o t t l e  :

1 . H e a t i n g  t h e  m e t a l  c a p  c a u s e s  i t  t o  e x p a n d
2 . E x p a n s i o n  i n c r e a s e s  t h e  c a p ’ s  d i a m e t e r  s l i g h t l y
3 . M a k e s  i t  e a s i e r  t o  o p e n  t h e  c a p

P o w e r  l i n e s :

1 . P o w e r  c a b l e s  e x p a n d  a n d  s a g  i n  h o t  w e a t h e r
2 . E x t r a  s l a c k  i s  p r o v i d e d  d u r i n g  i n s t a l l a t i o n
3 . P r e v e n t s  c a b l e s  f r o m  s n a p p i n g  d u e  t o  e x p a n s i o n

De s i g n i n g  i n s t r um e n t  i n  m a c h i n e r y :

1 . P a r t s  a r e  d e s i g n e d  t o  a c c o m m o d a t e  t h e r m a l  e x p a n s i o n
2 . E n s u r e s  p r o p e r  f i t t i n g  a n d  f u n c t i o n i n g  d e s p i t e  t e m p e r a t u r e

c h a n g e s
3 . P r e v e n t s  m a l f u n c t i o n  a n d  d a m a g e  c a u s e d  b y  e x p a n s i o n  o r

c o n t r a c t i o n
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C o n s e q u e n c e s  o f  t h e r m a l  e x p a n s i o n s :

1 . W i t h o u t  a c c o u n t i n g  f o r  t h e r m a l  e x p a n s i o n ,  m a c h i n e s  a n d
s t r u c t u r e s  c a n  f a c e  s e r i o u s  p r o b l e m s .

2 . C o n c r e t e  a n d  a s p h a l t  e x p a n d  a n d  c o n t r a c t  w i t h
t e m p e r a t u r e  c h a n g e s ;  w i t h o u t  j o i n t s ,  t h i s  c a u s e s  c r a c k s .

3 . O v e r h e a t e d  p o w e r  l i n e s  m a y  s a g  t o o  m u c h ,  l e a d i n g  t o  p o w e r
o u t a g e s .

4 . R a i l w a y  t r a c k s  c a n  b u c k l e  i n  h o t  w e a t h e r  i f  e x p a n s i o n  g a p s
a r e  m i s s i n g .

5 . P i p e s  c a n  b u r s t  i f  h e a t e d  f l u i d  e x p a n d s  a n d  t h e r e ' s  n o
s p a c e  f o r  i t .

6 . M e a s u r i n g  i n s t r u m e n t s  m a y  g i v e  i n c o r r e c t  r e a d i n g s  i f  n o t
c a l i b r a t e d  f o r  e x p a n s i o n .

7 . R e p e a t e d  e x p a n s i o n  a n d  c o n t r a c t i o n  w e a k e n s  m e t a l s ,
d a m a g i n g  m a c h i n e s ,  a i r p l a n e s ,  a n d  b u i l d i n g s .

SRQs

1 . Why does  a  l i q u i d- i n-g l a s s  the rmometer  work?

A  l i q u i d - i n - g l a s s  t h e r m o m e t e r  w o r k s  b e c a u s e  t h e  l i q u i d  i n s i d e
( m e r c u r y  o r  a l c o h o l )  e x p a n d s  m o r e  t h a n  t h e  g l a s s  w h e n  h e a t e d .
A s  t e m p e r a t u r e  i n c r e a s e s ,  t h e  l i q u i d  r i s e s  i n  t h e  n a r r o w
c a p i l l a r y  t u b e .  T h i s  r i s e  i n d i c a t e s  t e m p e r a t u r e .

2 . Why  does  a  b imeta l l i c  s t r i p  bend  when  hea ted?

A  b i m e t a l l i c  s t r i p  i s  m a d e  o f  t w o  d i f f e r e n t  m e t a l s  j o i n e d
t o g e t h e r .  W h e n  h e a t e d ,  o n e  m e t a l  e x p a n d s  m o r e  t h a n  t h e  o t h e r .
D u e  t o  d i f f e r e n t  e x p a n s i o n  r a t e s ,  t h e  s t r i p  b e n d s .  T h i s
p r i n c i p l e  i s  u s e d  i n  t h e r m o s t a t s
.
3 . Why  a re  expan s i o n  j o i n t s  p r o v i ded  i n  b r i d ge s?

E x p a n s i o n  j o i n t s  a r e  p r o v i d e d  t o  a l l o w  m a t e r i a l s  t o  e x p a n d  i n
h o t  w e a t h e r  a n d  c o n t r a c t  i n  c o l d  w e a t h e r .  W i t h o u t  t h e s e  j o i n t s ,
b r i d g e s  m a y  c r a c k  o r  d e v e l o p  i n t e r n a l  s t r e s s  d u e  t o  t h e r m a l
e x p a n s i o n .

4 . Why  does  a  t i gh t  meta l  l i d  l o o sen  i n  ho t  wate r?

W h e n  h o t  w a t e r  i s  p o u r e d  o v e r  a  m e t a l  l i d ,  t h e  m e t a l  e x p a n d s .
S i n c e  m e t a l  e x p a n d s  m o r e  t h a n  g l a s s ,  t h e  l i d  b e c o m e s  l o o s e  a n d
c a n  b e  o p e n e d  e a s i l y .
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5 . Why  a r e  o v e r h e a d  p o w e r  l i n e s  g i v e n  s l a c k ?

P o w e r  l i n e s  a r e  g i v e n  s l a c k  s o  t h a t  w h e n  t e m p e r a t u r e
d e c r e a s e s  i n  w i n t e r ,  t h e  w i r e s  c o n t r a c t  w i t h o u t  s n a p p i n g .
S l a c k  p r e v e n t s  b r e a k a g e  d u e  t o  c o n t r a c t i o n .

6 . W h y  d o e s  w a t e r  b o t t l e  c r a c k  i n  a  f r e e z e r ?

W a t e r  e x p a n d s  w h e n  i t  f r e e z e s  ( b e l o w  4 ° C ) .  I f  t h e r e  i s  n o
e x t r a  s p a c e  i n  t h e  b o t t l e ,  t h e  e x p a n d i n g  i c e  c r e a t e s
p r e s s u r e  a n d  t h e  b o t t l e  m a y  c r a c k .

7 . W h y  a r e  r i v e t s  h e a t e d  b e f o r e  i n s t a l l a t i o n ?

R i v e t s  a r e  h e a t e d  b e f o r e  i n s t a l l a t i o n  s o  t h e y  e x p a n d .  A f t e r
f i t t i n g ,  t h e y  c o o l  a n d  c o n t r a c t ,  f o r m i n g  a  t i g h t  a n d  s t r o n g
j o i n t  b e t w e e n  m e t a l  p l a t e s .

8  Why  d o e s  a  p e n d u l u m  c l o c k  s l o w  d o w n  i n  s umme r ?

I n  s u m m e r ,  t h e  p e n d u l u m  r o d  e x p a n d s  d u e  t o  h e a t .  T h i s
i n c r e a s e s  i t s  l e n g t h ,  w h i c h  i n c r e a s e s  t h e  t i m e  p e r i o d  o f
o s c i l l a t i o n .  A s  a  r e s u l t ,  t h e  c l o c k  r u n s  s l o w .

9 . W h y  a r e  l o w - e x p a n s i o n  g l a s s e s  l i k e  P y r e x  u s e d  i n

l a b o r a t o r i e s ?

L o w - e x p a n s i o n  g l a s s e s  r e s i s t  c r a c k i n g  d u r i n g  s u d d e n
t e m p e r a t u r e  c h a n g e s .  T h e y  e x p e r i e n c e  v e r y  s m a l l  e x p a n s i o n ,
r e d u c i n g  t h e r m a l  s t r e s s .

1 0 .W h y  i s  t h e rm a l  e x p a n s i o n  i m p o r t a n t  i n  m a c h i n e  d e s i g n ?

I f  t h e r m a l  e x p a n s i o n  i s  i g n o r e d ,  m a c h i n e  p a r t s  m a y  e x p a n d
a n d  s t i c k ,  j a m ,  o r  b r e a k .  E n g i n e e r s  d e s i g n  m a c h i n e s
c o n s i d e r i n g  e x p a n s i o n  r a t e s  t o  e n s u r e  s m o o t h  o p e r a t i o n .SOCHBADLO
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MSQs

1 .  Wh i ch  p r o pe r t y  a l l ow s  a  l i q u i d- i n-g l a s s  t he rmomete r  t o

meas u re  t empera t u r e?

A )  G l a s s  c o n t r a c t s  m o r e  t h a n  l i q u i d
B )  L i q u i d  e x p a n d s  m o r e  t h a n  g l a s s
C )  G l a s s  e x p a n d s  f a s t e r  t h a n  l i q u i d
D )  L i q u i d  f r e e z e s  e a s i l y
Answer :  B

Exp l a na t i o n :  F o r  t h e  t h e r m o m e t e r  t o  s h o w  a  r e a d i n g ,  t h e  l i q u i d
i n s i d e  ( l i k e  m e r c u r y  o r  a l c o h o l )  m u s t  e x p a n d  s i g n i f i c a n t l y  m o r e
t h a n  t h e  g l a s s  t u b e  c o n t a i n i n g  i t .

2 .  Why  doe s  a  b ime ta l l i c  s t r i p  bend  when  hea ted?

A )  B o t h  m e t a l s  e x p a n d  e q u a l l y
B )  O n e  m e t a l  e x p a n d s  f a s t e r  t h a n  t h e  o t h e r
C )  T h e  s t r i p  a b s o r b s  h e a t  u n i f o r m l y
D )  M e t a l s  m e l t  s l i g h t l y
Answer :  B

Exp l a na t i o n :  A  b i m e t a l l i c  s t r i p  c o n s i s t s  o f  t w o  d i f f e r e n t  m e t a l s
b o n d e d  t o g e t h e r .  W h e n  h e a t e d ,  o n e  m e t a l  e x p a n d s  m o r e  t h a n  t h e
o t h e r ,  c a u s i n g  t h e  s t r i p  t o  b e n d  t o w a r d s  t h e  m e t a l  w i t h  t h e
l o w e r  e x p a n s i o n .

3 .  What  i s  t he  p u r p o se  o f  expan s i o n  j o i n t s  i n  b r i d ge s?

A )  P r e v e n t  c r a c k i n g  d u e  t o  h e a t  e x p a n s i o n
B )  R e d u c e  b r i d g e  w e i g h t
C )  P r e v e n t  w a t e r  a c c u m u l a t i o n
D )  A l l o w  m o r e  t r a f f i c
Answer :  A

Exp l a na t i o n :  E x p a n s i o n  j o i n t s  a r e  g a p s  b u i l t  i n t o  b r i d g e s  t o  a l l o w
t h e  m a t e r i a l s  t o  e x p a n d  s a f e l y  o n  h o t  d a y s  w i t h o u t  b u c k l i n g  o r
c r a c k i n g  t h e  s t r u c t u r e .

4 .  Why  doe s  a  t i g h t  meta l  j a r  l i d  l o o s e n  i n  h o t  wa te r?

A )  W a t e r  l u b r i c a t e s  t h e  l i d
B )  M e t a l  l i d  e x p a n d s  m o r e  t h a n  g l a s s
C )  L i d  m e l t s  s l i g h t l y
D )  H e a t  r e d u c e s  f r i c t i o n
Answer :  B

Exp l a na t i o n :  M e t a l s  g e n e r a l l y  h a v e  a  h i g h e r  c o e f f i c i e n t  o f
e x p a n s i o n  t h a n  g l a s s .  W h e n  h o t  w a t e r  i s  p o u r e d  o v e r  t h e  l i d ,  t h e
m e t a l  e x p a n d s  m o r e  a n d  f a s t e r  t h a n  t h e  g l a s s  j a r ,  m a k i n g  t h e  l i d
e a s i e r  t o  t u r n .

SOCHBADLO
BYMAK



5 .  Why  a re  o v e rhead  p ower  l i n e s  g i v e n  s l a c k  ( s a g ) ?

A )  F o r  a e s t h e t i c s
B )  M e t a l s  c o n t r a c t  i n  c o l d ,  t i g h t  w i r e s  c o u l d  b r e a k
C )  S a g  i m p r o v e s  c o n d u c t i v i t y
D )  S a g  p r e v e n t s  h e a t  a b s o r p t i o n
Answer :  B

Exp l a na t i o n :  T h e  s l a c k  ( o r  s a g )  i s  p r o v i d e d  s o  t h a t  w h e n
t e m p e r a t u r e s  d r o p  a n d  t h e  w i r e s  c o n t r a c t ,  t h e y  a r e  n o t  p u l l e d
s o  t i g h t  t h a t  t h e y  s n a p .

6 .  What  happen s  t o  a  B ra s s –Stee l  b ime ta l l i c  s t r i p  when

coo l ed?

A )  B e n d s  t o w a r d  S t e e l
B )  B e n d s  t o w a r d  B r a s s
C )  S t a y s  s t r a i g h t
D )  A l t e r n a t e s  d i r e c t i o n s
Answer :  B

Exp l a na t i o n :  B r a s s  e x p a n d s  a n d  c o n t r a c t s  m o r e  t h a n  s t e e l .
W h e n  c o o l e d ,  b r a s s  c o n t r a c t s  m o r e ,  s o  t h e  s t r i p  b e n d s  t o w a r d s
t h e  b r a s s  s i d e .

7 .  Why  doe s  a  g l a s s  b o t t l e  o f  wa te r  c r a ck  i n  a  f r eeze r?

A )  W a t e r  s h r i n k s  w h e n  f r e e z i n g
B )  W a t e r  e x p a n d s  b e l o w  4 ° C ,  c r e a t i n g  p r e s s u r e
C )  G l a s s  m e l t s  s l i g h t l y  i n  c o l d
D )  B o t t l e  f r e e z e s  s l o w l y
Answer :  B

Exp l a na t i o n :  W a t e r  e x h i b i t s  a n o m a l o u s  e x p a n s i o n .  B e l o w  4 ° C ,  i t
e x p a n d s  a s  i t  c o o l s  f u r t h e r  a n d  f r e e z e s .  T h i s  e x p a n s i o n  i n s i d e
a  s e a l e d  g l a s s  b o t t l e  c r e a t e s  i m m e n s e  p r e s s u r e ,  c a u s i n g  t h e
b o t t l e  t o  c r a c k .

8 .  Why  i s  Merc u r y  u sed  i n  t he rmomete r s  i n s t ead  o f  wa te r?

A )  M e r c u r y  e x p a n d s  i r r e g u l a r l y
B )  M e r c u r y  s t i c k s  t o  g l a s s
C )  M e r c u r y  r e m a i n s  l i q u i d  o v e r  a  w i d e  r a n g e  a n d  e x p a n d s
u n i f o r m l y
D )  M e r c u r y  f r e e z e s  e a s i l y
Answer :  C

Exp l a na t i o n :  M e r c u r y  i s  a  g o o d  t h e r m o m e t e r  f l u i d  b e c a u s e  i t
r e m a i n s  i n  a  l i q u i d  s t a t e  o v e r  a  w i d e  r a n g e  o f  t e m p e r a t u r e s  a n d
i t s  e x p a n s i o n  i s  f a i r l y  u n i f o r m  a n d  v i s i b l e .
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9 .  Why  do  r a i l way  t r a ck s  b u ck l e  i n  s ummer  w i t h o u t  expan s i o n

gap s?

A )  S t e e l  c o n t r a c t s  i n  h e a t
B )  C o n c r e t e  b e n e a t h  m e l t s
C )  R a i l s  e x p a n d  w i t h  n o w h e r e  t o  g o
D )  T r a i n  p r e s s u r e  c a u s e s  b e n d i n g
Answer :  C

Exp l a na t i o n :  O n  h o t  d a y s ,  t h e  s t e e l  r a i l s  e x p a n d  i n  l e n g t h .  I f
t h e r e  a r e  n o  e x p a n s i o n  g a p s ,  t h e  r a i l s  h a v e  n o  r o o m  t o  e x p a n d
a n d  w i l l  b u c k l e  s i d e w a y s  f r o m  t h e  c o m p r e s s i v e  s t r e s s .

10 .  Why  a re  r i v e t s  hea ted  befo re  i n s t a l l a t i o n ?

A )  T o  s o f t e n  f o r  d r i l l i n g
B )  C o n t r a c t i o n  d u r i n g  c o o l i n g  p r o v i d e s  a  t i g h t  g r i p
C )  T o  p r e v e n t  o x i d a t i o n
D )  T o  r e d u c e  w e i g h t
Answer :  B

Exp l a na t i o n :  H o t  r i v e t s  a r e  i n s e r t e d  i n t o  p l a t e s .  A s  t h e y  c o o l ,
t h e y  c o n t r a c t ,  p u l l i n g  t h e  p l a t e s  t o g e t h e r  t i g h t l y  a n d  f o r m i n g  a
s t r o n g ,  s e c u r e  j o i n t .

11 .  What  happen s  t o  a  h o l e  i n  a  meta l  p l a t e  when  the  p l a t e

i s  hea ted?

A )  H o l e  b e c o m e s  s m a l l e r
B )  H o l e  b e c o m e s  l a r g e r
C )  H o l e  s t a y s  s a m e
D )  P l a t e  m e l t s  f i r s t
Answer :  B

Exp l a na t i o n :  W h e n  a  m e t a l  p l a t e  e x p a n d s ,  a l l  i t s  d i m e n s i o n s
i n c r e a s e ,  i n c l u d i n g  t h e  d i a m e t e r  o f  a n y  h o l e s .  T h e  m a t e r i a l
e x p a n d s  o u t w a r d ,  m a k i n g  t h e  h o l e  l a r g e r .

12 .  Why  doe s  a  pendu l um c l o c k  s l ow  down  i n  s ummer?

A )  P e n d u l u m  s h o r t e n s
B )  P e n d u l u m  r o d  e x p a n d s ,  i n c r e a s i n g  s w i n g  p e r i o d
C )  A i r  r e s i s t a n c e  i n c r e a s e s
D )  T e m p e r a t u r e  h a s  n o  e f f e c t
Answer :  B

Exp l a na t i o n :  T h e  r o d  o f  t h e  p e n d u l u m  e x p a n d s  i n  t h e  s u m m e r
h e a t ,  m a k i n g  t h e  p e n d u l u m  l o n g e r .  A  l o n g e r  p e n d u l u m  t a k e s  m o r e
t i m e  t o  c o m p l e t e  o n e  s w i n g ,  c a u s i n g  t h e  c l o c k  t o  l o s e  t i m e  ( r u n
s l o w ) .
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13 .  Why  doe s  a  g l a s s  c r a ck  when  c o l d  wa te r  i s  p o u r ed  i n t o  a

ho t  g l a s s ?

A )  U n e v e n  c o n t r a c t i o n  c r e a t e s  t h e r m a l  s t r e s s
B )  W a t e r  f r e e z e s  i n s t a n t l y
C )  G l a s s  a b s o r b s  h e a t  e v e n l y
D )  G l a s s  m e l t s  i n s i d e
Answer :  A

Exp l a na t i o n :  T h e  i n n e r  s u r f a c e  o f  t h e  g l a s s  c o o l s  a n d  c o n t r a c t s
r a p i d l y ,  w h i l e  t h e  o u t e r  s u r f a c e  r e m a i n s  h o t  a n d  e x p a n d e d .
T h i s  u n e v e n  c o n t r a c t i o n  c r e a t e s  s t r e s s  t h a t  c r a c k s  t h e  g l a s s .

14 .  Why  i s  s l a c k  g i v e n  t o  r a i l s  d u r i n g  i n s t a l l a t i o n ?

A )  R e d u c e  n o i s e
B )  A l l o w  f r e e  t h e r m a l  e x p a n s i o n
C )  P r e v e n t  r u s t i n g
D )  E a s i e r  i n s t a l l a t i o n
Answer :  B

Exp l a na t i o n :  S m a l l  g a p s  ( s l a c k )  a r e  l e f t  b e t w e e n  r a i l  s e c t i o n s
t o  p r o v i d e  s p a c e  f o r  t h e  r a i l s  t o  e x p a n d  o n  h o t  d a y s  w i t h o u t
b u c k l i n g .

15 .  Wh i ch  mate r i a l  h a s  n ea r-ze r o  expan s i o n?

A )  A l u m i n i u m
B )  B r a s s
C )  I n v a r  ( s t e e l  a l l o y )
D )  G l a s s
Answer :  C

Exp l a na t i o n :  I n v a r  i s  a  n i c k e l - s t e e l  a l l o y  f a m o u s  f o r  h a v i n g  a
v e r y  l o w  c o e f f i c i e n t  o f  t h e r m a l  e x p a n s i o n ,  m e a n i n g  i t s
d i m e n s i o n s  c h a n g e  v e r y  l i t t l e  w i t h  t e m p e r a t u r e .

16 .  Why  doe s  a  t he rmos ta t  c u t  o f f  p ower  a t  h i g h

tempera t u r e?

A )  T h e r m o s t a t  m e l t s
B )  B i m e t a l l i c  s t r i p  b e n d s ,  b r e a k i n g  t h e  c i r c u i t
C )  H e a t  s e n s o r  s t o p s  e l e c t r i c i t y
D )  W i r e s  e x p a n d
Answer :  B

Exp l a na t i o n :  I n  a  s i m p l e  t h e r m o s t a t ,  t h e  b i m e t a l l i c  s t r i p  b e n d s
w h e n  h e a t e d .  T h i s  b e n d i n g  m o v e m e n t  c a n  b r e a k  a n  e l e c t r i c a l
c o n t a c t ,  c u t t i n g  o f f  t h e  p o w e r  s u p p l y .
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17 .  Why  can  t he  E i f f e l  Tower  g r ow  6  i n che s  i n  s ummer?

A )  I r o n  m e l t s  s l i g h t l y
B )  I r o n  e x p a n d s  d u e  t o  h e a t
C )  T o w e r s  h a v e  m e c h a n i c a l  e l e v a t o r s
D )  W i n d  p u s h e s  i t  u p
Answer :  B

Exp l a na t i o n :  T h e  i r o n  s t r u c t u r e  o f  t h e  E i f f e l  T o w e r  e x p a n d s
w h e n  h e a t e d  b y  t h e  s u m m e r  s u n ,  c a u s i n g  t h e  e n t i r e  s t r u c t u r e
t o  i n c r e a s e  i n  h e i g h t  b y  a  f e w  i n c h e s .

18 .  Wh i ch  o f  t he se  mate r i a l s  expand s  t he  mos t  when

hea ted?

A )  A l u m i n i u m
B )  S t e e l
C )  B r a s s
D )  G l a s s
Answer :  A

Exp l a na t i o n :  A m o n g  t h e  c o m m o n  m a t e r i a l s  l i s t e d ,  a l u m i n i u m
t y p i c a l l y  h a s  t h e  h i g h e s t  c o e f f i c i e n t  o f  l i n e a r  e x p a n s i o n .

19 .  What  i s  t he  ma i n  dange r  o f  i g n o r i n g  t he rma l  expan s i o n  i n

p i p e l i n e s?

A )  P i p e s  m a y  s h r i n k
B )  P i p e s  m a y  b u r s t  d u e  t o  l i q u i d  e x p a n s i o n
C )  P i p e s  b e c o m e  s l i p p e r y
D )  N o  e f f e c t
Answer :  B

Exp l a na t i o n :  I f  a  l i q u i d  i n s i d e  a  c l o s e d  p i p e l i n e  e x p a n d s  d u e  t o
h e a t  a n d  t h e r e  i s  n o  r o o m  f o r  t h e  p i p e  t o  e x p a n d  o r  t h e  l i q u i d
t o  f l o w ,  t h e  i m m e n s e  p r e s s u r e  c a n  c a u s e  t h e  p i p e  t o  b u r s t .

20 .  Why  doe s  a  b ime ta l l i c  s t r i p  s t r a i g h te n  a ga i n  a f t e r

c o o l i n g  i n  a  t he rmos ta t?

A )  M e t a l s  l o s e  h e a t  e v e n l y
B )  M e t a l s  c o n t r a c t  d i f f e r e n t l y ;  s t r i p  r e t u r n s  t o  o r i g i n a l  s h a p e
C )  B i m e t a l l i c  s t r i p  b e n d s  p e r m a n e n t l y
D )  T h e r m o s t a t  r e s e t s  a u t o m a t i c a l l y
Answer :  B

Exp l a na t i o n :  T h e  b e n d i n g  i s  e l a s t i c .  U p o n  c o o l i n g ,  b o t h  m e t a l s
c o n t r a c t ,  w i t h  t h e  o n e  t h a t  e x p a n d e d  m o r e  a l s o  c o n t r a c t i n g
m o r e ,  c a u s i n g  t h e  s t r i p  t o  r e t u r n  t o  i t s  o r i g i n a l  s t r a i g h t  s h a p e .
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21. Why are low-expansion glass types like Pyrex used in labs?

A) They are cheap
B) They resist cracking under temperature changes
C) They absorb more heat
D) They expand faster than metals
Answer: B

Explanation: Low-expansion glass is resistant to thermal shock. It can withstand rapid
temperature changes without cracking because it expands and contracts very little, reducing
internal stress.

22. Why is steel preferred for railway tracks?

A) Low cost
B) Moderate expansion and high strength
C) High expansion and weak
D) Flexible like rubber
Answer: B

Explanation: Steel provides a good balance of high strength to bear loads and a manageable
coefficient of expansion that can be accommodated with expansion gaps.

23. Why do bridge supports use rollers instead of fixing both ends rigidly?

A) To allow vibration absorption
B) To accommodate thermal expansion and contraction
C) To increase bridge height
D) To prevent corrosion
Answer: B

Explanation: Roller supports allow one end of the bridge to move freely as the structure
expands and contracts with temperature changes, preventing the buildup of destructive
stresses.

24. Why does thermal expansion matter in machine design?

A) Machines overheat otherwise
B) Parts can stick or break if expansion is ignored
C) Materials become soft
D) Only for aesthetics
Answer: B

Explanation: Engineers must account for thermal expansion by providing clearances (gaps)
between parts. If not, parts that expand when heated could seize, jam, or cause failure.

25. How does anomalous expansion of water affect household appliances?

A) Water pipes never crack
B) Freezing water in closed pipes can burst them
C) Water always contracts when cooled
D) No effect on appliances
Answer: B

Explanation: When water freezes in pipes during winter, it expands. This expansion creates
enormous pressure, which can burst the pipes, causing significant damage.
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UNIT : 1 1  THERMAL
TRANSFORMATIONS

TOPIC  :  11 .4  EVAPORATION

Cause of evaporat ion

1 . Molecu les  in  a  l iqu id  constant ly  move and
col l ide with each other and conta iner
wal ls .

2 . These co l l i s ions  cause molecu les  to  have
different k inet ic  energies .

3 . Some molecu les  ga in  enough k inet ic  energy
to escape from the l iqu id  surface as
vapour .

Evaporat ion causes coo l ing

1 . H igh-energy  mo lecu les  near  the  surface  escape  as  vapour .
2 . Remain ing  mo lecu les  have  lower  average  k inet ic  energy .
3 . Lower  average  k inet ic  energy  lowers  the  temperature  of  the  l i qu id .
4 . Th is  temperature  drop  causes  a  coo l ing  effect .
5 . When l i qu id  evaporates  from the  surface  of  so l ids ,  i t  l owers  the  so l id ’ s

temperature  too .
6 . Th is  coo l ing  pr inc ip le  i s  used  in  refr igerators  and  a i r  cond it ioners .  

 
Factors affect ing the rate of evaporat ion

1 . The  rate  of  evaporat ion  i s  how fast  mo lecu les  at  the  surface  escape  and  turn
into  gas .

2 . H igher  rate  of  evaporat ion  means  faster  evaporat ion  of  the  l i qu id .
3 . Temperature:

    The  rate  of  evaporat ion  ∝  temperature  (d irect ly  proport iona l ) .
     H igher  temperature  increases  the  k inet ic  energy  of  mo lecu les ,  i ncreas ing  the
rate  of  evaporat ion .
     Example :  Water  evaporates  faster  in  sunsh ine  or  hot  areas  than  in  shade  or
coo ler  areas .
4 . Surface Area:

     The  rate  of  evaporat ion  ∝  surface  area  (d irect ly  proport iona l ) .
      Larger  surface  area  a l l ows  more  mo lecu les  to  escape ,  i ncreas ing  evaporat ion
speed .
     Th is  i s  why  spread ing  wet  c lothes  he lps  them dry  faster .
5 . Humid ity:

     The  rate  of  evaporat ion  ∝  1/humid ity  ( i nverse ly  proport iona l ) .
     Dry  a i r  ( l ow  humid ity )  can  absorb  more  water  vapor ,  i ncreas ing  evaporat ion
rate .
     Example :  A ir  coo lers  work  better  in  dry  months  (June)  than  in  humid  months
(August) .
6 . W i nd Speed:

     Increased  w ind  speed increases  the  rate  of  evaporat ion .
     Wind  b lows  away  mo isture  near  the  surface ,  a l l ow ing  more  evaporat ion .
     It  dr ies  faster  on  w indy  days  compared to  ca lm days .
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TOPIC  :  11 .3 .5  APPLICATIONS OF EVAPORATION

Ref r i g e r a t i o n  u s i n g  E vapo ra t i o n :  R e f r i g e r a t i o n  u s i n g  E v a p o r a t i o n
w i t h o u t  C F C s

1 . R e f r i g e r a n t — a  l i q u e f i e d  g a s — e v a p o r a t e s  i n s i d e  t h e  f r i d g e  c o i l s ,
a b s o r b i n g  h e a t  a n d  c o o l i n g  t h e  i n t e r i o r .

2 . W a r m  a i r  i n  t h e  f r i d g e  p a s s e s  o v e r  c o l d  e v a p o r a t o r  c o i l s ,  t r i g g e r i n g
t h i s  e v a p o r a t i o n .

3 . T h e  r e s u l t i n g  r e f r i g e r a n t  v a p o u r  m o v e s  t o  t h e  c o m p r e s s o r ,  w h e r e
i t s  p r e s s u r e  a n d  t e m p e r a t u r e  r i s e .

4 . H o t ,  h i g h - p r e s s u r e  g a s  t h e n  f l o w s  i n t o  t h e  c o n d e n s e r  c o i l s  a n d
r e l e a s e s  h e a t  t o  t h e  s u r r o u n d i n g s .

5 . A s  i t  c o o l s  i n  t h e  c o n d e n s e r ,  t h e  r e f r i g e r a n t  c o n d e n s e s  b a c k  i n t o
l i q u i d  f o r m .

6 . L i q u i d  r e f r i g e r a n t  r e t u r n s  t o  t h e  e v a p o r a t o r  c o i l s  t o  r e p e a t  t h e
c y c l e  c o n t i n u o u s l y .

7 . C h l o r o f l u o r o c a r b o n s  ( C F C s )  w e r e  o n c e  u s e d  b u t  a r e  n o w  b a n n e d  f o r
d e p l e t i n g  t h e  o z o n e  l a y e r .

8 . E c o - f r i e n d l y  a l t e r n a t i v e s — a m m o n i a ,  w a t e r ,  p r o p a n e ,  b u t a n e — a r e
u s e d  i n s t e a d  t o  p r e v e n t  o z o n e  d a m a g e .

Food  p re se r v a t i o n :

1 . M a n y  f o o d  i t e m s  a r e  p r e s e r v e d  b y  r e m o v i n g  w a t e r  c o n t e n t  t h r o u g h
e v a p o r a t i o n .

2 . E v a p o r a t i o n  c o n c e n t r a t e s  t h e  f l a v o r  a n d  p r e v e n t s  s p o i l a g e .
3 . E x a m p l e s  i n c l u d e  d r i e d  f r u i t s  a n d  d r i e d  m e a t s .

P r odu c t i o n  o f  s a l t s :

1 . I n  t h e  p r o d u c t i o n  o f  s a l t  f r o m  s e a w a t e r ,  w a t e r  e v a p o r a t e s  i n
l a r g e  q u a n t i t i e s .

2 . A s  w a t e r  e v a p o r a t e s ,  s a l t  i s  l e f t  b e h i n d .
3 . T h e  s a l t  c a n  t h e n  b e  c o l l e c t e d  f o r  u s e .

UNIT : 1 1  THERMAL
TRANSFORMATIONS

SOCHBADLO
BYMAK



A i r  C o n d i t i o n i n g

1 . A i r  c o n d i t i o n e r s  c o o l  a i r  u s i n g  e v a p o r a t i o n .
2 . W a r m  a i r  p a s s e s  o v e r  c o i l s  w i t h  c o o l  l i q u i d  r e f r i g e r a n t .
3 . T h e  l i q u i d  e v a p o r a t e s ,  a b s o r b i n g  h e a t  a n d  c o o l i n g  t h e  a i r .
4 . C o o l e d  a i r  c i r c u l a t e s  b a c k  i n t o  t h e  r o o m .

Fe v e r  C o n t r o l

1 . W e t  c l o t h  i s  a p p l i e d  t o  t h e  f o r e h e a d  d u r i n g  h i g h  f e v e r .
2 . H e a t  f r o m  t h e  b o d y  t r a n s f e r s  t o  t h e  w a t e r .
3 . W a t e r  e v a p o r a t e s ,  r e m o v i n g  h e a t  a n d  c o o l i n g  t h e  s k i n .
4 . T h i s  h e l p s  k e e p  b r a i n  t e m p e r a t u r e  s a f e  a n d  p r e v e n t s  i n j u r y .

SRQs

Q 1 .  W h y  d o e s  e v a p o r a t i o n  o c c u r  a t  a l l  t e m p e r a t u r e s

b u t  b o i l i n g  d o e s  n o t ?

1 .  E n e r g y  D i s t r i b u t i o n  i n  M o l e c u l e s

 I n  a  l i q u i d ,  m o l e c u l e s  h a v e  d i f f e r e n t  k i n e t i c
e n e r g i e s  a t  a n y  t e m p e r a t u r e .
2 .  E s c a p e  o f  H i g h - E n e r g y  M o l e c u l e s

 E v e n  a t  l o w  t e m p e r a t u r e ,  s o m e  m o l e c u l e s  h a v e  e n o u g h
e n e r g y  t o  e s c a p e  f r o m  t h e  s u r f a c e .
3 .  S u r f a c e  L i m i t a t i o n

 E v a p o r a t i o n  h a p p e n s  o n l y  a t  t h e  s u r f a c e ,  s o  f u l l
h e a t i n g  o f  t h e  l i q u i d  i s  n o t  r e q u i r e d .
4 .  B o i l i n g  R e q u i r e m e n t

 B o i l i n g  o c c u r s  o n l y  w h e n  v a p o r  p r e s s u r e  e q u a l s
a t m o s p h e r i c  p r e s s u r e ,  w h i c h  h a p p e n s  a t  a  f i x e d
t e m p e r a t u r e .
5 .  C o r e  D i f f e r e n c e

 E v a p o r a t i o n  i s  a  g r a d u a l  s u r f a c e  p r o c e s s ,  w h i l e
b o i l i n g  i s  a  b u l k  p r o c e s s  r e q u i r i n g  a  s p e c i f i c  b o i l i n g
p o i n t .SOCHBADLO
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Q2. Why does evaporat ion increase when temperature r ises?

1. Increase in K inet ic Energy

 H igher  temperature  increases  mo lecu lar  mot ion .
2. More Energet ic Molecu les

 A  l arger  number  of  mo lecu les  ga in  enough  energy  to  overcome
intermolecu lar  forces .
3. Increased Escape Rate

 More  mo lecu les  leave  the  surface  per  second .
4. Direct Proport iona l i ty

 Rate  of  evaporat ion  increases  d irect ly  w ith  temperature .
5. Pract ica l  Observat ion

 Water  dr ies  faster  in  summer  than  in  w inter .

Q3. Why does h igh humid ity s low down evaporat ion?

1. Def in i t ion of Humid ity

 Humid ity  i s  the  amount  of  water  vapor  present  in  a i r .
2. Saturat ion Concept

 A ir  has  a  l im ited  capac ity  to  ho ld  water  vapor .
3. Reduced Concentrat ion Grad ient

 If  a i r  a l ready  conta ins  vapor ,  fewer  mo lecu les  can  escape  into
it .
4. Slower Evaporat ion Rate

 H igh  humid ity  decreases  the  rate  of  evaporat ion .
5. Rea l  Example

 C lothes  dry  s low ly  on  ra iny  days .

Q4. Why do we fee l  co ld when sweat evaporates?

1. Latent Heat Requ irement

 Evaporat ion  requ ires  heat  energy .
2. Heat Source

 Sweat  absorbs  heat  from the  sk in .
3. Loss of High-Energy Molecu les

 H igh-energy  mo lecu les  leave  f i rst .
4. Drop in Average Energy

 Remain ing  mo lecu les  have  lower  k inet ic  energy .
5. Coo l ing Sensat ion

 Th is  decrease  in  temperature  produces  a  coo l ing  effect .SOCHBADLO
BYMAK



Q5.  Why  doe s  w i nd  s peed  i n c r ea se  e vapo ra t i o n?

1 .  Vapo r  Laye r  Fo rmat i o n

 A  t h i n  l a y e r  o f  v a p o r  f o r m s  a b o v e  t h e  l i q u i d  s u r f a c e .
2 .  Remova l  o f  Sa t u r a ted  A i r

 W i n d  b l o w s  a w a y  t h i s  m o i s t  l a y e r .
3 .  F re sh  A i r  Rep l a cemen t

 D r y  a i r  r e p l a c e s  t h e  s a t u r a t e d  a i r .
4 .  I n c rea sed  E s cape  Oppo r t u n i t y

 M o r e  m o l e c u l e s  c a n  n o w  e v a p o r a t e  e a s i l y .
5 .  P r a c t i c a l  Examp l e

 C l o t h e s  d r y  f a s t e r  o n  w i n d y  d a y s .

Q6.  Why  doe s  t empera t u r e  r ema i n  c o n s t a n t  d u r i n g  b o i l i n g ?

1 .  La te n t  Hea t  o f  Vapo r i z a t i o n

 H e a t  s u p p l i e d  i s  u s e d  t o  c h a n g e  l i q u i d  i n t o  g a s .
2 .  Bond  B reak i n g

 E n e r g y  b r e a k s  i n t e r m o l e c u l a r  a t t r a c t i o n s .
3 .  No  K i n e t i c  Ene r gy  I n c rea se

 M o l e c u l a r  s p e e d  d o e s  n o t  i n c r e a s e  d u r i n g  b o i l i n g .
4 .  Con s t a n t  The rmomete r  Read i n g

 T e m p e r a t u r e  s t a y s  f i x e d  a t  b o i l i n g  p o i n t .
5 .  Pha se  Change  Comp l e t i o n

 T e m p e r a t u r e  r i s e s  a g a i n  o n l y  a f t e r  a l l  l i q u i d  c o n v e r t s  t o
v a p o r .

Q7.  Why  a re  bubb l e s  f o rmed  du r i n g  b o i l i n g  b u t  n o t  i n

e v apo ra t i o n?

1 .  I n t e r na l  Vapo r  Fo rmat i o n

 D u r i n g  b o i l i n g ,  v a p o r  f o r m s  i n s i d e  t h e  l i q u i d .
2 .  Vapo r  P r e s s u r e  Equa l i t y

 B o i l i n g  b e g i n s  w h e n  i n t e r n a l  v a p o r  p r e s s u r e  e q u a l s
a t m o s p h e r i c  p r e s s u r e .
3 .  Bubb l e  R i s e

 V a p o r  b u b b l e s  r i s e  t o  t h e  s u r f a c e  d u e  t o  b u o y a n c y .
4 .  Su r fa ce  L im i t a t i o n  i n  E vapo ra t i o n

 E v a p o r a t i o n  o c c u r s  o n l y  a t  t h e  s u r f a c e .
5 .  V i s u a l  D i f f e ren ce

 B o i l i n g  i s  v i s i b l e  a n d  v i g o r o u s ,  e v a p o r a t i o n  i s  s i l e n t  a n d
i n v i s i b l e .
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Q8.  Why  d o e s  w a t e r  b o i l  a t  a  l o w e r  t empe r a t u r e  o n
mo u n t a i n s ?
1 .  L owe r  A tmo s p h e r i c  P r e s s u r e
 A t  h i g h  a l t i t u d e ,  a i r  p r e s s u r e  i s  r e d u c e d .
2 .  V a p o r  P r e s s u r e  C o n d i t i o n
 B o i l i n g  o c c u r s  w h e n  v a p o r  p r e s s u r e  e q u a l s  a t m o s p h e r i c
p r e s s u r e .
3 .  E a s i e r  A c h i e v eme n t
 L o w e r  e x t e r n a l  p r e s s u r e  r e q u i r e s  l e s s  h e a t .
4 .  R ed u c e d  B o i l i n g  P o i n t
 W a t e r  b o i l s  b e l o w  1 0 0 ° C .
5 .  C o o k i n g  Impa c t
 F o o d  c o o k s  s l o w l y  d u e  t o  l o w e r  b o i l i n g  t e m p e r a t u r e .

Q9.  Why  i s  s t e am  a t  100°C  mo r e  d a n g e r o u s  t h a n  w a t e r  a t
100°C?
1 .  S ame  Tempe r a t u r e
 B o t h  a r e  a t  1 0 0 ° C .
2 .  Ex t r a  E n e r g y  S t o r a g e
 S t e a m  c o n t a i n s  l a t e n t  h e a t  o f  v a p o r i z a t i o n .
3 .  C o n d e n s a t i o n  P r o c e s s
 W h e n  s t e a m  t o u c h e s  s k i n ,  i t  c o n d e n s e s .
4 .  Hea t  R e l e a s e
 L a t e n t  h e a t  i s  r e l e a s e d  o n t o  t h e  s k i n .
5 .  Se v e r e  B u r n s
 T h i s  e x t r a  e n e r g y  c a u s e s  d e e p e r  b u r n s .

Q10 .  How  d o e s  s u r f a c e  a r e a  a f f e c t  e v a p o r a t i o n ?
1 .  S u r f a c e  P h e n ome n o n
 E v a p o r a t i o n  o c c u r s  o n l y  a t  t h e  s u r f a c e .
2 .  Mo l e c u l a r  E x p o s u r e
 G r e a t e r  s u r f a c e  a r e a  e x p o s e s  m o r e  m o l e c u l e s .
3 .  H i g h e r  E s c a p e  P r o b ab i l i t y
 M o r e  m o l e c u l e s  e s c a p e  s i m u l t a n e o u s l y .
4 .  D i r e c t  R e l a t i o n s h i p
 E v a p o r a t i o n  r a t e  i n c r e a s e s  w i t h  s u r f a c e  a r e a .
5 .  Ex amp l e
 T e a  i n  a  s a u c e r  c o o l s  f a s t e r  t h a n  i n  a  c u p .
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MCQs

1 .  Why  do  we t  c l o t he s  d ry  f a s t e r  i n  s ummer  than  i n  w i n t e r?

A )  A i r  p r e s s u r e  i n c r e a s e s
B )  T e m p e r a t u r e  i n c r e a s e s  m o l e c u l a r  e n e r g y
C )  H u m i d i t y  i n c r e a s e s
D )  S u r f a c e  a r e a  d e c r e a s e s
Answer :  B

Exp l a na t i o n :  H i g h e r  t e m p e r a t u r e s  i n  s u m m e r  p r o v i d e  m o r e
k i n e t i c  e n e r g y  t o  w a t e r  m o l e c u l e s ,  a l l o w i n g  t h e m  t o  e s c a p e  i n t o
t h e  a i r  m o r e  q u i c k l y .

2 .  Why  doe s  wa te r  i n  a  s a u ce r  e vapo ra te  f a s t e r  t han  i n  a

g l a s s ?

A )  S a u c e r  i s  h e a v i e r
B )  S a u c e r  h a s  l e s s  w a t e r
C )  S a u c e r  h a s  l a r g e r  s u r f a c e  a r e a
D )  S a u c e r  h a s  h i g h e r  t e m p e r a t u r e
Answer :  C

Exp l a na t i o n :  A  l a r g e r  s u r f a c e  a r e a  a l l o w s  m o r e  w a t e r  m o l e c u l e s
t o  b e  e x p o s e d  t o  t h e  a i r ,  i n c r e a s i n g  t h e  r a t e  o f  e v a p o r a t i o n .

3 .  Why  do  we  fee l  c o l d  a f t e r  t ak i n g  a  ba th?

A )  W a t e r  t e m p e r a t u r e  i n c r e a s e s
B )  S k i n  a b s o r b s  w a t e r
C )  E v a p o r a t i o n  a b s o r b s  h e a t  f r o m  s k i n
D )  A i r  p r e s s u r e  d e c r e a s e s
Answer :  C

Exp l a na t i o n :  T h e  w a t e r  o n  o u r  s k i n  e v a p o r a t e s ,  a n d  t h i s
p r o c e s s  r e q u i r e s  h e a t  ( l a t e n t  h e a t  o f  v a p o r i z a t i o n ) ,  w h i c h  i s
a b s o r b e d  f r o m  o u r  b o d y ,  m a k i n g  u s  f e e l  c o l d .

4 .  Why  doe s  pe r f ume  sme l l  s p r ead  q u i c k l y  i n  a  r o om?

A )  I t  b o i l s  q u i c k l y
B )  I t  i s  v o l a t i l e
C )  I t  i s  h e a v i e r  t h a n  a i r
D )  I t  h a s  h i g h  b o i l i n g  p o i n t
Answer :  B

Exp l a na t i o n :  P e r f u m e  i s  v o l a t i l e ,  m e a n i n g  i t  h a s  a  l o w  b o i l i n g
p o i n t  a n d  w e a k  i n t e r m o l e c u l a r  f o r c e s ,  c a u s i n g  i t s  m o l e c u l e s  t o
e v a p o r a t e  a n d  d i f f u s e  r a p i d l y  i n t o  t h e  a i r .
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5 .  Why  doe s  wa te r  bo i l  a t  l owe r  t empera t u r e  o n  moun ta i n s ?
A )  T e m p e r a t u r e  i s  l o w
B )  W i n d  s p e e d  i s  h i g h
C )  A t m o s p h e r i c  p r e s s u r e  i s  l o w
D )  H u m i d i t y  i s  h i g h
Answer :  C
Exp l a na t i o n :  A t  h i g h e r  a l t i t u d e s ,  a t m o s p h e r i c  p r e s s u r e  i s
l o w e r ,  s o  w a t e r  m o l e c u l e s  n e e d  l e s s  e n e r g y  ( l o w e r  t e m p e r a t u r e )
t o  o v e r c o m e  t h i s  p r e s s u r e  a n d  f o r m  v a p o r .

6 .  Why  i s  s t eam more  dange r o u s  t han  bo i l i n g  wa te r  a t
100°C?
A )  S t e a m  i s  i n v i s i b l e
B )  S t e a m  c o n t a i n s  l a t e n t  h e a t
C )  S t e a m  i s  l i g h t e r
D )  S t e a m  i s  c o o l e r
Answer :  B
Exp l a na t i o n :  S t e a m  c o n t a i n s  a d d i t i o n a l  e n e r g y  i n  t h e  f o r m  o f
l a t e n t  h e a t  o f  v a p o r i z a t i o n ,  w h i c h  i s  r e l e a s e d  w h e n  i t
c o n d e n s e s  o n  t h e  s k i n ,  c a u s i n g  m o r e  s e v e r e  b u r n s .

7 .  Why  doe s  e vapo ra t i o n  s l ow  down  o n  a  r a i n y  day?
A )  W i n d  d e c r e a s e s
B )  H u m i d i t y  i s  h i g h
C )  S u r f a c e  a r e a  r e d u c e s
D )  T e m p e r a t u r e  i n c r e a s e s
Answer :  B
Exp l a na t i o n :  T h e  a i r  i s  a l r e a d y  s a t u r a t e d  w i t h  m o i s t u r e  ( h i g h
h u m i d i t y ) ,  s o  i t  h a s  a  r e d u c e d  c a p a c i t y  t o  a c c e p t  m o r e  w a t e r
v a p o r ,  s l o w i n g  d o w n  e v a p o r a t i o n .

8 .  Why  doe s  a l c oho l  e v apo ra te  f a s t e r  t han  wa te r?
A )  S t r o n g e r  b o n d i n g
B )  H i g h e r  b o i l i n g  p o i n t
C )  W e a k e r  i n t e r m o l e c u l a r  f o r c e s
D )  H i g h e r  d e n s i t y
Answer :  C
Exp l a na t i o n :  A l c o h o l  h a s  w e a k e r  i n t e r m o l e c u l a r  f o r c e s  ( l i k e
h y d r o g e n  b o n d i n g  i s  l e s s  e x t e n s i v e  t h a n  i n  w a t e r ) ,  s o  i t s
m o l e c u l e s  c a n  e s c a p e  i n t o  t h e  a i r  m o r e  e a s i l y .
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9 .  Why  doe s  t empera t u r e  r ema i n  c o n s t a n t  d u r i n g  b o i l i n g ?

A )  N o  h e a t  i s  s u p p l i e d
B )  H e a t  i n c r e a s e s  k i n e t i c  e n e r g y
C )  H e a t  b r e a k s  i n t e r m o l e c u l a r  f o r c e s
D )  M o l e c u l e s  s t o p  m o v i n g
Answer :  C

Exp l a na t i o n :  T h e  h e a t  e n e r g y  s u p p l i e d  d u r i n g  b o i l i n g  i s  u s e d  t o
o v e r c o m e  t h e  i n t e r m o l e c u l a r  f o r c e s  o f  a t t r a c t i o n  t o  c h a n g e  t h e
s t a t e  f r o m  l i q u i d  t o  g a s ,  n o t  t o  i n c r e a s e  t h e  k i n e t i c  e n e r g y
( t e m p e r a t u r e ) .

10 .  Why  doe s  w i nd  i n c r ea se  the  r a te  o f  e vapo ra t i o n?

A )  I t  c o o l s  t h e  l i q u i d
B )  I t  i n c r e a s e s  p r e s s u r e
C )  I t  r e m o v e s  m o i s t  a i r
D )  I t  d e c r e a s e s  s u r f a c e  a r e a
Answer :  C

Exp l a na t i o n :  W i n d  c a r r i e s  a w a y  t h e  a i r  m o l e c u l e s  t h a t  h a v e
b e c o m e  s a t u r a t e d  w i t h  w a t e r  v a p o r ,  c r e a t i n g  r o o m  f o r  m o r e
e v a p o r a t i o n  t o  o c c u r .

11 .  Why  i s  b o i l i n g  c o n s i d e red  a  bu l k  p r o ce s s?

A )  I t  o c c u r s  o n l y  a t  s u r f a c e
B )  I t  o c c u r s  t h r o u g h o u t  l i q u i d
C )  I t  i s  s l o w
D )  I t  n e e d s  n o  h e a t
Answer :  B

Exp l a na t i o n :  B o i l i n g  h a p p e n s  w h e n  t h e  v a p o r  p r e s s u r e  o f  t h e
l i q u i d  e q u a l s  t h e  a t m o s p h e r i c  p r e s s u r e ,  a l l o w i n g  v a p o r  b u b b l e s
t o  f o r m  a n d  r i s e  f r o m  t h e  e n t i r e  v o l u m e  o f  t h e  l i q u i d .

12 .  Why  do  we  see  bubb l e s  d u r i n g  b o i l i n g  b u t  n o t  d u r i n g

e vapo ra t i o n?

A )  E v a p o r a t i o n  i s  f a s t
B )  B o i l i n g  f o r m s  v a p o r  i n s i d e  l i q u i d
C )  E v a p o r a t i o n  f o r m s  b u b b l e s
D )  B o i l i n g  o c c u r s  a t  s u r f a c e
Answer :  B

Exp l a na t i o n :  D u r i n g  b o i l i n g ,  t h e  t e m p e r a t u r e  i s  h i g h  e n o u g h  f o r
v a p o r  b u b b l e s  t o  f o r m  w i t h i n  t h e  l i q u i d  i t s e l f .  E v a p o r a t i o n  i s  a
s u r f a c e  p h e n o m e n o n  a n d  d o e s  n o t  c r e a t e  i n t e r n a l  b u b b l e s .
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13 .  Why  doe s  wa te r  l e v e l  de c rea se  i n  a n  o pen  bow l  k ep t  f o r

many  day s?

A )  W a t e r  a b s o r b s  a i r
B )  W a t e r  f r e e z e s
C )  C o n t i n u o u s  e v a p o r a t i o n
D )  B o i l i n g  o c c u r s
Answer :  C

Exp l a na t i o n :  O v e r  t i m e ,  w a t e r  m o l e c u l e s  a t  t h e  s u r f a c e
c o n t i n u o u s l y  g a i n  e n o u g h  e n e r g y  t o  e s c a p e  i n t o  t h e  a i r  a s  v a p o r ,
a  p r o c e s s  c a l l e d  e v a p o r a t i o n ,  w h i c h  l o w e r s  t h e  w a t e r  l e v e l .

14 .  Why  i s  e v apo ra t i o n  f a s t e r  i n  d r y  wea the r?

A )  A i r  c o n t a i n s  l e s s  m o i s t u r e
B )  T e m p e r a t u r e  d e c r e a s e s
C )  P r e s s u r e  i n c r e a s e s
D )  S u r f a c e  a r e a  d e c r e a s e s
Answer :  A

Exp l a na t i o n :  D r y  a i r  h a s  a  l o w e r  h u m i d i t y ,  m e a n i n g  i t  i s  n o t
s a t u r a t e d  w i t h  w a t e r  v a p o r  a n d  c a n  e a s i l y  a c c e p t  m o r e  w a t e r
m o l e c u l e s  e v a p o r a t i n g  f r o m  a  s u r f a c e .

15 .  Why  doe s  a  p r e s s u r e  c o oke r  c o ok  f o od  fa s t e r?

A )  P r e s s u r e  d e c r e a s e s
B )  B o i l i n g  p o i n t  i n c r e a s e s
C )  T e m p e r a t u r e  d e c r e a s e s
D )  H u m i d i t y  d e c r e a s e s
Answer :  B

Exp l a na t i o n :  T h e  i n c r e a s e d  p r e s s u r e  i n s i d e  t h e  c o o k e r  r a i s e s
t h e  b o i l i n g  p o i n t  o f  w a t e r ,  a l l o w i n g  t h e  w a t e r  a n d  s t e a m  t o
r e a c h  a  h i g h e r  t e m p e r a t u r e ,  w h i c h  c o o k s  t h e  f o o d  f a s t e r .SOCHBADLO
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SRQs

1 .  What  i s  e v apo ra t i o n?

Ans :

E v a p o r a t i o n  i s  t h e  p r o c e s s  b y  w h i c h  a  l i q u i d  c h a n g e s  i n t o
v a p o r  f r o m  i t s  s u r f a c e  a t  t e m p e r a t u r e s  b e l o w  i t s  b o i l i n g
p o i n t .  I t  o c c u r s  w h e n  s u r f a c e  m o l e c u l e s  g a i n  e n o u g h  e n e r g y
t o  e s c a p e  i n t o  t h e  a i r .

2 .  Why  doe s  e vapo ra t i o n  p r odu ce  a  c o o l i n g  e f fe c t?

Ans :

E v a p o r a t i o n  c a u s e s  c o o l i n g  b e c a u s e  t h e  f a s t e s t - m o v i n g  l i q u i d
m o l e c u l e s  e s c a p e  b y  a b s o r b i n g  h e a t  f r o m  t h e  s u r r o u n d i n g s .
T h i s  r e m o v a l  o f  h e a t  l o w e r s  t h e  t e m p e r a t u r e  o f  t h e
r e m a i n i n g  l i q u i d  a n d  n e a r b y  e n v i r o n m e n t .

3 .  Exp l a i n  r e f r i g e r a t i o n  u s i n g  e v apo ra t i o n  w i t h o u t  CFCs .

An s :

M o d e r n  r e f r i g e r a t o r s  u s e  e c o - f r i e n d l y  r e f r i g e r a n t s  i n s t e a d
o f  h a r m f u l  C F C s .  T h e  l i q u i d  r e f r i g e r a n t  e v a p o r a t e s  i n s i d e
c o o l i n g  c o i l s ,  a b s o r b i n g  h e a t  f r o m  t h e  i n t e r i o r .  T h i s  l o w e r s
t h e  t e m p e r a t u r e  a n d  k e e p s  f o o d  f r e s h  w h i l e  p r o t e c t i n g  t h e
o z o n e  l a y e r .

4 .  Why  a re  CFCs  ha rmfu l  a nd  a v o i d ed  i n  r e f r i g e r a t i o n?

Ans :

C F C s  d a m a g e  t h e  o z o n e  l a y e r  b y  b r e a k i n g  d o w n  o z o n e
m o l e c u l e s .  T h e  o z o n e  l a y e r  p r o t e c t s  E a r t h  f r o m  h a r m f u l
u l t r a v i o l e t  r a d i a t i o n .  T h e r e f o r e ,  s a f e r  r e f r i g e r a n t s  a r e  u s e d
t o  p r e v e n t  e n v i r o n m e n t a l  d a m a g e .

5 .  How doe s  e vapo ra t i o n  he l p  i n  f o od  p r e se r v a t i o n?

Ans :

E v a p o r a t i o n  r e m o v e s  w a t e r  f r o m  f o o d ,  r e d u c i n g  m o i s t u r e
c o n t e n t .  M i c r o o r g a n i s m s  l i k e  b a c t e r i a  a n d  f u n g i  n e e d  w a t e r
t o  g r o w .  W i t h o u t  m o i s t u r e ,  f o o d  r e m a i n s  s a f e ,  f r e s h ,  a n d
u s a b l e  f o r  l o n g e r  p e r i o d s .SOCHBADLO

BYMAK



6 .  G i v e  examp l e s  o f  f o od s  p r e se r ved  u s i n g  e v apo ra t i o n .

An s :

E x a m p l e s  i n c l u d e  d r i e d  f r u i t s ,  v e g e t a b l e s ,  f i s h ,  m i l k  p o w d e r ,
s p i c e s ,  a n d  g r a i n s .  R e m o v i n g  w a t e r  p r e v e n t s  s p o i l a g e  a n d
i n c r e a s e s  s h e l f  l i f e .

7 .  Exp l a i n  h ow  sa l t  i s  p r odu ced  by  e vapo ra t i o n .

An s :

S e a w a t e r  i s  c o l l e c t e d  i n  s h a l l o w  p o n d s  a n d  e x p o s e d  t o  s u n l i g h t
a n d  w i n d .  W a t e r  e v a p o r a t e s ,  l e a v i n g  b e h i n d  s a l t  c r y s t a l s .  T h e s e
c r y s t a l s  a r e  c o l l e c t e d ,  p u r i f i e d ,  a n d  u s e d  f o r  c o o k i n g  a n d
i n d u s t r i a l  p u r p o s e s .

8 .  Why  a re  sha l l ow  p o nd s  u s ed  f o r  s a l t  p r odu c t i o n?

Ans :

S h a l l o w  p o n d s  i n c r e a s e  s u r f a c e  a r e a ,  a l l o w i n g  f a s t e r
e v a p o r a t i o n .  M o r e  w a t e r  i s  e x p o s e d  t o  s u n l i g h t  a n d  a i r ,  w h i c h
s p e e d s  u p  t h e  f o r m a t i o n  o f  s a l t  c r y s t a l s .

9 .  How doe s  e vapo ra t i o n  he l p  i n  a i r  c o nd i t i o n i n g?

Ans :

A i r  c o n d i t i o n e r s  u s e  r e f r i g e r a n t s  t h a t  e v a p o r a t e  i n s i d e  c o o l i n g
c o i l s .  D u r i n g  e v a p o r a t i o n ,  h e a t  i s  a b s o r b e d  f r o m  i n d o o r  a i r .
T h i s  p r o c e s s  c o o l s  t h e  a i r ,  w h i c h  i s  t h e n  c i r c u l a t e d  b a c k  i n t o
t h e  r o o m .

10 .  What  a re  t he  ma i n  a pp l i c a t i o n s  o f  e v apo ra t i o n  i n  da i l y

l i f e ?

Ans :

E v a p o r a t i o n  i s  u s e d  i n  r e f r i g e r a t i o n ,  a i r  c o n d i t i o n i n g ,  d r y i n g
c l o t h e s ,  f o o d  p r e s e r v a t i o n ,  c o o l i n g  o f  t h e  b o d y  t h r o u g h
s w e a t i n g ,  a n d  p r o d u c t i o n  o f  s a l t .

11 .  How doe s  e vapo ra t i o n  he l p  d r y  c l o t he s?

Ans :

W a t e r  i n  w e t  c l o t h e s  a b s o r b s  h e a t  f r o m  s u r r o u n d i n g s  a n d
e v a p o r a t e s  i n t o  t h e  a i r .  W i n d  a n d  s u n l i g h t  s p e e d  u p  t h i s
p r o c e s s ,  l e a v i n g  t h e  c l o t h e s  d r y .
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12 .  Why  do  we t  f l o o r s  d r y  f a s t e r  i n  h o t  wea the r?

Ans :

H i g h e r  t e m p e r a t u r e  i n c r e a s e s  m o l e c u l a r  e n e r g y ,  a l l o w i n g  w a t e r
t o  e v a p o r a t e  f a s t e r .  D r y  a i r  a n d  w i n d  a l s o  s p e e d  u p
e v a p o r a t i o n .

13 .  How doe s  w i nd  a f fe c t  e v apo ra t i o n?

Ans :

W i n d  r e m o v e s  w a t e r  v a p o r  f r o m  t h e  s u r f a c e ,  a l l o w i n g  m o r e
l i q u i d  t o  e v a p o r a t e  q u i c k l y .  T h i s  i n c r e a s e s  t h e  r a t e  o f
e v a p o r a t i o n .

14 .  Why  i s  e v apo ra t i o n  f a s t e r  i n  de se r t s?

Ans :

D e s e r t s  h a v e  h i g h  t e m p e r a t u r e s ,  s t r o n g  s u n l i g h t ,  l o w  h u m i d i t y ,
a n d  d r y  a i r .  T h e s e  c o n d i t i o n s  i n c r e a s e  e v a p o r a t i o n  r a t e s .

15 .  Sta te  ad van tage s  o f  e vapo ra t i o n .

An s :

E v a p o r a t i o n  p r o v i d e s  c o o l i n g ,  p r e s e r v e s  f o o d ,  p r o d u c e s  s a l t ,
d r i e s  c l o t h e s ,  a n d  h e l p s  r e g u l a t e  b o d y  t e m p e r a t u r e  t h r o u g h
s w e a t i n g

MCQs

1 .  E vapo ra t i o n  i s  t he  p r o ce s s  i n  wh i c h :

A )  S o l i d  c h a n g e s  i n t o  l i q u i d
B )  L i q u i d  c h a n g e s  i n t o  v a p o r  f r o m  i t s  s u r f a c e
C )  G a s  c h a n g e s  i n t o  l i q u i d
D )  S o l i d  c h a n g e s  i n t o  g a s
Answer :  B

Exp l a na t i o n :  E v a p o r a t i o n  i s  a  s u r f a c e  p h e n o m e n o n  w h e r e  a
l i q u i d  t u r n s  i n t o  v a p o r  a t  a  t e m p e r a t u r e  b e l o w  i t s  b o i l i n g  p o i n t .SOCHBADLO
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2 .  E vapo ra t i o n  c a u se s  c o o l i n g  becau se :

A )  H e a t  i s  r e l e a s e d
B )  H e a t  i s  a b s o r b e d  f r o m  s u r r o u n d i n g s
C )  T e m p e r a t u r e  i n c r e a s e s
D )  A i r  b e c o m e s  w a r m
Answer :  B

Exp l a na t i o n :  T h e  l i q u i d  m o l e c u l e s  t h a t  e s c a p e  n e e d  e n e r g y
( l a t e n t  h e a t ) ,  w h i c h  t h e y  a b s o r b  f r o m  t h e  s u r f a c e  a n d
s u r r o u n d i n g  a i r ,  c a u s i n g  a  c o o l i n g  e f f e c t .

3 .  I n  r e f r i g e r a t o r s ,  c o o l i n g  o c c u r s  d ue  t o :

A )  C o n d e n s a t i o n
B )  F r e e z i n g
C )  E v a p o r a t i o n  o f  r e f r i g e r a n t
D )  M e l t i n g  o f  i c e
Answer :  C

Exp l a na t i o n :  A  r e f r i g e r a n t  l i q u i d  e v a p o r a t e s  i n s i d e  t h e  c o o l i n g
p i p e s ,  a b s o r b i n g  h e a t  f r o m  t h e  i n t e r i o r  o f  t h e  f r i d g e  a n d
l o w e r i n g  i t s  t e m p e r a t u r e .

4 .  Why  a re  CFCs  n o t  u s ed  i n  mode r n  r e f r i g e r a t o r s?

A )  T h e y  a r e  e x p e n s i v e
B )  T h e y  d a m a g e  t h e  o z o n e  l a y e r
C )  T h e y  p r o d u c e  h e a t
D )  T h e y  f r e e z e  q u i c k l y
Answer :  B

Exp l a na t i o n :  C h l o r o f l u o r o c a r b o n s  ( C F C s )  w e r e  f o u n d  t o  r i s e
i n t o  t h e  s t r a t o s p h e r e  a n d  d e p l e t e  t h e  p r o t e c t i v e  o z o n e  l a y e r ,
s o  t h e y  w e r e  p h a s e d  o u t .

5 .  E vapo ra t i o n  he l p s  p r e se r v e  f o od  by :

A )  I n c r e a s i n g  m o i s t u r e
B )  R e m o v i n g  w a t e r  c o n t e n t
C )  H e a t i n g  f o o d
D )  C h a n g i n g  c o l o r  o f  f o o d
Answer :  B

Exp l a na t i o n :  M i c r o o r g a n i s m s  n e e d  w a t e r  t o  g r o w .  B y  r e m o v i n g
w a t e r  t h r o u g h  e v a p o r a t i o n ,  f o o d  c a n  b e  p r e s e r v e d  f o r  a  l o n g e r
t i m e .
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6 .  Wh i c h  f o o d  i s  p r e s e r v e d  u s i n g  e v a p o r a t i o n ?

A )  F r e s h  m i l k
B )  D r i e d  f r u i t s
C )  I c e  c r e a m
D )  S o u p
An swe r :  B

Ex p l a n a t i o n :  D r i e d  f r u i t s  l i k e  r a i s i n s ,  a p r i c o t s ,  a n d  f i g s  a r e
m a d e  b y  a l l o w i n g  t h e  w a t e r  c o n t e n t  i n  t h e  f r e s h  f r u i t  t o
e v a p o r a t e .

7 .  S a l t  i s  p r o d u c e d  f r om  s e awa t e r  b y :

A )  F r e e z i n g
B )  E v a p o r a t i o n
C )  C o n d e n s a t i o n
D )  F i l t r a t i o n
An swe r :  B

Ex p l a n a t i o n :  S e a w a t e r  i s  t r a p p e d  i n  s h a l l o w  p o n d s .  T h e  s u n ' s
h e a t  e v a p o r a t e s  t h e  w a t e r ,  l e a v i n g  t h e  d i s s o l v e d  s a l t  c r y s t a l s
b e h i n d .

8 .  A i r  c o n d i t i o n e r s  c o o l  r o om s  b y :

A )  R e l e a s i n g  h e a t
B )  E v a p o r a t i o n  o f  r e f r i g e r a n t  a b s o r b i n g  h e a t
C )  P r o d u c i n g  s t e a m
D )  I n c r e a s i n g  h u m i d i t y
An swe r :  B

Ex p l a n a t i o n :  S i m i l a r  t o  a  r e f r i g e r a t o r ,  a n  A C  u s e s  t h e
e v a p o r a t i o n  o f  a  r e f r i g e r a n t  i n  i t s  c o i l s  t o  a b s o r b  h e a t  f r o m
t h e  r o o m  a i r ,  w h i c h  i s  t h e n  c i r c u l a t e d  o u t s i d e .

9 .  Wh i c h  i s  NOT  a n  a p p l i c a t i o n  o f  e v a p o r a t i o n ?

A )  R e f r i g e r a t i o n
B )  F o o d  d r y i n g
C )  S a l t  p r o d u c t i o n
D )  R u s t i n g
An swe r :  D

Ex p l a n a t i o n :  R u s t i n g  i s  a  c h e m i c a l  r e a c t i o n  ( o x i d a t i o n )  o f  i r o n
i n  t h e  p r e s e n c e  o f  m o i s t u r e  a n d  a i r ,  n o t  a  p r o c e s s  t h a t
u t i l i z e s  e v a p o r a t i o n .
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UNIT : 1 1  THERMAL
TRANSFORMATIONS

P h a s e  C h a n g e s  a n d  T em p e r a t u r e -H e a t  G r a p h

 
A  t y p i c a l  t e m p e r a t u r e - t i m e  g r a p h  d u r i n g  h e a t i n g  i l l u s t r a t e s  h o w  a
s u b s t a n c e  a b s o r b s  h e a t .

A  t o  B :  I c e  a t  – 2 0 ° C  i s  h e a t e d .  T h e  t e m p e r a t u r e  i n c r e a s e s  t o  0 ° C ,
b u t  t h e  s t a t e  r e m a i n s  s o l i d .

B  t o  C :  A t  0 ° C ,  i c e  b e g i n s  t o  m e l t .  T e m p e r a t u r e  r e m a i n s  c o n s t a n t .
T h e  h e a t  a d d e d  h e r e  i s  u s e d  t o  o v e r c o m e  t h e  f o r c e s  h o l d i n g  t h e
p a r t i c l e s  i n  t h e  s o l i d  s t a t e  t h i s  i s  c a l l e d  t h e  l a t e n t  h e a t  o f  f u s i o n
( L f ) .

C  t o  D :  T h e  m e l t e d  i c e  ( n o w  w a t e r )  i s  h e a t e d  f r o m  0 ° C  t o  1 0 0 ° C .
T e m p e r a t u r e  r i s e s  s t e a d i l y .

D  t o  F :  A t  1 0 0 ° C ,  w a t e r  s t a r t s  t o  b o i l ,  c h a n g i n g  i n t o  v a p o u r .  T h e
t e m p e r a t u r e  r e m a i n s  c o n s t a n t  a s  t h e  h e a t  i s  u s e d  f o r  t h e  l a t e n t
h e a t  o f  v a p o r i s a t i o n  ( L v ) .

E  t o  F :  A l l  w a t e r  h a s  t u r n e d  i n t o  v a p o u r .  F u r t h e r  h e a t  r a i s e s  t h e
t e m p e r a t u r e  o f  s t e a m  a b o v e  1 0 0 ° .

Im p o r t a n t  c o n c e p t  

T e m p e r a t u r e  r e l a t e s  t o  t h e  a v e r a g e  k i n e t i c  e n e r g y  o f  p a r t i c l e s .
D u r i n g  a  p h a s e  c h a n g e ,  k i n e t i c  e n e r g y  d o e s  n o t  i n c r e a s e ,  b u t
p o t e n t i a l  e n e r g y  i n c r e a s e s  a s  i n t e r m o l e c u l a r  b o n d s  a r e  b r o k e n .
T h u s ,  t e m p e r a t u r e  s t a y s  c o n s t a n t  d u r i n g  p h a s e  c h a n g e s .

TOPIC  :  11 .4  LATENT HEAT

W h e n  a  s u b s t a n c e  u n d e r g o e s  a  p h a s e  c h a n g e  s u c h  a s  m e l t i n g ,
f r e e z i n g ,  b o i l i n g ,  o r  c o n d e n s a t i o n , i t  e i t h e r  a b s o r b s  o r  r e l e a s e s  h e a t .
H o w e v e r ,  t h i s  h e a t  d o e s  n o t  c a u s e  a  c h a n g e  i n  t e m p e r a t u r e .  I n s t e a d ,
i t  i s  u s e d  t o  b r e a k  o r  f o r m  i n t e r m o l e c u l a r  f o r c e s  w i t h i n  t h e
s u b s t a n c e .  T h i s  e n e r g y  i s  c a l l e d  l a t e n t  h e a t .

Def i n i t i o n :

L a t e n t  h e a t  i s  t h e  a m o u n t  o f  h e a t  e n e r g y
( Δ Q )  a b s o r b e d  o r  r e l e a s e d  b y  a
s u b s t a n c e  d u r i n g  a  p h a s e  c h a n g e  w i t h o u t
a n y  c h a n g e  i n  i t s  t e m p e r a t u r e .
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11 .4 .1   LATENT HEAT OF FUSION 

UNIT : 1 1  THERMAL
TRANSFORMATIONS

D e f i n i t i o n :

T h e  l a t e n t  h e a t  o f  f u s i o n  ( L f )  i s  t h e  a m o u n t  o f  h e a t  e n e r g y
r e q u i r e d  t o  c o n v e r t  1  k g  o f  a  s o l i d  s u b s t a n c e  i n t o  i t s  l i q u i d
f o r m  a t  i t s  m e l t i n g  p o i n t  w i t h o u t  a n y  c h a n g e  i n  t e m p e r a t u r e .

Ma t h e m a t i c a l  E x p r e s s i o n :

Δ Q  =  m  ×  L f

Wh e r e :

Δ Q  =  h e a t  a b s o r b e d  ( J )

M  =  m a s s  o f  t h e  s u b s t a n c e  ( k g )

L f  =  s p e c i f i c  l a t e n t  h e a t  o f  f u s i o n  ( J  k g ⁻ ¹ )

S I  U n i t :  J o u l e  p e r  k i l o g r a m  ( J  k g ⁻ ¹ )

E x a m p l e :  L a t e n t  h e a t  o f  f u s i o n  o f  i c e  i s :

L f  =  3 . 3 3  ×  1 0 ⁵  J  k g ⁻ ¹

NOT E :  W h e n  l i q u i d  f r e e z e s  b a c k  i n t o  a  s o l i d ,  t h e  s a m e  a m o u n t
o f  h e a t  i s  r e l e a s e d .
 

SRQs

1 .  W h a t  i s  l a t e n t  h e a t ?

A n s :

L a t e n t  h e a t  i s  t h e  h e a t  e n e r g y  a b s o r b e d  o r  r e l e a s e d
w h e n  a  s u b s t a n c e  c h a n g e s  i t s  p h y s i c a l  s t a t e  w i t h o u t  a n y
c h a n g e  i n  t e m p e r a t u r e .SOCHBADLO
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2 .  W h y  i s  l a t e n t  h e a t  c a l l e d  h i d d e n  h e a t ?

A n s :
I t  i s  c a l l e d  h i d d e n  h e a t  b e c a u s e  t h e  h e a t  e n e r g y  d o e s  n o t
r a i s e  t h e  t e m p e r a t u r e .  I n s t e a d ,  i t  i s  u s e d  t o  b r e a k  o r
f o r m  b o n d s  b e t w e e n  p a r t i c l e s  d u r i n g  a  c h a n g e  o f  s t a t e .

3 .  W h a t  h a p p e n s  t o  t e m p e r a t u r e  d u r i n g  a  c h a n g e  o f

s t a t e ?

A n s :

T h e  t e m p e r a t u r e  r e m a i n s  c o n s t a n t  u n t i l  t h e  e n t i r e
s u b s t a n c e  c h a n g e s  i t s  s t a t e  b e c a u s e  t h e  h e a t  s u p p l i e d  i s
u s e d  f o r  t h e  p h a s e  c h a n g e .

4 .  D e f i n e  l a t e n t  h e a t  o f  f u s i o n .

A n s :

L a t e n t  h e a t  o f  f u s i o n  i s  t h e  h e a t  r e q u i r e d  t o  c o n v e r t  a
s o l i d  i n t o  l i q u i d  a t  i t s  m e l t i n g  p o i n t  w i t h o u t  a n y  c h a n g e  i n
t e m p e r a t u r e .

5 .  G i v e  a n  e x a m p l e  o f  l a t e n t  h e a t  o f  f u s i o n .

A n s :

I c e  m e l t i n g  i n t o  w a t e r  a t  0 ° C  i s  a  c o m m o n  e x a m p l e .  H e a t
i s  a b s o r b e d  b u t  t e m p e r a t u r e  r e m a i n s  c o n s t a n t .

6 .  W h a t  h a p p e n s  d u r i n g  f r e e z i n g ?

A n s :

D u r i n g  f r e e z i n g ,  a  l i q u i d  r e l e a s e s  l a t e n t  h e a t  t o  t h e
s u r r o u n d i n g s  w h i l e  c h a n g i n g  i n t o  a  s o l i d  a t  c o n s t a n t
t e m p e r a t u r e .

7 .  W r i t e  t h e  f o r m u l a  f o r  l a t e n t  h e a t .

A n s :

T h e  f o r m u l a  i s
Q  =  m L

8 .  D i f f e r e n t i a t e  b e t w e e n  l a t e n t  h e a t  o f  f u s i o n  a n d

v a p o r i z a t i o n .

A n s :

L a t e n t  h e a t  o f  f u s i o n  c h a n g e s  s o l i d  t o  l i q u i d ,  w h i l e  l a t e n t
h e a t  o f  v a p o r i z a t i o n  c h a n g e s  l i q u i d  t o  g a s .  V a p o r i z a t i o n
r e q u i r e s  m u c h  m o r e  h e a t  t h a n  f u s i o n .
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MCQs

 

1. Latent heat of fusion is the heat required to:
A) Convert l iquid to gas
B) Convert sol id to l iquid
C) Convert gas to l iquid
D) Convert l iquid to sol id
Answer: B
Explanation:  'Fusion' means melt ing.  This is  the energy needed to
change a substance from a sol id state to a l iquid state without
changing its temperature.

2. Ice melt ing at 0°C is an example of:
A) Condensation
B) Latent heat of vaporization
C) Latent heat of fusion
D) Subl imation
Answer: C
Explanation:  Ice is  a sol id ,  and it  is  changing into l iquid water.  The
heat absorbed during this process at a constant temperature is  the
latent heat of fusion.

3. During freezing, heat is:
A) Absorbed
B) Released
C) Destroyed
D) Stored
Answer: B
Explanation: Freezing is  the opposite of melt ing.  When a l iquid
turns into a sol id ,  it  releases the latent heat of fusion into the
surroundings.

4. The formula for latent heat of fusion is:
A) Q = m × Lv
B) Q = m × Lf
C) P ×  V = T
D) V = IR
Answer: B
Explanation: The heat energy (Q) required for a phase change is
calculated by mult ip ly ing the mass (m) of the substance by its
specif ic latent heat (L) .  Lf stands for latent heat of fusion.
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5 .  La ten t  hea t  o f  v apo r i z a t i o n  i s  t he  hea t  r e q u i r ed  t o :
A )  C o n v e r t  s o l i d  t o  l i q u i d
B )  C o n v e r t  l i q u i d  t o  g a s
C )  C o n v e r t  g a s  t o  s o l i d
D )  C o n v e r t  s o l i d  t o  g a s
Answer :  B
Exp l a na t i o n :  ' V a p o r i z a t i o n '  m e a n s  b o i l i n g  o r  e v a p o r a t i o n .  T h i s  i s  t h e
e n e r g y  n e e d e d  t o  c h a n g e  a  s u b s t a n c e  f r o m  a  l i q u i d  s t a t e  t o  a  g a s e o u s
s t a t e  a t  a  c o n s t a n t  t e m p e r a t u r e .

6 .  Wate r  bo i l i n g  a t  100°C  i s  a n  examp l e  o f :
A )  F u s i o n
B )  S u b l i m a t i o n
C )  V a p o r i z a t i o n
D )  F r e e z i n g
Answer :  C
Exp l a na t i o n :  B o i l i n g  i s  a  r a p i d  f o r m  o f  v a p o r i z a t i o n  w h e r e  t h e  e n t i r e
l i q u i d  c h a n g e s  i n t o  g a s  a t  i t s  b o i l i n g  p o i n t .

7 .  Swea t i n g  c o o l s  t he  body  becau se  o f :
A )  C o n d e n s a t i o n
B )  E v a p o r a t i o n
C )  F r e e z i n g
D )  M e l t i n g
Answer :  B
Exp l a na t i o n :  S w e a t  o n  t h e  s k i n  e v a p o r a t e s  b y  a b s o r b i n g  t h e
n e c e s s a r y  l a t e n t  h e a t  o f  v a p o r i z a t i o n  f r o m  t h e  b o d y ,  w h i c h  c o o l s  i t
d o w n .

8 .  Wh i ch  ha s  t he  g r ea te r  v a l u e?
A )  L a t e n t  h e a t  o f  f u s i o n
B )  L a t e n t  h e a t  o f  v a p o r i z a t i o n
C )  B o t h  e q u a l
D )  N o n e
Answer :  B
Exp l a na t i o n :  I t  t a k e s  m o r e  e n e r g y  t o  c o m p l e t e l y  s e p a r a t e  l i q u i d
m o l e c u l e s  i n t o  a  g a s  ( v a p o r i z a t i o n )  t h a n  t o  j u s t  l o o s e n  t h e m  i n t o  a
m o r e  f l u i d  s t a t e  ( f u s i o n ) .  F o r  w a t e r ,  L v  i s  a b o u t  2 , 2 6 0  k J / k g ,  w h i l e
L f  i s  3 3 4  k J / k g .

9 .  Du r i n g  bo i l i n g ,  t empera t u r e :
A )  I n c r e a s e s  c o n t i n u o u s l y
B )  D e c r e a s e s
C )  R e m a i n s  c o n s t a n t
D )  B e c o m e s  z e r o
Answer :  C
Exp l a na t i o n :  A l l  t h e  h e a t  s u p p l i e d  d u r i n g  b o i l i n g  i s  u s e d  a s  l a t e n t
h e a t  o f  v a p o r i z a t i o n  t o  o v e r c o m e  i n t e r m o l e c u l a r  f o r c e s ,  n o t  t o
i n c r e a s e  t h e  k i n e t i c  e n e r g y  ( t e m p e r a t u r e )  o f  t h e  m o l e c u l e s .
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11 .4 .4   LATENT HEAT OF VAPORIZATION

UNIT : 1 1  THERMAL
TRANSFORMATIONS

D e f i n i t i o n :

T h e  l a t e n t  h e a t  o f  v a p o r i s a t i o n  ( L v )  i s  t h e  a m o u n t  o f  h e a t
e n e r g y  r e q u i r e d  t o  c o n v e r t  1  k g  o f  a  l i q u i d  i n t o  i t s  g a s e o u s  f o r m
a t  i t s  b o i l i n g  p o i n t  w i t h o u t  a n y  c h a n g e  i n  t e m p e r a t u r e .

Ma t h e m a t i c a l  E x p r e s s i o n :

Δ Q  =  m  ×  L v

Wh e r e :

Δ Q  =  h e a t  a b s o r b e d  ( J )
M  =  m a s s  o f  s u b s t a n c e  ( k g )
L v  =  s p e c i f i c  l a t e n t  h e a t  o f  v a p o r i s a t i o n  ( J  k g ⁻ ¹ )
S I  U n i t :  J o u l e  p e r  k i l o g r a m  ( J  k g ⁻ ¹ )

E x a m p l e :  L a t e n t  h e a t  o f  v a p o r i s a t i o n  o f  w a t e r  i s :
L v  =  2 . 2 6  ×  1 0 ⁶  J  k g ⁻ ¹

N o t e :  W h e n  g a s  c o n d e n s e s  i n t o  l i q u i d ,  t h i s  s a m e  a m o u n t  o f  h e a t
i s  r e l e a s e d .

1 1 . 4 . 3  E X P E R IM ENT  TO  F IND  L A T ENT  H EAT  O F

F US ION  O F  I C E

A p p a r a t u s :

B e a k e r ,  i c e ,  s t a n d ,  b u r n e r ,  t h e r m o m e t e r ,  s t o p w a t c h ,  s t i r r e r .
P r o c e d u r e :
 
1 .  P l a c e  i c e  c u b e s  i n t o  a  b e a k e r
2 .  I n s e r t  a  t h e r m o m e t e r  i n t o  t h e  b e a k e r .
3 .  P l a c e  t h e  b e a k e r  o n  a  s t a n d  a n d  l i g h t  t h e  b u r n e r  b e n e a t h  i t .
4 .  S t a r t  t h e  s t o p w a t c h  a s  h e a t i n g  b e g i n s .
5 .  A s  i c e  s t a r t s  t o  m e l t ,  o b s e r v e  t h a t  t e m p e r a t u r e  s t a y s  a t  0 ° C .
6 .  N o t e  t h e  t i m e  t a k e n  ( t ₂ )  f o r  c o m p l e t e  m e l t i n g .
7 .  C o n t i n u e  h e a t i n g  a n d  n o t e  t h e  t i m e  ( t ₁ )  t a k e n  t o  r a i s e  t h e
t e m p e r a t u r e  o f  w a t e r  f r o m  0 ° C  t o  1 0 0 ° C .
8 .  P l o t  a  t e m p e r a t u r e - t i m e  g r a p h  t o  a n a l y z e  h e a t i n g .
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Ca l c u l a t i o n s

Le t

M  =  m a s s  o f  i c e  ( k g )
C  =  s p e c i f i c  h e a t  c a p a c i t y  o f  w a t e r  =  4 2 0 0  J  k g ⁻¹  K ⁻¹
Δ T  =  1 0 0 ° C  =  1 0 0  K
T ₁  =  t i m e  t o  r a i s e  t e m p  f r o m  0 ° C  t o  1 0 0 ° C  =  4 . 6  m i n
T ₂  =  t i m e  f o r  c o m p l e t e  m e l t i n g  o f  i c e  =  3 . 7  m i n

Heat  t o  r a i s e  t empera t u r e  o f  wa te r :

Δ Q  =  m  ×  c  ×  Δ T  =  m  ×  4 2 0 0  ×  1 0 0  =  m  ×  4 . 2  ×  1 0 ⁵  J

Rate  o f  hea t  ab s o r p t i o n :

R a t e  =  Δ Q  /  t ₁

Heat  ab s o rbed  du r i n g  me l t i n g :

Δ Q ₍ f u s i o n ₎  =  R a t e  ×  t ₂  =  m  ×  ( 4 . 2  ×  1 0 ⁵ )  ×  ( 3 . 7  /  4 . 6 )

La ten t  hea t  o f  f u s i o n  ( L f ) :

L f  =  Δ Q ₍ f u s i o n ₎  /  m  =  3 . 3 7  ×  1 0 ⁵  J  k g ⁻¹

T h i s  i s  c l o s e  t o  t h e  t h e o r e t i c a l  v a l u e  o f  3 . 3 3  ×  1 0 ⁵  J  k g ⁻¹ .

11 .4 .4  EXPERIMENT TO FIND LATENT HEAT OF

VAPORISATION OF WATER

Appa ra t u s :

B e a k e r ,  w a t e r ,  t h e r m o m e t e r ,  b u r n e r ,  s t o p w a t c h .
P r o c e d u r e :
 
1 .  H e a t  w a t e r  i n  a  b e a k e r  u n t i l  i t  r e a c h e s  1 0 0 ° C .
2 .  C o n t i n u e  h e a t i n g  w h i l e  m a i n t a i n i n g  t e m p e r a t u r e  a t  1 0 0 ° C .
3 .  S t a r t  s t o p w a t c h  a n d  m e a s u r e  t i m e  ( t ₂ )  f o r  c o m p l e t e
v a p o r i s a t i o n .
4 .  U s e  p r e v i o u s  t i m e  ( t ₁  =  4 . 6  m i n )  f o r  h e a t i n g  f r o m  0 ° C  t o  1 0 0 ° C .
5 .  P l o t  t h e  t e m p e r a t u r e - t i m e  g r a p h .SOCHBADLO
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Ca l c u l a t i o n s  
 
Le t :
M  =  m a s s  o f  w a t e r  ( k g )
T ₂  =  t i m e  f o r  v a p o r i s a t i o n  =  2 4 . 4  m i n
C  =  4 2 0 0  J  k g ⁻¹  K ⁻¹
Δ T  =  1 0 0  K

Heat  t o  r a i s e  t emp  f r om 0°C  t o  100°C :
Δ Q  =  m  ×  c  ×  Δ T  =  m  ×  4 . 2  ×  1 0 ⁵  J

Rate  o f  hea t  ab s o r p t i o n :
R a t e  =  Δ Q  /  t ₁

Heat  ab s o rbed  du r i n g  v a p o r i s a t i o n :
Δ Q ₍ v a p ₎  =  R a t e  ×  t ₂  =  m  ×  ( 4 . 2  ×  1 0 ⁵ )  ×  ( 2 4 . 4  /  4 . 6 )

La ten t  hea t  o f  v apo r i s a t i o n  ( L v ) :
L v  =  Δ Q ₍ v a p ₎  /  m  =  2 . 2 3  ×  1 0 ⁶  J  k g ⁻¹

T h i s  i s  c l o s e  t o  t h e  a c t u a l  v a l u e :  L v  =  2 . 2 6  ×  1 0 ⁶  J  k g ⁻¹
 
Gene ra l  s t e p s  f o r  c a l c u l a t i n g  hea t .
 
1 .  H e a t  t h e  s u b s t a n c e  t o  i t s  m e l t i n g  p o i n t .
2 .  M e a s u r e  t i m e  f o r  c o m p l e t e  m e l t i n g  ( t ₂ ) .
3 .  M e a s u r e  t i m e  t o  r a i s e  t e m p e r a t u r e  f r o m  0 ° C  t o  1 0 0 ° C  ( t ₁ ) .
4 .  M e a s u r e  t i m e  f o r  c o m p l e t e  v a p o r i s a t i o n  ( t ₃ ) .
5 .  U s e :  Δ Q  =  m  ×  c  ×  Δ T
6 .  F i n d  r a t e :  R a t e  =  Δ Q  /  t ₁
7 .  M u l t i p l y  r a t e  ×  t ₂  o r  t ₃  t o  g e t  t o t a l  e n e r g y  u s e d .
8 .  U s e :
 
L f  =  Δ Q ₍ f u s i o n ₎  /  m
L v  =  Δ Q ₍ v a p ₎  /  m

 Impo r t a n t  c o n cep t s
L f  f o r  i c e  =  3 . 3 3  ×  1 0 ⁵  J  k g ⁻¹
L v  f o r  w a t e r  =  2 . 2 6  ×  1 0 ⁶  J  k g ⁻¹

1 . T e m p e r a t u r e  r e m a i n s  c o n s t a n t  d u r i n g  p h a s e  c h a n g e s
2 . A d d e d  h e a t  i s  u s e d  f o r  b r e a k i n g  b o n d s ,  n o t  i n c r e a s i n g

k i n e t i c  e n e r g y .
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1 .  Def i n e  l a t e n t  hea t  o f  v apo r i z a t i o n .
An s :
L a t e n t  h e a t  o f  v a p o r i z a t i o n  i s  t h e  h e a t  r e q u i r e d  t o  c o n v e r t  a
l i q u i d  i n t o  g a s  a t  i t s  b o i l i n g  p o i n t  w i t h o u t  a n y  c h a n g e  i n
t e m p e r a t u r e .

2 .  G i v e  a n  examp l e  o f  l a t e n t  hea t  o f  v apo r i z a t i o n .
An s :
W h e n  w a t e r  b o i l s  a t  1 0 0 ° C  a n d  c h a n g e s  i n t o  s t e a m ,  h e a t  i s
a b s o r b e d  b u t  t e m p e r a t u r e  r e m a i n s  c o n s t a n t .

3 .  Why  i s  l a t e n t  hea t  o f  v apo r i z a t i o n  g r ea te r  t han  f u s i o n?
Ans :
M o r e  e n e r g y  i s  r e q u i r e d  t o  c o m p l e t e l y  s e p a r a t e  p a r t i c l e s  w h e n
c h a n g i n g  f r o m  l i q u i d  t o  g a s  t h a n  f r o m  s o l i d  t o  l i q u i d .

4 .  How doe s  swea t i n g  c o o l  t he  body?
Ans :
S w e a t  e v a p o r a t e s  f r o m  t h e  s k i n  a n d  a b s o r b s  l a t e n t  h e a t  f r o m
t h e  b o d y .  T h i s  r e m o v a l  o f  h e a t  l o w e r s  b o d y  t e m p e r a t u r e .

5 .  Why  doe s  bo i l i n g  wa te r  r ema i n  a t  100°C?
Ans :
T h e  h e a t  s u p p l i e d  d u r i n g  b o i l i n g  i s  u s e d  t o  c o n v e r t  w a t e r  i n t o
s t e a m  r a t h e r  t h a n  i n c r e a s i n g  t e m p e r a t u r e .

6 .  What  happen s  d u r i n g  c o nden sa t i o n?
Ans :
D u r i n g  c o n d e n s a t i o n ,  g a s  c h a n g e s  i n t o  l i q u i d  a n d  r e l e a s e s  l a t e n t
h e a t  t o  t h e  s u r r o u n d i n g s .

7 .  S ta te  u se s  o f  l a t e n t  hea t .
An s :
L a t e n t  h e a t  i s  u s e d  i n  r e f r i g e r a t i o n ,  a i r  c o n d i t i o n i n g ,  c o o l i n g
b y  s w e a t i n g ,  a n d  i n d u s t r i a l  p r o c e s s e s  i n v o l v i n g  h e a t i n g  a n d
c o o l i n g .
 

SRQs
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11 .5  PRESSURE EXERTED BY  GAS PARTICLES

UNIT : 1 1  THERMAL
TRANSFORMATIONS

DEFINITION OF PRESSURE 
Pressure (P) is the force (F) exerted by gas particles per unit area (A).
 P = F / A
It is caused by collisions of gas particles with the walls of the container.
More frequent or stronger collisions result in higher pressure.
 
1. Effect of temperature on pressure 
(At constant Volume (V) and Number of Particles (n))
When temperature increases 
Gas particles gain kinetic energy.
They move faster and collide more frequently and forcefully with container walls.
Pressure increases.
When temperature decreses
Particles move slower with less force.
Collisions decrease in frequency and strength.
Pressure decreases.
Relationship:
 P ∝ T (at constant V and n).
 
2. Effect of volume on pressure (Boyle ’s law)
(At constant Temperature (T) and n)
When volume decreases 
Particles have less space to move.
Collisions with walls become more frequent.
Pressure increases.
When volume increases 
Particles have more space.
Collisions with walls become less frequent.
Pressure decreases.

Relationship:
     P ∝ 1/V (at constant T and n)
     P₁ × V₁ = P₂ × V₂

Effect of number of particles on pressure 
(At constant T and V)
When the number of particles increases 
More particles collide with the container walls.
Pressure increases.
When the number of particles decreases:
Fewer collisions occur.
Pressure decreases.

Relationship:
 P ∝ n (at constant T and V)

Final relationship 
P ∝ T (if V and n are constant)
P ∝ 1/V (if T and n are constant)
P ∝ n (if T and V are constant)
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1. Explain why gas particles exert pressure.

Gas particles are in continuous, random motion. As they move, they
collide with the walls of their container. Each collision exerts a small
force on the wall. The total pressure is the sum of all these collision
forces per unit area. More frequent collisions or stronger collisions
produce higher pressure. Factors like temperature, volume, and number
of particles affect this motion.
 Example: Heating the gas increases particle speed, so they hit the
walls harder and more often, increasing pressure. Decreasing the
volume increases collisions per area, raising pressure. Adding more
particles also raises collision frequency.

2. How does temperature affect gas pressure?

Temperature measures the average kinetic energy of gas particles. As
temperature rises, particles move faster, colliding more frequently and
forcefully with container walls. This increases pressure. Cooling slows
particles, reducing pressure.
 Example: A sealed soda can in the sun builds pressure as heating
accelerates particle motion, explaining the principle behind pressure
cookers.

3. Describe the effect of volume on gas pressure.

Volume is the space a gas occupies. At constant temperature and
particle number:
Reducing volume → particles collide more often → pressure increases.
Increasing volume → fewer collisions → pressure decreases.
 This relationship is described by Boyle’s Law: P ∝ 1/V.
 Example: Pumping air into a bicycle tire reduces air volume slightly,
sharply increasing pressure.

4. Explain the effect of the number of gas particles on pressure.

More particles → more collisions per unit area → higher pressure (at
constant temperature and volume). Fewer particles → lower pressure.
 Example: Adding air to a sealed balloon increases internal pressure.
Releasing air reduces pressure.SOCHBADLO
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5 .  S t a t e  B o y l e ’ s  L aw  w i t h  a n  e x amp l e .

B o y l e ’ s  L a w :  A t  c o n s t a n t  t e m p e r a t u r e ,  t h e  p r e s s u r e  o f  a  f i x e d
a m o u n t  o f  g a s  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  i t s  v o l u m e :  P  ∝  1 / V
o r  P  ×  V  =  c o n s t a n t .
 E x a m p l e :  P u s h i n g  a  s y r i n g e  p l u n g e r  d e c r e a s e s  v o l u m e ,
i n c r e a s i n g  p r e s s u r e ;  p u l l i n g  i t  i n c r e a s e s  v o l u m e ,  r e d u c i n g
p r e s s u r e .

6 .  S t a t e  G a y - L u s s a c ’ s  L aw  w i t h  a n  e x amp l e .

G a y - L u s s a c ’ s  L a w :  A t  c o n s t a n t  v o l u m e ,  t h e  p r e s s u r e  o f  a  g a s  i s
d i r e c t l y  p r o p o r t i o n a l  t o  i t s  a b s o l u t e  t e m p e r a t u r e :  P  ∝  T .
 E x a m p l e :  A  s e a l e d  c a n  o f  p a i n t  l e f t  i n  t h e  s u n  h e a t s  u p  →
p r e s s u r e  d o u b l e s  i f  t e m p e r a t u r e  d o u b l e s  ( i n  K e l v i n ) .

7 .  Why  d o e s  p r e s s u r e  i n c r e a s e  w h e n  g a s  i s  h e a t e d  i n  a  r i g i d

c o n t a i n e r ?

I n  a  r i g i d  c o n t a i n e r ,  v o l u m e  i s  f i x e d .  H e a t i n g  t h e  g a s  i n c r e a s e s
k i n e t i c  e n e r g y  →  p a r t i c l e s  c o l l i d e  m o r e  f r e q u e n t l y  a n d
f o r c e f u l l y  →  p r e s s u r e  r i s e s .
 E x a m p l e :  S o d a  c a n s  l e f t  i n  s u n l i g h t  m a y  e x p l o d e  d u e  t o
i n c r e a s e d  i n t e r n a l  p r e s s u r e .

8 .  Why  d o e s  p r e s s u r e  d e c r e a s e  w h e n  g a s  e x p a n d s  a t  c o n s t a n t

t emp e r a t u r e ?

E x p a n d i n g  g a s  i n c r e a s e s  s p a c e  f o r  p a r t i c l e s .  C o l l i s i o n s  p e r  u n i t
a r e a  d e c r e a s e  →  p r e s s u r e  d e c r e a s e s .
 E x a m p l e :  A  b a l l o o n  e x p a n d s  →  i n t e r n a l  p r e s s u r e  d r o p s  s l i g h t l y .

9 .  H ow  i s  p r e s s u r e  r e l a t e d  t o  k i n e t i c  e n e r g y  o f  p a r t i c l e s ?

P r e s s u r e  a r i s e s  f r o m  p a r t i c l e  c o l l i s i o n s  w i t h  c o n t a i n e r  w a l l s .
H i g h e r  k i n e t i c  e n e r g y  →  f a s t e r  m o t i o n  →  m o r e  f r e q u e n t  a n d
f o r c e f u l  c o l l i s i o n s  →  h i g h e r  p r e s s u r e .  L o w e r  k i n e t i c  e n e r g y  →
l o w e r  p r e s s u r e .

10 .  E x p l a i n  w h y  i n c r e a s i n g  p a r t i c l e  n umbe r  r a i s e s  p r e s s u r e .

M o r e  p a r t i c l e s  →  m o r e  c o l l i s i o n s  w i t h  w a l l s  →  h i g h e r  p r e s s u r e
( i f  v o l u m e  a n d  t e m p e r a t u r e  a r e  c o n s t a n t ) .
E x a m p l e :  A d d i n g  m o r e  a i r  t o  a  s e a l e d  c o n t a i n e r  i n c r e a s e s
p r e s s u r e ;  r e l e a s i n g  p a r t i c l e s  l o w e r s  p r e s s u r e .
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MCQs

1 .  Wh i ch  f a c t o r  i n c r ea se s  t he  p r e s s u r e  o f  a  ga s  i f  t he

v o l ume  and  amoun t  o f  ga s  a r e  c o n s t a n t?

 A )  D e c r e a s i n g  t e m p e r a t u r e
 B )  I n c r e a s i n g  t e m p e r a t u r e
 C )  D e c r e a s i n g  n u m b e r  o f  p a r t i c l e s
 D )  I n c r e a s i n g  v o l u m e
 ✅  An swer :  B  –  I n c r ea s i n g  t empera t u r e  i n c r ea se s  k i n e t i c

e ne r gy ,  l e ad i n g  t o  more  f r e q uen t  c o l l i s i o n s .

2 .  I f  t he  v o l ume  o f  a  ga s  i s  ha l v ed  wh i l e  t empera t u r e  i s

c o n s t a n t ,  t he  p r e s s u r e :

 A )  R e m a i n s  t h e  s a m e
 B )  D o u b l e s
 C )  H a l v e s
 D )  Q u a d r u p l e s
 ✅  An swer :  B  –  Acco rd i n g  t o  Boy l e ’ s  Law ,  P  ∝  1 /V .

3 .  I n c r ea s i n g  t he  n umber  o f  ga s  pa r t i c l e s  i n  a  f i x ed

con ta i n e r  a t  c o n s t a n t  t empera t u r e :

 A )  D e c r e a s e s  p r e s s u r e
 B )  I n c r e a s e s  p r e s s u r e
 C )  H a s  n o  e f f e c t
 D )  D e c r e a s e s  t e m p e r a t u r e
 ✅  An swer :  B  –  More  pa r t i c l e s  →  mo re  c o l l i s i o n s  →  h i g he r

p re s s u r e .

4 .  At  c o n s t a n t  v o l ume  and  pa r t i c l e  n umber ,  i f  t empera t u r e

doub l e s :

 A )  P r e s s u r e  d o u b l e s
 B )  P r e s s u r e  h a l v e s
 C )  P r e s s u r e  r e m a i n s  t h e  s a m e
 D )  P r e s s u r e  q u a d r u p l e s
 ✅  An swer :  A  –  P r e s s u r e  ∝  Tempera t u r e  (Gay-Lu s sa c ’ s

Law ) .

5 .  A  ga s  i n  a  c o n t a i n e r  exe r t s  p r e s s u r e  d ue  t o :

 A )  W e i g h t  o f  p a r t i c l e s
 B )  C o l l i s i o n s  o f  p a r t i c l e s  w i t h  c o n t a i n e r  w a l l s
 C )  G r a v i t y
 D )  V o l u m e  o f  c o n t a i n e r
 ✅  An swer :  B  –  P r e s s u r e  a r i s e s  f r om co l l i s i o n s .
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6 .  Wh i ch  c omb i n a t i o n  w i l l  r e s u l t  i n  t he  h i g he s t  ga s  p r e s s u r e?

 A )  L o w  t e m p e r a t u r e ,  h i g h  v o l u m e ,  f e w  p a r t i c l e s
 B )  H i g h  t e m p e r a t u r e ,  l o w  v o l u m e ,  m a n y  p a r t i c l e s
 C )  L o w  t e m p e r a t u r e ,  l o w  v o l u m e ,  f e w  p a r t i c l e s
 D )  H i g h  t e m p e r a t u r e ,  h i g h  v o l u m e ,  f e w  p a r t i c l e s
 ✅  An swer :  B  –  P r e s s u r e  i n c r ea se s  w i t h  h i g he r  t empera t u r e ,

more  pa r t i c l e s ,  a nd  sma l l e r  v o l ume .

7 .  P r e s s u r e  o f  a  ga s  dec rea se s  when :

 A )  T e m p e r a t u r e  i n c r e a s e s
 B )  V o l u m e  i n c r e a s e s
 C )  N u m b e r  o f  p a r t i c l e s  i n c r e a s e s
 D )  G a s  i s  c o m p r e s s e d
 ✅  An swer :  B  –  L a r ge r  v o l ume  →  f ewer  c o l l i s i o n s  pe r  u n i t

a r ea .

8 .  The  k i n e t i c  t heo ry  exp l a i n s  g a s  p r e s s u r e  by  s t a t i n g  t ha t :

 A )  P a r t i c l e s  a r e  s t a t i o n a r y
 B )  P a r t i c l e s  e x e r t  f o r c e  b y  c o l l i s i o n s
 C )  P r e s s u r e  d e p e n d s  o n l y  o n  m a s s
 D )  P a r t i c l e s  a t t r a c t  e a c h  o t h e r  s t r o n g l y
 ✅  An swer :  B  –  Mov i n g  pa r t i c l e s  c o l l i d e  w i t h  wa l l s ,  c r ea t i n g

p re s s u r e .

9 .  I f  a  c o n t a i n e r  i s  r i g i d  a nd  ga s  i s  hea ted ,  t he  p r e s s u r e :

 A )  D e c r e a s e s
 B )  R e m a i n s  c o n s t a n t
 C )  I n c r e a s e s
 D )  B e c o m e s  z e r o
 ✅  An swer :  C  –  H i ghe r  t empera t u r e  →  f a s t e r  pa r t i c l e s  →

h i ghe r  p r e s s u r e .

10 .  Boy l e ’ s  Law  s t a te s  t ha t  f o r  a  f i x ed  amoun t  o f  ga s  a t

c o n s t a n t  t empera t u r e :

 A )  P  ∝  V
 B )  P  ×  V  =  c o n s t a n t
 C )  P  ∝  1 / T
 D )  V  ∝  T ²
 ✅  An swer :  B  –  P r e s s u r e  a nd  v o l ume  a re  i n v e r s e l y

p r o p o r t i o n a l .
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11 .  Cha r l e s ’  L aw  i s  c o n ce r ned  w i t h :

 A )  P r e s s u r e  a n d  v o l u m e
 B )  V o l u m e  a n d  t e m p e r a t u r e
 C )  N u m b e r  o f  p a r t i c l e s  a n d  p r e s s u r e
 D )  M a s s  a n d  v o l u m e
 ✅  An swer :  B  –  Vo l ume  ∝  Tempera t u r e  a t  c o n s t a n t  p r e s s u r e .

12 .  I n c rea s i n g  ga s  t empera t u r e  wh i l e  k eep i n g  v o l ume  f i x ed :

 A )  D e c r e a s e s  p a r t i c l e  s p e e d
 B )  I n c r e a s e s  p r e s s u r e
 C )  D e c r e a s e s  p r e s s u r e
 D )  H a s  n o  e f f e c t
 ✅  An swer :  B  –  H i ghe r  k i n e t i c  e ne r gy  →  mo re  c o l l i s i o n s  →

h i ghe r  p r e s s u r e .

13 .  The  fa c t o r  t ha t  d oe s  NOT af fec t  ga s  p r e s s u r e  i s :

 A )  T e m p e r a t u r e
 B )  V o l u m e
 C )  N u m b e r  o f  p a r t i c l e s
 D )  S h a p e  o f  c o n t a i n e r
 ✅  An swer :  D  –  On l y  T ,  V ,  a nd  n  a f fe c t  p r e s s u r e .

14 .  I f  t he  n umber  o f  ga s  pa r t i c l e s  d o ub l e s  a t  c o n s t a n t

v o l ume  and  t empera t u r e ,  p r e s s u r e :

 A )  H a l v e s
 B )  R e m a i n s  s a m e
 C )  D o u b l e s
 D )  Q u a d r u p l e s
 ✅  An swer :  C  –  More  pa r t i c l e s  →  mo re  c o l l i s i o n s .

15 .  I n  t he  k i n e t i c  t heo ry  o f  ga se s ,  p r e s s u r e  i s :

 A )  D u e  t o  p a r t i c l e  w e i g h t
 B )  D u e  t o  c o l l i s i o n s  o f  p a r t i c l e s
 C )  I n d e p e n d e n t  o f  p a r t i c l e  m o t i o n
 D )  D u e  t o  c o n t a i n e r  s h a p e
 ✅  An swer :  B  –  P r e s s u r e  a r i s e s  f r om co l l i s i o n s  w i t h  wa l l s .

16 .  Wh i ch  ga s  w i l l  exe r t  h i g he r  p r e s s u r e  i n  t he  s ame

con ta i n e r  i f  a l l  c o nd i t i o n s  a r e  e q ua l ?

 A )  G a s  w i t h  s l o w e r  p a r t i c l e s
 B )  G a s  w i t h  f a s t e r  p a r t i c l e s
 C )  G a s  w i t h  f e w e r  p a r t i c l e s
 D )  G a s  a t  l o w e r  t e m p e r a t u r e
✅  An swer :  B  –  Fa s t e r  pa r t i c l e s  →  mo re  f o r ce f u l  c o l l i s i o n s .
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17 .  I f  a  ga s  i s  c ompre s sed  a t  c o n s t a n t  t empera t u r e ,

c o l l i s i o n s  w i t h  wa l l s :

 A )  I n c r e a s e
 B )  D e c r e a s e
 C )  R e m a i n  s a m e
 D )  S t o p
 ✅  An swer :  A  –  Sma l l e r  v o l ume  →  mo re  f r e q uen t  c o l l i s i o n s .

18 .  P r e s s u r e  i s  meas u red  i n :

 A )  C e l s i u s
 B )  P a s c a l
 C )  L i t e r
 D )  N e w t o n
 ✅  An swer :  B  –  SI  u n i t  o f  p r e s s u r e  i s  P a s ca l  ( P a ) .

19 .  Doub l i n g  t empera t u r e  a nd  ha l v i n g  v o l ume  a t  t he  s ame

t ime :

 A )  P r e s s u r e  s t a y s  s a m e
 B )  P r e s s u r e  d o u b l e s
 C )  P r e s s u r e  q u a d r u p l e s
 D )  P r e s s u r e  h a l v e s
 ✅  An swer :  C  –  P  ∝  T/V ,  s o  P  q uad r up l e s .

20 .  The  ma i n  r ea s o n  ga se s  exe r t  p r e s s u r e  i s :

 A )  G r a v i t y
 B )  C o n t i n u o u s  r a n d o m  m o t i o n  o f  p a r t i c l e s
 C )  M a g n e t i c  f o r c e
 D )  L i q u i d  s u r f a c e  t e n s i o n
 ✅  An swer :  B  –  Random mot i o n  c a u se s  c o l l i s i o n s ,  c r ea t i n g

p re s s u r e .

 

 SOCHBADLO
BYMAK



Exer c i s e  SRQs  MCQs

and  Numer i c a l s
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SRQs

(QNO1 )  Why  do  dew  d r op s  f o rm on  l e a ve s  a nd  g r a s s  i n  a

s p r i n g  mor n i n g?

(ANSWER)

D e w  d r o p s  f o r m  d u e  t o  c o n d e n s a t i o n .  D u r i n g  t h e  n i g h t ,  s u r f a c e s
l i k e  l e a f  C o o l  d o w n .  W h e n  w a r m  a n d  m o i s t  a i r  t o u c h e s  t h e s e
c o o l  s u r f a c e s ,  t h e  w a t e r  v a p o r  i n  t h e  a i r  c o n d e n s e s  i n t o  l i q u i d
d r o p l e t s ,  f o r m i n g  d e w .
 

(QNO2 )  What  i s  t he  e f fe c t  o f  p r e s s u r e  a nd  t empera t u r e

va r i a t i o n  o n  s ub l ima t i o n  a nd  depo s i t i o n ?

(ANSWER)

S u b l i m a t i o n  i s  t h e  c h a n g e  f r o m  s o l i d  t o  L i q u i d  w h e n
t e m p e r a t u r e  i n c r e a s e s  a n d  p r e s s u r e  i s  l o w - D e p o s i t i o n ,  i s  t h e
c h a n g e  f r o m  g a s  t o  s o l i d ,  w h e n  t e m p e r a t u r e  d e c r e a s e s  a n d
p r e s s u r e  i s  h i g h .
 

(QNO3 )  Why  do  v apo r s  f o rm on  t he  hand l e  a nd  cy l i n de r  o f  a

f i r e  ex t i n g u i s he r  when  i t  i s  d i s cha r ged?

(ANSWER)

A  f i r e  e x t i n g u i s h e r  c o n t a i n s  a  c o l d  L i q u i d  p r e s s u r e .  W h e n  i t  i s
r e l e a s e d ,  t h e  L i q u i d  r a p i d l y  c o o l s  t h e  s u r r o u n d i n g  a i r .  W a t e r
v a p o r  f r o m  t h e  w a r m  a i r ,  C o n d e n s e s  o n  t h e  c o l d  s u r f a c e  o f  t h e
e x t i n g u i s h e r  h a n d l e ,  f o r m i n g  d r o p l e t s .
 

(QNO4 )  How doe s  swea t i n g  he l p s  t o  c o o l  d own  o u r  body

du r i n g  exe r c i s e?  

( A N S W E R )  S w e a t i n g  h e l p s  t o  c o o l  o u r  b o d y  t h r o u g h  .
e v a p o r a t i o n .  W h e n  s w e a t  e v a p o r a t e s  f r o m  t h e  s k i n ,  t h e  h i g h
e n e r g y  p a r t i c l e s  e s c  t y  p a r t i c l e s  e s c a p e ,  l e a v i n g  b e h i n d  l o w
k i n e t i c  e n e r g y  p a r t i c l e s .  T h i s  l o s s  o f  h e a t  c o o l s  t h e  s k i n ,  a n d
h e l p s  r e d u c e  b o d y  t e m p e r a t u r e .
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(QN05 )  Con s i d e r  a  p i e ce  o f  meta l  X  i n i t i a l l y  a t  a  t empera t u r e  o f  100

°C .  I t  i s  p l a c ed  o n  a  hea te r  (wh i c h  i s  p r o v i d i n g  hea t  a t  c o n s t a n t  r a t e )

u n t i l  i t  r ea che s  a  f i n a l  t empe ra t u r e  o f  400  °C .  The  meta l  ha s  a  me l t i n g

p o i n t  o f  250°C .

( I ) D r a w  a  g r a p h  t e m p e r a t u r e  t i m e  g r a p h  i l l u s t r a t i n g  t h e  c h a n g e s  i n  t h e

t e m p e r a t u r e  o f  m e t a l  X  a s  i t  i s  h e a t e d .

( i i ) .   N o w ,  e x a m i n e  a  d i f f e r e n t  m e t a l ,  Y ,  w h i c h  h a s  a  h i g h e r  l a t e n t  h e a t  o f

f u s i o n  c o m p a r e d  t o  m e t a l  X .  B o t h  m e t a l s  h a v e  i d e n t i c a l  m e l t i n g  p o i n t s  a n d

h e a t  c a p a c i t i e s .  T h e  h e a t i n g  p r o c e d u r e  f o r  m e t a l  Y  i s  c o n d u c t e d  u n d e r  t h e

s a m e  e n e r g y  s u p p l y  r a t e  a s  m e t a l  X .  D e s c r i b e  h o w  t h e  t e m p e r a t u r e - t i m e

g r a p h  f o r  m e t a l  Y  w i l l  d i f f e r  f r o m  t h a t  o f  m e t a l  X ,  c o n s i d e r i n g  t h e

i m p l i c a t i o n s  o f  i t s  g r e a t e r  l a t e n t  h e a t  o f  f u s i o n .

(ANSWER)

1 )  I n i t i a l  Hea t i n g .  ( 100  t o  250°C ) .

1 . B o t h  m e t a l s  h e a t  a t  t h e  s a m e  r a t e .

2 . G r a p h s  w i l l  h a v e  t h e  u p w a r d  s l o p e .

2 )  Me l t i n g  P o i n t  ( 250°C ) :  T e m p e r a t u r e  r e m a i n s  c o n s t a n t  d u r i n g  m e l t i n g .

1 . M e t a l  " Y "  s t a y s  a t  2 5 0 ° C  f o r  l o n g e r  d u e  t o  h i g h e r  l a t e n t  h e a t  o f  f u s i o n .

2 . G r a p h  f o r  m e t a l  y  s h o w s  a  l o n g e r  h o r i z o n t a l  l i n e .

3 )  Ef fe c t  Fo r  H i ghe r  La ten t  Hea t :  M o r e  e n e r g y  i s  n e e d e d  t o  c o m p l e t e  t h e

p h a s e  c h a n g e .

1 . S l o w s  d o w n  t e m p e r a t u r e  r i s e .

CONCLUSION:  T h e  k e y  d i f f e r e n c e  I s  t h e  l o n g e r  f l a t  s e c t i o n  a t  m e t a l

2 5 0 ° C .  f o r  m e t a l " Y "  s h o w i n g  t h a t  i t  a b s o r b s  m o r e  e n e r g y  w i t h o u t  r i s e  a

t e m p e r a t u r e

You r  pa rag raph  t ex t
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(QN06 )  How doe s  t he  p r e s s u r e  i n  a  Ca r  t y r e  change  du r i n g  a  l o n g

d r i v e  On  a  ho t  day?

D u r i n g  a  l o n g  d r i v e  o n  a  h o t  d a y ,  t y r e  p r e s s u r e  i n c r e a s e s  b e c a u s e
h i g h e r  t e m p e r a t u r e  i n c r e a s e s  t h e  k i n e t i c  e n e r g y  o f  p a r t i c l e s ,
m a k i n g .  t h e m  c o l l i d e  m o r e  w i t h  t h e  t y r e  w a l l s .  T o o  m u c h  p r e s s u r e ,
c a n  c a u s e  t h e  t y r e  t o  b u r s t .
|  T e m p e r a t u r e  i s  d i r e c t l y  p r o p o r t i o n a l  t o  K i n e t i c  E n e r g y .
 
(QNO7 )  How doe s ,  &  u nde r s t a nd i n g  t he rma l  expan s i o n  he l p

p r e ven t  c r a ck s  i n  s i d ewa l k s  d u r i n g  h o t  wea the r?

U n d e r s t a n d i n g  t h e r m a l  e x p a n s i o n s  h e l p s  p r e v e n t  c r a c k s  i n  s i d e
w a l l s .  A s  t h e  s i d e  w a l k s  h e a t  u p ,  t h e y  e x p a n d .  W i t h o u t  e x p a n s i o n
j o i n t s ,  r e p e a t e d  e x p a n s i o n  a n d  C o n t r a c t i o n  c a n  c a u s e  c r a c k s .  P r o p e r
j o i n t s  a l l o w  s p a c e  f o r  t h i s  e x p a n s i o n  m a k i n g  s i d e w a l k s  m o r e
d u r a b l e .
 
(QN08 )  Imag i n e  y o u  a re  s t u c k  i n  t he  s n ow  w i t h  y o u r  c a r .  Wh i ch

wou l d  be  more  e f fe c t i v e  f o r  me l t i n g  t he  s n ow  t r apped

unde r nea th ,  a  p o t  o f  h o t  wa te r  o r  a  h i g h-powered  hea t  Lamp?

 A  p o t  o f  h o t  w a t e r  i s  m o r e  e f f e c t i v e  f o r  m a t t i n g  t h e  s n o w ,
b e c a u s e  i t  p r o v i d e s  d i r e c t  h e a t  a n d  s p e e d s  u p  t h e  m e l t i n g  p r o c e s s ,
u n l i k e  a  h e a d  l a m p  w h i c h  h e a t s  s l o w l y  a n d  i n d i r e c t l y .  T h e  w a t e r  a l s o
c o v e r s  m o r e  a r e a ,  a s  i t  s p r e a d s ,  m e l t i n g  s n o w  e f f e c t i v e l y .
 
(QN09 )  How doe s  e vapo ra t i o n  wa te r  f r om p l a n t s  l e a ve s  he l p  t o

t r a n s p o r t  wa te r  a nd  n u t r i e n t s  o f  t h r o u ghou t  t he  p l a n t ?

E v a p o r a t i o n  o f  w a t e r  f r o m  a  p l a n t ' s  l e a f ,  c a l l e d  t r a n s p i r a t i o n ,
c r e a t e s  a  f o r c e  t h a t  p u l l s  w a t e r  u p w a r d  f r o m  t h e  r o o t s  o f  t h e
s t e m .  T h i s  T h i s  u p w a r d  f l o w  h e l p s  t r a n s p o r t  w a t e r  a n d  n u t r i e n t s  t o
a l l  p a r t s  o f  t h e  p l a n t .

(QNO:10 ) :  Why  doe s  add i n g  i c e  t o  a  d r i n k  c o o l  i t  d own  more

ef fe c t i v e l y  t han  add i n g  c o l d  wa te r?

A d d i n g  i c e  t o  a  d r i n k  c o d s  i t  m o r e  e f f e c t i v e l y  t h a n  a d d i n g  c o l d
w a t e r  b e c a u s e  i c e  a b s o r b s  h e a t  a s  i t  m e l t s ,  L o w e r i n g  t e m p e r a t u r e
o f  t h e  d r i n k .  C o l d  w a t e r  o n l y  j u s t  m i x e s  w i t h  t h e  d r i n k  a n d  d o e s  n o t
h e a t  a s  m u c h ,  s o  i t  d o e s  n o t  c o d  t h e  d r i n k  a s  m u c h  a s  i c e  d o e s .

(QNO:  11 )  What  a re  t he  cha l l e n ge s  f o r  s u pe r c o ndu c t i v i t y  t o

o c c u r?

Some  cha l l e n ge s  f o r  s u pe r c o ndu c t i v i t y  t o  Occu r  i n c l u de :

1 . I t  i s  r e q u i r e s  e x p e n s i v e  c o o l i n g .
2 . I t  u s e s  a  v e r y  h i g h  e n e r g y .
3 . D i f f i c u l t i e s  i n  p r a c t i c a l  u s e
4 . L i m i t e d  m a t e r i a l s  b e h a v e  a s  s u p e r c o n d u c t o r s
5 . C o m p l e x  i n s u l a t i o n  r e q u i r e m e n t s .
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MCQs

1 .  Du r i n g  a  ho t  s ummer  day ,  a  meta l  b r i d ge  m i gh t  expand s

s l i g h t l y .  Th i s  expan s i o n  i s  c a u sed  by

 A .  t h e  b r i d g e  r u s t i n g  a n d  w e a k e n i n g .
 B .  t h e  m e t a l  a t o m s  i n  t h e  b r i d g e  v i b r a t i n g  m o r e  i n t e n s e l y .✅
 C .  t h e  w e i g h t  o f  c a r s  d r i v i n g  o v e r  t h e  b r i d g e .
 D .  a  d e c r e a s e  i n  t h e  a i r  p r e s s u r e  a r o u n d  t h e  b r i d g e .
 
 Exp l a na t i o n :

 W h e n  t e m p e r a t u r e  i n c r e a s e s ,  a t o m s  i n  a  s o l i d  g a i n  k i n e t i c  e n e r g y
a n d  v i b r a t e  m o r e .  T h i s  i n c r e a s e s  t h e  a v e r a g e  d i s t a n c e  b e t w e e n
a t o m s ,  c a u s i n g  t h e r m a l  e x p a n s i o n .

2 .  Fog  f o rms  o n  a  c o l d  w i ndow  pane  i n  t he  mor n i n g .  Wh i ch  change

o f  s t a t e  i s  o c c u r r i n g?

 A .  M e l t i n g
 B .  B o i l i n g
 C .  C o n d e n s a t i o n✅
 D .  D e p o s i t i o n
 Exp l a na t i o n :

 C o n d e n s a t i o n  o c c u r s  w h e n  w a t e r  v a p o r  ( g a s )  c h a n g e s  i n t o  l i q u i d
d r o p l e t s  d u e  t o  c o o l i n g .  T h e  c o l d  w i n d o w  c o o l s  t h e  v a p o r  i n  a i r ,
f o r m i n g  f o g  d r o p l e t s .

3 .  Wh i ch  p r o ce s s  i n v o l v e s  t he  change  o f  s t a t e  f r om a  ga s  t o  a

s o l i d  w i t h o u t  pa s s i n g  t h r o u gh  the  l i q u i d  pha se?

 A .  D e p o s i t i o n✅
 B .  M e l t i n g
 C .  F r e e z i n g
 D .  S u b l i m a t i o n
 Exp l a na t i o n :

 D e p o s i t i o n  i s  t h e  d i r e c t  c o n v e r s i o n  o f  g a s  i n t o  s o l i d  ( r e v e r s e  o f
s u b l i m a t i o n ) .  E x a m p l e :  f r o s t  f o r m i n g  f r o m  w a t e r  v a p o r .

4 .  Bo i l i n g  p o i n t  o f  wa te r  i s :

 A .  2 1 2 ° C
 B .  2 1 2 ° F✅
 C .  1 0 0  K
 D .  3 7 3 ° C
 Exp l a na t i o n :

 W a t e r  b o i l s  a t  1 0 0 ° C ,  w h i c h  i s  e q u a l  t o  2 1 2 ° F  o r  3 7 3  K .  A m o n g  t h e
o p t i o n s ,  o n l y  2 1 2 ° F  i s  c o r r e c t .
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5 .  J  k g ⁻¹  K ⁻¹  i s  t he  u n i t  o f :
 A .  S p e c i f i c  H e a t  C a p a c i t y✅
 B .  H e a t  C a p a c i t y
 C .  L a t e n t  H e a t  o f  F u s i o n
 D .  H e a t  E n e r g y
 Exp l a na t i o n :
 S p e c i f i c  h e a t  c a p a c i t y  i s  t h e  h e a t  r e q u i r e d  t o  r a i s e  t h e
t e m p e r a t u r e  o f  1  k g  o f  a  s u b s t a n c e  b y  1  K  ( o r  1 ° C ) .

6 .  E vapo ra t i o n  t ake s  p l a ce  f r om
 A .  s u r f a c e✅
 B .  b o t t o m
 C .  c e n t e r
 D .  a n y  l o c a t i o n
 Exp l a na t i o n :
 E v a p o r a t i o n  o c c u r s  o n l y  a t  t h e  s u r f a c e  o f  a  l i q u i d ,  w h e r e
m o l e c u l e s  w i t h  h i g h e r  e n e r g y  e s c a p e  i n t o  t h e  a i r .

7 .  Re l a t i o n  be tween  l i n e a r  a nd  v o l ume  expan s i o n  o f  s o l i d s  i s
 A .  β  =  α / 3
 B .  β  =  1 . 5  α
 C .  α  =  β / 3✅
 D .  α  =  3  β
 Exp l a na t i o n :
A c t u a l l y  t h e  s t a n d a r d  r e l a t i o n  i s :
β = 3 α
 
 8 .  Hea t  added  t o  a  s ub s t a n ce ,  a t  i t s  me l t i n g  p o i n t ,  i s  u s ed
t o :
 A .  i n c r e a s e  K . E .  o f  p a r t i c l e .
 B .  d e c r e a s e  K . E .  o f  p a r t i c l e s
 C .  i n c r e a s e  t h e  a t t r a c t i o n  b e t w e e n  p a r t i c l e s
 D .  d e c r e a s e  t h e  a t t r a c t i o n  b e t w e e n  p a r t i c l e s✅
 Exp l a na t i o n :
 A t  m e l t i n g  p o i n t ,  t e m p e r a t u r e  s t a y s  c o n s t a n t .  T h e  a d d e d  h e a t
i s  u s e d  t o  o v e r c o m e  i n t e r m o l e c u l a r  f o r c e s ,  w e a k e n i n g
a t t r a c t i o n  b e t w e e n  p a r t i c l e s  s o  t h e  s o l i d  b e c o m e s  l i q u i d .
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9 .  336  J/g  i s  l a t e n t  hea t  o f  f u s i o n  o f  a  mate r i a l .  How much  hea t
i s  r e q u i r ed  t o  me l t  10  g  o f  mate r i a l  a t  i t s  me l t i n g  p o i n t ?
 A .  3 3 6  J
 B .  3 3 6 0  J✅
 C .  3 3 6 0 0  J
 D .  3 . 3 6  ×  1 0 ⁵  J
 
 Fo rmu l a :
 Q = m L
 Where :
 m  =  1 0  g
 L  =  3 3 6  J / g
 =  3 3 6 0  J

10 .  Wh i ch  o f  t he  f o l l ow i n g  f a c t o r s  i n c r ea se s  t he  r a te  o f
e vapo ra t i o n?
 A .  D e c r e a s e  i n  t e m p e r a t u r e
 B .  I n c r e a s e  i n  h u m i d i t y
 C .  I n c r e a s e  i n  w i n d  s p e e d✅
 D .  D e c r e a s e  i n  s u r f a c e  a r e a
 Exp l a na t i o n :
 W i n d  r e m o v e s  w a t e r  v a p o r  f r o m  t h e  s u r f a c e  q u i c k l y ,  a l l o w i n g  m o r e
m o l e c u l e s  t o  e s c a p e  →  f a s t e r  e v a p o r a t i o n .

11 .  What  i s  v a l u e  o f  α  f o r  a  s o l i d  i f  i t s  β  i s  9  ×  10 ⁻ ⁷  K ⁻¹?
 A .  3  ×  1 0 ⁻ ⁷  K ⁻¹✅
 B .  4 . 5  ×  1 0 ⁻ ⁷  K ⁻¹
 C .  9  ×  1 0 ⁻ ⁷  K ⁻¹
 D .  2 7  ×  1 0 ⁻ ⁷  K ⁻¹
 
 F o rmu l a :
 β  =  3 α
α  =  β  /  3
α  =  ( 9  ×  1 0 ⁻ ⁷ )  /  3
α  =  3  ×  1 0 ⁻ ⁷
Answer :  A .  3  ×  1 0 ⁻ ⁷  K ⁻¹

12 .  The  p r o ce s s  t ha t  i n v o l v e s  t he  l a t e n t  hea t  o f  v apo r i z a t i o n  i s
 A .  M e l t i n g  o f  i c e
 B .  F r e e z i n g  o f  w a t e r
 C .  E v a p o r a t i o n✅
 D .  C o n d e n s a t i o n  o f  s t e a m
 Exp l a na t i o n :
 L a t e n t  h e a t  o f  v a p o r i z a t i o n  i s  t h e  h e a t  r e q u i r e d  t o  c h a n g e  l i q u i d  →
g a s  w i t h o u t  t e m p e r a t u r e  c h a n g e .
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13 .  The  s um and  d i f f e re n ce  o f  t he  c oe f f i c i e n t  o f  r ea l  a nd

appa ren t  expan s i o n  o f  a  l i q u i d  a r e  i n  t he  r a t i o  2 :1 .  The

ra t i o  o f  t he  c oe f f i c i e n t  o f  r ea l  expan s i o n  a nd  appa ren t

expan s i o n  mus t  be

 A .  1  :  1
 B .  2  :  1
 C .  2  :  3
 D .  3  :  1✅
 

 G i v e n :

 R + A ) : ( R − A ) = 2 : 1
 So l v i n g  G i v e s :

 R : A = 3 : 1
 

 

14 .  La te n t  hea t  r e fe r s  t o  t he  e ne r gy  ab s o rbed  o r  r e l e a sed

by  a  s ub s t a n ce  du r i n g  a  change  o f  s t a t e ,  b u t  w i t h  n o  change

i n  t empera t u r e .  What  doe s  “ l a t e n t ”  mean  i n  t h i s  c o n t ex t?

 A .  C o n s t a n t
 B .  V i s i b l e
 C .  H i d d e n✅
 D .  T r a n s p a r e n t
 

 Exp l a na t i o n :

 “ L a t e n t ”  m e a n s  h i d d e n ,  b e c a u s e  h e a t  e n e r g y  i s  a b s o r b e d  o r
r e l e a s e d  w i t h o u t  c h a n g i n g  t e m p e r a t u r e  d u r i n g  a  c h a n g e  o f
s t a t e .
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