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AREA 1 – Motion
Helicopters are used to carry water to fight bush fires. The following diagram depicts such a flight.






                                                                                12o

                                                             Vat
The helicopter flies horizontally. The total mass of the water and the vat is 1500 kg. Air resistance on the vat amounts to 250 newtons. Neglect the mass of the chain holding the vat.

Question 1

Draw vectors in the above diagram to show all the forces acting on the vat. Label each force.        2 marks

Question 2

Find the tension in the chain holding the vat.                                                                                     2 marks


                            N


Question 3

Find the horizontal acceleration of the helicopter.                                                                             2 marks


                         ms-2


Question 4

What is the magnitude of the force that the vat exerts on the helicopter?                                         1 mark

                            N


Question 5

Find the angle that the chain makes with the vertical if the helicopter flies at constant velocity.    2 marks


                             o

A rescue plane wants to drop supplies to an adventurer 210 m below in a remote region in Central Australia. The plane travels horizontally towards the adventurer with a speed of 250 kmh-1. Ignore air resistance to simplify the calculations.

                                           250 kmh-1
                                                   

             210 m




Question 6

How long will it take the supplies to hit the ground?                                                                        2 marks

                           s


Question 7

How far (horizontal distance) in advance of the adventurer must the supplies be dropped in order to land next to the adventurer?                                                                                                                      2 marks

                          m


Question 8

With what speed do the supplies land on the ground?                                                                      2 marks


                      ms-1                        

Question 9

Suppose, instead, the plane releases the supplies a little too late, what velocity (answer up, down, forward or backward) should be given to the supplies so that they land next to the adventurer? Explain.

                                                                                                                                                           2 marks

A racing motorcyclist rounding a circular bend made an angle 
[image: image1.wmf]o

o

3

.

48

=

q

 with the vertical to the horizontal surface of the track. The speedometer reading at that moment was 72 kmh-1.
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Question 10

Given 
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equals the ratio

                                                 Centripetal force on the motorcycle and the cyclist

                                                    Total weight of the motorcycle and the cyclist

show that the centripetal acceleration of the motorcyclist is 11 ms-2.                                               1 mark

Question 11

Which of the following is the source of the centripetal force?                                                          1 mark

A.    Driving force of the motor.

B.    Wind and air resistance.

C.    Forward friction between the tyres and the track surface.

D.    Sideway friction perpendicular to the direction of motion.


Question 12

Calculate the radius of the circular bend.                                                                                          2 marks

                         m


Suppose a heavier rider makes the same bend on the same motorcycle at the same speed.

Question 13

Will the angle 
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  with the vertical be greater, smaller, the same or variable?                                 1 mark


Question 14

Will the centripetal force be greater, smaller, the same or variable?                                               1 mark


Modern cars have a crumple zone at the front end. This effectively lengthens the stopping distance of a car in a head on crash.

In a laboratory test a 65 kg crash test dummy is placed at the front seat with the seatbelt fastened. The car hits a strong barrier and comes to a halt. The crumple zone of the car is crushed over a distance of 0.90 m.

During the crash the force of the seatbelt on the dummy as a function of the stopping distance is shown in the following graph

                             Force (kN)

                               15

                                 0                                                                       0.9                Stopping distance (m)

Question 15

Calculate the change in kinetic energy of the dummy during the crash.                                           2 marks


                          J

Question 16

Find the speed of the car just before the crash.                                                                                 2 marks


                      ms-1


Question 17

For the crumple zone to be an effective safety measure an occupant in a moving car must have the seatbelt fastened. Explain how the crumple zone and the seatbelt together can save life.                             3 marks

A train of mass M kg travelling at 25 kmh-1 to the east collides with another train of mass 2.5M kg travelling in the same direction at 15 kmh-1. The two trains lock together and move on after the collision.

Question 18

Determine the velocity of the locked trains immediately after the collision.                                    2 marks


                   kmh-1


Question 19

Explain with calculations that the collision is inelastic.                                                                    2 marks

Question 20

In terms of M, what impulse does the M kg train receive immediately after the collision?             2 marks


 Magnitude:              Ns; direction:


AREA 2 - Gravity

On February 7, 1984, at a height of 102 km above the Earth’s surface, astronaut Bruce McCandless stepped into space from a space shuttle and became the first human satellite in circular orbit around the Earth.

                                                              [image: image5.jpg]


             

Question 1

Determine the magnitude of the acceleration of the astronaut.                                                         3 marks


                      ms-2
Question 2

If the total mass of the astronaut was 230 kg, what was his weight?                                                1 mark


                         N

Question 3

In terms of gravity and reaction force explain why the astronaut felt weightless.                            2 marks

Question 4

If the astronaut held a spring balance (calibrated in kg) with a 1 kg mass attached to the weighing hook, what would the reading be on the spring balance?                                                                            1 mark

                        kg


Question 5

Describe the subsequent motion of the spring balance and the attached mass if they were released.  

                                                                                                                                                           2 marks

An asteroid revolves in a circular orbit around the Sun at a distance that is twice the Earth’s distance from the Sun.

                                                                                                                        Asteroid’s orbit



                                                                                           Sun                     Earth’s orbit

Question 6

Calculate the period of revolution of the asteroid.                                                                            3 marks


                        years


Question 7

Determine the value of the ratio

                                                    Speed of the Earth around the Sun                                               2 marks

                                                  Speed of the asteroid around the Sun


AREA 3 – Structures and materials

Consider the Tower of Pisa as a uniform circular cylinder of height 55 m and radius 3.5 m. It has been leaning gradually to one side ever since it was built. At present the top of the tower is displaced 4.6 m from the vertical and it is in stable equilibrium.


                                                        4.6 m


                                                                         O

Question 1

Under what conditions is a structure in stable equilibrium? Explain.                                               2 marks

Question 2

Calculate the maximum leaning angle (with the vertical) that will bring the tower to the verge of toppling.

                                                                                                                                                          2 marks

                          o

One suggestion to restore the tower to its upright position is to pull a chain attached to the tower as depicted in the following diagram.


                                                        

                                            chain

                           pull


                                                                         O

Suppose the total mass of the tower is M kg and the base of the tower is hinged at O.

Question 3

In terms of M, determine the minimum torque exerted by the pull on the tower about O required to restore the tower to its upright position.                                                                                                        2 marks

                       Nm


Question 4

When the tower is in its upright position, in terms of M, determine the stress on the soil beneath the base of the tower.                                                                                                                                           2 marks


                        Pa

The following two structures show the use of trusses as bridges. Four particular members of the trusses are labelled as 1, 2, 3 and 4. 


                                   1           2                    Truck

                                                                                                                                 Truck



                                                                                                              3           4

Question 5

Choose the correct statement (A –D).                                                                                               2 marks

A.    Both 1 and 3 are in tension.

B.    Both 1 and 3 are in compression.

C.    1 is in tension and 3 is in compression.

D.    1 is in compression and 3 is in tension.


Question 6

Choose the correct statement (A –D).                                                                                               2 marks

A.    Both 2 and 4 are in tension.

B.    Both 2 and 4 are in compression.

C.    2 is in tension and 4 is in compression.

D.    2 is in compression and 4 is in tension.


Pre-stressed concrete beams are used to support floors in high-rise buildings.

Question 7

Briefly explain the manufacturing process of pre-stressed concrete and why it is stronger than ordinary concrete as a horizontal beam.                                                                                                          3 marks

The stress versus strain graphs of materials A and B up to the fracture points are shown below.
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Question 8

Which material (A or B) is stiffer? Support your answer with calculations.                                    2 marks

Question 9

Which material (A or B) is tougher? Support your answer with calculations.                                 2 marks

Question 10

What is the strength of material A?                                                                                                  1 mark


                 MNm-2

Question 11

A cylindrical rod made of material B has radius 2.0 mm and length 1.0 m. Estimate the tensile force required to fracture the rod.                                                                                                              2 marks


                       kN


AREA 4 – Ideas about light and matter

In a photoelectric effect experiment a metal plate is illuminated by light of a definite frequency.

Question 1

Which of the following factors (A – D) determine whether or not photoelectrons are emitted as a result?

                                                                                                                                                           2 marks

A.    Intensity of illumination.

B.    Length of time of exposure to the light.

C.    Area of the plate.

D.    Material of the plate.


In another photoelectric effect experiment, photoelectrons are emitted and three sets of results (labelled as a, b and c in the following graph) are recorded.

                                                                           Current

                                                                                   

                                                                                                                 c

                                                                                                                 b

                                                                                                                 a

                                                                              0                                             Potential difference

Question 2

Which of the following changes (A – D) gives rise to the three sets of results?                               2 marks

A.    Change the temperature of the plate.

B.    Change the accelerating voltage.

C.    Change the frequency of light used.

D.    Change the intensity of light used.


In a third photoelectric effect experiment another three sets of results (labelled as d, e and f in the following graph) are recorded.

                                                                           Current

                                                                                   


                                                                            f                                             

                                                                              e

                                                                                  d

                                                                              0                                               Potential difference

Question 3

Which of the following changes (A – D) gives rise to the three sets of results?                               2 marks

A.    Change the electron current.

B.    Change the retarding voltage voltage.

C.    Change the frequency of light used.

D.    Change the intensity of light used.


Question 4

The photon model succeeds but the wave model fails in explaining the results of the photoelectric effect experiments. Name two main features of the results and discuss how they can be explained successfully by the photon model rather than by the wave model.                                                                             4 marks

An ultraviolet light bulb (
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) and an infrared light bulb (
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) are both rated at 380 watts.

Question 5

Determine the ratio

                                         Photon energy from the ultraviolet light bulb

                                           Photon energy from the infrared light bulb                                            2 marks


Question 6

Calculate the number of photons emitted by the ultraviolet light bulb in a minute.                         2 marks


In a colour television set electrons are accelerated through a potential difference of 25.0 kV.

Question 7

Calculate the kinetic energy gained by such an electron.                                                                  2 marks


                          J


Question 8

Determine the de Broglie wavelength of such an electron.                                                               2 marks


                         m


                                                                                          End of examination
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