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Class - X

Subject - Physics

CH. – 11.CALORIMETRY  (HEAT)

Question – 1.  Define specific latent heat of vaporisation. Draw a labelled diagram of the apparatus you would use to determine the specific latent heat of vaporisation of steam by the method of mixture. State the precautions you would take. 

Question – 2. State the principle of Calorimetry. 

Question – 3. Explain why the surroundings become pleasantly warm when water in a lake starts freezing in cold countries. 

Question – 4. Explain why one feels ice cream at 0 ºC colder than water at 0 ºC. 

Question – 5. Give one example of each where high specific heat capacity of water is used (i) in cooling and (ii) as a heat reservoir. 

Question – 6. Explain why hot water bottles are very efficient for fomentation ?  

NUMERICALS 

Numerical – 1.10125 J of heat energy boils off 4.5 g of water at 100 ºC to steam at 100 ºC. Find the specific latent heat of steam. 

Solution :- Here, E = 10125 J, m = 4.5 × 10-3 kg, 

                 Using , E = m S, we have S = E/m = 10125/(4.5 ×10-3) = 2250 × 103 Jkg-1
Numerical – 2. Calculate the heat energy that will be released when 5.0 kg of steam at 100 ºC condenses to form water at 100 ºC. Express your answer in SI unit. (Specific latent heat of vaporisation of steam is 2268 kJkg-1). 

Solution :- Here, m = 5.0 kg, L = 2268 kJkg-1, E = ? 

                  Using, E = m L =   5.0 × 2268 = 11340 kJ = 1134 × 104J.[Ans.] 

Numerical – 3. A vessel of negligible heat capacity contains 40 g of ice in it at 0 ºC. 8 g of steam at 100 ºC is passed into the ice to melt it. Find the final temperature of the contents of the vessel (specific latent heat of vaporisation of steam = 2268 Jg-1, specific latent heat of fusion of ice = 336 Jg-1, specific heat capacity of water = 4.2 Jg-1 ºC-1).

Solution :- Let final temperature of the content in the vessel be T ºC, 

Heat lost by 8 g of steam at 100 ºC in condensing into water at 100 ºC 

                                                                                = m L = 8 × 2268 J = 18144 J --- (i) 

Heat lost by this 8 g of water at 100 ºC in cooling to T ºC = m c θ 

                                                                        = 8 × 4.2 × (100 – T) 

                                                                        = 33.6 × (100 – T)  

                                                                        = 3360 – 33.6 T      ----------------- (ii)

Heat gained by 40 g of ice at 0 ºC in melting into water at 0 ºC = m L 

                                                                                                     = 40 × 336 J  

                                                                                                      = 13440 J  --------(iii) 

Heat gained by this 40 g of water at 0 ºC in heating up to T ºC = m c θ 

                                                                           = 40 × 4.2 × (T – 0) 

                                                                           = 168 T   ----------------------------- (iv) 

By the principle of Calorimetry, 

                                                     Heat lost  =  Heat gained  

                                                        (i) + (ii) = (iii) + (iv)

                                 18144 + 3360 – 33.6 T = 13440 + 168 T 

                      or,                   21504 – 33.6 T = 13440 + 168 T   

                      or,                               201.6 T =  8064              

                      or,                                         T = 40 º C 

         Thus, final temperature of the content in the vessel is 40 ºC. [Ans.] 

Numerical – 4. A hot solid of mass 60 g at 100 ºC is placed in 100 g of water at 18 ºC. The final steady temperature recorded is 20 ºC. Find the specific heat capacity of the solid. 

Solution :- Heat lost by solid = m c θ = 60 × c × (100 – 20) = 60 × c × 80 

                                                                                               = 4800 c  

                   Heat gained by water = m c θ = 100 × 4.2 × (20 – 18) = 840 

                  By the principle of Calorimetry, 

                                                   Heat lost = Heat gained

                                                       4800 c = 840           

                                             or,               c = 840/4800 = 0.175 Jg-1 ºC -1
                                                                                       = 0.04 cal g-1 ºC-1. [Ans.] 

Numerical – 5. 2 kg of ice melts when a jet of steam at 100 ºC is passed through a hole drilled in a block of ice. What mass of steam was used ? [Given : Specific heat capacity of water = 4,200 J kg-1 ºC-1, Specific latent heat of fusion of ice = 336 × 103 J kg-1, Specific latent heat of vaporisation of steam = 2268 × 103 J kg-1]. 

Solution :- Let m kg of steam was used, 

                  Heat lost by m kg of steam in condensing to water at 100 ºC  

                                                 = m L = m × 2268 × 103          

                                                 = 2268000 m    -------------------------------- (i) 

                  Heat lost by this water at 100 ºC to cool to 0 ºC                         

                                                 = m c θ = m × 4200 × 100 = 420000 m ---- (ii) 

                 Heat gained by ice to melt into water at 0 ºC                                     

                                                  = m L = 2 × 336 × 103 = 672000       ------- (iii) 

                 By the principle of Calorimetry,                                                                  

                                                          Heat lost = Heat gained                                                   

                                                           (i) + (ii) = (iii)                                                              

                                  2268000 m + 420000 m = 672000                                                 

                              or,                   2688000 m = 672000                                                   

                              or,                                  m = 672000/2688000 = 0.25 kg [Ans.]  

Numerical – 6. 10 g of ice at 0 ºC absorbed 5,460 J of heat to melt and and change into water at 50 ºC. Calculate the specific latent heat of fusion of ice. [Given : specific heat capacity of water = 4,200 J kg-1 ºC-1] 

Solution :-  Heat gained by ice to melt to water at 0 ºC = m L = 10 × L = 10L --- (i)  

                    Heat gained by this water to raise the temperature from 0 º C to 50 ºC 

                                                                                        = 10 × 4.2 × (50 – 0)                    

                                                                                        = 2100   -------------------- (ii) 

                     Hence,          5460 = 10 L + 2100                                                      

                            Or,            10 L = 5460 – 2100 = 3360                                                      

                            Or,                 L = 336 Jg-1 [Ans.] 

Numerical – 7.  1 kg of ice at 0 ºC is being continuously heated through an electric heater of 1 kW. Assuming that all the heat is transmitted to ice, calculate the time interval in seconds for : (i) ice to completely melt to water at 0ºC, (ii) water to get heated from 0 ºC to 100 ºC, (iii) water at 100 ºC to convert into steam. [Given : Specific latent heat of ice = 3,36,000 J kg-1, Specific heat capacity of water = 4,200 J kg-1 K-1, Specific latent heat of steam = 22,60,000 J kg-1]. 

Solution :- Rate of heat energy supplied by the 1 kW electric heater = 1000 Js-1

                 (i) Amount of heat required to melt 1 kg of ice at 0 ºC to water at 0 ºC 

                                                                   = m L = 1 × 3,36000 = 336000 J                                       

                    Hence time required = 336000/1000 s = 336 s.                                         

                  (ii) Amount of heat required to heat 1 kg of water from 0 ºC to 100 ºC 

                                                                     = m c θ = 1 × 4200 × 100 = 420000 J 

                    Hence time required = 420000/1000 s = 420 s. 

                   (iii) Amount of heat required to convert completely1 kg of water at  

                                     100 ºC into steam = m L = 1 × 2260000 = 2260000 J 

                    Hence time required = 2260000/1000 s = 2260 s .

Numerical – 8. A piece of ice is heated at constant rate. The variation of temperature with heat input is shown in the graph below : 

(i) What are represented by AB and CD ? 

(ii) What conclusion can you draw regarding the nature of ice from the graph ? 
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.                                       

Solution :- (i) AB corresponds to the time interval in which ice melts to water. 

CD corresponds to the time interval in which water at 100 ºC boils to form steam at 100 ºC.                  

(ii) The ice is initially at  – 10 ºC. From this we conclude that either (a) some salt is added to it or (b) it have been formed under high pressure.

