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Exercise Solutions

Question 1: The steam point and the ice point of a mercury thermometer are marked at
80° and 20°. What will be the temperature in centigrade mercury scale when this
thermometer reads 32°?

Solution:

Ice point = L, =20° and L1 = 32°

Steam point = L1g0 =80°

Let T be the temperature in centigrade scale corresponding to 32°

Using formula,
T = [L1 - Lo]/[L100 - Lo] x 100

= [32-20]/[80-20]

=20°C

Question 2: A constant volume thermometer registers pressure of 1.500 x 10* Pa at the
triple point of water and a pressure of 2.050 x 10* Pa at the normal boiling point. What
is the temperature at the normal boiling point?

Solution:

The temperature at triple point pressure "Py," of water is standardized as, Ty = 273.16 K.
We know, for constant volume gas themometer,

T=P/Pyx273.16 K

= [2.050x10%]/[1.5 x10%] x 273.16

=373.31

Temperature at normal Boiling point is 373.31 K
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Question 3: A gas thermometer measures the temperature from the variation of
pressure of a sample of gas. If the pressure measured at the melting point of lead is 2.20
times the pressure measured at the triple point of water, find the melting point of lead.

Solution:
Pressure at Melting point= 2.20xPressure at triple point of water (Given)

T=P/Pywx273.16 k

=[2.2 X ptr]/Per x 273.16 k

= 600.952 K

Question 4: The pressure measured by a constant volume gas thermometer is 40 kPa at
the triple point of water. What will be the pressure measured at the boiling point of
water (100°C)?

Solution:

Pressure at triple point of water = pyr = 40kPa = 40x10° Pa

Boiling point of water =T = 100°C =373 K

Find the value of P:

We know, T =P/Py x 273.16 k

=> P = [TxP]/273.16 k

= [373x49x103%]/273.16

= 54620 Pa

=54.64 KPa

Question 5: The pressure of the gas in a constant volume gas thermometer is 70 kPa at
the ice point. Find the pressure at the steam point.
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Solution:
We know, T =P/Py x 273.16 k

The pressure at ice point = P1 = 70kPa

Now,

T1=P1/Prx273.16 k

=>273 = [70x10%)/Py x 273.16

=> Py = [70x10°x273.16]/273

Again, To= P2/P+ x273.16 k

=> 373 = [P2x273]/[70x103x273.16]

=> P, = [373x70x103]/273

=>P,=95.6 KPa

Question 6: The pressures of the gas in a constant volume gas thermometer are 80 cm,
90 cm and 100 cm of mercury at the ice point, the steam point and in a heated wax bath
respectively. Find the temperature of the wax bath.

Solution:

Pice = Pressure at ice point = 80cm of Hg

Tice = Ice point temperature = 0°C

Psteam = Pressure at steam point = 90cm of Hg

Tsteam = Steam point temperature = 100°C

Pressure of wax bath = P = 100cm of Hg

Let “T” be the temperature of the wax bath.

Find T.

Now,
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(P - Pz':'a) _ (T - Tice)
(Psteam _ Pu:e) (Tsteam _ T:'ce)

=>
3 100cm — 80cm
"~ 90cm — 80cm

X 100°C = 200°C

Question 7: In a Callender’s compensated constant pressure air thermometer, the
volume of the bulb is 1800 cc. When the bulb is kept immersed in a vessel, 200 cc of
mercury has to be poured out. Calculate the temperature of the vessel.

Solution:
v/[v-v'] = T/To

Where, T = temperature of vessel

V = Initial volume = 1800CC

V'=The poured out amount for compensation=200CC

TO = Ice point temperature= 273K

=>T =1800/(1800-200) x 273

=307.125 K

Question 8: A platinum resistance thermometer reads 0° when its resistance is 80Q and
100° is when resistance is 90 Q. Find the temperature at the platinum scale at which the

resistance is 86 Q.

Solution:
We know, T = [R1 - Ro]/[R100-Ro] x 100

Where, Rr = Resistance at which temperature is to be measured.
Ro = Resistance at 0°C
R100 = Resistance at 100°C

T =(86-80)/(90-80) x 100

=60°C
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Temperature at 86Q is 60° C.

Question 9: A resistance thermometer reads R = 20.0Q), 27.5Q), and 50.0Q at the ice
point (0°C), the steam point (100°C) and the zinc point (420°C) respectively. Assuming
that the resistance varies with temperature as Re = Ro (I + a0 + B6?), find the values of

Ro, a and B. Here 0 represents the temperature on the Celsius scale.

Solution:
Ro=Ro(1+ a8 +p 6?)

The values for 3 resistance ( Re ) are given at 3 temperatures ().

At temperature 0° C:
Re1 = Ro(1 +a x0+ B x 0?) ....(1)

At temperature 100° C:
Re2 = Ro(1 + a x100 + B x 100?) ....(2)

At temperature 420° C:
Res = Ro(1 + a x420 + B x 420%) ....(3)

Solving these three equations simultaneously for three unknowns,
From (1), Re1 =R, =20 Q

Put value of Roin (2) and (3)

(2)=>27.50=20Q(1 + a x100 + B x 100%) and

(3)=>50 Q=200 (1 + ax420 + B x 420?)

from eqgn.2 after re arranging, we get,

a =[0.375-100% B]/100 ............ (4) and

putting value of ain (3), we get
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50 Q =20 Q (1 + [[0.375-100%x B]/100 ] x420 + B x 4202)

Or
1.5=4.2x0.375 - 100> x B + 420> x B

Or
B=-5.58x 10"

Putting the value of B in (4) , we get
a=3.806x 103

Hence, the required values are

Ro =20 Q
a =3.806 x 10°3
B =-558x107

Question 10: A concrete slab has a length of 10 m on a winter night when the
temperature is 0°C. Find the length of the slab on a summer day when the temperature
is 35°C. The coefficient of linear expansion of concrete is 1.0x10>°C?

Solution:
The length of the lab at 0° C= Lo = 10m
Change in temperature of slab from 0°C=0 =35

Coefficient of linear expansion:

Using relation, L: = Lo(1 + aB) ...(1)

Where,

Lo = Length at a reference temperature = 10m

a = coefficient of linear expansion = 1.0x107® °C?

(1)=> L = 10(1 + 1 x 10" x 35) = 10.0035 m

Therefore, the length of the slab at 35°Cis 10.0035m
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Question 11: A metre scale made of steel is calibrated at 20°C to give a correct reading.
Find the distance between 50 cm mark and 51 cm mark if the scale is used at 10°C.
Coefficient of linear expansion of steel is 1.1 x 10 °C,

Solution:

Using relation, L: = Lo(1 + aB) ...(1)
Where,

Lo = Length at a reference temperature
a = coefficient of linear expansion and
B = Change in temperature.

Here, 20°C can be taken as reference temperature and L, =length between adjacent
centimeter markings=1cmor 0.01 m

Also given, 6=-10°Cand aa= 1.1 x 10° °C},
(1) =>L=0.01(1 +1.1x 10” x (-10)) = 0.99989cm
Thus, final length between 50cm and 51cm marks will be 0.99989cm.

Question 12: A railway track (made of iron) is laid in winter when the average
temperature is 18°C. The track consists of sections of 12.0 m placed one after the other.
How much gap should be left between two such sections so that there is no
compression during summer when the maximum temperature goes to 48°C? Coefficient
of linear expansion of iron = 11 x10° °C?

Solution:

Using relation, Li = Lo (1 + aB) ...(1)
Where,

Lo = Length at a reference temperature
a = coefficient of linear expansion and
0 = Change in temperature.

Here, Lo=12mand a=11x 10°°C*
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At temp 18°C

(1) => L1g = 12(1 + 11 x 10° x 18) = 12.00237 m

Attemp 48°C

(1) =>Llss=12(1+11 x 10°x 48) = 12.006336 m

Now, AL = Lsg - L1g =12.006336 - 12.00237 = 0.4 cm

So, then there must be a gap of 0.4 cm between the rails.

Question 13: A circular hole of diameter 2.00 cm is made in an aluminium plate at 0°C.
What will be the diameter at 100°C? a for Aluminium = 2.3 x 10° °C..

Solution:

d;=di( 1+ aAt) ...(1)
Here,
di=2m=2x102%cm
t1=0°andt;=100°C
a=2.3x10°°C

(1) =>d,=(2x102) (1 +(2.3x10°) 10?)

=0.020046 m = 2.0046 cm

Question 14: Two-metre scales, one of steel and the other of aluminium, agree at 20°C..
Calculate the ratio aluminium -centimetre/steel-centimetre at (a) 0°C, (b) 40°C and (c)
100°C.

a for steel = 1.1 x 10> °C* and for aluminium 2.3 x 10 °C?

Solution:

Using relation, L: = Lo(1 + aB) ...(1)

Where,
Lo = Length at a reference temperature
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a = Coefficient of linear expansion and
0 = Change in temperature.

Here, Lo=12mand a=11x 10°°C?

Let ‘Al’ and ‘S’ will be used as subscripts to denote Aluminium and Steel respectively.
(a) At temp 0°C

Lai/Ls = [Lo(1 + aai (-20))] /[Lo(1 + as(-20))]

= [1-2.3x10°x20)] /[1 - 1.1x10” x20]

=0.99977

(b) At temp 40°C

Lai/Ls = [Lo(1 + aar (20))] /[Lo(1 + as(20))]

=[1 + 2.3x10°x20)] /[1 + 1.1x10" x20]

=1.000249

(c) At temp 100°C

Lai/Ls = [Lo(1 + oai (80))] /[Lo(1 + as(80))]

=[1+ 2.3x10°x80)] /[1 + 1.1x10 x80]

=1.000954

Question 15: A meter scale is made up of steel and measures correct length at 16°C.
What will be the percentage error if this scale is used (a) on a summer day when the

temperature is 46°C and (b) on a winter say when the temperature is 6°C? Coefficient of
linear expansion of steel =11 x 10¢ °CL.
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Solution:
To=16°=289Kand a=11x 10°C?*

(a) The temperature at which the scale measures during a summer day = Ts = 46°= 319 K.

Therefore, AT =319 — 289 = 30K
The change in length due to linear expansion, AL = la AT

Where | is length of the meter scale.

=> AL/l = a AT

Now, percentage error = ((AL/) x 100)%

=>a AT x 100=11x10°x 30 x 100 =0.033%

(b) Tw=6°=279K

and AT=289-279=10K

Now, percentage error = ((AL/I) x 100)%

>aATx100=11x10°x10x 100 =0.011%

Question 16: A metre scale made of steel reads accurately at 20°C. In a sensitive
experiment, distances up to 0.055 mm in 1 m are required. Find the range of
temperature in which the experiment can be performed with this metre scale.
Coefficient of linear expansion of steel =11 x 107® °C.

Solution:

We know, AL = L, a AT

Where A Lis the change in length and A T is the change in temperature.

0.055x103=11x10%x1x(20+T>)

=>5=20+T;
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=T, = 15°C
Either T, = 15°C or T, = 25°C

The experiment can be performed with the given metre scale is 15° C to 25° C.
Question 17: The density of water at 0°C is 0.998 g cm™ and at 4°C is 1.000g cm™.
Calculate the average coefficient of volume expansion of water in the temperature
range 0 to 4°C.

Solution:

Density of water at 0°C = po = 0.998 g cm™
Density of water at 4°C: ps = 1.000 g cm™
Temperature Range=0 =4°C

We know, fs = fo(1 + yAt)

=>f, = f4/(1 + yAt)

=>0.998=1/(1+yx4)

=>y =0.0005=5x10*°C?

As the density decreases,

y=-5x10%°C!

Hence the average Calculate the average coefficient of volume expansion of water in
the temperature range 0 to 4°Cis -5 x 10 °C?.

Question 18: Find the ratio of the lengths of an iron rod and an aluminium rod for which
the difference in the lengths is independent of temperature. Coefficients of linear
expansion of iron and aluminium are 12 x 10° °Ct and 23 x 107® °C! respectively.

Solution:

Let the original length of iron rod be L. and

original length of aluminium rods be La

Let, L're and L’ai be the changed lengths (AL) when temperature is changed by AT.
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Given:
Coefficient of Linear Expansion of iron rod = age =12 x 10 °C?
Coefficient of Linear Expansion of Aluminium Rod = aa =20 x 10° °C™

Now,
L're = Lre (1 + are AT) and L'ai = Lai (1 + aal AT)

Difference in lengths is independent of temperature it shows that their difference is
constant.

=>LUre—LUa=Lre-La ... (A)

Therefore, L're — L'ai= Lee (1 + 0tre AT) - Lai (1 + aal AT)

=Lre -Lai+Lre are AT - Laiaa AT ...... (1)

Using equation (A)

(1)=>Lre are AT =Laiaa AT

=>Le /La=23/12

Ratio of the lengths of an iron rod and an aluminium rod is 23:12.

Question 19: A pendulum clock gives correct time at 20°C at a place where g =9.800 m
s72. The pendulum consists of a light steel rod connected to a heavy ball. It is taken to a
different place where g = 9.788 m s™2. At what temperature will it give correct time?
Coefficient of linear expansion of steel =12 x 107® °C™2,

Solution:

From question, we are given

Temperature at which the pendulum shows correct time =T; = 20°C

Value of gravitational acceleration at a place where T1is 20°C=g; = 9.8 m 572

Value of g at different places =g, =9.788 m s

Coefficient of linear expansion of steel =a =12 x 10-6 °C™*

Let, T, be the temperature at a place where value of g =9.788 m s™2.
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We know, t = 2mt V(l/g)
Where, | is the length of the rod.

Now, t1 = 21t V(l1/g1) and tz = 2t V(l2/g2)

For obtaining correct time both the time periods should be same. This implies: t1 = t..
=>2nV(li/g1) =2nV(l2/g2)

=>V(l1/g1) =V(l/g2) ...(1)

Also, we know, changes in length due to linear expansion, I, = 11(1 + aAT)

Substituting this result in equation (1), we get

1_1 B [,(1+ aAT)
g1 9>

I, 1,(1+aAT)
91 9>
(g82/g1) =1+12x10°°Ctx AT

=>[9.788/9.8] =1 +12 x 10°°C* x AT

=> AT =-102.04 °C
Because: AT=T,-T1

=>T,—-T1=-102.04
=>T,=-102.04 +20=-82.04°C
Question 20: An aluminium plate fixed in a horizontal position has a hole of diameter

2.000 cm. A steel sphere of diameter 2.005 cm rests on this hole. All the lengths refer to
a temperature of 10°C. The temperature of the entire system is slowly increased. At
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what temperature will the ball fall down? Coefficient of linear expansion of aluminium is
23 x 10°°°C* and that of steel is 11 x 10°® °C™™.

Solution:

From question, we are given

Let dai be diameter of the hole in the aluminium plate and ds: be diameter of the Steel
sphere resting on the hole.

Initial temperature=T:1=10°C

aal and ast be the Coefficient of linear expansion of aluminium and Coefficient of linear
expansion of Steel respectively.

Here,
da=2.000 cm, dst= 2.005 cm, aa =23 x 10 °Ctand ast =11 x 10°° °C?

Now, change in diameter of Steel sphere and aluminium plate:
d'st = dst(1 + st AT) and d'ar = d ai (1 + aal AT)

Where d'sc and d'a changed diameters.

For the steel ball to fall through the hole the changed diameter of the aluminum plate
and steel ball should be equal.

=>d'ss =d'a

=>dst(1 + ast AT) =dar (1 + aa AT)

=>2.005(1 + 11x10° x AT) =2 (1 +23x10° x AT)
=>-5x103=-23.945x 10°® x AT

=> AT =208.811
Because: AT=T,-T1

=>T,—T1=208.811

=>T,=208.811 +10=218.811°C
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Question 21: A glass window is to be fit in an aluminium frame. The temperature on the
working day is 40°C and the glass window measures exactly 20 cm x 30 cm. What should
be the size of the aluminium frame so that there is no stress on the glass in winter even
if the temperature drops to 0°C? Coefficients of linear expansion for glass and
aluminium are 9.0 x 107® °C* and 24x107®°C ! respectively.

Solution:

From question, we are given
Let lei and bgi be length and breadth of the Glass window.

ol and aal be the Coefficient of linear expansion for glass and aluminium respectively.

Here,
lai = 20 cm, bl =30 cm, a6 =9.0 x 10° °C* and o =24 x 10° °C™*

Now, I’ = (1 - a AT)
[I"is the changed length and the value of a is negative]

Now,Let the changed length of aluminium frame = Changed length of glass window.
=>'aL ='a|
=> |a(1 — ol AT) =lai (1 - aei AT)

20cm x (1—9.0 x 107 x 40)

TR
4 (1—24x10-5x40)
| . 20x099964
Al 099904 M
=>|a=20.01cm
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Similarly, changed breadth of aluminium frame = Changed breadth of Glass window
=>b'aL =b'al

=> bai(1 — aal AT) = bgi (1 - aeAT)

30cm x(1—9.0x107° x 40)

b = (1-24x106x40)
30 X 0.99964
bai= —599908 ™

=>ba =30.018 cm

Therefore, dimensions are: 20.01 cm x 30.018 cm.

Question 22: The volume of a glass vessel is 1000 cc at 20°C. What volume of mercury
should be poured into it at this temperature so that the volume of the remaining space
does not change with temperature? Coefficients of cubical expansion of mercury and

glass are 1.8 x 10* °Ct and 9.0 x 107® °C? respectively.

Solution:
Volume of remaining space = V'g - V'yg

Here V; = 1000 CC, T1 = 20°C, yig = 1.8x10 °C and yg = 9.0 x 1076 °C™2.
VHg = ?

The remaining space should not change with temperature which means: Initial = Final
V'g-V'hg = Vg - Vig ...(1)

Now,

V'g = vg(1 + yg AT)

V'Hg = VHg(l + VHg AT)
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=>V'g - V'hg = Vg(1 + yg AT) - Vig(1 + yhg AT)
Using (1),

=> Vg/Vhg = Yg/Ve

=> (Vg Vg)/VHg = VHg

=> Vg = [1000x9%x107°]/[1.8x10*] = 50 CC

Question 23: An aluminium can of cylindrical shape contains 500 cm? of water. The area
of the inner cross section of the can is 125 cm?. All measurements refer to 10°C. Find the
rise in the water level if the temperature increases to 80°C. The coefficient of linear
expansion of aluminium = 23 x 107 °C! and the average coefficient of volume
expansion of water = 3.2 x 107 °C! respectively.

Solution:

Volume of water in Aluminium Can : Vy = 500 cm?

Area of the inner cross section of the can : A =125 cm?.

Initial Temperature while measuring: T1 =10 ° C.

Increased temperature : T, = 80 °C

Thus, Change in Temperature : AT = T>-T1 = 80-10=70 ° C.

The coefficient of linear expansion of aluminium : a = 23x107° °C™.

The Average coefficient of volume expansion of water:
[=3.2x10"°C™,

Now,
increased volume of water= v'w = vu(1 + YAT)

=500(1 + 3.2 x 10* x 70)

=511.2cm?
The aluminium can will be expanded too due to temperature increase.

Rise in volume of water = increased volume of water - Volume of water in Aluminium
Can
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=511.2-500

=11.2 cm?

Now,

Rise in water level = [Rise in volume]/[Ares of cross section]

=11.2 cm3/125cm?

=0.0896 cm

Question 24: A glass vessel measures exactly 10 cm x 10 cm x 10 cm at 0°C. It is filled
completely with mercury at this temperature. When the temperature is raised to 10°C,
1.6 cm? of mercury overflows. Calculate the coefficient of volume expansion of mercury.
Coefficient of linear expansion of glass = 6.5 x 107 °CL.

Solution:

Vg = 10cm x 10cm x 10cm = 1000 cm?.

Vg = 1000 cm?.

T1=0°CandT,=10°C.

vg = volume of a glass vessel and vig = Volume of mercury in the vessel

T1 = Temperature at which glass is filled completely with mercury:

T2 = Increased temperature

Change in temperature: AT=T,-T1=10°C.

Coefficient of Volume Expansion of Glass: yg: 3% ag = 3x 6.5x 10° °C™?

Now,

Volume of mercury overflown is equal to the difference in changed volumes of mercury
and glass respectively.
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V'hg=V'g=1.6 cm3
Vhg (1 + yug AT) - vg(1 + yg AT) = 1.6 cm?®

1000(1 + yrgx 10) - 1000(1 + 3% 6.5x 10® x10) = 1.6 cm?

10000 x yug- 0.196 = 1.6

=> yug = [1.6+0.195]/10000 = 1.795 x 10 °C*

Question 25: The densities of wood and benzene at 0°C are 880 kg m3 and 900 kg m™
respectively. The coefficients of volume expansion are 1.2 x 107 °C* for wood and 1.5 x

1073 °C! for benzene. At what temperature will a piece of wood just sink in benzene?

Solution:
Let V' is the changed volume due to change in temperature AT.

For wood: v'w = vw(1 + yw AT)
For Benzene: v'y = vy (1 +yp AT)

Using Density-Volume Relation,

Changed Density of wood: p'w =M /V'w
Changed Density of benzene: p's = My /V'p

Let's equate the final densities of wood and benzene to obtain the required condition,
i.e. p' w = pl b

=> Mw/vlszb/Vlb

Mw _ Mb
Pw Phb

(1+y,AT) (1 +y,AT)

880 B 900
1+12x 103xAT (1415 x 10-2 x AT)
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Solving above equations for AT, we get

AT =20/0.24

or AT=T,-T1=20/0.24

=>T,=83.33 +0°C = 83.33

Therefore, At 83.33 °C the piece of wood will just sink in benzene.

Question 26: A steel rod of length 1 m rests on a smooth horizontal base. If it is heated
from 0°C to 100°C, what is the longitudinal strain developed?

Solution:

When the steel rod is heated up to 100 °C, due to thermal expansion it’s length will
increase with temperature.

A longitudinal strain develops when there exists an opposing force to the expansion of
the length. Hence, there will be zero longitudinal strain as there is no opposite in this
case.

Question 27: A steel rod is clamped at its two ends and rests on a fixed horizontal base.
The rod is unstrained at 20°C. Find the longitudinal strain developed in the rod if the

temperature rises to 50°C. Coefficient of linear expansion of steel = 1.2 x 107 °C™.

Solution:
for linear thermal expansion of a body, AL = LaAT

Where AL is the Change in Length and L is the initial length at T;.
Given:a=1.2x10>°CtandAT=T,-T,=30°C

=>AL/L=oa AT

=1.2x10°x30

=3.6x10*
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But, Strain is Change in length divided by original length:
S=AL/L

So,5=3.6x10"

Hence, Longitudinal strain developed in the rod is 3.6 x 10

Question 28: A steel wire of cross-sectional area 0.5 mm? is held between two fixed
supports. If the wire is just taut at 20°C, determine the tension when the temperature
falls to 0°C. Coefficient of linear expansion of steel is 1.2 x 10™ °C ! and its Young’s
modulus is 2.0 x 10* N m™.

Solution:

A= 0.5 mm?= 0.5x10° m?.

T1=20°C.

T,=0°C

AT=20°C.

as=1.2x10°°C?

and Y=2.0 x 10 N m™.

We know, Young’s Modulus: Y = Stress/Strain = (F/A)/(AL/L)

=>Y = [FL])/[AAL] ...(1)

Where, F is the force or tension between the wire and the fixed supports and
A is the cross -section area.

For Linear Expansion: AL = La AT ....(2)

A L is the Change in Length due to decrease in temperature and L is the original length
at T1.

Using (2) in (1), we have

Y = [FL]/[A a L AT]
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orF=YALas AT

F=YAas AT

=2x10"x0.5x10%x1.2x10°x 20

=24

=>F = 24 N, the tension in the wire when the temperature falls to 0°Cis 24 N.
Question 29: A steel rod is rigidly clamped at its two ends. The rod is under zero tension
at 20°C. If the temperature rises to 100°C, what force will be rod exert on one of the
clamp? Area of cross section of the rad = 2.00 mm?. Coefficient of linear expansion of
steel =12.0 x 107° °C™* and Young’s modulus of steel = 2.00 x 101* N m™.

Solution:

T1=20°C,and T, =100°C.

So,AT=T,-T1=100-20=80"°C.

A =2.00 mm?=2.00x10°m?

a=12.0x10°°C?

Y=2.00x 10" N m™.

We know, Young’s Modulus: Y = Stress/Strain = (F/A)/(AL/L)

=>Y = [FL])/[AAL] ...(1)

Where, F is the force or tension between the wire and the fixed supports and
A is the cross -section area.

For Linear Expansion: AL = La AT ....(2)
Using (2) in (1), we have

Y = F/[A a AT]

orF=YALaAT

=2x10"x2x10°%x12x10°x 80
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=384
=>F=384N

when the temperature is increased to 100° C, the rod will exert a force of 384N on one
of the champ.

Question 30: Two steel rods and an aluminium rod of equal length lo, and equal cross-
section are joined rigidly at their ends as shown in the figure bellow. All the rods are in a
state of zero tension at 0°C. Find the length of the system when the temperature is
raised to 0. Coefficient of linear expansion of aluminium and steel are a, and as
respectively. Young’s modulus of aluminium is Y, and steel is Ys.
Steel
Aluminium
Steel

Solution:

AtT:=0°C

Length of two steel rods and one aluminium rod joined rigidly at T1= |
Coefficient of linear expansion of aluminium : a,

Coefficient of linear expansion of steel are : as

Young’s modulus of aluminium : Y,

Young’s modulus of steel : Ys

Increased Temperature : T, =6

Change in temperature :AT=06-0=0

We know, Young’s Modulus: Y = Stress/Strain = (F/A)/(Al/1)
=>Y = [FI]/[AA]] ...(2)

For Linear Expansion: Al = la AT ....(2)

Using (2) in (1), we have

Y = F/[A a AT]
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or F/A=stress=Y a AT ...(1)

The Total Young’s Modulus of whole system:

Total Y = [Total Stress]/[Total Strain]

Now, Total stress = stress due to two steel rods + stress due to one aluminium rod

=(2Ysx0sx0) +Yax aax ) ....(2)
[using (1)]

Total Young’s Modulus = (2 x Ys) + Ya .....(3)

Total Strain = [Total Stress]/Total Y]

Al 2Y.a.6 +Y,a,0

W 2Y, +Y,

2Y.a .0 + Yaaae)

S lx( 2V, + Y,

/= (1 i 2Y.a 0 +Y,a,0 )
2, +F,

Which is the length of the system when temperature is increase to 0.

Question 31: A steel ball initially at a pressure of 1.0 x 10° Pa is heated from 20°C to
120°C keeping its volume constant. Find the pressure inside the ball. Coefficient of linear
expansion of steel =12 x 107® °C™* and bulk modulus of steel = 1.6 x 10 N m™.

Solution:

Pressure = P = ByA©

Where P is the pressure inside the ball.

B = Bulk modulus of steel = 1.6 x 10! Nm
AB = Change in temp = 100°C
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(Here, y = 3a; given o= 12 x 10 °C)

=>P=1.6x10"x3x12x10°x100
=5.8x 108 Pa

Question 32: Show that moment of inertia of a solid body of any shape changes with
temperature as | = lg(1 + 2a8), where lg is the moment of inertia at 0°C and a is the
coefficient of linear expansion of the solid.

Solution:

Moment of inertiaat 0° C= 1o

Change in temperature :AT=0-0=0

We know, lo = MRo? ...(1)

Where M is the mass of the body, lo is the initial moment of inertia at 0° and Ro is the
radius of gyration at 0° C.

When temperature of the solid body increases, the radius of gyration also changes due
to thermal expansion.

Let | be the changed moment of inertia when temperature is 0.
|=MR? ...(2)

Where R' = Ro(1 + a AT); R’ is the changed radius of gyration due to expansion.

(2)=>1=MJ[Ro(1 + a AT)]?
= MRo% (1 + 206 + o? 6?)
[Given: AT = 0]

a’ 62 is neglected, we get
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=10 (1+2aB)
[Using (1)]

Hence Proved.

Question 33: A torsional pendulum consists of a solid disc connected to a thin wire (a=
2.4 x 107 °C?) at its centre. Find the percentage change in the time period between
peak winter (5°C) and peak summer (45°C).

Solution:

Temperature change in winter: A T1=5°C

Temperature change in summer : AT, =45°C

and a=2.4x 107 °C*

Due to change in temperature the moment of inertia will also change.

So,

' = 1o(1 + 20 AT)

Where, I’ is the changed moment of inertia and lo is the initial moment of inertiaat0° C

We know, time period for torsional pendulum: T = 2rv[I/K] ...(1)
Here, k is torque constant of the wire.

During winter:
I'=1o(1 + 20 AT1)
(1)=>t1 = 2nV[I'/K]

= 2rV[(lo (1 + 20 AT1)/K]

Ll+2xX24x105x5)
t1=2T[ k

’I 1.000024
t1= 21 0(#)
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During Summer:
I'=1o (1 + 20t ATy)

(1)=>t1=2nV[l'/K]

I.(1+ 2aAT.
t, = ZHJ 0{ X 2)

I(1+2 X 2.4 x 10-5 X 45)
tz = ZH k

1,(1.000216
L, = 2]’!\/ O( X )

Now, Let us find percentage change in the time period between peak winter (5°C) and

peak summer (45°C) :

% change = [change in quantity]/[original quantity] = [t - t1]/t1

or % change = (t2/t1) - 1) x 100
Using values of t1 and t, we get

2nJ10(1.0’?216)

2HJI(,(1.0?(0024)

% Change = —11x100

(\/ 1.00216 )
= f———=—1)%100
v1.00024

= (1.00095931—-1) x 100
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=>9% change = 9.59 x 10 x 100 = 0.0959 %

Question 34: A circular disc made of iron is rotated about its axis at a constant velocity
w. Calculate the percentage change in the linear speed of a particle of the rim as the
disc is slowly heated from 20°C to 50°C keeping the angular velocity constant.
Coefficient of linear expansion of iron = 1.2 x 10 °C™.

Solution:

We know, Angular Velocity: w = v/r

Where v and r be the velocity and radius of the particle.

When temperature increased, the disc undergoes thermal expansion.

Let v be the velocity of particle at T1 and V' be the velocity of particle at To.
and r be the radius of particle at T1 and r’ be the changed radius of particle at T..
From question, we have

T1=20°C

T.=50°C

AT=50-20=30°C

a=1.2x10"°C*

Now,

Angular Velocity at T1: w1 = v/r

Angular Velocity at T2 : w2 = V'/r'

Also we know, Thermal linear expansion of radius is r' = r(1 + a AT)

w is constant even after heating the disc, so

w=v/r=v'/r

=>v/r=v'/[r(1 + o AT)]

=>v'=v(1+ a AT)

=v(1 + 1.2x10°x30) = 1.00036 v

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

BY J Uis HC Verma Solutions for Class 12 Physics Chapter 1 Heat and
m Temperature

The Learning App

=>v'=1.00036 v

Let us find the percentage change in the linear speed of a particle of the rim when the
disc is slowly heated from 20°C to 50°C :

% change = [change in quantity]/[original quantity] = [(v' - v)/v] x 100
= [(1.00036v - v)/v] x 100
= (1.00036 -1) x 100

=0.036
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