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THERMAL_ EXPANSION

Definition of Heat :
Heat isaform of energy which istransferred between a system and its surrounding as aresult of
temperaturedifference only.

Thermal Expansion : Expansion due to increase in temperature.

1. Type of thermal expansion
Coefficient of expansion For temperature change
At changein
N L o=Lim e
(i) Linear  At50 l, At length Al = 1, o At
.1 AA
(i) Superficia p=Lim A A Area AA = A BAt
. 1AV
(i) Volume V= L—tfg V. At volume AV =V At

@ For isotropic solids a; = o, = a3 = o (l€t)
S0 =2a.and y = 3o
(b)  ForanisotropicsolidsB=a, +a, and y=o,+a,+ oy
Here o, , o, and o, are coefficient of linear expansionin X, Y and Z directions.

2. Variation in density : With increase of temperature volume increases so density decreases and
vice-versa
_ 4
T (1+7yAt)

For solidsvauesof y aregenerally small sowecanwrited = d, (1-yAt) (using bimomial expansion)
Note:
(i) y for liquids are in order of 1073
(i) For water density increasesfrom 0t0 4°C so yis—ve (0 to 4° C) and for 4° C to higher temperature y
is+ve. At 4° C density is maximum.

3. Thermal Stress: Arod of length|ljis clamped between two fixed walswith distancel . If temperature

is changed by amount At then
F
stress = A (area assumed to be constant)
Al ——
strain= 7~ lo =

0

FA H, F
Al/ly = AAl T AaAt
or F=YAaAt

0, Y =
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4, If aisnot constant
0] (o varies with distance) Let o = ax+b

1
Total expansion = [ expansion of length dx = [ (ax+b)dx At
0

(i) (o varieswithtempearture)

Let  a=Ff(T)
T2 dx
Al = IaIOdT
Tl

Caution : If aisin°CthenputT,and T,in°C.
smilarly if aisinKthenputT, and T, inK.

CALORIMETRY

Quantity of heat transfered and specific heat

Theamount of heat needed toincerasethetemperature of 1 gm of water from 14.5° Cto 15.5°C at STP
islcdorie
dQ =mcdT
T2
Q=m f CdT (be careful about unit of temperature, use units according to the given units of C)
Tl

Heat transfer in phase change
Q=mL L = latent heat of substancein cal/ gm/°C or in Kcal/ kg/ °C
L...=80cd/gmforice
L =540 cal/ gm
HEAT - TRANSFER
(A)  Conduction : Dueto vibration and collision of medium particles.

(1) Steady State : In this state heat absorption stops and temperature gradient throughout the rod

steam

dT
becomes constant i.e. o = constant.

(i1) Before steady state : Temp of rod at any point changes
Note : If specific heat of any substanceiszero, it can be considered always in steady state.

1. Ohm*slaw for Thermal Conduction in Steady State :
Let the two ends of rod of length | ismaintained at temp T, and T(T, >T,)

dQ T-T, |
Thermal current a7 - —RTh T - I
Wherethermal resistance Rp,= -~
2. Differential form of Ohm’s Law F L4l
d—Q = KAd—T d—T =t at adient
aT Ix o - emperaturegradien
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(B)
©)

Convection : Heat transfer dueto movement of medium particles.
Radiation: Every body radiates electromagnetic radiation of al possiblewaveength at all temp>0 K.

Stefan’sLaw : Rate of heat emitted by abody at temp T K from per unit area E = 6 T4 J/sec/m?
dQ

Radiation power aT - P=cAT*watt
If abody isplaced in asurrounding of temperature T g
d
d_$ =cA (T4~ TS4)

valid only for black body

o - heat fromgeneral body
Emissivity oremmisivepower e= " e oo body
If temp of body fallsby dT intimedt

dT eAc

E:E(Ttﬁ) (dT/dt = rate of cooling)

Newton’s law of cooling
If temp difference of body with surroundingissmalli.e. T=T,

dT _4eAc

— = T3(T-T
then, 4= U719
dT
o (T-T
o g e

Average form of Newtons law of cooling
If abody coolsfrom T, to T, intime st

=T, K(T+T,
st ms| 2

- TSJ (used generdly in objectivequestions)

dr K : : -
G ms (T-T,) (for better resultsusethisgenerally in subjective)
Wein’s black body radiation
At every temperature (>0K) abody radiates energy radiations of all wavelengths. !
According to Wein’s displacement law if the wavelength corresponding to
maximumenergyisi,
then) . T=b whereb=isaconstant (Wein’s constant)

T =temperature of body
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EXERCISE — |

An aluminium container of mass 100 gm contains 200 gm of ice a — 20°C. Heat is added to the
system at therate of 100 cal/s. Find the temperature of the system after 4 minutes (specific heat of
ice=0.5and L =80 cal/gm, specific heat of Al =0.2 cal/gm/°C)

A U-tubefilled with aliguid of volumetric coefficient of 10-/°C lies in a vertical plane. The height of
liquid columnintheleft vertical limbis100 cm. Theliquidintheleft vertical limbismaintained a a
temperature = 0°C while the liquid in the right limb is maintained at a temperature = 100°C. Find the
differenceinlevelsinthetwo limbs.

A thinwalled metal tank of surface area 5m?isfilled with water tank and containsan immersion
heater dissipating 1 kW. Thetank is covered with 4 cm thick layer of insulation whose thermal
conductivity is 0.2 W/m/K. The outer face of the insulation is 25°C. Find the temperature of the
tank in the steady state

A glassflask contains some mercury at room temperature. Itisfound that at different temperatures
the volume of air inside the flask remains the same. If the volume of mercury in the flask is
300 cm?, then find volume of theflask (given that coefficient of volume expansion of mercury and
coefficient of linear expansion of glassare 1.8 x 10# (°C)! and 9 x 1076 (°C) ! respectively)

A clock pendulum made of invar hasaperiod of 0.5 sec at 20°C. If the clock is used in a climate
where average temperature is 30°C, aporoximately. How much fast or slow will the clock run in
10° sec. (04,4 =1%1076/°C)

A pan filled with hot food cools from 50.1 °C to 49.9 °C in 5 sec. How long will it take to cool
from 40.1 °C to 39.9°C if room temperature is 30°C?

A composite rod made of three rods of equal length and cross-section as shown in the fig. The
thermal conductivities of the materials of therods are K/2, 5K and K respectively. Theend A and
end B areat constant temperatures. All heat entering the face A goes out of the end B there being
no loss of heat from the sides of the bar. Find the effective thermal conductivity of the bar

A B

K/2 5K K

Aniron bar (Young’s modulus = 10 N/m?, a.= 10 /°C) 1 m long and 103 m?in areais heated
from 0°C to 100°C without being allowed to bend or expand. Find the compressive force developed
insidethe bar.

A solid copper cube and sphere, both of same mass & emissivity are heated to same initial
temperature and kept under identical conditions. What is the ratio of their initial rate of fall of
temperature?

A cylindrical rod with one endin astream chamber and other end inice cause melting of 0.1 gm of
ice/sec. If therod isreplaced with another rod of half the length and double the radius of first and
thermal conductivity of second rod is 1/4 that of first, find the rate of ice melting in gm/sec
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Q.11 Threeduminiumrodsof equa lengthforman equilatera triangleABC. Taking N
O (mid point of rod BC) asthe origin. Find theincrease in Y-coordinate of
center of mass per unit changeintemperature of the system. Assumethelength
of theeachrodis2m, and oy = 44/3x10°°/°C ° ‘

Q.12 Three conducting rods of same material and cross-section are shown in figure. A B
Temperature of A, D and C are maintained at 20°C, 90°C and 0°C. Find the 20°C 0°C
ratio of length BD and BC if thereis no heat flow in AB

90°CIp

Q.13 Iftworodsof length L and 2 L having coefficients of linear expansion o and 2. respectively are
connected so that total length becomes 3L, determinethe average coefficient of linear expansion of the
compositerod.

Q.14 A volumeof 120 ml of drink (half alcohol + half water by mass) originally at atemperature of 25°C
is cooled by adding 20 gm ice at 0°C. If all the ice melts, find the final temperature of the drink.
(density of drink = 0.833 gm/cc, specific heat of alcohol = 0.6 cal/gm/°C)

Q.15 A solid receives heat by radiation over its surface at the rate of 4 kW. The heat convection rate
from the surface of solid to the surrounding is 5.2 kW, and hest is generated at arate of 1.7 kW
over the volume of the solid. The rate of change of the average temperature of the solid is
0.5°Cs™!. Find the heat capacity of the solid.

20°C 10°C 6 -5°C -10°C

Q.16 The figure shows the face and interface temperature of a composite
dab containing of four layers of two materialshavingidentical thickness. U R IV e
Under steady state condition, find the value of temperature 6.

k = thermal conductivity

Q.17 Twoidentical calorimeter A and B contain equal quantity of water at 20°C. A 5 gm piece of metal
X of specific heat 0.2 cal g™! (C°)! isdropped into A and a5 gm piece of metal Y into B. The
equilibrium temperaturein A is22°C and in B 23°C. The initial temperature of both the metals is
40°C. Find the specific heat of metal Y in cal g! (C°).

Q.18 Two spheresof sameradiusR havether denstiesintheratio8: 1 andtheratio of their specific heasisare
1:4.1f by radiationtheir rates of fal of temperature are same, thenfind theratio of their ratesof losing

hest. ;
B C
Q.19 Inthesquareframe of sidel of metallic rods, the corners A and C are
maintained at T, and T, respectively. The rate of heat flow from A to / /
Ciso.IfAandD areingtead maintained T, & T, respectivley find, find the
total rate of heat flow. A D

l
Q.20 A hot liquid contained in acontainer of negligible heat capacity losestemperature at rate 3 K/min, just
beforeit beginsto solidify. The temperature remains constant for 30 min. Find theratio of specific heat
capacity of liquid to specific latent heat of fusionisin K- (giventhat rate of losing heat iscongtant).

Q.21 A thermostatted chamber at small height h above earth's surface maintained at 30°C has a clock fitted in it
with anuncompensated pendulum. Thecd ock designer correctly designsit for height h, but for temperature of
20°C. If this chamber is taken to earth's surface, the clock in it would click correct time. Find the coefficient
of linear expangon of materid of pendulum. (earth'sradiusisR)
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Q.22

Q.23

Q.24

Q.25

Q.26

(i)
(i)
(iii)

Q.27

Q.28

Q.29

Q.30

The coefficient of volumeexpansion of mercury is20 timesthe coefficient of linear expansion of glass.
Find thevolumeof mercury that must be pouredinto aglassvesse of volumeV sothat thevolumeabove
mercury may remain constant at all temperature.

Two50gmicecubesaredroppedinto 250 gmof water into aglass. If thewater wasinitidly & atemperature of
25°C and the temperature of ice —15°C. Find the final temperature of water.
(specific heat of ice= 0.5 cal/gm/°C and L =80 cal/gm). Find final amount of water and ice.

Waeter isheated from 10°C to 90°C in aresidential hot water heater at arate of 70 litre per minute.
Natural gas with a density of 1.2 kg/m?® is used in the heater, which has a transfer efficiency of
32%. Find the gas consumption rate in cubic meters per hour. (heat combustion for natural gasis
8400 kcal/kg)

A metal rod A of 25cm lengths expands by 0.050cm. When its temperature is raised from 0°C to
100°C. Another rod B of adifferent metal of length 40cm expands by 0.040 cm for the samerisein
temperature. A third rod C of 50cm length is made up of pieces of rodsA and B placed end to end
expands by 0.03 cm on heating from 0°C to 50°C. Find thelengths of each portion of the composite
rod.

A substanceisinthe solid form at 0°C. The amount

of heat added to this substance and its temperature 120 &
are plotted in the following graph.If the relative S '0'] A B

specific heat capacity of the solid substanceis0.5, < 0+

find from the graph § a0t

the mass of the substance ; v e -
the specific latent heat of the melting process, and 1000 2000

Q ——> (calories)

the specific heat of the substance in the liquid state.

Oneend of copper rod of uniform cross-section and of length 1.5 metersisin contact with meltingice
and the other end with boiling water. At what point along itslength should atemperature of 200°C be
maintained, so that in steady state, themass of icemelting isequd tothat of steam producedinthesame
interva of time?Assumethat thewhole system isinsulated from the surroundings.

Two solids spheres are heated to the same temperature and allowed to cool under identical
conditions. Compare: (i) initia rates of fall of temperature, and (ii) initial rates of loss of heat.
Assumethat all the surfaces have the same emissivity and ratios of their radii of, specific heatsand
densitiesarerespectively 1:a, 1: 3, 1:y.

A vessel containing 100 gm water at 0°C is suspended in the middle of aroom. In 15 minutesthe
temperature of thewater risesby 2°C. When an equal amount of iceisplaced inthevessd, it meltsin
10 hours. Cal cul atethe specific heat of fusion of ice.

Themaximumintheenergy distribution spectrum of thesunisat 4753 A and its temperature is 6050K.
What will be the temperature of the star whose energy distribution shows amaximum at 9506 A.
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Q.1

Q.2

Q.3

Q.4

(@)
(b)

Q5

Q.6

Q.7

EXERCISE - [1

A copper calorimeter of mass 100 gm contains 200 gm of a mixture of ice and water. Steam at
100°C under normal pressure is passed into the calorimeter and the temperature of the mixture is
allowed to riseto 50°C. If the mass of the calorimeter and its contents is now 330 gm, what was
the ratio of ice and water in the beginning? Neglect heat | osses.
Given : Specific heat capacity of copper =0.42 x 103 Jkg 'K,

Specific heat capacity of water = 4.2 x 103 Jkg 'K,

Specific heat of fusion of ice =3.36 x 10°Jkg!

Latent heat of condensation of steam = 22.5 x 10° kg

Anisoscelestriangleisformed with arod of length |, and coefficient of linear expansion a., for the
base and two thin rods each of length |, and coefficient of linear expansion o, for the two pieces,
if the distance between the apex and the midpoint of the base remain unchanged asthe temperatures

| a
varied show that l_l: 2|2
2 Olq

A solid substance of mass 10 gm at — 10°C was heated to — 2°C (still in the solid state). The heat
required was 64 calories. Another 880 cal orieswasrequired to rai se the temperature of the substance
(now in the liquid state) to 1°C, while 900 calories was required to raise the temperature from
—2°C to 3°C. Calculate the specific heat capacities of the substances in the solid and liquid state in
calories per kilogram per kelvin. Show that the latent heat of fusion L is related to the melting
point temperaturet by L =85400+ 200t .

A stedl drill making 180 rpm isused to drill aholein ablock of steel. The mass of the steel block
and the drill is180 gm. If the entire mechanical work is used up in producing heat and the rate of
raise in temperature of the block and the drill is0.5 °C/s. Find

the rate of working of the drill in watts, and

the torque required to drive the drill.

Specific heat of steel =0.1and J=4.2 Jcd. Use: P=t®

A brassrod of massm = 4.25 kg and across sectiona area’5 cm? increasesits|ength by 0.3 mm upon
hesting from 0°C. What amount of heat is spent for heating the rod? The coefficient of linear expansion
for brassis 2x1075/K, its specific heat is 0.39 kJ/kg.K and the density of brassis 8.5 x 102 kg/m?.

A submarine made of steel weighing 10° g hasto take 108 g of water in order to submerge when
the temperature of the seais 10°C. How much less water it will have to take in when the sea is at

15°C? (Coefficient of cubic expansion of sea water =2 x 1074/°C, coefficient of linear expansion
of steel = 1.2 x 1075/°C)

A flow calorimeter is used to measure the specific heat of aliquid. Heat is added at a known rate
to astream of theliquid asit passesthrough the calorimeter at aknown rate. Then ameasurement
of the resulting temperature difference between the inflow and the outflow points of the liquid
stream enabl es us to compute the specific heat of the liquid. A liquid of density 0.2 g/cm?® flows
through acalorimeter at the rate of 10 cm?/s. Heat is added by means of a 250-W electric heating
coil, and a temperature difference of 25°C is established in steady-state conditions between the
inflow and the outflow points. Find the specific heat of theliquid.
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Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Tolueneliquid of volume 300 cm? at 0°C is contained in a beaker an another quantity of toluene of
volume 110 cm3 at 100°C is in another beaker. (The combined volume is 410 cm3). Determinethe
total volume of the mixture of thetolueneliquidswhen they are mixed together. Given the coefficient
of volume expansion y = 0.001/C and all forms of heat losses can be ignored. Also find the final
temperature of the mixture.

Iceat -20°C is filled upto height h= 10 cm in a uniform cylindrical vessel. Water at temperature 6°C is
filledin another identical vessel upto the same height h=10 cm. Now, water from second vessdl is
poured into first vessel and it is found that level of upper surface falls through
Ah=0.5cmwhenthermal equilibrium isreached. Neglecting thermal capacity of vessels, change
in density of water due to changein temperature and loss of heat dueto radiation, calculateinitial
temperature 6 of water.

Given, Density of water, p,, =lgmcm?
Density of ice, p, =0.9gm/cm?
Specific heat of water, s =1ca/gm°C
Specific heat of ice, s = 0.5ca/gm°C
Specificlatent heat of ice, L =80 cal/gm

A composite body consists of two rectangular plates of the same dimensions but different thermal
conductivities K, and K. This body is used to transfer heat between two objects maintained at
different temperatures. The composite body can be placed such that flow of heat takes place either
parallel to theinterface or perpendicular toit. Cal cul ate the effective therma conductivities K, and

K , of the composite body for the parallel and perpendicular orientations. Which orientation will
have morethermal conductivity?

Two identical thermally insulated vessels, each containing n mole of an ideal monatomic gas, are
interconnected by a rod of length | and cross-sectional area A. Materia of the rod has thermal
conductivity K anditslatera surfaceisthermaly insulated. If, at initial moment (t = 0), temperature
of gasintwovesselsisT, and T, (< T,), neglecting thermal capacity of therod, calculate difference
between temperature of gasin two vessels as a function of time.

A highly conducting solid cylinder of radius aand length | is surrounded by a co-axial layer of a
material having thermal conductivity K and negligible heat capacity. Temperature of surrounding
space (out side the layer) is T, which is higher than temperature of the cylinder. If heat capacity
per unit volume of cylinder material issand outer radius of the layer isb, calculate time required
to increasetemperature of the cylinder from T, to T,. Assume end faces to be thermally insul ated.

A vertical brick duct(tube) is filled with cast iron. The lower end of the duct is maintained at a
temperature T, whichisgreater thanthemeltingpoint T_ of cast iron and the upper end at atemperature
T, whichislessthan thetemperature of themelting point of castiron. It isgiven that the conductivity of
liquidcastironis equa to k timesthe conductivity of solid castiron. Determinethefraction of the duct
filledwithmoltenmeta.

Water isfilled in a non-conducting cylindrical vessel of uniform cross-sectional area. Height of
water columnish and temperatureis0°C. If the vessel is exposed to an atmosphere having constant
temperatureof —0°C (< 0°C) at t=0, calculate total height h of the column at time t. Assume thermal
conductivity of iceto beequal to K .Density of water isp_ andthat of iceisp,. Latent hezt of fusionof ice
isL.
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Q.15

(@)
(b)

Q.16

Q.17

Q.18

Q.19

(@)
(b)

Q.20

Q.21

A lagged stick of crosssection areal cm? and length 1 misinitialy at atemperature of 0°C. It is then
kept between 2 reservoirs of tempeature 100°C and 0°C. Specific heat capacity is 10 J/kg®C and linear
massdensity is2 kg/m. Find

100°C | 0°C
X

temperature gradient along the rod in steady state.
total heat absorbed by the rod to reach steady state.

A cylindrical block of length 0.4 m an area of cross-section 0.04m? is placed coaxially on athin
metal disc of mass 0.4 kg and of the same cross-section. Theupper face of the cylinder ismaintained
at a constant temperature of 400K and the initial temperature of the disc is 300K. If the thermal
conductivity of the material of the cylinder is 10 watt/m-K and the specific heat of the material of
the disc in 600 Jkg-K, how long will it take for the temperature of the disc to increase to 350K ?
Assume, for purposes of calculation, the thermal conductivity of the disc to be very high and the
system to be thermally insulated except for the upper face of the cylinder.

A copper caorimeter of negligibletherma capacity isfilled with aliquid. Themassof theliquid equas
250 gm. A hesting e ement of negligiblethermal capacity isimmersed intheliquid. Itisfound that the
temperature of the calorimeter and its contentsrisesfrom 25°C to 30°C in 5 minuteswhen acurrent of
20.5 ampereispassed throughit a potentid differenceof 5volts. Theliquidisthrown off andtheheater is
again switched on. It isnow foundthat thetemperature of the cal orimeter doneisconstantly maintained at
32°Cwhenthecurrent throughthehesteris7A a thepotentid difference6 volts. Cd culaethespecific heat
capacity of theliquid. Thetemperatureof thesurroundingsis25°C.

A solid copper sphere coolsat therate of 2.8°C per minute, when its temperature is 127°C. Find the
rate at which another solid copper sphere of twicetheradiusloseitstemperatureat 327°C, if in both the
cases, theroom temperatureismaintained at 27°C.

A calorimeter contains 100 cm?® of a liquid of density 0.88 g/cm3 in which are immersed a
thermometer and asmall heating coil. The effective water equivalent of cal orimeter, thermometer
and heater may be taken to be 13 gm. Current of 2 A is passed through the coil. The potential
difference acrossthe coil is6.3V and the ultimate steady state temperatureis55°C. The current is
increased so that the temperature rises slightly above 55°C, and then it is switched off. The
calorimeter and the content are found to cool at the rate of 3.6°C/min.

Find the specific heat of theliquid.

The room temperature during the experiment was 10°C. If the room temperature rises to 26°C,
find the current required to keep theliquid at 55°C. You may assume that Newton's law is obeyed
and the resistance of the heater remains constant.

End A of arod AB of length L = 0.5 m and of uniform cross-sectional areais maintained at some
constant temperature. The heat conductivity of therod isk = 17 JJsm°K. The other end B of this
rod is radiating energy into vacuum and the wavelength with maximum energy density emitted
fromthisendis,=75000 A. If the emissivity of the end B is e = 1, determine the temperature of
theend A. Assuming that except the ends, the rod is thermally insulated.

A wire of length 1.0 m and radius 10 mis carrying a heavy current and is assumed to radiate as
ablackbody. At equilibrium temperature of wireis 900 K whilethat of the surroundingsis 300 K.
Theresistivity of the material of thewireat 300 K isw? x 108 QQ-m and its temperature coefficient
of resistanceis 7.8 x 1073 /°C. Find the currentinthewire. [ = 5.68 x 108 w/m?K4].
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Q.22

Q.23

Q.24

Q.25

Q.26

The temperature distribution of solar radiation ismore or less same asthat of ablack body whose
maximum emission correspondsto the wavel ength 0.483 um. Find therate of change of massdue
to radiation. [Radius of Sun=7.0 x 108 m]

A black plane surface at a constant high temperature T, , is parallel to another black plane surface
at constant lower temperature T,. Between the platesisvacuum. In order to reducethe heat flow dueto
radiation, aheat shield consisting of two thin black plates, thermally isolated from each other, it placed
between thewarm and the cold surfacesand paral e to these. After sometimestationary conditionsare
obtained. By what factor n isthe stationary heat flow reduced dueto the presence of the heat shield?
Neglect end effectsdueto thefinite size of the surfaces.

The shell of a space station is ablackened sphere in which atemperature T = 500K is maintained
due to operation of appliances of the station. Find the temperature of the shell if the station is
enveloped by athin spherical black screen of nearly the same radius as the radius of the shell.

Blackened
sphere

envelop

space to
section

A liquid takes 5 minutesto cool from 80°C to 50°C. How much time will it take to cool from 60°C to
30°C ? The temperature of surrounding is 20°C. Use exact method.

Find thetemperature of equilibrium of aperfectly black disc exposed normally to the Sun'sray on
the surface of Earth. Imagine that it has a nonconducting backing so that it can radiate only to
hemi sphere of space. Assumetemperature of surface of Sun=6200 K, radiusof sun=6.9 x 108 m,
distance between the Sun and the Earth = 1.5 x 10 m. Stefan's constant = 5.7 x 108 W/m?2.K4,
What will bethetemperatureif both sidesof thedisc areradiate?
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Q.3

Q.4

Q5

Q.6

Q.7

Q.8

EXERCISE — 11

The temperature of 100 gm of water is to be raised from 24° C to 90° C by adding steam to it.
Calculate the mass of the steam required for this purpose. [JEE '96]

Two metal cubesA & B of same size are arranged as shown in figure.
The extreme ends of the combination are maintained at the indicated
temperatures. The arrangement isthermally insul ated. The coefficients j

of thermal conductivity of A & B are 300 W/m° C and 200 W/m° C g
respectively. After steady stateisreached thetemperature T of the T

interfacewill be . [JEE' 96]

100°C

A double pane window used for insulating a room thermally from outside consists of two glass
sheetseach of area1 m? and thickness 0.01 m separated by a0.05m thick stagnant air space. Inthe
steady state, the room glass interface and the glass outdoor interface are at constant temperatures
of 27°C and 0°C respectively. Calculate the rate of heat flow through the window pane. Also find
the temperatures of other interfaces. Given thermal conductivities of glass and air as 0.8 and
0.08 W m'K-! respectively. [JEE’97]

The apparatus shown in thefigure consists of four glass columns
connected by horizontal sections. The height of two central
columns B & C are 49 cm each. The two outer columns A & D
are open to the atmosphere. A & C are maintained at a
temperature of 95°C whilethecolumnsB & D aremaintained at
5°C. The height of theliquidin A & D measured from the base

95 5 5?5 ]S)

lineare52.8cm & 51 cm respectively. Determinethe coefficient
of therma expansion of theliquid. [JEE'97]

A spherical black body with aradius of 12cm radiates 450 W power at 500K . If the radiuswere
halved and the temperature doubled, the power radiated in watt would be :
(A) 225 (B) 450 (C) 900 (D) 1800

Earth recelves 1400 W/m? of solar power . If all the solar energy falling onalensof area0.2m?is
focussed on to a block of ice of mass 280 grams, the time taken to melt the ice will be
minutes. (Latent heat of fusion of ice = 3.3 x 10° Jkg) [JEE '97]

A solid body X of heat capacity C iskept in an atmosphere whose temperatureis T, = 300K. At
timet = 0, the temperature of X isT = 400K. It cools according to Newton’s law of cooling. At
timet, itstemperatureisfound to be 350K. At thistimet,, thebody X isconnected to alarger body
Y at atmospheric temperature T,, through a conducting rod of length L, cross-sectional area A
and thermal conductivity K. The heat capacity of Y issolargethat any variationin itstemperature
may be neglected. The cross-sectional area A of the connecting rod is small compared to the
surface area of X. Find the temperature of X at timet = 3t,. [JEE’ 98]

A black body isa atemperature of 2880 K. Theenergy of radiation emitted by thisobject withwavdength
between 499 nm and 500 nmis U, between 999 nm and 1000 nmis U, and between 1499 nm and
1500 nmisU.. TheWien constant b =2.88 x 10°nmK. Then [JEE’ 98]

(A)U,=0 (B)U,=0 Qu,>U, (D)U,>U,
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A bimetalicstripisformed out of twoidentical stripsoneof copper andtheother of brass. The coefficient
of linear expansion of thetwo metalsare o, and a,. On hegting, thetemperature of the strip goesup by
AT andthestrip bendsto forman arc of radius of curvatureR. ThenRis:

(A) proportional at AT (B) inversely proportional to AT [JEE’ 99]
(C) proportional to |o, — o (D) inversely proportional to o, — o |
A block of iceat — 10°C is slowly heated and converted to steam at 100°C. Which of the following
curvesrepresents the phenomenon qualitatively? [JEE (Scr) 2000]
(A) £ (B) & © E| / (D) £

= - = =

Heat supplied Heat supplied Heat supplied Heat supplied

The plots of intensity versus wavelength for three black bodies at | T,
temperature T, , T, and T, respectively are as shown. Their T
temperatures are such that [JEE (Scr) 2000]
AT >T,>T, B)T,>T,>T, A
O T,>T,>T, O T,>T,>T,

Three rods made of the same material and having the same cross-section
have been joined as shown inthefigure. Each rod isof the samelength. The

left and right ends are kept at 0°C and 90°C respectively. The temperature 90°C
of the junction of the three rods will be [JEE(Scr)2001] 0 c%
(A)45°C (B) 60°C (C) 30°C (D) 20°C 90°C

Anideal black body at room temperature is thrown into afurnace. It is observed that

(A) initidly it isthe darkest body and at later times the brightest.

(B) it the darkest body at all times

(C) it cannot bedistinguished at all times.

(D) initially it isthe darkest body and at later timesit cannot be distinguished. [JEE(Scr)2002]

Anicecubeof mass0.1kgat 0°C is placed in an isolated container which is at 227°C. The specific
heat S of the container varies with temperature T according the empirical relations = A + BT,
whereA =100 cal/kg-K and B =2 x 1072 cal/kg-K2. If thefina temperature of the container is27°C,
determinethe mass of the container. (Latent heat of fusion for water =8 x 10* cal/kg. Specific heat of
water = 10° cal/kg-K) [JEE' 2001]

Two rods one of aluminium of length |, having coefficient of linear expansion o, and other stedl of
length |, having coefficient of linear expansion o, arejoined end to end. The expansionin both the

I
rods is same on variation of temperature. Then the value of ﬁ is [JEE' (Scr) 2003]
Og Og (02 + Qg
(A) Oy +0Lg (B) Oy — Olg ©) o (D) None of these
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2kgiceat—20°C is mixed with 5 kg water at 20°C. Then final amount of water in the mixture would be;
Given specific heat of ice=0.5¢ca/g°C, specific heat of water= 1 cal/g°C,

Latent heat of fusion of ice = 80 cal/g. [JEE' (Scr) 2003]
(A) 6kg (B) Skg (C) 4kg (D) 2kg

If emissivity of bodiesX and Y aree, and & and absorptive power T

areA, and A then [JEE' (Scr) 2003] &
(A)e,>6 A >A, (B) e, <6 A, <A, :
© g >e A <A, D)g, =€ A, =A, " st

Hot oil iscirculated through an insulated container with awooden lid at TF127°C
the top whose conductivity K = 0.149 J/(m-°C-sec), thickness t =5 mm, -

emissivity = 0.6. Temperature of the top of the lid in steady state is at To | e
T, = 127°. If the ambient temperature T, = 27°C. Calculate h

L& Hot oil
rate of heat |oss per unit areadueto radiationfromthelid.

_ _ 17 . g
temperatureof theoil. (Givenc = 3" 107) [JEE' 2003]

Threediscs A, B, and C having radii 2 m, 4 m and 6 m respectively are coated with carbon black
ontheir outer surfaces. The wavel engths corresponding to maximum intensity are 300 nm, 400 nm
and 500 nm respectively. The power radiated by them are Q,, Qg and Q.. respectively.

(@) Q, ismaximum (B) Qg ismaximum [JEE' 2004 (Scr.)]
(C) Qg ismaximum (D) Qy=Qg=Q.

Two identical conducting rods are first connected independently to two vessels, one containing
water at 100°C and the other containing ice at 0° C. In the second case, the rods are joined end to
end and connected to the same vessels. Let g, and g, o/s be the rate of melting of ice in the two
cases respectively. Theratio g,/q, is

(A) 12 (B) 2/1 (C) 41 (D) V4 [JEE 2004 (Scr.)]

Liquid oxygen at 50 K is heated to 300 K at constant pressure of 1 atm. The rate of heating is
constant. Which of the following graphs represents the variation of temperature with time?

Temp. Temp. Temp. Temp.
(A) (B) \i (® £ (D) &
Time Time Time Time

[JEE' 2004 (Scr.)]
A cubeof coefficient of linear expansion o isfloatingin abath containing aliquid of coefficient of
volume expansion y,. When the temperature is raised by AT, the depth upto which the cube is
submerged in the liquid remains the same. Find the relation between o, and y;, showing all the
steps. [JEE 2004]

Oneend of arod of length L and cross-sectional areaA iskeptina
furnace of temperature T,. The other end of the rod is kept at a
temperature T,,. Thethermal conductivity of thematerial of therodisK

andemissivity of therodise. Itisgiventhat T,=To+ AT where AT Insulated Ty
<<T,, T4 beingthetemperatureof thesurroundings. If AT o< (T, = T9), | rurance T, o~ 7,
find theproportiona ity constant. Congder thet heatislost only by radiation T

at theend wherethetemperature of therodisT,,. [JEE 2004] Insulated
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Threegraphsmarked as 1, 2, 3representing thevariation of maximumemissve &,

power and wavelength of radiation of thesun, awelding arcand atungsten / \
filament. Which of thefollowing combinationiscorrect /\(3)
(A) 1-bulb, 2 —» welding arc, 3— sun -~ —8)
(B) 2-bulb, 3— weldingarc, 1 — sun A

(C) 3-bulb, 1 — welding arc, 2 — sun
(D) 2-bulb, 1 — weldingarc, 3— sun [JEE' 2005 (Scr)]

Inwhich of thefollowing phenomenon hest convection does not take place

(A) land and seabreeze

(B) bailing of water

(C) hesting of glasssurfacedueto filament of thebulb

(D) ar around thefurance [JEE' 2005 (Scr)]

2 litrewater at 27°C is heated by a 1 kW heater in an open container. On an average heat is lost to
surroundingsat therate 160 J/'s. Thetimerequired for thetemperatureto reach 77°C is
(A)8min20sec (B) 10min (©) 7min (D) 14 min

[JEE' 2005 (Scr)]

A spherica body of areaA, and emissivity e= 0.6 iskept inside ablack body. What istherateat which
energy isradiated per second at temperature T
(A) 0.6 AT* (B)0.4cAT* (C) 0.8 AT# (D) 1.06 AT#
[JEE' 2005 (Scr)]
1 calorieisthe heat required toincreased the temperature of 1 gm of water by 1°C from
(A) 13.5°Cto 14.5°C at 76 mm of Hg (B) 14.5°C to 15.5°C at 760 mm of Hg
(C)0°Cto 1°C at 760 mm of Hg (D) 3°C to 4°C to 760 mm of Hg
[JEE' 2005 (Scr)]
In adark room with ambient temperature T, ablack body is kept at atemperature T. Keeping the
temperature of the black body constant (at T), sunraysareallowed to fall on the black body through a
holeintheroof of thedark room. Assuming that thereisno changein the ambient temperature of the
room, which of thefollowing statement(s) iSare correct?
(A) Thequantity of radiation absorbed by the black body inunit timewill increase.
(B) Sinceemissvity = absorptivity, hencethequantity of radiation emitted by black body inunit timewill
increase.
(C) Black body radiates moreenergy in unit timeinthe visible spectrum.
(D) Thereflected energy in unit time by the black body remainssame. [JEE 2006]

Inaninsulated vessal, 0.05 kg steam at 373 K and 0.45 kg of iceat 253 K aremixed. Then, find the
final temperatureof themixture,

Given, L g4, =80ca/g=336Jg, L yaporization = 540 cal/g = 2268 J/g,

S,=2100JkgK =0.5ca/gK and S, =4200 JkgK =1cal /gK [JEE 2006]

ETOOSAcademy Ltd.: F-106, Road no.2, Indraprasthalndustrial Area, End of Evergreen Motors

(MahindraShowroom), BSNL Office Lane, Jndawar Road, K ota, Rg asthan (324005) [15]



Q.1
Q5

Q.9

Q.12

Q.16
Q.20
Q.23
Q.24
Q.27

Q.1
Q.4
Q.7

Q.10

Q.12

Q.14

Q.17

Q.20

Q.23
Q.25

Q.1

Q4

Q.7

Q.8
Q.15

Q.20
Q.25

ANSWERKEY

EXERCISE -1
25.5°C Q.2 0.lcm Q3 65C Q.4  2000cm?
5secdow Q.6  10sec Q7 15K/16 Q.8 10,000 N
6 1/3
[;) Q.10 0.2 Q.11 4x10°5m/°C
7/2 Q.13 5a/3 Q.14 4°C Q.15 1000J(C°)!
5°C Q.17 27/85 Q18 2:1 Q.19 (43)w
1/90 Q.21 h5R Q.22 3V/20

0°C, 125/4 gice, 1275/4 g water

104.2 Q.25 10cm,40cm Q.26  (1)0.02Kg,(ii) 40,000calkg™ (iii)750cakg 'K
10.34cm Q28 oafy:1l;1:a? Q.29 80k ca/kg Q.30 3025K
EXERCISE - 11
1:126 Q.3 800ca kg!K, 1000 ca kg! K
(8) 37.8 Js (Watts), (b) 2.005 N-m Q5 25kJ Q.6 9.02x105gm
5000 J°C kg Q.8 decreaseby 0.75 cm?3, 25°C Q9 45°C
_Ka+Kg _ 2KaKg [ 4KAt
Ky,> Ky, K”_T’ i Kr+Kg Q11 (T,-Tye [SnRé‘j
2
ass b T,-T ly k(T —Tr)
“log,.| — |lo 0 1 ==
2 ge( j ge[To —sz QB I kT-T)+(T_-To)
Pj 2k,9t
h, + 1—p— oL, Q.15 (a)-100°C/m, (b)1000J Q.16 166.3sec
w |

21000 kg 'K Q.18 9.72°C/min Q.19 (8)0.42cal/gme°C, (b) 1.74A
T, =423K Q.21 36A Q22 - =506 10°kgs
n=3 Q.24 T =4/2 x500=600K
10 minutes Q26 T,=420K,T,=3536K

EXERCISE - 11
12 gm Q2 o60°C Q.3 4153 Watt; 26.48°C ; 0.55°C
2x10*C Q5 D Q.6 55min

loge 2 KA log,2
= : = ——+ 2t
k f, T =300 + 50 exp. { {LC t, 1
D Q9 BD Q10 A Q11 B Q12 B Q13 D Q.14 05kg
A Q16 A Q17 A Q18 (355 watm? (b)) T,~420K Q19 B
K

D Q21 C Q22 v=2a Q23 Yool Tirk Q24 A
C Q2 A Q27 A Q28 B Q.29 AB,CD Q.30 273K
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