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Motion in one and two dimensions

Q1  Inertial frames of reference move at constant velocity relative to each other.                   C

Q2  The ball moves in a vertical straight line in Jack’s frame of reference.                                     C

Q3  In Jill’s frame of reference the velocity of the ball has both vertical and horizontal components.       A



Q4  In Jill’s frame of reference the path is parabolic.   E

Q5  In Jack’s frame of reference the ball is in vertical motion under gravity. At t = 1.3s it is at its max. height.

a = – 9.8, t = 0.3, v = 0, 
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Hence x = 0 and y = 0.44.

Q6  In Jill’s frame of reference, at t = 1.3s the ball has a horizontal displacement 
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Hence x = 32.5 and y = 0.44.

Q7  An absolute quantity in the Newtonian model is one that has the same value when it is measured in any inertial frame of reference, e.g. radius of the ball and time of flight of the ball are absolute quantities.

Q8  Work done in lifting the load = 
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J. Work done to change the kinetic energy of the load = 
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Total = 
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Q9  The gravitational potential energy and kinetic energy of the load remain the same, (zero amount of work is done on it.

Q10              Normal reaction of forks on load



                                     Friction between forks          (                      

                                     and load

                                     Centre of circular path

Only the two forces shown above act on the load. Both forces are perpendicular to the displacement of the load during the right turn, (they do no work on the load.

Q11  
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( increase by 27 kmh-1 forward.

Q12  Impulse 
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Note: 18 kmh-1 = 
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Q13  Impulse received by seatbelt = +275 Ns

Average force = 
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Q14  After collision, 
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Before collision, 
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Total kinetic energy before collision
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Total kinetic energy after collision
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Less kinetic energy after collision, (inelastic.

Q15  
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Q16  Given 
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Q17  The moon and the satellite move in the gravitational field of the earth and there are no other forces involved, 
[image: image32.wmf]\

they are in free fall. The mass of the moon is very much greater than the mass of the satellite, so the force of gravity is greater on the moon than on the satellite even though the moon is further away from the earth.  A and B are correct.

When an object is in free fall, its acceleration is given by g that is inversely proportional to the square of the distance from the centre of the earth. Since the moon is further away from the earth, 
[image: image33.wmf]\

its acceleration is less. The period of an object in orbit depends on its distance from the centre of the earth, (different periods for the satellite and the moon.

Electronics and photonics

Q1  In a light sensor a photodiode is reverse biased and connected in series with a resistor.             B

Q2              I ((A)

      – 19.0

      – 20.0

      – 21.0


               0                       0.1                       0.2      t ((s)

Q3  The signal has a period of 0.2 (s that is far too short for a LDR to respond to. LDR is able to respond to periods in the order of ms.

Q4  2000 lux gives a reverse-bias current of 20 (A.

( voltage across resistor = 20 (A ( 300 k( = 6.0 v

( voltage across photodiode = 9.0 – 6.0 = 3.0 v

Q5  
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Q6  
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Q7  
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Q8  Voltage across 
[image: image41.wmf]6

.

1

2

»

R

v, 

voltage across 
[image: image42.wmf]4

.

10

6

.

1

12

1

=

-

»

R

v.


[image: image43.wmf]4

.

10

6

.

1

1

2

=

R

R

, 
[image: image44.wmf]22

4

.

10

6

.

1

2

´

=

\

R

k( = 3.4 k(
Q9  Max. peak-to-peak output signal 
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Max. peak-to-peak input signal = 2.0 v.

Q10  

                                                                Loudspeaker


                       Amplifier

                                            Coupling

                                            capacitor

Q11  Laser diode is the input transducer and photodiode is the output transducer.                 D

Q12  When an LED is forward biased by an applied voltage, electrons move from the n region to fill the holes in the p region. When an electron fills a hole, a ‘packet’ of light energy called photon is emitted. When the forward biased current increases, the number of holes filled by electrons increases and thus the number of photons emitted increases, and hence the light intensity increases.
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Investigating materials and their use in structures

Q1  
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Q2  
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Q3  The tension in the supporting cords compresses the upper member, (compressive stress.
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Q4  Read from graph, Elastic limit = 50 MPa 

Q5  Young’s modulus = gradient of linear section

= 
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Q6  Not a suitable material. A suitable one should have an elastic limit several times (factor of safety) of 50 MPa. The material is not stiff enough. At 50 MPa it stretches by 0.05, i.e. 5%. If the member was 10 m long, it would stretch by 0.5 m.
Q7        B     
Q8  Small cracks always present in a concrete beam. When a beam is in tension, the stress at the tip of a crack increases. This causes the crack to propagate and spread, and results in the fracture of the beam. Thus concrete is weak when it is in tension. It can be made stronger by placing steel rods (strong in tension) along the entire length of the underside of the beam where it is in tension.
Q9  Arch shape ensures the concrete structure is in compression everywhere. Concrete is a strong material when it is in compression.           B

Q10                                       0.35m
                    F               O
                     1.4m
                                  W

                                                          Ff
                                              Fn
Q11  Calculate torques about O, F and W have zero torque about O. Ff  = 52 N and Fn = W = 25 ( 9.8 N 

(Ff has a clockwise torque = 52 ( 1.4 = 73 Nm and Fn has anticlock. torque = 25 ( 9.8 ( 0.35 = 86 Nm
The stronger anticlockwise torque prevents the parcel from toppling over. If F > max Ff , the parcel will start to slide.
Q12  At the point of toppling over, F = max Ff , clockwise = anticlockwise torque, 52 h =  86, 
(h = 1.6m is the max. height at which F is applied.
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