CHAPTER - 23

HEAT AND TEMPERATURE

EXERCISES

Ice point =20° (Ly) Ly =32°

Steam point = 80° (L1qo)
L,-Lg <100 = 32-20

L1go —Lo 80 -20

Py = 1.500 x 10* Pa

P =2.050 x 10* Pa

We know, For constant volume gas Thermometer

4
7= P o73.16K = 2990x10° 73 46 = 373.31

e 1.500 x 10*
Pressure Measured at M.P = 2.2 x Pressure at Triple Point

= Pi><27316 = %

tr tr
P,=40x10°Pa, P=7?

T= x100 =20°C

x273.16 =600.952 K~ 601 K

T=100°C = 373 K, =£><273.16K

tr

TxP, _ 373x49x10°

=>P=
273.16 273.16
P, =70 K Pa, P,=?
T, =273 K, T, = 373K
3

T=P1,07316 —o73= 10X10" 57316

tr tr
T,= P2, 973 16 —373= —12x273

Py 70x273.16x10
Pice point = Po- = 80 cm of Hg
Psteam point = P'IOO“ 90 cm of Hg
Py =100 cm
t= _P=Po 1000 = 80=100 00 - 200°C

Pioo —Po 90-100

T=_V T To= 273,

V-V
V = 1800 CC, V' =200 CC

= 1899, 573 = 307.125 ~ 307

1600
Ri=86Q; Rg =809; R1ooe = 90Q
= Ri-Ro 00 _86-80 .00 oo

Rio0 - Ro 90 - 80

R at ice point (Ry) = 20Q

R at steam point (R1g0) = 27.5Q
R at Zinc point (R420) = 50Q

Re = Ro (1+ a6 + p6°)

= Ryo0 = R + R ab +R, p6°

Rioo =Ro _ a0 + B6>
Ro

= Ptr

DPZ

= 54620 Pa = 5.42 x 10° pa=~ 55 K Pa

70x273.16x10°
273

_ 373x70x10°
273

=95.6 KPa
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23.Heat and Temperature

10.

1.

12.

13.

14.

15.

3M=QX1OO+BX1OOOO
20

- 15 =100 o + 10000 B

20
Ruzo = Ro (1+ 00 + %) = 0-Ro _ 4o+ R

0

:M=420X(x+176400><[3 :%:420(“1764003

75 3
:E-moamoooos :>§=4200c+176400[$
Ly =72, Lo=10m, a=1x107/°C, t= 35

Ly =Lo (1+ at)=10(1+107° x 35) = 10 + 35 x 107" = 10.0035m
t; = 20°C, t,=10°C,L;=1cm=0.01m, L, =?

Osteel = 1.1 % 107°/°C

Lo =Ly (1 + 0teeAT) = 0.01(1 + 101 x 10™° x 10) = 0.01 + 0.01 x 1.1 x 10~
=10*x10°+1.1 x10° =107 (10000 + 1.1) = 10001.1
=1.00011 x 10 m = 1.00011 cm

Lo=12cm, a=11x%x10"/C

tw = 18°C ts = 48°C

Lw = Lo(1 + atw) =12 (1 + 11 x 10™° x 18) = 12.002376 m
Ls=Lo(1+ ats)=12(1+ 11 x 107 x 48) = 12.006336 m

AL = 12.006336 — 12.002376 = 0.00396 m ~ 0.4cm
di=2cm=2x107

t;=0°C, t,=100°C

0a =2.3%x107° /°C

dy=d; (1+ aAt)=2x 107 (1 +2.3 x 107° 10%)

=0.02 + 0.000046 = 0.020046 m = 2.0046 cm

L = La at 20°C aa =2.3 x 107°/°C
S0, Log; (1 — ot X 20) = Loa (1 — oiay % 20) ag = 1.1 x 107°/°C
_ _ -5
(a) > Log _ (1-anx20) _ 1-2.3x10°x20 _ 0.99954 _ oo
Loy (1—agx20) 1-1.1x10°x20 0.99978
_ _ -5
(b) > Losst . (1= x40) _ 1-2.3x10°x20 _ 0.99954 _ oo

Logn (1—0gx40)  1-1.1x1075x20 0.99978

_ Loy 1+23x10°x10 _ 0.99977 x1.00092 _ 1.0002496 ~1.00025

Log, 273 1.00044
Lojoos  (1+cig x100) 1,00011 '
(a) Length at 16°C =L

L="7 T,=16°C, T,=46°C

a=1.1x%10"/°C
AL=LaAd =L x1.1x 107 x 30
LaAO

% of error = (ATLMOOJ% = ( ><1OOJ% =1.1x 107 x 30 x 100% = 0.033%

(b) T,=6°C

% of error = (AT"mooj% - (L(T_AOMOOJ% =11 %10 x 10 x 100 = — 0.011%
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23.Heat and Temperature

16.

17.

18.

19.

20.

T, =20°C, AL = 0.055mm = 0.55 x 10° m
t,=7? ag = 11 x 107%°C

We know,

AL = Loo AT

In our case,

0.055x 1072 =1x1.11107° x (T, +T5)
0.055=11x10°x20+11x 10° x T,

T,=20+5=25°C or20-5=15°C
The expt. Can be performed from 15 to 25°C
fo-c=0.098 g/m®, fac=1gm®
foec=f4—°C:>0.998= L :1+4y=L

1+ yAT 1+yx4 0.998

1 4
=4+y=——-1 =y=0.0005=5x 10
0.998

As density decreases y = -5 x 10
Iron rod Aluminium rod
Lre La
are =12 x 107°/°C oa =23 x107°/°C

Since the difference in length is independent of temp. Hence the different always remains constant.
L're = Lre(1 + are x AT) (1)

L'ar = La(1 + ap x AT) (2)

L're — L'a = Lre — Lai + Lre % ape X AT —La % oy X AT

Lre _ on _ 23

= ZA = 22 =923:12
LA| G’Fe 12
g1 = 9.8 m/s’, g = 9.788 m/s’
| | J(1+ AT
T, = ZTt£ T, = 275£ = 275—1( +AT)
(o] 9o g
st = 12 X 1078 /°C
T1 =20°C T2=?
Ti=T,
| ,(1+ AT
_ ol o 5 H0+AT) Ll h(eam)
(o] (eP) 91 9o
-6

L1 141251070 xAT L 9788 oy 10 x AT

9.8 9.788 .
_ 9788 o100 AT AT = ~0:00122

9.8 12x107°
=T,-20=-101.6 =T,=-101.6+20=-81.6~-82°C
Given
dsg = 2.005 cm, dA| =2.000 cm
as=11x107°/°C on =23 %107 /°C Steel

d's = 2.005 (1+ as AT) (where AT is change in temp.)
= d's = 2.005 + 2.005 x 11 x 107° AT
d'a=2(1+ an AT) =2+ 2 x 23 x 10° AT
The two will slip i.e the steel ball with fall when both the
diameters become equal.
So,
= 2.005+2.005x 11 x 10°AT=2+2x 23 x 10° AT
= (46 — 22.055)10° x AT = 0.005
0.005 x 10°

= AT= —————— =208.81
23.945

Aluminium
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23.Heat and Temperature

21.

22.

23.

24.

25.

Now AT =T,-T{=T,-10°C [.. T1=10°C given]
=T,=AT+T,=208.81 + 10 = 281.81
The final length of aluminium should be equal to final length of glass.
Let the initial length o faluminium = |
I(1 — aaAT) = 20(1 — 0,pAB)
=1(1-24x107° x 40) =20 (1 -9 x 107 x 40)
= 1(1 - 0.00096) = 20 (1 — 0.00036)
== 20x0.99964 _ 20.012 cm
0.99904
Let initial breadth of aluminium =b
b(1 — anAT) = 30(1 — 0,0A0)

b= 30x(1-9x10°x40) _ 30x0.99964

=30.018 cm
(1-24 x107° x 40) 0.99904
Vg = 1000 CC, T, =20°C
Vig = ? THg = 1.8 x 107* /°C

14=9%x107°/°C
AT remains constant
Volume of remaining space = V'g — V'q

Now
V'g = Vg(1 + v4AT) ..(1)
V'ig = Vig(1 + vhgAT) (2)

Subtracting (2) from (1)

V'g = Vg = Vg = Vg + VgrgAT — VigyngAT
Vg _ Thg 1000 _ 1.8x107*
2 =15 =

Vig g Vg 9x10°°
9x1072
= Vhe = —~__ =500 CC.
" 18x107*

Volume of water = 500cm®

Area of cross section of can = 125 m?

Final Volume of water

=500(1 + yA®) = 500[1 + 3.2 x 107* x (80 — 10)] =511.2 cm®

The aluminium vessel expands in its length only so area expansion of base cab be neglected.
Increase in volume of water = 11.2 cm®

Considering a cylinder of volume = 11.2 cm?

Height of water increased = % =0.089 cm

Vo =10x10x 10 = 1000 CC

AT =10°C, Vi — Vg = 1.6 cm®
0g =6.5x 107°°C, YHg = 7, 1= 3 % 6.5x 107°°C
V'hg = Vig(1 + vHoAT) (1)

Vig = vg(1 + 7,AT)  ...(2)

VIHg - Vlg = VHg —Vg + VHgYHg AT — Vng AT

= 1.6 = 1000 % y.4g x 10 — 1000 x 6.5 x 3 x 107° x 10
_ 1.6+6.3x3x1072

=1.789x 10 ~ 1.8 x 107*/°C

= Yhe T 10000
fo =880 Kg/m®, fp = 900 Kg/m®
T,=0°C, Yo =1.2%x 107 /°C,

T =15x10"/°C
The sphere begins t sink when,
(Mg)sphere = displaced water

234



23.Heat and Temperature

26.

27.

28.

29.

30.

=>Vf'w9=Vfsg
= fu) — fb

T+v,40  1+7,A0

880 _ 900

= =

1+1.2x1073A0  1+1.5x1073A0
=880 +880 x 1.5 x 107 (AB) =900 + 900 x 1.2 x 107 (A0)
= (880 x 1.5 % 107 - 900 x 1.2 x 10"3) (A0) =20
= (1320 — 1080) x 107 (A0) = 20
= A0 =83.3°C = 83°C
AL =100°C
A longitudinal strain develops if and only if, there is an opposition to the expansion.

Since there is no opposition in this case, hence the longitudinal stain here = Zero.

0, =20°C, 6,=50°C
Osteet = 1.2 X 107° /°C
Longitudinal stain = ?

=1.2%x107° x (50-20)=3.6x 107"
A=0.5mm? =0.5x10°m?
T,=20°C, T,=0°C

as=1.2x107°/°C, Y=2x2x10"N/m?
Decrease in length due to compression = LaA6 ..(1)
Y = Streés _F.Lt - Fb (2

Strain A AL AY

Tension is developed due to (1) & (2)
Equating them,

FL
LaAb = — = F = aABAY

AY

=1.2x10°%x(20-0)x0.5x10°2x10""=24 N

61 =20°C, 6, = 100°C
A=2mm’=2x10"°m?
Osteet = 12 x 107° /°C, Yot = 2 x 10" N/m?
Force exerted on the clamps = ?

A
A Ly s YxAL - YLaAOR L vaane
Strain L L

=2x10"x2x10°x12x 10°x 80 = 384 N

Let the final length of the system at system of temp. 0°C = {,
Initial length of the system = {,

When temp. changes by 6.

Strain of the system = /, —i—o
0

total stress of system

But the total strain of the system =
total young's modulusof of system

Now, total stress = Stress due to two steel rod + Stress due to Aluminium
=700 +ysds O+ v,at0=2% as 0 +y2 ALO
Now young’ modulus of system = ys+ ys + va = 2ys *+ va

U=0 — g m—»>

Steel

Aluminium

Steel
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23.Heat and Temperature

31.

32.

33.

34.

2y5050 + 750,50
2y +7a
Ly =1Ly - 2y5050 + 750150
Lo 2Ys+Yal

= f=1{ |:1+aaIYal+2asYse:|

.. Strain of system =

=

Yal +27s
The ball tries to expand its volume. But it is kept in the same volume. So it is kept at a constant volume.
So the stress arises
P

()
v
=B x3aA0=16x10" x10° x 3 x 12 x 107° x (120 — 20) = 57.6 x 19" ~ 5.8 x 10° pa.
Given

Io = Moment of Inertia at 0°C

o = Coefficient of linear expansion

To prove, [ =15 = (1 + 200)

Let the temp. change to 6 from 0°C

=B:>P=B%=BXYA9

AT =0
Let ‘R’ be the radius of Gyration,
Now, R'=R (1 + af), Io = MR? where M is the mass.

Now, I' = MR? = MR? (1 + af)® ~ = MR? (1 + 2a6)

[By binomial expansion or neglecting o 6% which given a very small value.]
So,1=1p (1 +200) (proved)

Let the initial m.I. at 0°C be I,

T=27t\/I
K

I=15(1+20A0) (from above question)

ALSC, T, = / 1+2aA6 \/ o(1+205) _ 2n\/10(1+10a)
K
At 45°C I 1+20c45 / 1+9oa

T, _ [1+90a \/1+90><24><105 /100216
T 1+10a 1+10x2.4x107° V1.00024

% change = [ J x100 =0.0959% = 9.6 x 10 %

T, = 20°C, T, =50°C, AT =30°C
a=1.2x10°/°C
® remains constant

(I)w=% MHo=—

Now, R’ = R(1 + 0A0) =R + R x 1.2 x 107 x 30 = 1.00036R

From (I) and (II)

vV VoV

R R 1.00036R

=V’ =1.00036 V

(1.00036V - V)
v

% change = x 100 = 0.00036 x 100 = 3.6 x 107

L N N N )

23.6



