
lô Aa¨vq 
e ‘̄i Dci Zv‡ci cÖfve 

¸iæZ¡c~Y© m„Rbkxj cÖkœ I mgvavb


30 m 30.001 m

30C 16.7  10−6 K−1

4C 

  1bs cª‡kœi DËi   

C 30C

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 

  86F

l1 = 30.001 m 

 l2 = ? 

  1 = 30C 

  2 = 4C 

  1 – 2 30C − 4C) = 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





95F 30C 

400 J 

kg−1K−1

10F

 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 = 175 

  K = 175 + 273 

   K = 27475 

 27475K

C = 30C 

 

C

5
 = 

F −32

9
  

  
30

5
  = 

F − 32

9
  

  6 = 
F − 32

9
  

  F −32 = 54 

  F = 54 + 32 

   F = 86 

 10F 86 F 

+ 10 F = 96 F 95 F  

 



200m 4 

10C 115  10−6K−1.  

  



15C 

 3bs cª‡kœi DËi  

lo = 200 m 

 = 115  10−6K−1 

   = 10C = 10K 

  l  = ? 

 

l = lo 

   = 115  10−6K−1  200 m  10 K 

   = 0023 m 

 0023 m 

lo = 200 m 

 = 115  10−6K−1 



   = 15C = 15K 

  l = ? 

 

l = lo 

   = 115  10−6K−1  200 m  15K 

   = 00345 m 

   = 345 cm 

 345 cm 4 cm 



36.89C 100m 66.89C 

100.033m 

36.89C 

 4bs cª‡kœi DËi 



C = 3689C 

  F = ? 

 
C

5
  = 

F − 32

9
  

  
3689

5
 = 

A − 32

9
  

  5(A − 32) = 3689  9 

  A − 32 = 
3689  9

5
 

  F − 32 = 664 

  F = 664 + 32 

   F = 984 F 

 984F 

l0 = 100 m 

  l1 = 100033 m 

  l = l1 − l0
 = 10033 m – 100 m 

  = 0033 m 

  = 66.89C − 3689C 

  = 30C 

  = 30K 

  = ? 

  = 
l

l0
  

  = 
0033 m

100 m  30 K
  

  = 11  10−5K−1 

  = 11  10−6K−1 

 11  10−6K−1 



2 m 10C 

116  10−6 K−1 167  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 = 10C 

  F = ? 

 

C

5
 = 

F − 32

9
 

 
10

5
 = 

F − 32

9
 

 F − 32 = 18 

 F = 32 + 18 

  F = 50F 

 50F

l1 = 2m 

     = 10C = 10 K 

  1 = 116  10−6 K−1 



  2 = 167  10−6 K−1

  l2 = 2m 

  = l1 

  = l2 

 

1 = 
l1

l1
 

l1 = 1l1 

116  10−6 K−1  2 m  10 K 

   l1 = 232  10−4 m 

 

2 = 
l2

l2

l2 = 2l2 

167  10−6 K−1  2 m  10 K 

   l2 = 334  10−4 m 

l2 = l1

(334  10–

4 – 2.32  10–4) m 

 102  10–4 m



A, B, C A 5 kg C 10kg

(20C) 1MJ A C

B A C 

B

B



B

  6bs cª‡kœi DËi   

J

A C B 20C

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  

   = 36.63C 

 20C B

20C + 36.63C = 56.63C 

   56.63C



A 5 kg C 8 kg 1MJ = 10
6
J

A ∆A

Q

mAS
  

[S = 

            
10

6 J

5kg  4200 Jkg−1K−1 

  = 47.6C  

 C

∆c 

Q

mcS
  

  = 
10

6 
J

8 kg  4200 Jkg
−1

K
−1 = 29.76C 

 20C

A

20C + 47. 6C = 67. 6C  

 C = 20C + 29. 76C 

  = 49.76C 

 49.76C 67.6C A

A C

B



2C

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 

 104F

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+1110−6 
K−169.3 K

 

  = 199.85 m 

 200m

l2 − l1 

  = 200m − 199.85m 

  = 0.15 m 

  = 15 cm 

 15 cm 

 



100C

4200 Jkg
−1

K
−1

0C 200 gm 

100C



  8bs cª‡kœi DËi   

1kg 1K

S

 C Q ∆ m

S = 
C

m
 = 

1

m
 








Q

∆
 = 

Q

m∆
 

 Jkg−1k−1

2 − 1 = 100C − 0C = 100C = 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

 ∆

2C 101C 

 

C

100
 = 

F − 32

180
 

 F − 32 = 
180

100
 C 

  F = 
9

5
 C + 32 

   =
9

5
  (−2) + 32 



    = −3.6 + 32 

    = 28.4F 



 =
9

5
 (101) + 32 

   = 213.8F 

 (213.8 − 

28.4) F 

  = 185.4F

−4C 

103C 104C

 

(t) 



50C 400 g

100C 

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 = 01 kg 

 50 g = 005 kg 

 (30 − 20) C = 10C = 10 K 

 = 30 g = 03 kg 

 (30 − 20) C = 10C = 10K 

 400 Jkg−1K−1 

 4200 Jkg−1K−1 

 S = ? 

 

 

 Q1  = 01kg  S  90 K 

 Q2 = 005 kg 400 Jkg−1K−1  10 K 

  = 200 J 

 Q3  = 03 kg 4200 Jkg−1K−1 10 K 



   = 12600 J 

 

Q1 = Q2 + Q3 

  01 kg  S  90 K = 200 J + 12600 J 

  9 kgK  S = 12800 J 

   S = 142222 Jkg−1K−1 

 142222 Jkg−1K−1

100 g = 01 kg 

  = 120 C 

 C

120 −  C = (120 − ) K 

 400 Jkg−1K−1

  

Q1 = 01 kg 400 Jkg−1K−1  (120 − ) K 

 ( −20) C = ( − 20) K 

  Q2 = 005 kg  400J kg−1K−1  ( − 20) K 

 Q1 = Q2 + Q3 

 01  400  (120 − ) = {(03  4200  ( − 20)} +                            

{005  400  ( − 20)} 

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

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

   23C 

  < 30C 

 



0C 100 cm 200C



23.8  10−6K−1

  12bs cª‡kœi DËi   

98 F

 = 200C − 0C = 200C = 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



0C 1000 cm3 

100C 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

30C 16.7  10−6 K−1

4C



  14bs cª‡kœi DËi   

2000 Jkg−1 K−1

C = 30C 

 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 

 86F 

l1 30.01m 

  l2 

1 − 2 = 30C − 4C = 26C = 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

 



 −5C

0C

  15bs cª‡kœi DËi   



−5C

0C

0C

A 

B 

C 

D 

min

Y 

X 

100 

50 

−5

0
C

−5C A B 0C

0C B C 0C

100C 



0C

500 cm3 100C 

0.00366K−1



  16bs cª‡kœi DËi   

0 1m3 1K 

0C V0 = 500 cm3 

  = (100 – 0)C = 100C = 100 K 

 p = 0.00366 K−1

 V = ? 

V = V0 (1 + p) 

  = 500 cm3 (1 + 0.00366 K–1 100 K) 

  = 500 (1 + .366) cm3 

  = 683 cm3 

683 cm3  

0C 0C 

Po  P

P  Po  

 P = v Po .................. (i)  

 v 

v = 
P

Po
 = 


 ............ (ii) 



 Po = 1Pa  1K v = P 

0C 1Pa 1K 

(ii) -

 (K
−1

)



1 kg 50 cm 30 cm 20 cm

16.7  10-6 K-1 400 Jkg-1K-1

50C

20C

500 g (40C

  17bs cª‡kœi DËi   

1

27316
(1K) 

i. 

ii. 

iii. 

a = 50 cm = 05 m 

 b = 30 cm = 03 m 

 c = 20 cm = 02 m 



  V1 = a  b  c 

  = 05 m  03 m  02 m 

  = 003 m3 

  = 167  10-6 K-1 

   = 3 = 3  167  10-6 K-1 

  = 501  10-6 K-1 

  = 50 C = 50 K 

 V = ? 

 

   = 
V

V1
 

 V = V1 

  = 501  10-6 K-1  003 m3  50 K 

  = 7515  10-5m3 

 7515  10-5m3

mc = 1 kg 

 Sc = 400 Jkg-1K-1 

   = 20C = 20 K 

  20C

Q = mcSc 

  = 1 kg  400 Jkg-1K-1  20 K 

  = 8000 J 

 mw = 500 g = 05 kg 

  Sw = 4200 Jkg-1K-1 

  = ?

Q = mw Sw 

  = 
Q

mwSw
 

  = 
8000 J

05 kg  4200 Jkg-1K-1 

  = 381 K 



 381C



50 g 20C 120C 50 g

20C 015 kg

30C 900 Jkg-1K-1

1500 Jkg-1K-1

120C

  18bs cª‡kœi DËi   

1K

m = 50 g = 005 kg 

  S = 1500 Jkg-1K-1 

 1 = 20C 

  2 = 120C 

  = 2 − 1 = (120 − 20)C 

  = 100C = 100 K 

  Q = ? 



  

Q = mS  

  Q = 005 kg  1500 Jkg-1K-1  100 K 

   Q = 7500 J 

 120C 7500 J

m1  = 50 g = 005 kg 

S1 = 1500 Jkg-1K-1 

 120C 

 30C 

  1  = (120 − 30)C  

  = 90C  

  = 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 

 20C 

 30C 

 2  = (30 − 20)C 

= 10 C  

  = 10 K 

 

Q2 = m2S22 

 Q2 = 005 kg  900 Jkg-1K-1  10 K 

  Q2 = 450 J 

 m3  = 015 kg 



 S3  = 4200 Jkg-1K-1 

 = 20C 

  = 30C 

 3  = (30 − 20)C   

  = 10C   

  = 10K 

 

Q3 = m3S3 3 

 Q3 = 015 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 50C

4.1993 cm3 12.5874 cm2



  19bs cª‡kœi DËi   

C = 50C 

  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 

 122F

r = 1 cm = 1  10−2 m 

 =  

  =  

  = 50C = 50 K 

 

V2 = 4.1993 cm3 = 4.1993  10−6 m3 

 

A2 = 12.5874 cm2 = 12.5874  10−4 m2 

 

  A1 = 4r2 = 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

30C

2 m2

2%

  20bs cª‡kœi DËi   

0C

= 40 m 

 = 30 m 

  A0 = 40 m  30 m 

  = 120 m2 

  A = 2 m2 

  = 30C = 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



 38C

20

  21bs cª‡kœi DËi   

98.4F

C 

T 



 T 

 C = 38C 

F = ?

C

5
 

F − 32

9
 



 
38

5
 

F − 32

9
 

5F − 160 = 342 

 5F = 342 + 160 

 5F = 502 

 F 
502

5
 

  F = 100.4F 

 100.4 

20

 C = xC 



 F = (x  20)F 

 
C

5
 

F − 32

9
 

F = (x  + 

20)F

 
x

5
 

x + 20 − 32

9

9x = 5x +100 

−160 

4x = − 60 

x = − 
60

4
 

 x = −15C 

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
 

 x = −65C 

F = (− 65 − 

20)F

−85F



F = (−15 + 

20)F 5F 

−15C 5F −65C −85F 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 

  = 20C

20C

20C

20C

9.2 cm 

9.2 cm 

45−50C 





(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 = 10.5C 

  10.5C

4 4200 Jkg−1K−1 

800 Jkg−1K−1 1K

1K 1K

4 



 

50C 

500 g 

50C 

500 g 

50C 

500 g 

90C

4200J/kgK, 2350J/kg K 1800 J/kgK



  24bs cª‡kœi DËi   

100C 

m = 500 g = 05 kg 

  = 90C − 50C = 40C = 40 K 

  S = 1800 Jkg-1K-1 

 Q = ? 

 S  = 
Q

m
 

  Q = mS 

   = 05 kg  1800 Jkg-1K-1  40 K 

   Q = 36000 J 

 36000 J

m = 500 g 

   = 05 kg 

   = 90C − 50C = 40C = 40 K 

  S = 4200 Jkg-1K-1 

  Q  = ? 

          S  = 
Q

m
 

        Q  = mS 

   = 05 kg  4200 Jkg-1K-1  40 K 

          Q   = 84000 J 

 m = 500 g = 05 kg 



   = 90 C − 50 C = 40C = 40 K 

  Q = ? 

 S = 
Q

m
 

  Q = mS 

   = 05 kg  2250 Jkg-1K-1  40 K 

   = 47000 J 

  

36000 J 

 

500 g 50C 90C 47000 J

500 g 50C 90C 36000 J

(47000 J + 36000 J) = 83000 J

500 g 50C 90C 84000 J



 

4200 Jkg−1K−1  0C

 500 gm

 

3.36  10
5 

Jkg−1



100C

  25bs cª‡kœi DËi   

3.36  10
5 
Jkg−1 0C 1 kg 0C

3.36  10
5
J 

0C 500 gm 100C-

2 − 1 =100C − 0C =100C = 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  

0C 500gm 

0C 500 gm 

100C 

X Y 



B 0C BC 

CD 

100C 

CD 

100C

 


20C 100 m 1000232 m 

34C 

394 cm 

11  

10−6 K−1 

394 cm 

  26bs cª‡kœi DËi   

1m 1K



11  10−6 K−1 1m

1K 11  10−6 m 

l0 = 100 m 

l1 = 1000232 m 

 l = (1000232 − 100) m 

  = 00232 m 

   = 20C = 20K 

 


l

l0

0.0232 m

100 m  20 K
 

  = 116  10−6 K−1 

 116  10−6 K−1 

l0 = 100 m 

  34 C = 34 K 

  116  10−6 K−1 

l


l

 l0

116  10−6 K−1 = 
l

100 m  34 K

 l = 116  10−6 K−1  100 m  34 K 

 l = 00394 m 

   l = 394 cm

394 cm 394 m  2 = 788 

cm 

394 cm





30 C 1 m 

(m) 

0000561 0000510 0000348 

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 

   = 30C = 30 K

  l = 0000510 m 



    

  = 
l

l
  

    = 
0000510 m

1 m  30 K
  

   = 17  10−6 K−1 

 17  10−6 K−1  

l1 = 0000561 m l3 = 0000348 m 

 l1 = l3 = 1 m 

  = 30C = 30 K 

 1 3 

1 = 
l1

l1
  = 

0000561 m

1 m  30 K
  

  = 187  10−6 K−1 

 3  = 
l3

l3
 

  = 
0.000348 m

1 m  30 K
 

  = 11·6  10−6 K−1 

 
1

3
  = 

187  10−6 K−1

116  10−6
 K−1  

  
1

3
 16 

   1 = 16 3 

 16 



30C 500 cm3 850 g 120C 

0035 cm3 



140 Jkg−1K−1 896 Jkg−1K−1

1300 kgm−3 145  10−8K−1

  28bs cª‡kœi DËi   

1 K 

1 = 30C = (30 + 273)K = 303 K 

 V0 = 500 cm3 = 500  10−6m3 

 V = 0035 cm3 = 35  10−8m3 

  = 145  10−8K−1 

 

 

  =  
V

V0
  

          = 
V

V0r
  



   =  
35  10−8 m3

500  10−6 m3  145  10−6 K−1  = 48·3 K 

   = (303 + 483) 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 

  

 = 78C 

 = (78·3 – 30)C = 48·3C = 48·3 K 

 = (120 – 78·3)C = 41·7C = 41·7 K 

 m = V = 13600 kgm−3  500  10−6m3 = 68 kg 

 Q1 

Q1 = m1S1  = 68 kg  140 Jkg−1K−1  48·3 K = 459816 J 

 Q2 

Q2 = m2S2 = 0·85 kg  896 Jkg−1K−1  41·7 K = 3175872 J 

  Q1  Q2  

 



2000 m 10C 

696 cm 40C 



3.48  10−6 K−1 

  29bs cª‡kœi DËi   



l1 = 2000 m 

  l = 696 cm = 696  10−2 m 

   = (40 – 10)C = 30C = 30 K 

   = ? 

 = 
l

l1
  

   = 
696  10−2 m

2000 m  30 K
  

   = 116  10−6K−1 

 116  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 

   = 00696 m = 6.96 cm 

 l = 696 cm  

 

 





30 m 3001 m 

30C 167  10−6 K−1

4C 

  30bs cª‡kœi DËi   

[ML2T−2 K−1]

100C 

78C

C = 30C 

  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 

 86F 303 K 

l1 = 3001 m 

 1 = 30C 

 2 = 4C 

   = 1 − 2 = (30 – 4)C = 26C = 26 K 

  = 167  10−6 K−1 

 l = ? 

 

  = 
l

l1
 

  l = l1 

    = 167  10−6 K−1  3001 m  26 K 

    = 001303 m 

 = (3001 − 001303) m 

      = 29997 m  



 30 m 



25C 4 cm 65C

640032064 cm3 100 g 20C 

200 g 2927C 

400 Jkg−1 K−1 8920 kgm−3

SI 

  31bs cª‡kœi DËi   

SI 
1

27316
 1 

(K) 

V1 = 43 cm3 =  64 cm3 = 64  10−6 m3 

V2 = 640032064 cm3 

   = 640032064  10−6 m3 



 V  = (640032064  10−6 − 64  10−6) m3 

   = 32064  10−9 m3 

    = (65 – 25)C = 40C = 40 K 

 = ? 

 

    = 
V

V1
 

   = 
32064  10−9 m3

64  10−6 m3  40 K
 

   = 12525  10−6 K−1 

   = 
2

3
  

    = 
2

3
  12525  10−6 K−1 

    = 835  10−7 K−1 

 835  10−7 K−1

V = 64  10−6 m3 

   = 8920 kgm−3 

  m1  = V 

   = 8920 kgm−3  64  10−6 m3 

   = 057088 kg 

 1 = (65 − 29.27)C = 35.73C = 35.73 K 

 m2 = 100 g = 01 kg 

 S1 = S2 = 400 Jkg−1 K−1 

 m3 = 200 g = 02 kg 

 S3 = 4200 Jkg−1 K−1 

 2 = 3 

   = (2927 – 20)C 

   = 927C = 927 K 

  



Q = m1S11 

   = 057088 kg  400 Jkg−1K−1  3573 K 

   = 8159017 J 

 

Q2 = m2S22 

   = 01 kg  400 Jkg−1 K−1  927 K 

   = 3708 J 

 

Q3 = m3S33 

   = 02 kg  4200 Jkg−1 K−1  927 K 

   = 77868 J 

  = Q2 + Q3 = 3708 J + 77868 J = 81576 J  

 





 

A B 4200 Jkg−1 K−1 800 Jkg−1K−1

A B 



30C 

  32bs cª‡kœi DËi   

0C 

0C 

0C 

A 1 = 40C  

 B 2 = 65C 

  C = 2 − 1 

            = 65C − 40C = 25C 

 

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 

 77F

A −

m1 = 50 g = 005 kg 

 S1 = 4200 Jkg−1 K−1 

  = 30C = 30 K 

 Q1 = ? 

  Q1 = m1S1  = 005 kg  4200 Jkg−1K−1  30 K 



   Q1 = 6300 J 

 B −

m2 = 60 g = 006 kg 

S2 = 800 Jkg−1 K−1

 = 30C = 30 K 

Q2 = ? 

 

Q2 = m2S2 = 006 kg  800 Jkg−1K−1  30 K 

  Q2 = 1440 J 

 Q1 > Q2 

 A 





5°C 100 m

60°C

348  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

 = 348  10-6 K-1

  = 


3
  

            = 
34.8  10-6

3
 K-1  

  =11610-6 K-1 

   l

  = 
l

l1 
 

   l  = l1 

       = 116  10-6 K-1  100 m  60 K 

       = 00696 m  



   00696 m



6 m 4 m 70C

24.5 m2 40C

3%

  34bs cª‡kœi DËi   

1m 1K

= 6 m, = 4 m 

  A1 = 6 m  4 m = 24 m2 

  = (70 − 40)C = 30C = 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 = 64.8C 

  = (64.8 − 40)C = 24.8C



0C 100 cm2 100C

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 = 0C 

 2 = 100C 

  = 2 − 1 = (100 − 0)C = 100C = 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 

 30C 

 0C 

 l = 336000 Jkg−1 

 

Qw = 03 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 = (03 + 0127)kg = 0427 kg 

 0C 100C 

 Q1 = 0.427 kg  4200 Jkg−1K−1  100 K 

  = 179340 J 

 100C 

Q2 = 0427 kg  2268000 Jkg−1 

  = 968436 J 

  Q = Q1+ Q2  

  = (179340 + 968436) J  



  = 1147776 J  

 1147776 J 

 



0C 100 cm2 100C

10022 cm2

10 

cm

  37bs cª‡kœi DËi   

A0 = 100 cm2 = 100  10-4 m2 

 A1 = 10022 cm2 = 10022  10-4m2 

  A = (10022  10-4 − 100  10-4) m2 

  = 022  10-4 m2 



 1  = 0C 

 2  = 100C 

   = 2 − 2 = (100 − 0) C 

  = 100C = 100 K 

   = ? 

  = 
A

A0
 

          = 
022  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 = 100C = 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 = 10033  10-3 m3 

   V1 = 10033 cm3 

 10 cm 10033 cm3



4C 2 kg 50C 05 kg 

4200 Jkg−1 K−1 400 Jkg−1 K−1

230 Jkg−1 

K−1 
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230 Jkg−1 K−1 

i. 1 kg 1 K 230 J 

ii. 1 kg 230 J

C = 50C 

 F = ? 

 
C

5
 = 

F – 32

9
  

   
50

5
  = 

F − 32

9
  

   10 = 
F − 32

9
  

   F – 32 = 90 

     F = 122 

 122F

mw = 2 kg 

  Sw = 4200 Jkg−1K−1 

  mc = 05 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 = 05 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 

    = 507C 

 507C  



30C 

500 m 25 cm  

50C 
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 = 30C = 30 K 

  l1 = 500 m 

  l = 25 cm = 025 m 

   = ? 

 

  = 
l

l1
  

   = 
025 m

500 m  30 K
  

   = 167  10−5 K−1 

 167  10−5 K−1



 = 50C = 50 K 

  l1 = 500 m 

   = 167  10−5 K−1 

  l = ? 

l = l1 

   = 167  10−5 K−1  500 m  50 K 

   = 04175 m = 4175 cm 

 4175 cm 



100 m 2 cm 

10C 

116  10−6 K−1

20C 
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1 K 

 

 

l0 = 100 m 

  = 116  10−6 K−1 

  = 10C = 10 K 

 l = l0  

  = 116  10−6 K−1  100 m  10 K 

  = 00116 m 

 00116 m

l0 = 100 m 

   = 11 6  10−6 K−1 

   = 20C = 20 K 

  l = ? 

l = l0  



   = 116  10−6 K−1  100 m  20 K 

   = 0023 m 

   = 23 cm 

 23 cm 2 cm 



15 kg 

0 

-20 
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40 

60 

80 
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(

C
) 

⎯→

167  

10−6 K−1 
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167  10−6 K−1 

1 m 1 K 167  10−6 m 



100C 140C 

m = 15 kg 

 S = 2000 Jkg−1 K−1 

  = (140 – 100)C = 40C = 40 K 

Q = ? 

 

Q = mS  

   = 15 kg  2000 Jkg−1 K−1  40 K 

   = 12  105 J 

 12  105 J

0C 0C 

100C 100C 

mi = 15 kg 

 Lf = 336000 Jkg−1 

 Q2 = miLf 

  = 15 kg  336000 Jkg−1 

  = 504  105 J 

 mw = 15 kg 

 = 2268000 Jkg−1  

  Q4 = 15 kg  2268000 Jkg−1 

  = 3402  105 J 



 Q2  Q4 

 


