
Properties of Bulk Matter 

The latent heat of a sustanQe is given by 
L - -

m 
where m is fue mass of a substance. 
The SI unit of latent heat is J kg-t while practical unit is 
cal 
Latent heat of fusion : It is the amowit ofheat required 
to change unit mass of the solid into liquid at constant 
temperature e.g. latent heat of fusion of ice = 80 cal g-1. 

e Latent heat of vaporisation. : It is the amount of heat 
required to change unit mass of the liquid into vapour 
at constant temperature. e.g. latent heat of vaporisation 
of water = 540 cal g 1. 

PRINCIPLE Of CALORIMETRY 
® When two bodies at different temperatures are placed 

in contact '\\<ith each other then heat wiH pass from the 
body at higher temperature to the body at lower 
temperature until both reach a common temperature. 
i.e. heat lost by one body heat gained by the other. 

@ Principle of calorimeb:y obeys law- of conservation of 
energy. 

llhffifflhH,1#1 
A Centigrade and a Fahrenheit thermometer are dipped 
in boihng water. Tue water temperature :is lowered until 
the Fahrenheit thermometer registers l40°. What is the 
fall in  temperature as registered by the Centigrade 
thermometer? 
(a) 30° 

(c) 60° 
{b) 40° 
( d) 80° 

Soln. (b) : The relation b etween Centigrade and 
Fahrenheit scale is as follows: 

C - (F - 32) 9 
Here the Fahrenheit temperature is 140°F, so 

5 
r,m, 9 (140 32) cc, r£nal .,, 60°C 

The fall in temperature from the boiling point 
= !00°C - 60°C = 40°C. 

� (b) is correct 

llit®MhM,fJ1i 
T\vo liquids A and B are at 32°C and 24°C. mixed 
in equal masses, the temperature of mixture 1s found to 
be lW'C. Their specific heats are in the ratio of 
(a) 3 : 2 (b) 2 : 3 
(c) 1 : l (d) 4 : 3 
Sollt. When mixed. the heat gained by liquid B is 
equal to heat lost liquid A. 
The final temperature of the mi.xture is 28(:C. Heat lost by 

A = mAsA (32 - 28) 
Heat gained by B = (28 

mAs,(32 - 28) = mgYl28 - 24) 
As m,., = mB, :::::>- sA :::, sB or sA : sB l :  I 
=> (c) is correct. 
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,mm@,H,Ri+ 
A metallic rod l cm Jong and l sq, cm in cross-section 
is heated to t°C. If the linear expansion is a per 
centigrade and Y i s  the Young's modulus, the 
required to prevent the rod from expllii.ding i s  

(a) Yw 
Yat 

l + at 
Yat (c) (d) None of these 

l - at 
Soln. If the rod is heated, thermal expansion 

M ·, oJilT -� a-(1 cm) (fC) 
If the rod is not allowed to expand by applying a force, 
it means a mechanical compression equal to the thermal 
expansion has been produced by applying the force. 

Now, Y 
( Af\ 

or F = J,;.f - j  
\ l 

F = l:A(a.t) As A = 1 
F .� Yat => (a) is correct 

IOtffi®iH·f'I 
The absolute coefficient of expansion of a liquid is 7 
times that of the volume coefficient of expansion of the 
vessel Then the ratio of absolute and apparent expansion 
of the liquid is 

l 
(a) 

7 

7 
(b) 6 

6 
(c) 7 (d) norre of these 

Solo. Given: 7:iquid = 7Y,:cssel 

AVAbnrute = Yuquia· V AT = 7YvesM:::/f .. AT 
AV vessel = Yves�ci' V·AT 
AV - !!.V - !!.V - Apparer.t liquid ·· vessel 

. . .  (il 

V.Al1:Y1tq:i.ict - Yvesscl) = V:AT(?y,�sse! - Y,,esse1) 
= AP - '7 11!'6 \ (1"'y' 

-·_,, Apparent - •· ·.....1. \ YV<::sseJ/ · · •  1 

Equation (!) divided by equation (2), we get, 

A i':"�bsclu:te "t Absolute 
Af�pparcnt Y App-,,rent 

7"{ vessel • V b,_T 

6y vessel • VAT 

7 
6 

=> (b) is correct, 
!!EAT TRAl'JSFER 

• 

! ® 

The three modes of heat transfer are conduction, 
convection and radiation. 
Conduction : It i s  the process in which heat is 
transmitted from one point to the other tlJrough the 
substance vvithout the actual motion of the particles. 
Convecdon : H is the process i n  which :ieat is 
transmitted from one place to the other by the actual 
movement of the heated particles. It is prominent in 
the case of liquids and gases. Land 2-nd sea breezes 
and trade winds are formed due to convection. 
Convection plays an important role in ventilation, gas 
filled electric lamps and heating of buildings hot 
water circulation. 
Radiation : It is the process in which heat is transmitted 
from one place to the ether directly without the 
necessity of the intervening medium. 
Heat from the sun reaches the earth by radiation. 
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• Radiation is the fastest mode of heat transfer. • When a bar of length L and uniform area of cross-section A with its ends maintained at temperatures T1 and T2, the rate of flow of heat (or beat current) H is given by 
H = KA(Ti - T2) 

L where K is the thermal conductivity of the material of the bar. • Thermal conductivity depends upon the nature of material. • Tne SI unit of thermal conductivity K is J s-1m-1K·1 or W m·'K-1 while practical unit is cal/cm s °C. The dimensional formula of K is [MLT-3 K-1]. 

Wiedemann-Franz Law • According to this law the ratio of the thermal and electrical conductivities is the same for all metals at the same temperature. Moreover, the ratio is directly proportional to the absolute temperature of the metal. 
K -ocT 
(J 

. K z. e., - = a constant 
aT where K = thermal conductivity, cr = electrical conductivity, T = the temperature in kelvin. 

L • Thermal resistance of the bar, RH 
= -. 

KA • Comparison of beat conduction with electrical conduction 
Electrical conduction 
Electrical charge flows from higher potential to lower potential 
The rate of flow of charge heat is called electric current 
By Ohm's law, 

VI - V2 I = --
R 

Electrical resistance, 
L L R = p - = -
A crA where p is resistivity and 

a is conductivity 

Thermal conduction 
Heat flows from higher temperature to lower temperature 
The rate of flow of is called as heat current 
Heat current 

1j - T 
H = 

R,, 

Thermal resistance, 
L R = -

H KA where K is thermal conductivity 
• The flow of heat through rods in series and parallel is analogous to the flow of current through resistances in series and parallel. 
Growth of Ice on Lakes • The water in a lake freezes when the temperature of the air in contact with it falls below 0°C. The density of ice is less than that of water and so the ice formed floats on the surface of water. 

-T'C 

-- ------ --------- -----------------------
======:.; w:aier at o•c ::-:::::::::::: -- ---- -- --------------------------------

Let x be the thickness of layer so formed. Let the temperature of air just above ice be -T°C and the temperature of water below ice in the lake be 0°C. The thickness of layer of ice will increase when heat from water below ice conducts through the ice layer already formed. Let the cross-sectional area of the ice be A. Suppose the thickness of ice increases by dx in a time dt. • Time taken by ice to grow a thickness x is given by 
l pLx2 

t = ---2 KT where K is the thermal conductivity of ice, p is the density of ice, L is the latent heat of fusion of ice. • Time taken to double and triple the thickness will be in the ratio t . t . t . .  12 . 22 : 32 
I ·  2 .  3 . .  . . t, : t

2
: t

3 
: :  1 : 4 :  9 

STEFAN-BOLTZMANN LAW • It states that the radiant energy emitted by a perfectly black body per unit area per sec (i.e., radiancy or intensity of black body radiation) is directly proportional to the fourth power of its absolute temperature i. e. E oc I"- or E = a'r where cr is a constant called Stefan's constant. • The value of cr in S.I. unit is 5 .67 x 10--S W m-2 K-4. • If the body is not a perfectly black body, then 
E= ea'r where e is the emissivity of the body and has value 0 < e < l depending upon the nature of surface. It has no units and dimensions. • The energy radiated per second by a body of area 

A =  eAcr'r • A body at temperature Twith surroundings temperature 
Ts (T > T J, the net rate of loss of radiant energy is = eAa('r - T/) 

NEWTON'S LAW OF COOLING • It states that the rate of cooling of a body is proportional to the excess temperature of the body over the surroundings. 
�� = -k(T -T

5
) 

where Ts is the temperature of the surrounding medium and T is the temperature of the body 
WIEN'S DISPLACEMENT LAW • According to this law, the product of wavelength corresponding to maximum energy and the absolute temperature is constant. · i.e., A,,,T = constant • The value of Wien's constant is 2.9 x I 0-3 mK. • The value of solar constant, S = 1340 Wm-2

• 

· 
( , 1U4 • Temperature of sun is given by T = l R?j R

5
cr 

where R is the mean distance of the earth from the sun, 
R, is the radius of the sun, S is solar IX)nstant and cr is 
Stefan's constant. 



Properties of Bulk Matter 

liitM@+irf!I Two slabs of thickness d1 and d
2 

and of conductivities K1 and K2 
are placed in contact and combination behaves as a single slab of conductivity K given by 

(a) di _ (b) d1K1 + d,K2 K1 

(c) Ki Kz K (d) K(d1 + d2) K
1K2d1d2 

Soln. (c) : Thermal resistances behave analogous to electrical reslstances. In series, 

, (d1 + d,) Here, KA 
� (c) is correct. 
IO@ffiUM,f&i 

K 

A sphere is at a temperature 600 K. Its cooling rate is R in an external environmrnt of 200 K. Its temperature faHs to 400 K, then cooling rate R' will be 
1 16 (a) ..::_ R (b) - R 1 6  3 

(c) 27 R (d) None of these 
Sol& (a) : From Stefan's law, net rate of heat energy Jost per second R zcrA(T4 T/) wht.-re T is the temperature of the body and is the temperature of the surroundings. Here R = co-A(6004 - 2004) 

R '  R' = scrA(4004 - 2004) o R 
14004

- l 
C 

6004 2004 J 
( 44 - 241 

R' = t -- : R  \. 64 -24
) 

Hence, R' = 16 R. => (a) is correct. 

A black body has maxim1Lm wavelength f.m at 2000 K. Its corresponding wavelength at 3000 K will be 
(al I,, (bl :!_1, '"l 1 6  

2 rn 3 rn \" 8 1  Sohn. (l:J) : Using Wien's displacement law, 
/..rrox - T = constant 

Here ,.;,, · (3000 K)= ''m (2000 K) => ;.:,, 
=> (b) is correct. 
lhMittihM,f11 

(d, .ll.!: 1c ' 1 6  m 

2 ;  -,.,_ . 3 m 

The plots of intensity versus wavelength for three black bodies at temperatures Tu T2 and T3 respectively are sho•;vn. 
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Which, of these i highest? Grade temperatures are the lowest and the T2 and 

I 

y .  

Sola.: According to \Vien 's law, 
Constant 

'-m where ),.,m is the wavelength at maximum intensity. From graph, A1 < /�:?. < A3 i.e. ),,3 is the highest and A1 is the lowest )1.3 corresponds with T2 on graph, 
T

2 
is the lowest temperature Similarly1 /1..1 cones.ponds with temperature T1 

T1 is the highest temperature, because ).l is the lcwest 
r, > r, > r,. 

llltMMOM,iil A body takes 10 min to cool from 60::ic to 50°C. Temperature of surroundings is 25°C. Find the temperature of body after r.ext 10 min. Sol:n.: According to principle of rate of cooling! 

t where 60 room temperature 
60 - 50 [60 + 50 

K 1 0  2 
K = ...!._ 

30 

K x 30 

After another 10  min, let tbe temperature be 0. 

or 

so -e  l'SO + e 25"] 
IO

=
K � - J 

IO  30 x 2 · - - = -- => 0 = 42.85'C 
so � e  e 0 "" 42.85°C. 

Gi!EEN IUIUSE EFFECT 

... (i) 

... (ii) 
(using 

I • The earth's atmosphere is the transparent to visible radiations and infra-red radiations from sun. The etLrth 
I 
I 

absorbs all these radiations and releases longer wavelength infra-red radiations which can not pass through lower atmosphere, get abso:rbed by atmosphere molecules leading to rise in. the earth's temperature. TI1is phenomenon is called green house effect. The green house effect keeps the earth's surface warm at night However, an increased concentration of gases like CO,, which absorbs infra-red radiations is causing global warming which is now a matter oi" international concern. 


