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INSTRUCTIONS TO CANDIDATES:

Attempt five questions including at least one but not more than two from each of the sections A, B, and C.

Assume where necessary:

Acceleration due gravity g                                        =          9.81ms-2
Universal gravitation constant, G                            =          6.67x10-11Nm2kg-2
Radius of the earth re                                                =          6.4x106m

Radius of the sun rs                                                   =          7.0x108m

Radius of the earth orbit ro                                      =          1.5x1011m

Density of steel                                                          =          2.5x103kgm-3  

Electron charge, e                                                     =          1.6x10-19C

Electron mass                                                            =          9.11x10-31kg

Mass of the earth                                                      =          5.97x1024kg

Plank’s constant, h                                                   =          6.6x10-34Js

Stefan’s constant                                                       =         5.7x10-8Wm-2k-4
Speed of light in vacuum, C                                     =         3.0x108ms-1
Electron volt, eV                                                       =         1.6x10-19J

Wien’s displacement constant                                 =        2.90x10-3Mk

Avogadro’s number, NA                                         =         6.03x1023mol-1
Unified mass unit, u                                                 =         1.66x10-27kg

Specific latent heat of fusion of ice                         =        3.36x105Jkg-1
Specific latent heat vaporization of water             =        2.26x106Jkg-1
Specific heat capacity of water                               =        4.2x103Jkg-1k-1
γ for monatomic                                                       =        1.67

γ for diatomic                                                           =        1.4

SECTION A.
Question 1.
(a) (i).
 derive an expression centripetal acceleration of a body moving in a circular path of radius r.                                                                      



 (3mks)
 (ii).
 Explain why it is necessary for a bicycle rider moving a round a circular path to lean towards the center of the path                              




(3mks)
(iii).
 Derive the expression for the angle inclination to the horizontal necessary for a rider moving a round a circular track of radius r without skidding at a speed v, in terms of g, r, and v                                       






 (3mks)
(b).
 A stone of mass 0.5 kg is tied to one end of a string 1m long. The point of suspension of the string is 2m above the ground. The stone is whirled in a horizontal circle with increasing angular velocity.

                                               [image: image1.png]Ground





The string will break when the tension in it is 12.5 N and angle 
[image: image2.wmf]q

 is a maximum.

(i).
Calculate the maximum value of 
[image: image3.wmf]q

                                         


(3mks)

(ii).
How far from point G will the stone hit the ground               


(4mks)

(iii). 
What will be the velocity of the stone it hits the ground.      


(3mks)
Question2.
(a)(i).
Define coefficient of surface.                                                      

    (1mk)

 (ii).
Use the molecular theory of matter to explain the existence of surface tension. (3mks)
 (b).
A clean glass capillary tube is of internal diameter 0.04cm is held vertically with its lower end below the surface of clean water in a beaker and with 10cm of the tube above the surface of water.
(i).
 Show that the height h to which the water rises in the tube is given by 
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 is coefficient surface tension of water, r radius of the tube, 
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density of water and g acceleration of gravity.                                
 


    (3mks

 (ii).
Given that coefficient of surface tension of water is 7.2x10-2Nm-1, calculate the height to which water will rise in the tube above            



    (2mks)
(iii).
Explain what will happen if the tube is then depressed until its length above the water surface is only 5cm.                                                   



(3mks)
(c).
Describe an experiment to determine the surface tension of water using the capillary tube method                                                                     


(5mks)

 (d).
A soap bubble whose radius is 12mm becomes attached to another of radius 20mm. 

Calculate the radius of the common interface                                    

(3mks)  

Question 3.
(a)(i). 
State Newton’s universal law of gravitation                            


  (1mk)                                       (ii).
Define gravitational field potential and gravitational field intensity.
             (2mks)

(iii).
Sketch a graph to show how gravitational field intensity varies from the centre of the earth to a point well above the earth surface.         



(2mks)

(iv).
Why is gravitational field called conservative field of force 


  (1mk)
(b)(i).
Derive an expression escape velocity of the earth                  
 

(3mks)

    (ii).
What is a parking orbit                                                            


  (1mk)      

   (iii).
Calculate the height of the parking above the earth surface  


(4mks) 
(c).
An astronaut in his spacecraft is launched in a parking orbit about the earth. If the loaded space craft has amass of 2.0x103Kg;
   (i).
Calculate the mechanical energy of the spacecraft                    


(3mks)

  (ii).
Explain the effect of viscous drag on the spacecraft as it moves in the atmosphere.        











  (3mks) 
  Question 4.
(a)(i).
 Define pressure                                                                           

(1mk)
(ii).
 Derive an expression for the pressure at a point in a liquid in term of density
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 of the liquid and depth h of the point below the surface.



(3mks)    

(b)(i).
State Archimedes’s principle                                                       

(1mk)

(ii).
A cylindrical cork of cross sectional area 20cm2 and length 30cm is covered at one end with a layer of brass 2cm thick. If the cork floats in water vertically with metal well below water surface, show that the height h of the cork above the surface is given by   
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are densities of cork and brass respectively; density of water is 1gcm-3                                               



      (4mks)

(c)(i).
Define simple harmonic motion                                                  

       (1mk)
(ii).
If the cork in (b) (ii) above is slightly displaced downward and released, find its period of oscillation. (density of cork is 500Kgm-3 and density of brass is 8500Kgm-3). (4mks) 
(d)(i).
Distinguish between elastic and inelastic deformation.               

       (2mks)
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The fig. above shows a graph of how the extension of a steel wire of length 1.2m and area of x-section 0.012mm2 alters as a stretching force is applied.
Use the graph to calculate the young modulus of steel                       

    (4mks)      
SECTION B:               
 Question 5.
(a)(i).
What are thermometric properties of substance                         

   (1mk)

 (ii).
Give one example of these properties.                                      


   (1mk)

 (iii).
What are fixed temperature points?                                        


    (1mk)                                                                                                                                (b)i).
 Define the scale of thermometer on a constant volume gas thermometer.         (1mk)

  (ii).
With the help of a labeled diagram describe the mode of operation of a practical 
constant volume gas thermometer.                          



   (4mks)

(iii).
State the corrections necessary in the thermometer in (b) (ii)   

  
   (2mks).                               (c)(i).
Define specific latent heat of vaporization.                            


    (1mk)
  (ii).
Explain using simple kinetic theory how evaporation causes cooling.  
     (2mk)                                                                                          
(iii).
What are the disadvantages of continuous flow method in determining specific heat capacity?                                                   





    (2mks)
(d).
A calorimeter of mass 100gm and specific heat capacity 100J/kgk contains 50gm of ice and 50gm of water. Steam at 100oC, is passed through the water at steady rate until the total mass is 210gm.
(i).
Calculate the final temperature                                               

 
      (4mks)
(ii).
Sketch a graph to show the variation of temperature with time.

       (1mk)                     

Question 6. 
 (a)(i).
Distinguish between saturated vapour and unsaturated vapour.  

        (3mks)
    (ii).
What is a saturated vapour pressure?                                      

 
         (1mk)
   (iii).
State the factors that affect the saturated vapour pressure      


        (1mk).

 (b)(i).
Use the kinetic theory to account for the increase in pressure of a gas when it temperature is increased at constant volume.  




       (3mks)
(ii).
 A narrow uniform glass tube contains air enclosed by a thread of mercury 15 cm long. When the tube is vertical with the open end uppermost, the air column is 30 cm long. When the tube is inverted the length air column becomes 45cm. 

         
Calculate the atmospheric pressure.                                            

        (4mks)

 (c)(i).
Derive the expression Cp-Cv =R                                              

  
        (3mks)
(ii).
Given that the ratio of the principal specific heats of hydrogen is 1.41 and that its density at s.t.p. is 1.0x10-2gm/litreoC. Calculate the value of its specific heat at constant volume in joules/kg oC.                                   




        (4mks)
Explain why the difference between the principal specific heats of a solid is small. 

       (1mk)
Question 7.
(a)(i).
What is meant a black body                                                       


      (1mk)

(ii).
State the relation between the total power radiated by a black body and the temperature of the body                                                             


 
     (1mk)
(iii).
State the factors that determine the rate at which a body losses heat by radiation.                                                                                                
    (2mks)

   (b).
A strip of platinum foil coated black is placed on the ground. The area of the strip exposed to the radiation from the sun is 10-2m2. The radiation from the sun falls normally on the strip to obtain a certain temperature rise. The strip is then shielded from the sun radiation, and a current of 1.4A is maintained through the foil under a potential difference of 4.0V to obtain the same temperature rise. Assuming that only 40% of the intensity of radiation incident on the earth’s atmosphere reached the earths’ surface; estimates the surface temperature of the sun.         



    (5mks)
(c)(i).
Define the thermal conductivity of a material                            

    (1mk)
   (ii).
Explain the mechanism of heat transfer in metals and insulator. 

   (4mks)
   (iii).
Sketch on the same axes a graph to show how temperature varies with distance along the length of well lagged and unlagged good conductor of heat.                        (2mks)
(d).
One square face of a sheet of cork of side 20cm and thickness 4mm is placed in contact with a sheet of glass of the same square section and thickness 6mm. the outer faces of the composite sheet are maintained at 100oC and 20oC. Conductivity of cork is 6.3Wm-1K-1 and that of glass is 7.2 Wm-1K-1.
    
  Find the rate of heat conduction through the sheets                      

       (4mks)                                             
SECTION C:
Question 8.
(a)(i).
A high p.d is applied across two electrodes in air contained in a closed glass tube.  Describe with the aid of labeled diagrams what will be observed when the pressure in the tube is progressively reduced down to a very low pressure.                         (5mks)
   (ii).
 List four main properties of cathode rays                                    

   (2mks)

   (b).
A charged oil drop of mass 3.27x10-15 kg is held stationary between two horizontal metal plates across which a p.d of 1.0x103 V is applied. If the separation of the plates is 1.5cm, find the number of electrons on the drop.                                               (5mks)

(c)(i).
With the help of a labeled diagram, describe the principle of operation of a Geiger Muller tube.                          



 


   (5mks)

(ii).
Sketch the characteristic of a GM tube and explain it features. 

   (3mks)
     Question 9.
(a)(i).
With the aid of a labeled diagram describe the working of an X-ray tube.  
    (5mks)                                                                                                                 (ii).
Describe the energy changes which occur in a working X-ray tube.

    (2mks) 
(b).
Explain how the following spectra are produced in an X-ray tube;
         
(i) Continuous spectrum                                                             

   (2mks)

        
(ii) Line spectrum                                                                       

    (2mks)
(c).
 In an X-ray tube, 98% of the electric power supplied to the tube is dissipated as heat. The accelerating voltage is 75kV and power of 742.5 is dissipated as heat.
(i). 
Find the number of electrons arriving at the target per second.


    (4mks)
(ii).
Explain the effect of increasing the accelerating voltage.         


    (3mks)
 (d).
Distinguish between cathode rays and X-rays.                             

    (2mks)
Question 10.
(a).
Give an outline of the experimental evidence for the existence of a small nucleus at the centre of an atom.                                           




    (3mks)

(b).
 The diagram below depicts possible electron orbits in the Bohr model for hydrogen atom. Assume the orbits are circular.

                                                        [image: image12.png]


                  

(i).
Show that the total energy in an orbit of radius r is given by 
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 where e is the electron charge.                                                     



   (4mks)
(ii).
If only the orbits allowed for are those where by 
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, where me is electron mass, v is the electron speed, n an integer and h is plank’s constant, Show that the total energy in (i) above can be expressed as 
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        (3mks)

(c) (i).
What is the significance of the negative sign in the expression of E in (b) (i) above?                                                                                          
         (1mk)

(ii).
Calculate the wavelength of the radiation that will be emitted when the electron makes a transition from n =4 to n=3 orbits.                             



        (4mks)  
(d).
The fig. below shows some of the energy levels of mercury atom
Level                                                                       energy in eV

          
[image: image17.wmf]E
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……………………………………………………..0.00

  
E4..................................................................................-1.60

           E3 ……………………………………………………- 3.70

          E2……………………………………………………..-5.50
          E1……………………………………………………-10.40
(i).
Find the ionization energy of a mercury atom in joules              

        (2mks)
(ii).
Find wavelength of the radiation emitted when an electron moves from level 4 to level 2 and state which part of electromagnetic spectrum does the radiation lies.
        (3mks)    
                                                     The end 
                                             Good luck!!!!!!!                    
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