CHAPTER - 23
HEAT AND TEMPERATURE

EXERCISES
lce point = 20° (Lg) L; = 32°
Steam point = 807 (Lypa)
= “ﬂ:ﬂ_xmn = ?’E:EE::‘IDD = 20°C
Ligs —La B0 -20

P, =1.500 x 10" Pa
P =2.050 * 10" Pa
We know, For constant volume gas Thermometer

P 2050 = 10*
g RO G B ] e % 273.16 = 373.31
Py 1.500 x 10*
Pressure Measured at M.P = 2.2 = Pressure at Triple Point
T= P 27316 = 22%Pr . 573 16 = 600.952 K = 601 K
P‘h’ I:III:I'
Py=40x=10°Pa, P=7?
T=100°C = 373 K, 1= F 27316k
Py
a
o Ry PO R RIO, e P B AP N pa =55 K Pa
273.16 273.16
P,=T70K Pa, Py=?
T,=273 K, T, = 373K
P > 70 273.16 % 103
T= —Lx273.16 = 273 DAV S5a-18 s Lo
Py P, 273
3
T,= P2.073.16 — 373 = P AL : i, S HN S IR I o iy
P 70%273.16%10 273
Pice point = Por = B0 cm of Hg
Psisam point = P1oo- 90 €m of Hg
Py =100 cm
t=_F"Fo 1000 = 89190 400 = 200°c
Pioo — Pa 90 -100
vV
T & ———T, T = ara
TV :
V = 1800 CC, V' =200 CC
= 1800 023 = 307.125 = 307
1600
R,= 860Q; Ry =800; Ripo = 900
= RimRo 400 = 8680 100 = s0°c
Ren =Ry 90 - 80

R at ice point (Rg) = 20102

R at steam point (R} = 27.502
R at Zinc point (Razp) = 5002
Ro= Rg (1+ ab + po)

= Rygg = Ry + R a6l +R, o’

R"II:II:I_FiEI- 2
—_— =il + ji
Ry il
27T5-20
= 2% g % 100 + p * 10000
20
7.5

= =2 =100 o + 10000 B
2N



Rusg = Rp (1+ afl + po®) = = af) + po*
0
e ?Ej_iqu =420 % o + 176400 % = 2 = 420 o + 176400 p
75 3
= — =100 a + 10000 = = = 420 o + 176400 p
20 Z
10. Ly=7, Ly=10m, a=1%107%C, = 35
Li=Lo{1+at)=10(1+ 107 = 35) = 10 + 35 = 10~ = 10.0035m
11. 4, =20°C, t,=10°C, L, = 1em = 0.01 m, L, =7
Cae = 1.1 % 1070 °C
Lz=Lq(1+ tauAT) = 0.01(1 + 101 x 107" x 10) = 0.01 + 0.01 x 1.1 x 107
=10 x10%+ 1.1 = 10% = 107 (10000 + 1.1) = 10001.1
=1.00011 % 10> m = 1.00011 cm
12. Ly=12¢m, a=11%107"° PG
tw = 18°C ts = 48°C
Lw = Lg(1 + atw) =12 (1+ 11 x 107 x 18) = 12.002376 m
Ls=Lg(1+ ats)=12 (1 + 11 = 107 = 48) = 12.006336 m
AL = 12.006336 — 12.002376 = 0.00396 m = 0.4cm
13. di=2cm=2x 1072
4, =0°C, tp=100°C
g =2.3%10" °C
do=d; (1+aAt)=2x 107 (1 +2.3 x 107107
= 0.02 + 0.000046 = 0.020046 m = 2.0046 cm
14. L, = Ly at 20°C ag= 2.3 = 1025°C
S0, Log (1 = ttey ¥ 20) = Log (1 = aa * 20) e = 1.1 x 107°°C
Lo I 20) 1-23x10°x20 0.99954
{a) = —2 = .'.:.-..E.-"J.X_J W il : ol T = ().999
Loy, (1-ogx20) 21-11x<10" %20 0.99978
5
e Loype _ (1-ay x40) _ 1-23x10 : x20 _ 0.99954 _ .o
Loggal (1=otg »40) 1—1. 110" =20 0.99978
-5
TV e (N e T S——
Lo, 273 1.00044
Lowasy {1+ g x100) 1.00011
15. (a) Length at 16°C = L
L=7 T, =16°C, T, = 46°C
a=1.1%107/C
AL=LaAab=Lx11x10% = 30
I." r
% of error = | &T"xmﬂ% = IL“&E xmu]% =14 %107 % 30 x 100% = 0.033%
L A
(b) T2 = 6°C
7 2
% of error = | ﬁxmﬂ% = [t ﬂnu]% =—11 %107 x 10 x 100 = - 0.011%
5 L A I— i
16. T, =20°C, AL = 0.055mm = 0.56 % 10 m
t, =7 e =11 x 10°%°C
We know,
AL = LgaAT
In our case,

50 - R,

0.055 x 107" =1 % 111107 % (T, +T3)
0055=11%x10" %2011 %107 " x T,

T. =" 4 B = 2R"™ AN R = 1R%M
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18.

19.

20.

21.
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The expt. Can be performed from 15 to 25°C

fD.C=D,EI-QE g."ms, f-i.'l’_‘.z 1 g}ms
I SRV S S SIS
1+ AT 1+yx4 0.998

=4 +y= -1 = y=0.0005=5x 107
0.998

As density decreases ¢ = -5 x 107

Iron rod Aluminium rod

LFc I—.#'.I

tre = 12 2 1078 °C ay=23x107°rC

Since the difference in length is independent of temp. Hence the different always remains constant.
L‘F-u = I—Fe[! + pg * ‘ﬁT} ---{1)

L'ai= Lal1 + an @ AT) .--(2)

L'fe= L'a1=Les=La + L ® Gpe X AT = Ly * 00 % AT

= — s =23:12
Ly  ape
g, = 9.8 mis®, g. = 9.788 m/s”
I ; .,||i 1+AT
T, = zﬂ.ﬂr; T, = zﬂ.'.\.'lll.;. = zﬂ_ﬂ'._.u l
o Qz a
Gawel = 12 2 1073 PC
T, = 20°C T,=7
T'| = T2
L el o o W14 AT) | b o k(team)
oy Oz O L4
1 1412 x107°% x AT 9.788 :
o gy TR LU s 2T o e 12x 10 x AT
9.8 9.788 9.8
o 2788 4 12k q0%T = AT = —_ﬂ'ﬂng
9.8 12«10
= Ty=20=-1016 — T,=~101.6 + 20 = - 81.6 = - §2°C
Given
ds, = 2.005 em, dy = 2.000 em
as =11 % 1078 1°C a,=23%x10" re Steel

d's = 2.005 (1+ as AT) (where AT is change in temp.)
= d's = 2.005 + 2.005 = 11 = 107" AT
d'a =201+ au AT) =2+ 2223 x 1077 AT
The two will slip i.e the steel ball with fall when both the
diameters become equal.
So,
= 2.005+2.005 x 11 x 10°AT =2+ 2 x 23 x 107° AT
= [46 = 22.[!55]1112'.!'a ® AT = (.005
0.005 = 10%
= AT ——
23.945
Mow AT =T, -T; =T, -10°C [.. T; =10"C given]
=T.=AT + T, =20881 + 10 = 281.81
The final length of aluminium should be equal to final length of glass.
Let the initial length o faluminium = |
1= apaAT)=20{1 = apAd)
= 1{1-24 %107 % 40) =20 (1 - 8 x 107° x 40)
= {1 = 0.00096) = 20 {1 — 0.00038)
_ 20x0.99964
~  0.99904

Let initial breadth of aluminium = b
Rl = AT = 3001 = aARY

Aluminm

= 208.81

=51 = 20012 em
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24.
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27.

= e g ey T

_ 30x(1-9x10"% x40) _ 30x0.99964

=h % = 30.018 cm
(1-24x107% x 40) 0.99904

Vg = 1000 CC, T, = 20°C

Ving =2 g = 18 x 107 /¢

fg=9%107 I°C
AT remains constant
Volume of remaining space = V', - \/"y,

Mow
V' = Vg(1 + 1,AT) (1)
Vi = Vg1 + 1ugAT) ---42)

Subtracting (2} from (1)
I'u"rg - .llul'”Hg = "l."g - "l."Hg + I'|.l'|5,‘[’,5',.':';1.- - VHETHEI":"T

Vg _ Yug _ 1000 _ 1.8x107*
N e T e =

Vig g Vg 9x10:°
9x103
Vi & —— . =500 CC.
= He T Tax10*

Volume of water = 500cm”

Area of cross section of can = 125 m®

Final Yolume of waler

= 500(1 + yAD) = 500[1 + 3.2 x 107" = (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 em”

Considering a cylinder of volume =11.2 cm’

e =0.08% cm

Height of water increased =

Vg =10 % 10x= 10 = 1000 CC

AT =100, Ve = V', = 1.6 em®
a, = 6.5 x 107°°C, g =, 1y= 3 % 6.5 x 107°/°C
Vg = Vie(1 * 1iAT) 2

V= va(1 + 7AT)  oi(2)

I'U'I'HE - "l.l"'g = "'nl"ﬁg —"l.l"g + ngTHg AT = VEI?EI AT

= 1.6 = 1000 * 114y 10 - 1000 x 6.5 x 3 x 107" % 10
16+6.3x3x107%

=1.789 =107 = 1.8 = 107%°C

~imT 10000
f.= 880 Kg/im”, fo = 900 Kg/m®
T, =000 v.512 %107 C,

yw=15%x10"FC
The sphere begins t sink when,
{MQ)spnere = displaced water

=Vf.a=Vfug
14+ v,,A8 )
P 880 . a00
1+1.2x107348  1+1.5x10° 240
— B8O + 880 x 1.5 x 107 (AD) = 900 + 900 = 1.2 x 107" (A0)
— (880 x 1.5 x 107 = 900 = 1.2 x 107} {an) = 20
= (1320 - 1080) x 107" (AB) = 20
= AD = 83.3°C = 83°C

AL =100"C

A lengitudinal strain develops if and only if, there is an opposition to the expansion. T
Since there is no opposition in this case, hence the longitudinal stain here = Zero. "~ +—1m—*

0, =20°C, b;=580°C



28.

29.

30.

.

32.

Uyea = 1.2 2 1077 /°C

Longitudinal stain = 7

, AL Loab

Stain = — = ——— = gAB
L L

=12%10" = {50 -20)=36x= 10"

A=0.5mm" =0.5x% 10" m*
T,=20"C, T.=0%C "
4, = 1.2 x 107° ¢, Y =2%2x 10" Nim? 2 2
Decrease in length due to compression = LaAd 1) % g
i et Y
Tension is developed due to (1) & (2)
Equating them,
LaAd = F—L = F = o ABAY
AY
=12%10%% (20~-0)% 0.5% 107 2= 10""=24 N
By = 20°C, f; = 100°C
A=2mm’=2x 10" m*
s = 12 % 10°° 1208 Yaed =2 % 10" Nfm’
Force exerted on the clamps = 7
K'F\I
-LA-;” s o SR LA il
Strain ke L
=2x10" x2x 10" x 12 x 107 x 80 = 384 N
Let the final length of the system at system of temp. 0°C = §
Initial length of the system =,
When lemp. changes by 0. Steal
Strain of the system = /£, —:—n S
i Steal

total stress of system
total young's modulusof of system
MNow, total stress = Stress due to two steel rod + Stress due to Aluminium
=gl ry.ds Oy at8=2% a, 0+ 42 ALD

MNow young” modulus of system = yo+ s + 7m = 29 * ya

But the total strain of the system =

2ygu B+ i
. Strain of system = - Yo%a "~ Yollalv

25+ Tal
- fa—*fn _ 2yl + yg0,0
Iflfl 2?5 * Yal
= =4 |:1 + Og¥a 2‘15?53—|
Ya + 215

The ball tries to expand its valume. But it is kept in the same volume. So it is kept at a constant valume.
So the stress arises

= |

P B P = B xyAl
ﬂ."n.l’] v

L‘-"J

=Bx*x3aAb=16x10"x 10 x 3% 12x 10" x (120 - 20} =576 x 19" = 5.8 x 10° pa.
Given

Ig = Moment of Inertia at 0°C

o = Coefficient of linear expansion

To prove, I =1= (1 + 2al)

Let the temp. change to O from 0°C



AT =0

Let ‘R’ be the radius of Gyration,

Now, R"= R (1 + afi)), Iy = MR’ where M is the mass.
Now, I' = MR = MR? {1 + af)® == MR (1 + 2ab)

[By binomial expansion or neglecting «” 0° which given a very small value.]
So,1=0 (1 + 2ab) (proved)

. Let the initial m_I. at 0°C be I,

I=1Ig {1 +2aA0) (from above question)

AL 5°C. T1=EEJM=2.1 JM:E:': Lo{1+10a)
A K Y K

ﬂtdﬁ"c‘ T2 =2 JM = ENJW
\ K K

T, _ [1+90a _ [1+90x2.4x10"° JEE?%I’?.
T 1+ 10a 1+10=2.4%10"% Y1.00024

1

1 :
% change = [-1-?-—1 100 = 0.0959% = 9.6 % 10 %

1 :

. Ty=20°C, Tz = 50°C, AT = 30°C

a=12x%10" °C
i remains constant
V v
{I:ID.‘I-E |:||}m-ﬁ
Now, R"= R(1 + ¢AB) =R + R 1.2 = 10™° x 30 = 1.00036R
Fram (1) and (I1}
T V'
R R 1.00036R
=\ = 1.00036 Vv
(1.00036V - V)
")

% change = x 100 = 0.00036 x 100 = 3.6 x 1077




