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INSTRUCTIONS TO CANDIDATES:

Attempt any 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 to gravity, g


=
 9.81 
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-

ms


Electron charge, e



= 
1.6 x 
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C
Electron mass




=
9.11 x 
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Planck’s constant, h



=
6.6 x 
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Stefan’s-Bolt Mann’s constant, 
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=
5.67 x 
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Radius of the earth



=
6.4 x 106m
Radius of the sun



=
7 x 108m
Radius of earth’s orbit about the sun

=
1.5 x 1011m
Speed of light in a vacuum, c


=
3.0 x 108ms-1
Specific heat capacity of water

=
4,200Jkg-1K-1
Gas constant, R



=
8.31Jmol-1K-1
Charge to mass ratio, e/m


=
1.8 x 1011Ckg-1
Thermal conductivity of copper 

=
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Thermal conductivity of Aluminium

=
210 Wm-1 K-1
Avogadro’s number NA


=
6.02 x 1023 mol-1
SECTION A
1.
a)
Distinguish between fundamental and derived quantities  and give one 

example of each..






 (3)              

b)
The velocity, of sound traveling along a rod made of a material of Young’s modulus, Y, and density,
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Show that the formula is dimensionally consistent.


(4)

c)
  i)
Define linear momentum and impulse.


(2)
  ii)
state the law of conservation of linear momentum.

(1)
 (iii)
Show that the law in (c) (ii) above follows from Newton’s laws of motion.






(5)

(d)
A car of mass 1000kg traveling at uniform velocity of 20ms-1, collides perfectly inelastically with a stationary car of mass 1500kg. Calculate the loss in kinetic energy of the car as a result of the collision.

(5)

2.
(a)
 (i) 
Distinguish between conservative and non-conservative force 
fields.







(2) 

(b)
 (i) 
State the principle of conservation of mechanical energy.
(1)

(ii) 
Using a stone vertically thrown upwards show that mechanical energy is constant.





(4)
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(c)
A rectangular block of mass 5.0kg is pulled from rest along a rough inclined plane by a light inelastic string which passes over a light frictionless pulley P and carries a mass of 10.0kg as shown in the figure below.

The inclined plane makes an angle of 30o with the horizontal. If the coefficient of sliding friction between the block and the plane is 0.2, calculate;

(i) the acceleration of the block 




(4)

(ii) the tension in the string T 




(1) 

(iii) the kinetic energy of the block when it has moved through a distance of 1.0m along the inclined 



(3) 

     
(d)
(i) 
State two ways in which viscosity differs from solid friction(2)                 

                     (ii) Account for the difference between kinetic friction and static friction.(3) 


3.
(a)
Define surface tension
 and derive its dimensions.


(3)


(b)
Explain using molecular theory the occurrence of surface tension.
(4)

(c)
Describing an experiment to measure the surface tension of a 

Liquid by the capillary method.




(6)

d)
(i)
Show that the excess pressure in a soap bubble is given by 
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(3)

(ii)
Calculate the total pressure within a bubble of air of radius 0.1 mm in water if the bubble is formed 10 cm below the water surface and surface tension of water is 7.27 x 10-2Nm-1.

 (Atmospheric pressure = 1.01 x 105 Pa )


(4)
4.
(a)
State Kepler’s laws of gravitation.




(3)

(b)
Show that the period of a satellite in a circular orbit of radius, r, 

about the earth is given by 
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, where G is the universal gravitational constant and Me is 

the mass of the earth.






(5)

(c)
Derive an expression for the speed of a body moving uniformly in a circular speed.







(3)

(d)
A satellite of mass 2000kg is in a circular orbit at a height of 
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(i)
Find the mechanical energy of the satellite.


(4)

(ii)
Explain the effects of friction between such a satellite and the atmosphere in which it moves.



(3)

(e)
Explain the meaning of a parking orbit as applied to communication via satellite.







(2)

SECTION B
5 (a) 
(i) 
 State Newton’s law of cooling 



      (1)

(ii) 
Describe an experiment to verify the law in (a) above.
      (5)

(iii) 
Explain why a small body cools faster than a large one of the same material     





                 (3)

(b) (i)
what is meant by cooling correction?



     (1)

(ii)
Explain how the cooling correction may be estimated in the 

Determination of the heat capacity of a poor conductor of heat by the method of mixtures 




     (5)

(c) 
Oil at 15.60c enters a long glass tube containing an electrically heated platinum wire and leaves it at 17.40c, the rate of flow being 25cm3 per minute and the rate of supply of energy 1.34W on changing the rate of flow to 15cm3 per minute and the power to 0.76W. The temperature rises from 15.60C to 17.40C. Calculate the mean specific heat capacity of oil. 
 Assume density of oil = 870kgm-3)



           
    (5)

6.
a)
i)
What is meant by reversible isothermal and reversible adiabatic 
changes?






   (2)

ii)
Using the same axes and starting from the same point, sketch a P-V diagram to illustrate the changes in (a) (i).


   (2)

b)
An ideal gas is trapped in a cylinder by a movable piston initially it occupies a volume of 8.0 x 10-3 m3 and exerts a pressure of 108 kPa. The gas undergoes an isothermal expansion until its volume is 27 x 10-3 m3. It is then compressed adiabatically to the original volume of the gas.


i)
Calculate the final pressure of the gas.


  (5)

c)
i)
state the assumptions made in the derivation of the expression 
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  (2)
ii)
Use the expression in (c) (i) above to deduce Dalton’s law of partial pressures.





  (3)
d)
With the aid of a diagram, describe an experiment to show how the volume of a fixed mass of a gas varies with temperature at constant pressure.
   (6)
7. 
a)
Explain the mechanism of heat conduction in solids.


(3)
b)
Describe a method of determining the thermal conductivity of cork in the form of a thin sheet.






(6)
c)
A window of height 1.0 m and width 1.5 m contains a double glazed unit consists of two single glass panes, each of thickness 4.0 mm separated by an air gap of 2.0 mm. calculate the rate at which heat is conducted through the window if the temperatures of the external surfaces of glass are 15oC and 35oC respectively. (Thermal conductivity of glass and air are 

0.72 Wm-1k-1 and 0.025 Wm-1k-1)




(7)
d)
(i)
what is meant by a black body



(1)

(ii)
Describe how a black body can be realized in practice
(3)

SECTION C
8.
(a)
i)
What is meant by the term radioactivity?


  (1)

ii)
Given the radioactive how
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   (2)
iii)
What are radioisotopes?




   (1)

iv)
The radioisotope 
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decays by emission of 
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particles. The half life of the radioisotopes is 28.8 years. Determine the activity of 1g of the isotope.





   (5)

b)
i)
with the aid of a diagram, describe the structure and action of a 

Geiger- Muller tube.





    (6)
ii)
Sketch the count rate voltage characteristics of the Geiger-Muller tube and explain it main features.



     (3)
iii)
Identify, giving reasons the suitable range in b(ii) of the operation of the tube.





 
     (2)

9.
(a)
 (i) 
                              X – RAY TUBE












(ii) 
Production of X – rays
-  A low voltage is applied across the filament and heats the filament. 
- Electrons are emitted by the filament by thermionic emission. 
- The concave focusing cathode focuses the electrons from the filament onto the target.
-  The beam of electrons is accelerated across the vacuum by applying a high alternating voltage between the filament and the Anode.

            - When the cathode rays (electrons) strike the Tungsten target, 99% of the kinetic          

               energy of electrons is dissipated into heat while 1% is turned into X-rays.

            - The heat generated at the target is cooled by means of the copper cooling fins   

               mounted on the copper anode.
          -  Heat is conducted from the target away from the tube by conduction and radiation.

          -  The X-ray tube is covered by a lead shield with a small window for the X-rays to   

              prevent the leakage of the X-rays. 






 (3)
(iii) 
State one industrial and one biological use of x-rays.
       (1)
               Industrial use:

             -  Structural analysis, stresses, fractures in solids, castings and welded joints can be analysed by  

                examining X-ray photograph.

             - Crystallography; Orientation and identification of minerals by analysis of diffraction patterns using 
               Bragg’s law.

Biological use

              -  location of fractures, cancer and tumour/defective tissue absorbs x-rays  differently from normal 
                 tissue.

· Therapeutics use for destroying cancerous cells and tumours
(b)
(i)





                                                         Line spectrum







Continuous spectrum

This arises from multiple collisions of electrons with target atoms. Different amounts of energy are lost during these collisions. The X-rays given off when the electrons are decelerated will have wavelengths varying from a certain minimum value λmin to infinity.
When an electron loses all its energy in a single collision with an atom of the target, a most energetic X-ray photon is given off. The kinetic energy of the electrons equal to eV, where V is the accelerating voltage between a filament and the anode.  It is converted into electromagnetic radiation of energy, 
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Line spectrum

Line spectrum is formed when a highly energetic electron penetrates deeper into an atom of the target metal and knocks an electron out of the inner most shell. An out electron may fall into the vacancy created in its atom  and this causes a high – energy quantum of electromagnetic radiation ( X – ray) to be emitted. The frequency of the X – ray is given by E = hf, where E is the difference in energy of the levels involved and h is Planck’s constant. Since the energy levels are characteristic of the target atoms, so too are the X-rays produced in this way

ii)      Calculate the maximum frequency of x-rays emitted by an x-ray tube operating a voltage of 340kv.



       (3)




[image: image24.wmf]Hz

x

x

x

x

f

eV

hf

19

34

19

max

max

10

242

.

8

10

6

.

6

340000

10

6

.

1

=

=

=

-

-


(c) 
In the measurement of electron charge by Milkan’s apparatus a potential difference of 1.6kv is applied between two horizontal plates 14mm apart.  With the potential difference switched off, an oil drop is observed to fall with constant velocity 4.0 x 10-4ms-1.  When the potential difference is switched on, the drop rises with constant velocity 8.0 x 10-5ms-1. If the mass of the oil drop in 1.0 x 10-14kg, find the number of electron charges on the drop.  Assume air resistance is proportional to the velocity of the oil drop and neglect the up thrust due to air.)



(7)
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At terminal velocity when the pd is off
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Hence 
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10.
(a)
State the laws of photoelectric emission.



(4)

   
 (b)
Define:



(i) a photon 







(1)


(ii) work function of a metal 





(1)

    
(c)
A 100mW point source emits light of wave length 4.0 x 10-7m.  A caesium 

         

 surface per second.








 

(i)
the number of photons striking the caesium surface per second.(5) 

        

(ii)
the resulting photo – current if 70% of the photons emit photo 

                 

electrons.






(3)

         

 (iii)
The maxium kinetic energy of the photoelectrons given that the 

                

work function of caesium is 2.15eV.



(3)

    
(d)
Describe one application of photoelectric emission.


(3) 

END

- GOOD LUCK -
		         T
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