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 (Heat) : 

(Unit of Heat) 

(J)

(Cal)

1 42

 (Temperature) : 

(K)

 (Kelvin) : 
1

27316
 

(1K)

(Triple Point) 273 K

 273 K 373 K

100 K

 

 (Expansion of Solids) : 

 

C, 

F K 0C, 32 F

273 K 100C, 

212F 373 K
C

5
 = 

F − 32

9
 = 

K − 273

5

  (Coefficient of Linear expansion) : 1m

1 K



 (K−1)

  (Coefficient of surface expansion) : 1m2

1K

 



 (K−1)

  (Coefficient of volume expansion) : 1m3

1 K



(K−1)

 (Real Expansion of Liquids) : 

Vr 

 (Apparent Expansion of Liquids) : 

Va

 (Vaporisation) : 





 (Boiling point) : 

100 C

100 C

 (Relation between boiling point 

and Pressure) : 

100 C





76 cm 100 C-

 (Heat Capacity) : 1 K

C

 C = 
Q



(J/K) JK−1

 (Specific Heat) : 1 kg 1 

K

'S'

S = 
Q

m

(Jkg−1K−1)  

 5000 JK−1 

5000 JK−1

 1 K 5000 J

 5000 JK
−1

  (Fundamental Principle of Heat 

Measurement) :

  (Quantity of Heat) :

Q = mS
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K 42  104 J L 42   103 J
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6.1 Zvc I ZvcgvÎv 

   mvaviY enywbe©vPwb cÖ‡kœvËi 
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 1 K L 1 C 
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ii.  
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   Awfbœ Z_¨wfwËK enywbe©vPwb cÖ‡kœvËi 
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6.2 c`v‡_©i ZvcgvwÎK ag© 

   mvaviY enywbe©vPwb cÖ‡kœvËi 
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6.3 †mjwmqvm, dv‡ibnvBU I †Kjwfb †¯‹‡ji   g‡a¨ 

m¤úK© 

   mvaviY enywbe©vPwb cÖ‡kœvËi 

 30ºC

K 80ºF L 82ºF 

 M 84ºF  86ºF

 102ºF

 312K L 322K 

 M 332K N 342K 

 −20ºC 

K −253  253 
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  100K N 0K
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6.4 e ‘̄i ZvcgvÎv e„w× I Af¨šÍixY kw³ 

   mvaviY enywbe©vPwb cÖ‡kœvËi 
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6.5 c`v‡_©i Zvcxq cÖmviY 

   mvaviY enywbe©vPwb cÖ‡kœvËi 
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 i L ii 

 M iii N i  iii 

 −

i. 

 ii.  

iii. 

 

K i  ii 

 M iii N i, ii  iii 

6.6 KwVb c`v‡_©i cÖmviY 

   mvaviY enywbe©vPwb cÖ‡kœvËi 

 

K   L  

   N

 

K L

    N

 1 m2 1K

   L

M N

 30ºC 10% 

K 11  10−6 K−1
 33.33  10−6 K−1

 

 M 39.3  10−6 K−1
N 42.3  10−6 K−1 

 33.4  10−6 K−1 

K 33.4  10−6 K−1
L 46.8  10−6 K−1

 

 M 66.8  10−6 K−1
 50.1  10−6 K−1 

 12  10−6 K−1 

 8  10−6 K−1
L 9  10−6 K−1

 

 M 10  10−6 K−1
N 11  10−6 K−1 

 

K 

M N

 1 m 1 K

   L  

M N

 

K C L K 

 K
−1

N m−1

 

K 16.7  10
−6

K L 14.7  10
−6

K
−1





 16.7  10
−6

K
−1 

N 14.7  10
−6

K

 

 33.4  10
−6

K
−1

L 33.3  10
−6

K
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−6

K
−1

N 33.4  10
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K

 −

   L -

M N

 1 m
3

1 K
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M

N

 

K  = 2  =   6 = 3 = 2

M 2 =  =  N 2 = 3 = 

 - -

K   

 M N

 

K 50  10
−6

k
−1

L 50  10
−6

K

 50.1  10
−6

k
−1

N 50.2  10
−6

K
−1

 1m 1K 

K 11.6  10
–6 

K
–1

 6  10
–6

 m

M 11  10
–6 m N 1.16  10

–6 

K
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−6

K
−1

K 11  10
–6 

K
–1

L 22  10
–6 

K
–1

 66  10
–6 

K
–1

N 22  10
–4 

K
–1

 20C 100 m 50C

100.033 m

K1.1  10
–6 

K
–1 

L 11  10
5 

K
–1

 11  10
–6 

K
–1

N 1.1  10
–5 

K
–1

   enyc`x mgvwßm~PK enywbe©vPwb cÖ‡kœvËi 
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6.7 Zij c`v‡_©i cÖmviY 

   mvaviY enywbe©vPwb cÖ‡kœvËi 
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6.8 Zi‡ji cÖK…Z I AvcvZ cÖmviY 

   mvaviY enywbe©vPwb cÖ‡kœvËi 
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K Va = Vr + Vg  Vr = Va + Vg

M Va = Vg − Vr N Vr = Va − Vg

 A 

B A 

C 

 K AC  AB 

 M BC N AB + AC 

 

 Vr L Va 

 M Vg N Vi

 

K Vg  Va 

 M Vr N Vp

   enyc`x mgvwßm~PK enywbe©vPwb cÖ‡kœvËi 

 −
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   Awfbœ Z_¨wfwËK enywbe©vPwb cÖ‡kœvËi 
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6.9 ZvcaviY ÿgZv I Av‡cwÿK Zvc 

   mvaviY enywbe©vPwb cÖ‡kœvËi 

 

K  
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 1K
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K L  
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K Js
−1 

 JK
−1

 

 M J N K
−1

 1K 10K

K 5  10 

 M 20 N 25

 

K Q = 
C

∆
 C = 

Q

∆
 

 M ∆ = CQ N C = 
∆

Q

 1 kg 1K

   L

M N

 





K 

M N

 

 L

M N

 

K JK
−1

L Js
−1

 

 M Jkg
−1

 Jkg
−1

K
−1

 

K 1040 Jkg
−1

K
−1  

 2000 Jkg
−1

K
−1  

M 1000 Jkg
−1

K
−1

N 950 Jkg
−1

K
−1

 

 400 Jkg
−1

K
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L 230 Jkg
−1

K
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M 210 Jkg
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K
−1 

N 460 Jkg
−1

K
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K Q = 
S

m∆
  S = 

Q

m∆
 

 M ∆ = 
SQ

m
N S = 

Q∆

m

 Jkg
−1

K
−1

K 460  230 

 M 400 N 670 

 1kg 1K

1K

 2 kg  L 0.5 kg 

 M 0.1 kg N 10 kg 

 10kg 1K

K 4.2  10
3

J   4.2  10
4

J

M 4.2  10
5

J N 4.2  10
2

J 

 130 kg−1K−1 4 kg 20C

 10400 L 38090 

 M 2600 N 520 

 

K
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N 

 mkg
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 M mS∆ N S 
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m

S
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6.10 Zvc cwigv‡ci g~jbxwZ 

   mvaviY enywbe©vPwb cÖ‡kœvËi 
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6.11 c v̀‡_©i Ae ’̄vi cwieZ©‡b Zv‡ci cÖfve 

   mvaviY enywbe©vPwb cÖ‡kœvËi 
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6.12 Mjb, ev®úxfeb I Nbxfeb 

   mvaviY enywbe©vPwb cÖ‡kœvËi 
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6.13 Mjbv‡¼i Dci Pv‡ci cÖfve 

   mvaviY enywbe©vPwb cÖ‡kœvËi 
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6.14 Mj‡bi myßZvc I ev®úxfe‡bi myßZvc 

   mvaviY enywbe©vPwb cÖ‡kœvËi 
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6.15 wewfbœ wel‡qi Dci ev®úvq‡bi wbf©ikxjZv 

   mvaviY enywbe©vPwb cÖ‡kœvËi 
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wbe©vwPZ enywbe©vPwb cÖ‡kœvËi 

 

 4.2 J

K 4 L 3 

 M 2  1 

 

K 

C

100
 = 

F − 32

9
 = 

K − 273

5
L

C

5
 = 

F − 32

9
 = 

K − 273

8

 

C

5
 = 

F − 32

9
 = 

K − 273

5
N

C

9
 = 

F − 32

5
 = 

K − 273

9

 30C

 K 273 K L 300 K  

  303 K N 373 K

 30C 1kg 1C

 K 3.9  103 J  4.2  103 J

 M 1.228  105 J N 1.26  105 J

 

K 4200 Jkg
−1

K
−1 

L 2000 Jkg
−1

K
−1

 2100 Jkg
−1

K
−1

N 400 Jkg
−1

K
−1

 3 kg 1C

 3000 J  L 6300 J 

 M 8400 J N 12600J 
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M 

 −
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 ,   −

i. 6 = 2 

ii. 3 = 2 

iii. 3 = 6

 

K i  i  iii 
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A, B  C A 4 C 20C A C

B A C

B

 C

 K 36F L 39.2F 

 M 52F  68F

 

  C

 L B

 M B

 N B
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 M  N

 

i.

ii.

iii.

  i  ii L i  iii 

 M ii  iii N i, ii  iii 

10C

 0C 10C m kg.

 K 200 mJ L 400 mJ

 M 4200 mJ  42000 mJ 

 

i. 3600 Jkg−1 

ii. 336000 Jkg1 

iii. 336520 Jkg−1 

 K i  ii M iii N i, ii  iii

 

x 
A O 

Y 

B C 100C 

(s) 

100C

 AB

 K    M  N

 

i.

ii. BC

iii. BC 100C 

 K i L i  iii  ii  iii N i, ii  iii

   enyc`x mgvwßm~PK enywbe©vPwb cÖ‡kœvËi 

 

i. Jkg–1k–1 

ii.

iii.

 K i  ii L i  iii 

 M ii  iii  i, ii  iii 

 

i.

ii.

iii.

  i  ii L i  iii 

 M ii  iii N i, ii  iii

 

i. Jk–1 

ii. 230 Jkg–1k–1 

iii. Jkg–1 

 K i  ii L i  iii 

 M ii  iii  i, ii  iii

 

i.

ii.

iii.

 K i  ii L i  iii 

 M ii  iii  i, ii  iii

   Awfbœ Z_¨wfwËK enywbe©vPwb cÖ‡kœvËi 

25C 2 kg 455C

35C

 

 K 480 Jkg−1
 L 4500 Jkg−1K−1

 M 2300 Jkg−1
  400 Jkg−1K−1

 

 K 42000 J  84000 J 

 M 21000 J N 323400 J

 

 K 200 g  500 g 

 M 50 g N 20 g

5C 5 kg

 10C

 

 K 2100 J L 4200 J





 M 10500 K1
  105000 J

  800 g

 K 609 K  611 K

 M 613 K N 615 K

m„Rbkxj cÖkœ I DËi


30 m 30.001 m

30C 16.7  10−6 K−1

4C 

  1bs cª‡kœi DËi   

C 30C

F

C

5
 = 

F−32

9
 

 9C = 5(F − 32) 

 9C = 5F − 160 

 5F = 9C + 160 

 F = 
9C + 160

5
 

 F = 
9  30 + 160

5
 

 F = 
270 + 160

5
 

  F = 
430

5
 = 86 

  86F

l1 = 30.001 m 

 l2 = ? 

  1 = 30C 

  2 = 4C 

  1 – 2 30C − 4C) = 26 K 

  16.7  10−6 
K−1

 

 


l1 − l2

l1(1 − 2)
 

  l1 − l2 l1(1 − 2) 

  l2 l1 − l 1(1 − 2) 

   = (30.001 − 16.7  10−6  30.001  26) m 

   = 29.988 m 

 

29.988 m 30 m

mKj †ev‡W©i GmGmwm cixÿvi m„Rbkxj cÖkœ I DËi



95F 30C 

400 J kg−1K−1

10F

 2bs cª‡kœi DËi 

400 Jkg−1K−1

i. 1kg 1K 400 J

ii. 1kg 400 J 

F = 95 K 

 K = ? 

 
F−32

180
 = 

K −273

5
  





  
95 − 32

180
 = 

K − 273

5
  

  
63

180
 = 

K −273

5
  

  180 (K −273) = 63  5 

  K −273 = 
63  5

180
  

  K −273 = 175 

  K = 175 + 273 

   K = 27475 

 27475K

C = 

30C 

 

C

5
 = 

F −32

9
  

  
30

5
  = 

F − 32

9
  

  6 = 
F − 32

9
  

  F −32 = 54 

  F = 54 + 32 

   F = 86 

 10F

86 F + 10 F = 96 F 

95 F  

 



200m 

4 10C 

115  10−6K−1.  

  

15C 

 3bs cª‡kœi DËi  

lo = 200 m 

 = 115  10−6K−1 

   = 10C = 10K 

  l  = ? 

 

l = lo 

   = 115  10−6K−1  200 m  10 K 

   = 0023 m 

 0023 m 

lo = 200 m 

 = 115  10−6K−1 

   = 15C = 15K 

  l = ? 

 

l = lo 

   = 115  10−6K−1  200 m  15K 

   = 00345 m 

   = 345 cm 

 345 cm 

4 cm 



36.89C 100m

66.89C 100.033m 

36.89C 

 4bs cª‡kœi DËi 





C = 3689C 

  F = ? 

 
C

5
  = 

F − 32

9
  

  
3689

5
 = 

A − 32

9
  

  5(A − 32) = 3689  9 

  A − 32 = 
3689  9

5
 

  F − 32 = 664 

  F = 664 + 32 

   F = 984 F 

 984F 

l0 = 100 m 

  l1 = 100033 m 

  l = l1 − l0
 = 10033 m – 100 m 

  = 0033 m 

  = 66.89C − 3689C 

  = 30C 

  = 30K 

  = ? 

  = 
l

l0
  

  = 
0033 m

100 m  30 K
  

  = 11  10−5K−1 

  = 11  10−6K−1 

 11  10−6K−1 



2 m 10C 

116  10−6 K−1 167  10−6 K−1

 

230 Jkg−1 K−1 

 5bs cª‡kœi DËi  

230 JKg−1K−1 

1 kg 1 K 230 J 1 

kg 230 JK−1

C = 10C 

  F = ? 

 

C

5
 = 

F − 32

9
 

 
10

5
 = 

F − 32

9
 

 F − 32 = 18 

 F = 32 + 18 

  F = 50F 

 50F

l1 = 2m 

     = 10C = 10 K 

  1 = 116  10−6 K−1 

  2 = 167  10−6 K−1

  l2 = 2m 

  = l1 

  = l2 

 

1 = 
l1

l1
 

l1 = 1l1 

116  10−6 K−1  2 m  10 K 

   l1 = 232  10−4 m 

 

2 = 
l2

l2

l2 = 2l2 

167  10−6 K−1  2 m  10 K 

   l2 = 334  10−4 m 

l2 = l1

(334  10–4 – 2.32  10–4) m 





 102  10–4 m



A, B, C A 5 kg C 10kg

(20C) 1MJ

A C B

A C 

B

B

B

  6bs cª‡kœi DËi   

J

A C B

20C

m = 
5 kg

2

8 kg

2
 = 2.5 kg + 4 kg = 6.5 kg 

 B

B

Q = 
1 MJ + 1 MJ

2
 = 1 MJ = 10

6
J 

 S = 4200 Jkg−1K−1
 

 ∆
 

 

Q = mS ∆ 

∆ = 
Q

mS
 = 

106 J

6.5 kg  4200 Jkg−1K−1  

   = 36.63C 

 20C

B

20C + 36.63C = 56.63C 

   56.63C

A 5 kg C 8 kg

1MJ = 10
6
J

A ∆A
Q

mAS
  

[S = 

            
10

6 J

5kg  4200 Jkg−1K−1 

  = 47.6C  

 C

∆c 
Q

mcS
  

  = 
10

6 
J

8 kg  4200 Jkg
−1

K
−1 = 29.76C 

 20C

A

20C + 47. 6C = 67. 6C  

 C = 20C + 29. 76C 

  = 49.76C 

 49.76C 67.6C

A

A C

B



2C

13.82%

10% 11 

 10−6K−1

200

  7bs cª‡kœi DËi   

-

-

F − 32

9
 = 

K − 273

5
 

 F − 32 = 
9

5
 (K − 273) 

  F = 
9

5
 (K − 273) + 32 





 F = 
9

5
 (313 − 273) + 32 

     = 
9

5
  40 + 32 

  F = 104 

 

104F

313K  (100 + 10)% = 344.3K

275K

∆ = 344.3K − 275 K = 69.3 K 

 

l2 = 200m

 11  10−6
 

K−1
 

 
l1  l2 l1 (1 +  ∆

l1 
l2

1+  ∆
 

  = 
200 m

1+1110−6 
K−169.3 K

 

  = 199.85 m 

 200m

l2 − l1 

  = 200m − 199.85m 

  = 0.15 m 

  = 15 cm 

 15 cm 

 



100C

4200 Jkg
−1

K
−1

0C

200 gm 

100C

  8bs cª‡kœi DËi   

1kg 1K

S

 C Q

∆ m

S = 
C

m
 = 

1

m
 



Q

∆
 = 

Q

m∆
 

 Jkg−1k−1

2 − 1 = 100C − 0C = 100C = 100 K 

 S = 4200 Jkg−1K−1
 

  
m = 200 gm = 0.2 kg 

 Q

Q mS 2 − 1 

0.2 kg  4200 Jkg−1K−1  100 K 

  = 84000 J 

 84000 J



-

 

  9bs cª‡kœi DËi   





2100 J kg−1K−1

1K

∆ Q 1K

Q

 ∆

C = 
Q

 ∆

2C 

101C 

 

C

100
 = 

F − 32

180
 

 F − 32 = 
180

100
 C 

  F = 
9

5
 C + 32 

   =
9

5
  (−2) + 32 

    = −3.6 + 32 

    = 28.4F 

 =
9

5
 (101) + 32 

   = 213.8F 

 

(213.8 − 28.4) F 

  = 185.4F

−4C 

103C 104C

 

(t) 



50C 400 g

100C 

4200 Jkg−1K−1, 2350 Jkg−1K−1 1800 Jkg−1K−1

  10bs cª‡kœi DËi   

JK-1

i.  

ii.  

iii.  

ml = 400 g = 
400

1000
 kg = 0.4 kg 

 Sl = 4200 Jkg-1K-1 

 Ql = ? 

 Ql = mlSl 

  = 0.4 kg  4200 Jkg-1  70 K 

  = 117600 J 

 117600 J

mg = mt = 0.4 kg 

 Sg = 2350 Jkg−1K−1 

St = 1800 Jkg−1 K−1

 = 70 K 

  Qg = mgSg 

  = 0.4 kg  2350 Jkg−1K−1  70 K 

  = 65800 J 

 Qt = mtSt 

  = 0.4 kg  1800 Jkg−1K−1  70 K 

  = 50400 J 

 Qg > Qt 

 



120 C 100 g 50 g

30 C 400 Jkg−1K−1

  11bs cª‡kœi DËi   





1 kg 1K

100 g = 01 kg 

 50 g = 005 kg 

 (30 − 20) C = 10C = 10 K 

 = 30 g = 03 kg 

 (30 − 20) C = 10C = 10K 

 400 Jkg−1K−1 

 4200 Jkg−1K−1 

 S = ? 

 

 

 Q1  = 01kg  S  90 K 

 Q2 = 005 kg 400 Jkg−1K−1  10 K 

  = 200 J 

 Q3  = 03 kg 4200 Jkg−1K−1 10 K 

   = 12600 J 

 

Q1 = Q2 + Q3 

  01 kg  S  90 K = 200 J + 12600 J 

  9 kgK  S = 12800 J 

   S = 142222 Jkg−1K−1 

 142222 Jkg−1K−1

100 g = 01 kg 

  = 120 C 

 C

120 −  C = (120 − ) K 

 400 Jkg−1K−1

  

Q1 = 01 kg 400 Jkg−1K−1  (120 − ) K 

 ( −20) C = ( − 20) K 

  Q2 = 005 kg  400J kg−1K−1  ( − 20) K 

 Q1 = Q2 + Q3 

 01  400  (120 − ) = {(03  4200  ( − 20)} +  

                          {005  400  ( − 20)} 

 4800 − 40 = 1260 − 25200 + 20 − 400 

 − 40 − 1260 − 20 = − 25200 − 400 − 4800 

   23C 

  < 30C 

 



0C 100 cm

200C

23.8  10−6K−1

  12bs cª‡kœi DËi   

98 F

 = 200C − 0C = 200C = 200 K 

 l0 = 100 cm = 1m 

 l = ? 

  = 
l

l0
 

  l =   l0  

   = 23.8  10−6 K−1  1 m  200 K 

   = 0.00476 m = 0.476 cm 

 0.476 cm





 

C 

A 

B 

A

A B

B A

C

A B

B C

A C

CA CB

AB

CB = CA + AB



0C 1000 cm3 100C

1003.3 cm3 

  13bs cª‡kœi DËi   

V0 = 1000 cm3 

 V1 = 1003.3 cm3 

  

 V = V1 − V0 = (1003.3 – 1000) cm3 = 3.3 cm3  

  (100 – 0 C = 100 K. 

  = ?

 = 
V

V0

  = 
3.3 cm3

100 cm3 100 K

= 3.3  10
–5 

K
–1 

 

 = 3 

    = 


3
 = 

3.3  10−5 K–1

3
 

  = 1.1  10–5 

K
–1 

  

= 11  10–6 K–1 

   11 10−6 

K−1

l0   

l

 C 

lo 

l 

l  l0  

 l =  l0 ........ (i) 

 

(i) 


l

 l0
 = 


(ii) 

 l0 = 1m  1K

 = l

lm 1K 

(ii)   

(K−1)







30 m 30.01 m

30C 16.7  10−6 K−1

4C

  14bs cª‡kœi DËi   

2000 Jkg−1 K−1

C = 30C 

 F = ? 

 
C

5
 = 

F − 32

9
 

  5(F − 32) = 9C 

  5F − 160 = 9C 

  5F = 9C + 160 

  F = 
9C + 160

5
 

   = 
9  30 + 160

5
 

   = 
270 + 160

5
 

   = 
430

5
 

   F = 86 

 86F 

l1 30.01m 

  l2 

1 − 2 = 30C − 4C = 26C = 26 K 

   16.7  10−6 K−1 

 

 = 
l1 − l2

l1  
 

 l1 − l2 =   l1  

 l2 = l1 − l1  

  = 30.01 m − 16.7  10−6 k−1  30.01m  26 K 

  = 30.01m − 0.013 m 

  = 29.997 m 

 29.997m

 



 −5C

0C

  15bs cª‡kœi DËi   

−5C

0C

0C

A 

B 

C 

D 

min

Y 

X 

100 

50 

−5

0
C

−5C A B 

0C 0C B 





C 0C

100C 



0C 500 cm3 

100C 

0.00366K−1

  16bs cª‡kœi DËi   

0 1m3 

1K 

0C V0 = 500 cm3 

  = (100 – 0)C = 100C = 100 K 

 
p

= 0.00366 K−1

 V = ? 

V = V
0
 (1 + p) 

  = 500 cm3 (1 + 0.00366 K–1 100 K) 

  = 500 (1 + .366) cm3 

  = 683 cm3 

683 cm3  

0C

0C 

Po 

P

P  Po  

 P = 
v
 Po .................. (i)  

 
v
 


v
 = 

P

Po
 = 


 ............ (ii) 

 Po = 1Pa  1K 
v
 = P 

0C 1Pa

1K 

(ii)

-

 (K
−1

)



1 kg 50 cm 30 cm 20 

cm 16.7  10-6 K-1 400 

Jkg-1K-1

50C

20C

500 g (40C

  17bs cª‡kœi DËi   
1

27316
(1K) 

i. 

ii. 

iii. 

a = 50 cm = 05 m 

 b = 30 cm = 03 m 

 c = 20 cm = 02 m 

  V1 = a  b  c 

  = 05 m  03 m  02 m 

  = 003 m3 

  = 167  10-6 K-1 

   = 3 = 3  167  10-6 K-1 

  = 501  10-6 K-1 

  = 50 C = 50 K 





 V = ? 

 

   = 
V

V1
 

 V = V1 

  = 501  10-6 K-1  003 m3  50 K 

  = 7515  10-5m3 

 7515  10-5m3

mc = 1 kg 

 Sc = 400 Jkg-1K-1 

   = 20C = 20 K 

  20C

Q = mcSc 

  = 1 kg  400 Jkg-1K-1  20 K 

  = 8000 J 

 mw = 500 g = 05 kg 

  Sw = 4200 Jkg-1K-1 

  = ?

Q = mw Sw 

  = 
Q

mwSw
 

  = 
8000 J

05 kg  4200 Jkg-1K-1 

  = 381 K 

 381C



50 g 20C 120C

50 g 20C

015 kg 30C

900 Jkg-1K-1

1500 Jkg-1K-1

120C

  18bs cª‡kœi DËi   

1K

m = 50 g = 005 kg 

  S = 1500 Jkg-1K-1 

 1 = 20C 

  2 = 120C 

  = 2 − 1 = (120 − 20)C 

  = 100C = 100 K 

  Q = ? 

  

Q = mS  

  Q = 005 kg  1500 Jkg-1K-1  100 K 

   Q = 7500 J 

 120C

7500 J

m1  = 50 g = 005 kg 

S1 = 1500 Jkg-1K-1 

 120C 

 30C 

  1  = (120 − 30)C  

  = 90C  

  = 90 K 

 

Q1 = m1S1 

 Q1 = 0.05 kg  1500 Jkg-1K-1  90 K 

  Q1 = 6750 J 

 m2  = 50g = 0.05 kg 

 S2  = 900 Jkg-1K-1 

 20C 

 30C 

 2  = (30 − 20)C 

= 10 C  

  = 10 K 

 

Q2 = m2S22 

 Q2 = 005 kg  900 Jkg-1K-1  10 K 

  Q2 = 450 J 

 m3  = 015 kg 

 S3  = 4200 Jkg-1K-1 

 = 20C 

  = 30C 

 3  = (30 − 20)C   





  = 10C   

  = 10K 

 

Q3 = m3S3 3 

 Q3 = 015 kg  4200 Jkg-1K-1  10 K 

 Q3 = 6300 J 

  = Q2 + Q3 

  = (450 + 6300) J 

  = 6750 J 

 Q1 = 6750 J 

  Q1 = Q2 + Q3 

 



1 cm 50C

4.1993 cm3 12.5874 cm2

  19bs cª‡kœi DËi   

C = 50C 

  F = ? 

 
C

5
 = 

F − 32

9
 

  
50

5
 = 

F − 32

9
 

  5 (F − 32) = 50  9 

  F − 32 = 
50  9

5
 

  F − 32 = 90 

  F =  90 + 32  

       F = 122 

 122F

r = 1 cm = 1  10−2 m 

 =  

  =  

  = 50C = 50 K 

 

V2 = 4.1993 cm3 = 4.1993  10−6 m3 

 

A2 = 12.5874 cm2 = 12.5874  10−4 m2 

 

  A1 = 4r2 = 4  3.1416  (1  10−2m)2  

  = 12.5664  10-4 m2 

 

A = 12.5874  10−4 m2 − 12.5664  10−4 m2 

  = 2.1  10−6 m2 

 V1 = 
4

3
 r3 

  = 
4

3
  3.1416  (1  10−2 m)3 

  = 4.1888  10−6 m3 

 V = (4.1993  10−6 − 4.1888  10−6)m3 

    = 1.05  10−8 m3 

  = 
A

A1  
 

   = 
2.1  10−6 m2

12.5664  10−4 m2  50 K
 

   = 33.4  10−6K-1 

   = 
V

V1  
 = 

1.05  10−8

4.1888  10−6 m3  50 K
 

   = 50.1  10−6 K−1 

 



 = 

33.4  10-6 K−1

50.1  10−6 K−1 = 
2

3
 

   3  = 2 

 



40 m 30 m

30C

2 m2

2%





  20bs cª‡kœi DËi   

0C

= 40 m 

 = 30 m 

  A0 = 40 m  30 m 

  = 120 m2 

  A = 2 m2 

  = 30C = 30 K 

  = ? 

 

 = 
A

A0
 

  = 
2 m2

1200 m2  30 K
 

  = 5.56  10−5 K−1 

 = 


2
 

  = 
5.56  10−5 K−1

2
 

  = 2.78  10−5 K−1 

 2.78  10−5 K−1

 = 2.78  10−5 K−1 

 

 = 3 

   = 3  2.78  10−5 K−1 

 V0 = V 

  V = V 2% 

  V = 
V  2

100
 

   V = 
V

50
 

  = ? 

  = 
V

V0
 

   = 
V

V0
 = 

V

50

V  8.33  10-5 K-1 

   = 
1

50  8.33  10−5 K−1 

    = 240 K 

 2%

240 K



 38C

20

  21bs cª‡kœi DËi   

98.4F

C 

T 



 T 

 C = 38C 

F = ?

C

5
 

F − 32

9
 

 
38

5
 

F − 32

9
 

5F − 160 = 342 

 5F = 342 + 160 

 5F = 502 

 F 
502

5
 

  F = 100.4F 

 100.4 

20

 C = xC 



 F = (x  20)F 

 
C

5
 

F − 32

9
 

F = (x  + 20)F

 
x

5
 

x + 20 − 32

9

9x = 5x +100 −160 

F =(x − 20)F

 
C

5
 

F − 32

9
 

x

5
 

x − 20 − 32

9
 

x

5
 

x − 52

9

9x  5x − 260

4x = − 260 

x = 
−260

4
 





4x = − 60 

x = − 
60

4
 

 x = −15C 

F = (−15 + 20)F 5F 

 x = −65C 

F = (− 65 − 20)F

−85F

−15C 5F −65C −85F 

20 



400 m 

9.2 cm 

56.7  10−6 K−1 

11.5  10−6 K−1 

  22bs cª‡kœi DËi   

 


 

  
V2 −V1

V1(2 − 1)
 

  Vo = 1 m3 (2 − 1) = 1 K 

 (V2 − V1) 

 56.7  10−6K−1 1 

m3 1 K 

56.7  10−6m3 

l1 = 400 m

l2 − l1 = 9.2 cm 

 = 9.2  10−2 m 

 11.5  10−6K−1 

2 − 1 = ? 

 
l2 − l1

l1(2 − 1)
 

 l1 (2 − 1) = l2 − l1 

  (2 − 1) = 
l2 − l1

l1

  

  = 
9.2  10−2m

11.5  10−6K−1  400 m
 

  = 20K 

  = 20C

20C

20C 20C

9.2 cm 

9.2 cm 

45−50C 



(S), Jkg−1K−1 

1 230 

2 130 

3 400 

4 4200 

4200 J 

4

  23bs cª‡kœi DËi   

Jkg−1K−1





Q = 4200 J 

  m = 1 kg 

 S = 400 Jkg−1K−1 

 

Q = mS 

  = 
Q

mS
 

  = 
4200 J

1 kg  400 Jkg−1K−1 

  = 10.5 K = 10.5C 

  10.5C

4 4200 

Jkg−1K−1 

800 Jkg−1K−1 

1K

1K 1K

4 



 

50C 

500 g 

50C 

500 g 

50C 

500 g 

90C

4200J/kgK, 2350J/kg K 

1800 J/kgK

  24bs cª‡kœi DËi   

100C 

m = 500 g = 05 kg 

  = 90C − 50C = 40C = 40 K 

  S = 1800 Jkg-1K-1 

 Q = ? 

 S  = 
Q

m
 

  Q = mS 

   = 05 kg  1800 Jkg-1K-1  40 K 

   Q = 36000 J 

 36000 J

m = 500 g 

   = 05 kg 

   = 90C − 50C = 40C = 40 K 

  S = 4200 Jkg-1K-1 

  Q  = ? 

          S = 
Q

m
 

        Q  = mS 

   = 05 kg  4200 Jkg-1K-1  40 K 

          Q   = 84000 J 

 m = 500 g = 05 kg 

   = 90 C − 50 C = 40C = 40 K 

  Q = ? 

 S = 
Q

m
 

  Q = mS 

   = 05 kg  2250 Jkg-1K-1  40 K 

   = 47000 J 

  

36000 J 

 

500 g 50C 90C 47000 J

500 g 50C 90C

36000 J

(47000 J + 

36000 J) = 83000 J

500 g 50C 90C

84000 J







 

4200 

Jkg−1K−1  0C  500 gm

 3.36  10
5 

Jkg−1

100C

  25bs cª‡kœi DËi   

3.36  10
5 

Jkg−1 0C

1 kg 0C 3.36  

10
5
J 

0C 500 gm 100C-

2 − 1 =100C − 0C =100C = 100 K 

 S = 4200 Jkg−1K−1 

m = 500 gm = 0.5 kg 

  Q = ? 

Q = mS (2 − 1)

  = 0.5 kg  4200 Jkg−1K−1  100 K 

  = 210000J 

 210000 J  

0C 500gm 

0C 500 gm 

100C 

X Y 

B 0C BC 

CD 

100C 

CD 

100C

 



20C 100 m 

1000232 m 34C 

394 cm 

11  10−6 K−1 

394 cm 

  26bs cª‡kœi DËi   

1m 1K

11  10−6 K−1 1m

1K 11 

 10−6 m 

l0 = 100 m 

l1 = 1000232 m 

 l = (1000232 − 100) m 

  = 00232 m 

   = 20C = 20K 





 


l

l0

0.0232 m

100 m  20 K
 

  = 116  10−6 K−1 

 116  10−6 K−1 

l0 = 100 m 

  34 C = 34 K 

  116  10−6 K−1 

l


l

 l0

116  10−6 K−1 = 
l

100 m  34 K

 l = 116  10−6 K−1  100 m  34 K 

 l = 00394 m 

   l = 394 cm

394 cm

394 m  2 = 788 cm 

394 cm



30 C 1 m 

(m) 0000561 0000510 0000348 

1.6 

  27bs cª‡kœi DËi   

1 kg 1 K 

S 

C, Q, 

 m 

S = 
C

m
 = 

1

m
  



Q


  [ C = 

Q


 ]  

  = 
Q

m
  

l = 1 m 

   = 30C = 30 K

  l = 0000510 m 

    

  = 
l

l
  

    = 
0000510 m

1 m  30 K
  

   = 17  10−6 K−1 

 17  10−6 K−1  

l1 = 0000561 m l3 = 0000348 m 

 l1 = l3 = 1 m 

  = 30C = 30 K 

 1 3 

1 = 
l1

l1
  = 

0000561 m

1 m  30 K
  

  = 187  10−6 K−1 

 3  = 
l3

l3
 

  = 
0.000348 m

1 m  30 K
 

  = 11·6  10−6 K−1 

 
1

3
  = 

187  10−6 K−1

116  10−6
 K−1  

  
1

3
 16 

   1 = 16 3 

 16 



30C 500 cm3 850 g 120C 

0035 cm3 

140 Jkg−1K−1 896 Jkg−1K−1

1300 kgm−3 145  10−8K−1
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1 K 

1 = 30C = (30 + 273)K = 303 K 

 V0 = 500 cm3 = 500  10−6m3 

 V = 0035 cm3 = 35  10−8m3 

  = 145  10−8K−1 

 

 

  =  
V

V0
  

          = 
V

V0r
  

   =  
35  10−8 m3

500  10−6 m3  145  10−6 K−1  = 48·3 K 

   = (303 + 483) K 

     = 351·.3 K  

     = (351·3 – 273) C 

     = 78·3 C 

 = 13600 kgm−3 

 V = 500 cm3 = 500  10−6m3 

 S1 = 140 Jkg−1 K−1 

 m2 = 850 g = 0·85 kg 

 S2 = 896 Jkg−1K−1 

  

 = 78C 

 = (78·3 – 30)C = 48·3C = 48·3 K 

 = (120 – 78·3)C = 41·7C = 41·7 K 

 m = V = 13600 kgm−3  500  10−6m3 = 68 kg 

 Q1 

Q1 = m1S1  = 68 kg  140 Jkg−1K−1  48·3 K = 459816 J 

 Q2 

Q2 = m2S2 = 0·85 kg  896 Jkg−1K−1  41·7 K = 3175872 J 

  Q1  Q2  

 



2000 m 10C 

696 cm 

40C 

3.48  10−6 K−1 

  29bs cª‡kœi DËi   

l1 = 2000 m 

  l = 696 cm = 696  10−2 m 

   = (40 – 10)C = 30C = 30 K 

   = ? 

 = 
l

l1
  

   = 
696  10−2 m

2000 m  30 K
  

   = 116  10−6K−1 

 116  10−6 K−1  

  = 3.48  10−6 K¯1 





   = 


3
  

  = 
3.48  10−6

3
  K−1 

  = 1.16  10−6 K−1 

  = 30 K 

 l1 = 2000 m 

 l = ?

 = 
l

l1
 

 l = l1 

   = 1.16  10−6 K−1  2000 m  30 K 

   = 00696 m = 6.96 cm 

 l = 696 cm  

 

 



30 m 3001 m 

30C

167  10−6 K−1

4C 

  30bs cª‡kœi DËi   

[ML2T−2 K−1]

100C 78C

C = 30C 

  F = ? 

  K = ? 

C

5
 = 

F – 32

9
 

  5 (F – 32) = 9  C 

  F – 32 = 
9  C

5
 

  F = 
9  C

5
 + 32 

  = 
9  30

 5
 + 32  

  = 
270

5
 + 32  

  = 54 + 32 = 86 

   F = 86 

C

5
 = 

K – 273

5
 

  C = K − 273 

  K = C + 273 = 30 + 273 = 303 

   K = 303 

 86F 

303 K 

l1 = 3001 m 

 1 = 30C 

 2 = 4C 

   = 1 − 2 = (30 – 4)C = 26C = 26 K 

  = 167  10−6 K−1 

 l = ? 

 

  = 
l

l1
 

  l = l1 

    = 167  10−6 K−1  3001 m  26 K 

    = 001303 m 

 = (3001 − 001303) m 

      = 29997 m  

 30 m 



25C 4 cm 

65C 640032064 cm3 

100 g 20C 

200 g 2927C 

400 Jkg−1 K−1 8920 kgm−3





SI 

  31bs cª‡kœi DËi   

SI 
1

27316
 

1 (K) 

V1 = 43 cm3 =  64 cm3 = 64  10−6 m3 

V2 = 640032064 cm3 

   = 640032064  10−6 m3 

 V  = (640032064  10−6 − 64  10−6) m3 

   = 32064  10−9 m3 

    = (65 – 25)C = 40C = 40 K 

 = ? 

 

    = 
V

V1
 

   = 
32064  10−9 m3

64  10−6 m3  40 K
 

   = 12525  10−6 K−1 

   = 
2

3
  

    = 
2

3
  12525  10−6 K−1 

    = 835  10−7 K−1 

 835  10−7 K−1

V = 64  10−6 m3 

   = 8920 kgm−3 

  m1  = V 

   = 8920 kgm−3  64  10−6 m3 

   = 057088 kg 

 1 = (65 − 29.27)C = 35.73C = 35.73 K 

 m2 = 100 g = 01 kg 

 S1 = S2 = 400 Jkg−1 K−1 

 m3 = 200 g = 02 kg 

 S3 = 4200 Jkg−1 K−1 

 2 = 3 

   = (2927 – 20)C 

   = 927C = 927 K 

  

Q = m1S11 

   = 057088 kg  400 Jkg−1K−1  3573 K 

   = 8159017 J 

 

Q2 = m2S22 

   = 01 kg  400 Jkg−1 K−1  927 K 

   = 3708 J 

 

Q3 = m3S33 

   = 02 kg  4200 Jkg−1 K−1  927 K 

   = 77868 J 

  = Q2 + Q3 = 3708 J + 77868 J = 81576 J  

 





 

A B 4200 Jkg−1 K−1 800 

Jkg−1K−1

A B 

30C 

  32bs cª‡kœi DËi   

0C 0C 





0C 

A 1 = 40C  

 B 2 = 65C 

  C = 2 − 1 

            = 65C − 40C = 25C 

 

C

5
 = 

F − 32

9
 

 (F – 22)  5 = C  9 

 F – 32 = 
C  9

5
  

 F = 
C  9

5
  + 32 = 

25  9

5
 + 32 = 45 + 32 = 77 

  F = 77 

 77F

A −

m1 = 50 g = 005 kg 

 S1 = 4200 Jkg−1 K−1 

  = 30C = 30 K 

 Q1 = ? 

  Q1 = m1S1  = 005 kg  4200 Jkg−1K−1  30 K 

   Q1 = 6300 J 

 B −

m2 = 60 g = 006 kg 

S2 = 800 Jkg−1 K−1

 = 30C = 30 K 

Q2 = ? 

 

Q2 = m2S2 = 006 kg  800 Jkg−1K−1  30 K 

  Q2 = 1440 J 

 Q1 > Q2 

 A 



5°C 100 m

60°C

348  

10-6 K-1

  33bs cª‡kœi DËi   

1K

1kg 1K

C = 60°C

K = ?

F = ?

C

5
 = 

F − 32

9

60

5
 = 

F − 32

9
 

   F − 32 = 12  9 

     F = 140 

   
C

5
 = 

K − 273

5
 

   
60

5
 = 

K − 273

5
 

   K − 273 = 12  5 

   K = 333 

140°F

333 K  

d1 = 100 m

 = 60°C = 60 K

 = 348  10-6 K-1

  = 


3
  

            = 
34.8  10-6

3
 K-1  

  =11610-6 K-1 

   l

  = 
l

l1 
 

   l  = l1 

       = 116  10-6 K-1  100 m  60 K 

       = 00696 m  

   

00696 m







6 m 4 m

70C 24.5 m2 40C

3%

  34bs cª‡kœi DËi   

1m 1K

= 6 m, = 4 m 

  A1 = 6 m  4 m = 24 m2 

  = (70 − 40)C = 30C = 30 K 

 A2 = 24.5 m2 

  = ? 

  = 
A2 − A1

A1
 = 

24.5 m2 − 24 m2

24 m2  30 K
 

  = 69.44  10−5 K−1 

 69.44  10−5K−1

 = 69.44  10−5 K−1 

  = 
2

3
  69.44  10−5 K−1 

   = 46.3  10−5 K−1 

 V1

V = V 3% = 
3V

100
 

  

 = 
V

V
 

  = 
V

V
 = 

3V

100

V  46.3  10−5 K−1 

   = 64.8 K = 64.8C 

  = (64.8 − 40)C = 24.8C



0C 100 cm2 100C

100.22 cm2

10 cm

  35bs cª‡kœi DËi   

4.2

A0 = 100 cm2 = 100  10−4 m2 

 A1 = 100.22 cm2 = 100.22  10-4 m2 

 A = (100.22  10−4 − 100  10−4) m2 

  = 0.22  10−4 m2 

 1 = 0C 

 2 = 100C 

  = 2 − 1 = (100 − 0)C = 100C = 100 K 

  = ? 

  = 
A

A0A
 

  = 
0.22  10−4 m2

100  10−4 m2  100 K
 

    = 22  10−6 K−1 

 22  10−6 K−1

A0 = 100 cm2 

  h0 = 10 cm 

  V0 = A0h0 

   = 100 cm2  10 cm 

   = 1000 cm3 

   = 1  10-3 m3 

  = (100 − 0)C = 100 K 

 V1 = ? 

 V = V1 − V0 

  = 22  10−6K−1 

2 = 3 

  = 
3  22  10−6 K−1

2
 

   = 33  10−6 K−1 





  = 
V

V0
 

 V0 = V 

 V0 = V1 − V0 

 V1 = V0 + V0 

 V1 = V0 (1 + ) 

 V1 = 1  10−3 m3 (1 + 33  10−6 K−1  100 K) 

 V1 = 1.0033  10−3 m3 

  V1 = 1003.3 cm3 

 10 cm

1003.3 cm3



400 g

30 C 300 g 0 C

0 C

  36bs cª‡kœi DËi   

mw = 300 g = 0.3 kg 

 Sw = 4200 Jkg-1K−1 

 mc = 400 g = 0.4 kg 

 Sc =400 Jkg−1K−1 

 30C 

 0C 

 l = 336000 Jkg−1 

 

Qw = 03 kg  4200 kg−1K−1  (30 − 0) K 

  = 37800 J 

 

Qc = 0.4 kg  400 Jkg−1K−1  (30 − 0) K 

  = 4800 J 

 ml ml = 
Qw + Qc

 l 

 
 

  ml = 
Qw + Qc

 l 

 = 
37800 J + 4800 J

336000 Jkg−1  

   = 0.127 kg 

  0.127 kg 

m = (03 + 0127)kg = 0427 kg 

 0C 100C 

 Q1 = 0.427 kg  4200 Jkg−1K−1  100 K 

  = 179340 J 

 100C 

Q2 = 0427 kg  2268000 Jkg−1 

  = 968436 J 

  Q = Q1+ Q2  

  = (179340 + 968436) J  

  = 1147776 J  

 1147776 J 

 



0C 100 cm2 100C

10022 cm2

10 cm

  37bs cª‡kœi DËi   

A0 = 100 cm2 = 100  10-4 m2 

 A1 = 10022 cm2 = 10022  10-4m2 

  A = (10022  10-4 − 100  10-4) m2 

  = 022  10-4 m2 

 1  = 0C 

 2  = 100C 

   = 2 − 2 = (100 − 0) C 

  = 100C = 100 K 

   = ? 

  = 
A

A0
 





          = 
022  10-4 m2

100  10-4m2  100 K
 

                  = 22  10-6 K-1 

 22  10-6 K-1

A0 = 10 cm2 

  = 10 cm 

 

V0 = 100 cm2  10 cm 

   V0 = 1000 cm3 

   V0 = 1  10-3m3 

        = (100 − 0) C = 100C = 100 K 

 V1 

  V = V1 − V0 

 

 = 22  10-6 K-1 

 

2  = 3 

   = 
3

2
 

   = 
3  22  10-6 K-1

2
 

    = 33  10-6 K-1 

  = 
V

V0
 

  V0 = V 

  V0 = V1 − V0 

  V1 = V0 + V0 

  V1 = V0 (1 + ) 

 V1 = 1  10-3 m3 (1 + 33  10-6 K-1  100 K) 

  V1 = 10033  10-3 m3 

   V1 = 10033 cm3 

 10 cm

10033 cm3



4C 2 kg 50C 05 kg 

4200 Jkg−1 K−1 400 

Jkg−1 K−1

230 Jkg−1 K−1 

  38bs cª‡kœi DËi   

230 Jkg−1 K−1 

i. 1 kg 1 K 230 J 

ii. 1 kg 230 J

C = 50C 

 F = ? 

 
C

5
 = 

F – 32

9
  

   
50

5
  = 

F − 32

9
  

   10 = 
F − 32

9
  

   F – 32 = 90 

     F = 122 

 122F

mw = 2 kg 

  Sw = 4200 Jkg−1K−1 

  mc = 05 kg 

  Sc = 400 Jkg−1 K−1 

 

C 

Qw = mwSw ( – 4) J  

  QcMcSc (50 − 4) J

Qw = Qc  

  mwSw ( – 4) = mcSc (50 – ) 

   2 kg  4200 Jkg−1K−1  ( – 4) K = 05 kg 

             400 Jkg−1K−1  (50 – ) K 

  8400 JK−1  ( – 4) K = 200 JK−1  (50 – ) K 

  (50 – ) = 42 ( – 4) 

  50 –  = 42 – 168 

  43 = 218 

    = 507C 

 507C  



30C 500 m 25 cm  





50C 

  39bs cª‡kœi DËi   

 

 = 30C = 30 K 

  l1 = 500 m 

  l = 25 cm = 025 m 

   = ? 

 

  = 
l

l1
  

   = 
025 m

500 m  30 K
  

   = 167  10−5 K−1 

 167  10−5 K−1

 = 50C = 50 K 

  l1 = 500 m 

   = 167  10−5 K−1 

  l = ? 

l = l1 

   = 167  10−5 K−1  500 m  50 K 

   = 04175 m = 4175 cm 

 

4175 cm 



100 m 

2 cm 

10C 116  10−6 

K−1

20C 

 

  40bs cª‡kœi DËi   

1 K 

 

 

l0 = 100 m 

  = 116  10−6 K−1 

  = 10C = 10 K 

 l = l0  

  = 116  10−6 K−1  100 m  10 K 

  = 00116 m 

 00116 m

l0 = 100 m 

   = 11 6  10−6 K−1 

   = 20C = 20 K 

  l = ? 

l = l0  

   = 116  10−6 K−1  100 m  20 K 

   = 0023 m 

   = 23 cm 

 23 cm 

2 cm 



15 kg 





0 

-20 

20 

40 

60 

80 

100 

120 

140 
 

(
C

) 

⎯→

167  10−6 K−1 

  41bs cª‡kœi DËi   

167  10−6 K−1 

1 m 1 K 

167  10−6 m 

100C 140C 

m = 15 kg 

 S = 2000 Jkg−1 K−1 

  = (140 – 100)C = 40C = 40 K 

Q = ? 

 

Q = mS  

   = 15 kg  2000 Jkg−1 K−1  40 K 

   = 12  105 J 

 12  105 J

0C 0C 

100C 100C 

mi = 15 kg 

 Lf = 336000 Jkg−1 

 Q2 = miLf 

  = 15 kg  336000 Jkg−1 

  = 504  105 J 

 mw = 15 kg 

 = 2268000 Jkg−1  

  Q4 = 15 kg  2268000 Jkg−1 

  = 3402  105 J 

 Q2  Q4 

 

m„Rbkxj cÖkœe¨vsK 

 20C 100 m

100.0232 m 34C

3.94 cm

59.6  10−6K−1

3.94 

cm



150F 41F 
A B C 

C 





 30C 2 2 

4200 Jkg−1K−1 

3900 Jkg1K−1 917 kgm−3

30C 

0C 

 OC 1000 m3 100C

1003.3m3

 A 

B 

20C 

100cm 

100.033cm 

B 50C 

A 

1m3 1K 

 0C 20 gm 

 0C 500 cm3

4C 

4C

 30C 1

917 kg m−3

0C

 25C 30 cm

18  10−5 K−1.

50C

10 cm 50C

 2000

10C 696

40C

35 W m−1K−1

24  10−6 K−1

 100 m

2 cm

10C 116 

 106K−1

20C



50 cm3 50 cm3

25C 65C

51.06 cm3 

 000001K−1 5  10−5K−1







05kg 1950J

30K 100033m

317K

32m

 54bs cª‡kœi DËi 

0C 100C

100C

273 + 100)K = 373K 

371K 98 C

371K  

m = 05kg 

  Q = 1950J 

   = 30K 

  S = ?  

 

Q = mS

S = 
Q

m
  

  = 
1950J

05kg 30K
  

   S = 130Jkg−1K−1 

 130Jkg−1K−1

 = 30K 

  l2 = 100033 m 

 

130Jkg−1K−1

  = 276  10−6K−1 

 = 
l2 − l1

l1
  

 276 10−6K−1 = 
100033m − l1

l1  30K
  

 278  10−6K−1  l1
  30K = 100033m – l1 

 828  10−4  l1 = 100.033m −l1 

 828  10−4  l1 + l1
 = 100.033m 

 l1 (828  10−4 + 1) = 100033m 

 l1  1000828 = 100033m 

 l2 = 
100033m

1000828
  

  l1 = 100m 

 l1 =100m

2r 

  2r = 100m  

 r = 
100m

2
  

  r = 16m 

 

V1 = 
4

3
 r3 

  = 
4

3
   (16m)3 

  = 17157m3 

 32m

V2 = (32m)3  

  = 32768m3  

 V2 > V1 

32m 



21 kg 001 cm 

20 cm 6

501  10−6 

K−1 400 J kg−1 k−1

lmm

  55bs cª‡kœi DËi  

0C





VC = 001 cm 

 M = 20 cm 

 V = 6 

 d 

 V = ? 

 d = M + V  VC 

  = 20 cm + 6  001 cm 

  = 20 cm + 006 cm 

  = 2006 cm 

 

V = 
1

6
  d3 

  = 
1

6
   31416  (2006 cm)3 

  = 422661 cm3 

  = 423  10−3 cm3 

 423  10−3 m3 

m = 21 kg 

 1mm 

  d = 2  1mm 

  = 2mm 

  = 2  10−3 m 

  V = 
1

6
  d3 

  = 
1

6
  31416  (2  10−3m)3 

  = 419  10−9m3 

  = 501  10−6 k−1 

 S = 400 Jkg−1k−1 

 V = 423  10−3m3 

 = ? 

 V = V 

   = 
V

 V
  

  = 
419  10−9 m3

501  10−6K−1  423  10−3 m3  

  = 002 K 

 002 K 

Q = mS 

  = 21 kg  400 Jkg−1K−1  002 K 

  = 288 J 

 1mm 288 J



36 kg 001 cm 

20 cm 8

501  10−6 

K−1 400 Jkg−1K−1

1 mm 

  56bs cª‡kœi DËi   

VC  = 001 cm 

  M  = 20 cm 

  V  = 8 

  d  = ? 

  V = ? 

 

d = M + V  VC 

   = 20 cm + 8  001 cm 

   = 20 cm + 008 cm 

   = 2008 cm 

V = 
1

6
 d3 

   = 
1

6
   31416  (2008 cm)3 

   = 423927 cm3 

   = 424  10−3 m3 

 424  10−3 m3

m = 36 kg 

  r = 1 mm 





  d = 2r = 2  10−3 m 

  V  = 
1

6
 d3 

   = 
1

6
  31416  (2  10−3 m)3 

   = 419  10−9 m3 

  = 501  10−6 K−1 

 S = 400 Jkg−1 K−1 

 V = 424  10−3 m3 

   = ? 

 

V  = V 

    = 
V

V
  

    = 
419  10−9 m3

501  10−6 K−1  424  10−3 m3  

    = 002 K 

 002 K  

   Q = mS 

    = 36 kg  400 Jkg−1 K−1  002 K 

    = 288 J 

 1 mm 288 J 

Abykxj‡bi Rb¨ `ÿZv Í̄‡ii cÖkœ I DËi 

 Ávbg~jK cÖkœ I DËi  

0 100 

100 

32 212

180 

273 K

1

273.16
 

 
C

5
 = 

F − 32

9
 = 

K − 273

5

1C 

1C 

1 cal = 4.2 J

 Abyavebg~jK cÖkœ I DËi  

-





18000 JK−1-

18000 JK−1-

1 K 18000 J 

18000 JK−1

22  10−6K−1

1 m2 1 K 

22  10−6 K−1 1 m2 

1 K 22  10−6 m2

273 K

273 K 273 K

J

 1 

cal = 4.2 J 1 cal 4.2 J 4.2 J 

1 cal 

400 Jkg−1K−1  

400 Jkg−1K−1 

1 kg 1 K 400 J

1 kg 400 JK−1

50.1  10−6 K−1

1 m3 1 K 

50.1  10−6 K−1 1 m3 

1K 50.1  10−6m3

−



 
V2 − V1

V1 (2 − 1)
 

V1 1 m3 2 − 

1 1K  V2 − V1 = 

1m3 1K 

(SI) (K)

(C) 

(F)

MvwYwZK mgm¨v I mgvavb 





  = 
l2 − l1

l1(2 − 1)
 

l2 − l1 =

 l 1 =

2 − 1 =

  = 
A2 − A1

A1(2 − 1)
 

A2 − A1 =

A1 =

2 − 1 =

  = 
V2 − V1

V1(2 − 1)
 

V2 − V1 =

2 − 1 =

 r = a + g a =

 g =


C

5
 = 

F − 32

9
 = 

K − 273

5
 

C =

F =

K =

  l =  l 0  l =

  =

l 0 =

 =

 Vr = Va + Vg  A = 

  = 

A0 =  

  A = A0  Vr =

Va = 

Vg =

 C = 
Q

 
 

Q =

 =

C = 

 S = 
Q

 m
 

m =

S =

  V = V0 V =

 =

V0 =

 r = 
V

V0
 

 Vr =

r 

 a = 
Va

V0
 

Va =

a =

  = 2  3  =

 =



984 F

F = 984 F

C = ?

C

5
 = 

F − 32

9

C

5
 = 

984 − 32

9
 





    C  = 3689 

3689C

20C

100 m  50 C 100033 m 

l1 = 100 m 

l2 = 100033 m 

1 = 20C 

2 = 50C 

  2 − 1  

   = 50C − 20C 

   = 30C  

   = 30K 

  l2 − l 1 = 0033m 

   = ? 

 = 
l2 − l1

l1(2 − 1)
 

  = 
0033m

100 m  30K
 

  = 11  10−6 K−1 

 11  10−6 K−1 

x

x = ? 

F − 32

180
 = 

K − 273

100
 

x − 32

9
 = 

x − 273

5
 

 9x − 9  273 = 5x − 32  5 

 9x − 5x = 9  273 − 32  5 

 4x = 2457 − 160 

   x = 
2297

4
 = 57425 

 57425 

 

−39C

357C

x

y

= − 39C 

 = 357C 

x = ? 

  y = ? 

C

5
 = 

F − 32

9
 

−39

5
 − 

x − 32

9
 

  5x – 32  5 = − 39  9 

  5x = 160 − 351 

   x = − 382 

 
C

5
 = 

F − 32

9
 

   
357

5
 = 

y − 32

9
 

   5y − 32  5 = 357  9 

   5y = 160 + 3213 

   y = 6746 

 –382F 6746F  

 

50  

x

 x  50 

C

5
 = 

F − 32

9
 

x

5
 = 

x + 50 − 32

9
      x + 50] 

x

5
 = 

x + 18

9
 

9x = 5x + 90 

4x = 90 

   x = 
90

4
 = 225 

  225C 725F 

x

5
 = 

x − 50 − 32

9
   [  x − 50] 

  9x = 5x − 410 

  4x = − 410 

   x = − 1025 

  1025C 1525F 

 225C 725F −1025C − 1525C   

37C

C = 37C 

F = ? 

C

5
 = 

F − 32

9
 





  F = 
9C + 32  5

5
 

  = 
9  37 + 32  5

5
 

  = 986 

 986F   

= x 

  2x 

 
C

5
 = 

F − 32

9
 

  
x

5
 = 

2x − 32

9

  10x − 160 = 9x 

  10x − 9x = 160 

   x = 160 

 160C  

196C 

 C = − 196C

F = ? 

K = ? 

C

5
 = 

F − 32

9
 = 

K − 273

5
 

 
C

5
 = 

F − 32

9
 

  
− 196

5
 = 

F − 32

9
 

   5F − 32  5 = a − 196  9 

   5F = − 1764 + 160 

   5F = − 1604  

   F = − 3208 

 
C

5
 = 

K − 273

5
 

  
− 196

5
 = 

K − 273

5
 

  − 196 = K − 273  

   K = 77 

 −3204F 77 K  

 

0C 2 m

100C 20038 cm 

 = 1 − 2 

  = (100 − 0) C 

  = 100 C 

  = 100 K  

l0 = 2 m 

 l = (20038 − 200) cm 

  = 038 cm 

  = 038  10−2m 

 = ? 

 l = al0 

   = 
l

l0
 

  = 
038  10−2m

2m  100k
 

  = 19  10−6K−1 

 19  10−6K−1  

 

0C 100 cm 

200C 

 238  10−6K−1 

 = (200 − 0) C 

   = 200C 

   = 200 K 

   l0 = 100 cm = 1m 

    = 238  10−6K−1 

    l = ? 

 = 
l

l0
 

   l =   l0   

  = 238  10−6K−1  1m  200 K 

  = 000476 m 

  = 0476 cm 

 0476 cm  

0C 50 m

40 m . 30C 2002 

m2

 (30 − 0)C 

    = 30C = 30 K 

  A0 = 50 m  40 m = 2000 m2 

   A = 2002 m2 − 2000 m2 = 2 m2 

    = ? 

 

   = 
A

A0
  





      = 
2m2

2000 m2  30 K
 

     = 3333  10−6 K−1

 3333  10−6 K−1

40C 100 m

348  10−6K−1

 = 40C = 40 K 

  l0 = 100 m  

    = 348  10−6 K−1 

   l = ? 

 




3

348  10−6

3 K−1 

  = 116  10−6 K−1 

 
l

l0
 

  l =   l0   

  = 116  10−6 K−1  100m  40 K = 00464 m

00464 m

0C 25  

10−6m3 98C 0021  10−6m3

  (98 − 0)C 

  = 98C = 98 K 

 V0 = 25  10−6 m3 

 V = 0021  10−6 m3 

 (i) 

(ii) 

(iii) 

 (i) 

 


V

V0
 

  = 
0021  10−6m3

25  10−6m3  98K
 = 857  10−6 K−1  

 (ii) 

 

 3 

   = 


3
 

         = 
857  10−6

3
 K−1 

         = 286  10−6 K−1 

 (iii) 

 

 2 

  = 2  286  10−6 K−1 = 572  10−6 K−1

 857  

10−6 K−1, 572  10−6 K−1, 286  10−6 K−1  

0C 25 

cm3 100C (

276  10−6 K−1.)

 = (100 − 0)C 

  = 100C = 100K

V0 = 25 cm3

 = 276  10−6 K−1 

100C V2 = ?

 


V

V0
 

  V =   V0  

= 3  V0     3

3  276  10−6 K−1  25 cm3  100K 

  = 0207 cm3 

 V = V2 − V0 

 V2 = V + V0 

  = 0207 cm3 + 25 cm3 

  = 25207 cm3 

100C 25207 cm3

53  10−5K−1 0C

200 cm3 30C

 = (30 − 0)C 

  = 30C = 30 K 

  V0 = 200 cm3 

r = 53  10−5K−1 

 V = ? 

 

r
V

V0
 

  V = r  V0   

  = 53  10−5K−1  200 cm3  30K 

  = 318 cm3 

  30C 318 cm3  

 





1466  10−5 K−1  0C  250 cm3 

30C  

 = (30 − 0)C 

   = 30C 

   = 30 K 

  V0 = 250 cm3 

a = 1466  10−5K−1 

  Va = ? 

a = 
Va

V0

Va = a  V0   

  = 1466  10−5K−1  250cm3  30K 

  = 10995 cm3 

 30C 1995 

cm3  

0C  500 cm3

 10C 5183 cm3 

 

 = (10 − 0)C 

  = 10C = 10K 

 V0 = 500 cm3 

V2 = 5183 cm3 

 V = 5183 cm3 − 500 cm3 = 183 cm3 




V

V0  
 = 

183 cm3

500 cm3  10K
 

   = 000366 K−1 

  366  10−3 K−1  

 

20C  200m 

348  10−6 K−1  

 = 20C = 20 K 

l0 = 200 m 

 = 348  10−6 K−1 

l = ? 





3

348  10−6

3 K−1 

  = 116  10−6 K−1 

  = 
l

 l0  
  

  l =   l0   

  = 116  10−6 K−1  200m  20 K 

  = 00464 m 

00464 m  
 

0C  100m  

40C 232  10−6 

K−1  

 = (40 − 0)C = 40 K 

 l0 = 100 m 

  = 232  10−6 K−1 

 l = ? 

 = 


2 = 
232  10−6 K−1

2
 

  = 116  10−6 K−1 

  = 
l

 l0  
 

    l =   l0   

   = 116  10−6 K−1  100 m  40 K 

   = 00464 m 

 00464 m  

−273C  

273

0C = 273 K 

  1C = (1 + 273)K 

   − 273C = (− 273 + 273) K = 0 K 

  − 273C 0 K


