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SECTION A:  Answer all questions

1.   State Newton’s third law of motion.                                                              [1]

       Every force that acts on an object has an equal and opposite force reacting to it.

(a)    A brick is lying on the ground as shown in figure 1, with the forces shown acting on it.  Write down what these forces are and with them their corresponding reaction pair.                                                                                                      [3]

W =  gravitational pull of the Earth on the brick                          R                                                                         

Its reaction force is the gravitational pull of the brick

on the Earth.  ..........................................................1
       

       R = normal contact force of the ground on the brick

       its reaction force is the normal contact force of the brick            W
       on the ground  .........................................................1                                                                                                 
 (b)  What are the characteristic of the forces?                                              [2]
       All the forces occur in action-reaction pair must be

· equal in magnitude & opposite in direction  ................................1
· the same type of force & acting on different objects  ..................1 
3.   (a)    Define intensity level, β.                                                                       [2]

              Intensity level, β is defined as β = 10 log10 
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              Where 
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 = 10-12 W m-2  ( known as threshold hearing which is the 

              lowest intensity at a given frequency that can be heard – 0 dB) ........1
             The decibel, dB is a measurement unit used when comparing two sound 

              intensities.  It is dimensionless (like radian)

     (b)    A recording engineer works in a soundproofed room that is 44.0 dB quieter than the outside.  If the sound intensity in the room is 1.2 X 10-10  W m-2, what is the intensity outside?

             βoutside = βinside + 44.0 dB
                       = (10 dB) log
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 = 20.8 + 44.0 = 64.8 dB .......1

             The sound intensity outside the room is, 

                                          
[image: image5.wmf]utside

I

0

=  
[image: image6.wmf]0

I

10
[image: image7.wmf]dB

outside

10

b


                                                   =  
[image: image8.wmf](

)

10

8

.

64

12

10

10

00

.

1

-

´

......................................1
                                                   =   3.02 x 10-6 W m-2 ...................................1

4.   A jet plane is made of different classes of materials with different properties.  

The table below indicates a certain material with its properties.  Explain why such material is suitable for certain part of the jet plane.  Sketch on the given axis to 

	Material
	Properties
	Part of the Jet-plane
	Graph Stress vs Strain

	Durulamin
	Tough & stiff

show plastic deformation before breaking
	Exterior body of the jet plane
	Stress



                                   strain



	Ceramic
	Brittle but very strong.  It has the ability to resist high temperature
	rotor blade in jet engines
	Stress



                                   strain

	Rubber
	Highly elastic behaviour – extends easily until it reaches a point where it becomes hard to stretch again


	Tyre 
	Stress



                                   strain


5.   Two long, straight wires separated by0.10 m carry currents of 18 A and 6 A in the same direction as shown in the figure 

[image: image9.emf]
(a)     Determine the magnitude of the magnetic field at the point P.                 [4]

         B = 4.8 × 10-5 T

(b)     What is the direction of the magnetic field at the point P?                      [1]

         Into the plane of the page

6.   Draw a circuit diagram for either inverting amplifier or non-inverting amplifier.

Explain your circuit.                                                                                          [6]

	Inverting Amplifier
	Non-inverting Amplifier

	1.  Circuit diagram

[image: image10.jpg]Fig. 25.5G  The inverting amplifier




*The +input is grounded ( VQ = 0

*The –input is connected to Vin signal via Rf
* The path through Rf acts as a path for     feedback negative

*The amplifier function in a close-loop mode
	1.  Circuit diagram

[image: image11.jpg]L2 ov

Fig. 25.5)  Non-inverting amplifier




*The Vin is connected to the + input

*The path through Rf acts as a path for     feedback negative

*The amplifier function in a close-loop mode 


7.     A physics professor wants to find the diameter of a human hair by placing it between two flat glass plates, illuminating the plates with light of vacuum wavelength 
[image: image12.wmf]l

 = 552 nm and counting the number of bright fringes produced along the plates.  The prof finds 125 bright fringes between the edge of the plates and the hair.  What is the diameter of the hair? 

The reflection from the boundaries will cause a net 1800  phase shift.

The condition for bright fringe is 2t = ( m + ½ ) λfilm  ............................................1
and m = 124, since there is bright fringe for m = 0.  and  λfilm = 
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  .......................................................1

                                     = 3.44 x 10-5 m  ................................................................1

8.   An electron with a kinetic energy of 1.2 x 10-18 J collides with an electron in orbit around an atom, causing it to jump from – 6.2 eV level to –1.5 eV level.  What is the final KE of the first electron?                                                          [4]

       Change in energy,  E2 – E1 = –1.5 – (–6.2) .................................................1
                                                   = 4.7 eV
                                                   = 4.7 x 1.6 x 10-19
                                                   =  7.52 x 10-19 J  ................................................1
       The final Kinetic Energy      =  1.2 x 10-18 – 7.52 x 10-19  ...............................1
                                                     =  4.48 x 10-19 J  ................................................1

Section B:  Answer any four question

9. (a)   Define impulse.   What are the units for impulse?                                  [2]

            Impulse is change in momentum.  ..........................................................1

            unit:  Ns  or kg m s-1            .....................................................................1
    (b)   A spaceship of mass 4000 kg is moving with a constant velocity of        3.12 x 105 ms-1.  It is suddenly hit by a mysterious impulse of 1.65 x 105 Ns in the opposite direction to its motion.  What is its final velocity and direction of motion?

                                                                                                                           [4]

                Impulse, I  = m (v – u )  ......................................................................1

              –1.65 x 105  =  4000 ( v – 3.12 x 105 )  .................................................1

                              v  =   – 1.01 x 105 m s-1   .......................................................1

                    It moves backwards  .......................................................................1
    (c) (i)   Explain why parachutists bend their knees and roll when they hit the ground. 

               It is to spread out the time of the impact, and so reduce the force acting 
               on the parachutist.   ............................................................................2
 
[image: image17.wmf]
       (ii)    If the parachutist’s mass is 80 kg, and the velocity of the impact is  12 m s-1,  what is the minimum time required for the impact if the parachutist does not break a leg?   Take the force required to break a leg is 600 N.

                Weight of parachutist = 80 x 9.81 = 784.8 N   ......................................1
                Maximum force that can be produced by the leg before breaking

                                              L   = 2 x 600 = 1200 N        .....................................1

               Left over force for decelerating acting in opposite direction to the motion
                                               F = W – L ...............................................................1

                                                   = 784.8 – 1200 ...................................................1

                                                   =  – 415.2 N .......................................................1

                                Impulse, Ft = m (v – u ) 

                                                 t = 
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                                                 t = 2.31s   .............................................................1
10.(a) i.  Name one physical example of a longitudinal wave motion.                             [1]

             -  sound wave        .............................................................................................................1

         ii.  What features do longitudinal wave have in  common with transverse wave?[3]

 -They  both transmit energy from the source

-Repeats its pattern at equal distance, i.e. have a definite wavelength

-Profile of wave repeats equal number of times per second, i.e. have a definite frequency 

-Travel at the speed given by 
[image: image19.wmf]l

f

v

=

 where 
[image: image20.wmf]l

 wavelength

-Have a definite amplitude but can form standing waves.

-They  both transmit energy from the source

                                       any three points    ..........................................................................3

(c)    The excess pressure in a traveling sound wave is given by the equation

         p = 1.5 sin 
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  where x and λ in metres, t in seconds & p in Pa

(i)      What is the velocity of the wave?

          p = - 1.5 sin 
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   equivalent y = y0 sin 
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                              v = 330 m s-1  ……………………………………………………….1
(ii)     If λ = 2 m, what is the frequency of the wave?

  v  = f λ ......................................................................................................................1

           330 = f (2) 
              f  = 165 Hz       ............................................................................................1
(iii)    What is the maximum pressure ( pressure amplitude)?

         p0 = 1.5 Pa ......................................................................................................1

(iv)    What is the pressure at x = 
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 and t = 0?

          p  = - 1.5sin 
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11.    The first law of thermodynamic, an application of energy conservation, states that the change in internal energy,  ΔU, of a system is equal to the sum of the changes of heat energy ΔQ and work done ΔW by or on the system. 

(a)    Use this law to explain water boiling  and heating a gas at constant pressure.   [6]
         First Law of thermodynamics:   ΔU = ΔQ + ΔW

Boiling water:

         ΔQ is positive as heat is going into the system ....................................................1
         ΔW is negative as water expands when it changes state  ....................................1

         ΔU  is positive – the system is changing state so potential energy increases ......1

heating a gas at a constant volume
         ΔQ is positive as heat is going into the system .....................................................1

         ΔW is zero because the volume is fixed  ...............................................................1

         ΔU  is positive as the temperature is increasing ....................................................1
(b)    What is the relation between the specific heats, at constant pressure and constant volume?                                                                                                                  [4]

 When gas is heated at constant volume, the entire heat energy supplied goes to increase the internal energy of the gas molecules.  ..................................................But when a gas is heated  at constant pressure, the heat supplied not only increases  the internal energy of the molecules but also does the mechanical work in expanding the gas against the opposing constant pressure.  .......................................................1

Hence the specific heat of gas at constant pressure, cp is greater than it specific heat at constant volume, cv.             ........................................................................................1

It can be shown that for an ideal gas of molecular weight M,

                          cp – cv  = R/M   where R is universal gas constant. ...........................1
11 (c)   What is a field?  Sketch the variation of g inside and outside the Earth and variation of E and VE inside and outside a hollow conductor.  Explain.  
         A field is a region of space where force can be felt     ........................................1


                                                                                                           V uniform across
                                                                                                                          conductor  

                                                                                                         
                                                                                       V                     V α 1/r  ………..1

                      g                                              r
g increase                                    g decreases              E                                            r
uniformly                                      g 
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12. ( a)  What is the relation between resistance and resistivity?

 Compute the resistance of 180 m of silver (( 1.6 x 10-8)wire having a cross section of 0.3 mm2.                                                                                                                   [3]

                          R = ρ 
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      where ρ is resistivity                                     .................1
R = ρ 
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(b)  If a battery or other source of emf has internal resistance, then the terminal voltage does not equal to the emf when current is flowing. What are the relations between emf and terminal voltage in such situations?                                                                     [4]

The terminal voltage of a battery or generator when it delivers a current I is equal to the total emf minus the potential drop in its internal resistance,r. ..................................... 1
- When delivering current ( on discharge), terminal voltage = emf – Ir  .......................1

-When receiving current ( on charge )        terminal voltage = emf + Ir  .......................1

- When no current exist, terminal voltage = emf of the battery .....................................1

(c)   A 1400 Ω resistor is connected in series with a 200 Ω resistor and  a 12 V battery.

 i.     How much does the current in the circuit change when a 5000 Ω voltmeter is 

        connected across ( in parallel  with)  with the 1400 Ω resistor?                       [8]
        Original I = 
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        Placing 5000 Ω parallel with 1400 Ω ,  R-1 =
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ii.     Across  the 200 Ω resistor?

        Placing 5000 Ω parallel with 200 Ω,  R-1 =
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iii.    What does the voltmeter read in (i)?

        The drop across 1400 Ω is, ΔV = 12 – 200 ( 9.28 x 10-3 ) = 10.15 V ..................1
        (without voltmeter, potential drop = 10.5 V)

iv.    In (ii)?

        Voltmeter reads:   12 – (1400) x (7.536 x 10-3) = 1.45 V  ...................................1
        ( instead of 1.5 V without the voltmeter )
13.  (a) Define the following properties of lenses: converging, diverging, focal length, 

power and diopter.                                                                                                     [5]

Converging lens is one that focuses parallel ray to a point  .......................................1

A diverging lens is one that spreads parallel ray ........................................................1

Focal length refers to the distance from the lens to either  principal focus. ................1

Power of a lens is the reciprocal of the focal length in metres. ...................................1

A diopter is the unit for the power of a lens, equal to the power of a lens of focal length one metre   ..................................................................................................................1

(b)   A convexo-concave lens has faces of radii 3 and 4 cm, respectively, and is made of glass of refractive index 1.6.  Determine its focal length and the linear magnification of the image when the object is 28 cm from the lens.                                                   [5]
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(c)   A grating have 15 000 lines per cm produces spectra of a mercury arc. The green line of the mercury spectrum has a wavelength 5461Ǻ.  What is the angular separation between the first order green line and second order green line.
n = 1
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14 (a)   State Bohr’s postulate for an atom. [2]
· The electron in an atom moves in a circular orbit about the nucleus  ………………………………………………….……………………………………..1

· Only certain permissible/stable/quantised / stationary states circular orbit are allowed.   ……………………………………………………………………………..1
· Energy emitted only when electron transits from higher to lower

orbit………..…………………………………………………………………………..1

                                                                                                     any 2 marks

(b)      State four most important results from a photoelectric effect experiment..

      - When the intensity of the light is increased, the magnitude of the current      increases.  ….…......................................................................................................….1

· When the frequency of the light increases, the stopping potential remain constant. ………………………………………………………………………….…..1

· There exist a cut-off threshold frequency (below which no electron is ejected no matter how intense the light).  ……………………………………..……………….1

· The ejection of photoelectrons is immediate.  …………………………..…..……1

· When the frequency of light is increased the stopping potential increases / the maximum KE of electron increases.   …..………………………………………….1

                                                                                                                any four marks  
(c)     State two laws of conservation in radioactive decay.   [2]
          conservation of charge (or proton number)  ......................................................1 
          conservation of mass number (or nucleon number) ..........................................1  
          conservation of mass-energy or   ......................................................................1 

           conservation of momentum   ............................................................................1
                                                                                                                            any 2 
(d)     Explain how X-ray is diffracted at high intensity in certain directions by 
          a crystal.                                                                                                         [3] 
Atoms as secondary source /  X-ray is diffracted by atoms …………………..1
Path difference = n λ       ………………………………………………….………1

           Constructive interference happen / in phase happen  …………………………1   
(e)      Explain the working principle of a mass spectrometer to measure the masses of ions.                                                                                                                      [4]  
· Ions are accelerated through an electric field and its velocity determined.    ………………………………….…………………………………………..………..1

· Ions are then deflected in a magnetic field. ………………………..…………...1

· The magnetic field / electric field are adjusted until the ions are detected.   ……………………………….…………………………………………………….…1

· The mass is calculated from the magnitude of the electric field and magnetic field. ……………………………………………………………………………..…..1
Earth





Hollow


conductor


(charged)





E decreases as it had started decreasing from the center,  E α 1/r2  ..........1





E equals potential gradient which is zero
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