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QUESTION 1: [44 Marks] 

 

1.1. If    ˆ ˆ ˆ ˆ ˆ ˆX= 3i- 5j- 3k  and Y= 2i+ 3j- 4k , Calculate  

1.1.1. The sum of X and Y         (03) 

1.1.2. The difference of Y and X        (04) 

1.1.3. The scalar product of X and Y       (05) 

1.1.4. The vector product of X and Y       (05) 

 

1.2. The position vector of a comet’s trajectory t seconds after release, is given in  

 meters by:    2ˆ ˆ ˆr  = 6t i+ 20t - 5t j+9t kt . After one seconds calculate, showing  

 all your workings, its:  

1.2.1. Velocity           (04) 

1.2.2. Speed           (03) 

1.2.3. Acceleration         (03) 

1.2.4. Displacement         (02) 

 

1.3. A particle of mass 2.0 kg moves with a uniform velocity   -1ˆ ˆv = 3.0 i+3.0 j m.s .  

 At time t, the particle passes through the point (2.0 m, 3.0 m).  

 Calculate the magnitude and direction of the angular momentum at time t.  (05) 

 

1.4.  Two balls collide in air. Ball A has a mass of 0.025 kg and is moving along  

 the x-axis with a velocity of +5.5 
1.m s . It makes a collision with ball B, which has a  

 mass of 0.050 kg and is initially at rest. The collision is NOT head on.  

 After the collision, the two balls move apart with angles A (65o) and B (37o).  

 Calculate the speeds of the balls after the collision. (10) 
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QUESTION 2: [20 Marks] 

 

2.1. Study the following diagram of the block lying on an inclined plane.  

The resolving of all components has been done. 

 

Prove that the coefficient of kinetic friction is tank     (05) 

2.2. A 1500 kg car moving on a flat, horizontal road negotiates a curve. If the  

radius of the curve is 35.0 m and the coefficient of static friction between  

the tires and dry road is 0.523, calculate the maximum speed the car  

can have without skidding away from the road.     (05) 

 

2.3. An airplane propeller, 1.20 m in length, is rotating at 2000 rpm.  

 

2.3.1. Calculate its angular velocity        (03) 

2.3.2. How long does it take the propeller to turn through an angle of 150o?  (03) 

2.3.3. Calculate the tangential speed of the tip of the propeller?    (02) 

2.3.4. Calculate linear distance the tip covers in one second    (02) 

 

QUESTION 3: [10 Marks] 

3.1. Calculate the de Broglie wavelength associated with an -particle accelerated  

 through a potential difference of 600 keV. Given mp = 1.67×10-27 kg.    (05) 

[NB: mass of -particle is about twice that of a proton] 

 

3.2. One spectral line in the hydrogen spectrum has a wavelength of 650 nm. Calculate  

the energy difference of this photon (in electron volt).     (05) 
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QUESTION 4: [26 Marks] 

4.1. Scandium 
44

21Sc  decays by emitting a positron. The nuclide that is the product  

       of the decay is:           (02) 

 A) 
44

22Ti   B)
 

43

21Sc   C)
 

44

20Ca   D) 
45

21Sc  E) 
43

22 Sc
 

 

4.2. Which of the following particles has the smallest mass?  

 A) Proton       B) Electron         C) Neutron          D) Nucleus        E). Nucleon  (02) 

 

4.3. The isotope of radium 
226

88 Ra
 
decays to

222

86 Rn .  

4. 3.1. What kind of nuclear decay is taking place? Support your statement.  (02) 

4. 3.2. Write down the decay equation in full.      (03) 

 

4.4 The alpha particle emitted by radium has energy of 12 MeV. Calculate the  

speed of the particle          (05) 

 

4.5. The energy released by the nuclear bomb that destroyed Hiroshima was   

       equivalent to 12.4 kilotons of TNT. This is equivalent to 9.0 × 1026 MeV. 

       Calculate the mass that was converted into energy in this explosion.   (03) 

 

4.6. What initial mass of 235

92U  is required to operate a 500 MW reactor for  

one year? Assume 40% efficiency and the energy released in the fission  

     of one uranium atom is on average, 200 MeV. (09) 

===================================================================== 
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