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PHYSICS

Trial Examination 2

2004
  Students may download examination papers free of charge from

  www.thereisnosquare.com/mathline/   for individual use only.

  © Copyright 2004, mathlinE.

  Not to be copied in whole or in part by any other means.

AREA 1 – Motion

Due to the failure of its handbrake a 1000-kg car in neutral moves from rest down a sloping section onto a horizontal section of a straight road. The sloping section makes a 10o angle with the horizontal. 


                                                                      10o      



The speed-time graph of the car is shown below.

                                    v (ms-1)

                              20

                                                                                                                        (Note: not drawn to scale)

                                0                                          25                                                         t (s)

Question 1

Show that the magnitude of the average acceleration in the sloping section is 0.8 ms-2 .                        2 marks

Question 2

Show that the magnitude of the average resistive force (air resistance and rolling friction) against the motion of the car in the sloping section is 9.0 ( 102 N.                                                                                             3 marks

Question 3

Calculate the distance travelled in the horizontal section before the car comes to a stop. Assume that the car encounters the same average resistive force.                                                                                           2 marks

While cornering a car ran off a cliff at an angle of 12o to the horizontal and the speed just before it hit the ground was estimated to be 22 ms-1. It landed 8.0 m lower than where it left the road. Ignore air resistance in the following four questions.


                              12o

                                                                                              car

                                                   8.0 m


Question 4

Show that the car left the road at a speed of 18 ms-1.                                                                                2 marks

Question 5

For how long was the car in free fall?                                                                                                       3 marks

Question 6

If the car runs off the road horizontally instead of at 12o to the horizontal, then

A. both answers to questions 4 and 5 remain the same.

B. both answers to questions 4 and 5 are different.

C. the answer to question 4 remains the same and the answer to question 5 is slightly different.

D. the answer to question 4 is slightly different and the answer to question 5 remains the same.          2 marks

Question 7

Explain your choice in question 6.                                                                                                            2 marks


A 6000-kg open railroad car travels with a constant speed of 22.0 ms-1 on a straight level track without friction and air resistance. Snow begins to fall vertically and fills the car at a rate of 5.00 kg min-1.

                                       Falling snow





Question 8

Show that the speed of the car after 2.00 hours is 20.0 ms-1.                                                                     3 marks

Question 9

Determine the magnitude of the horizontal impulse given to the car by the snow.                                  2 marks

Question 10

The falling snow has vertical momentum but the total vertical momentum of the car and the collected snow is zero at any time during the two-hour period. Explain.                                                                              3 marks


A daredevil rides a motorcycle in a horizontal circle at constant speed against the internal wall of a vertical cylindrical structure. The maximum friction between the tyres and the wall is 0.75 of the normal reaction of the wall on the motorcycle. The total mass of the rider and the motorcycle is 6.0 ( 102 kg and the internal radius of the cylindrical structure is 12 metres. Consider the motorcycle with the rider as a point to simplify the situation.



                                                                                                                 Wall 


                     Motorcycle 

                     + rider                                                              

                                                                             Horizontal circular path

Question 11

Draw labelled arrows in the above diagram to represent the forces acting on the motorcycle + rider.    2 marks

Question 12

Show that the friction between the tyres and the wall in preventing the motorcycle from falling is 5.9 ( 103 N.

                                                                                                                                                                   2 marks

Question 13

Calculate the minimum speed required to keep the motorcycle moving in the horizontal path.              3 marks

Question 14

The daredevil is replaced with a heavier rider. The minimum speed required to maintain the horizontal path is

A. higher   B. lower   C. the same. Explain your answer.                                                                         3 marks

Question 15

What would the friction between the tyres and the wall be when the daredevil rides the motorcycle at a speed higher than the minimum speed required?                                                                                               2 marks


AREA 2 – Gravity
Phoebe is one of the 31 known moons of Saturn and has a diameter of only 220 km. It has an orbital period of 550 days and an average distance of 1.3 ( 107 km from Saturn. Titan is the biggest and has a diameter of 5150 km and its average distance from Saturn is 1.2 (106 km. (G = 6.67 ( 10-11 Nm2kg-2)

Question 1

Determine the orbital period of Titan in whole number of days.                                                              3 marks

Question 2

Use only the given information above to show the mass of Saturn is about 5.8 ( 1026 kg.                     3 marks

In June 11 2004 spacecraft Cassini flew by Phoebe on its way to Saturn. It entered into an elliptical orbit around Saturn and its closest approach to Saturn was 1.8 ( 104 km above its surface. 

(Radius of Saturn = 6.0 ( 104 km)

                                         Cassini                                                                                  Saturn
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   Closest approach to Saturn
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                                                                                                                 (NASA)

Question 3

Determine the value of the ratio of the gravitational force of Saturn on Cassini when it was closest to Saturn to the gravitational force of Saturn on Cassini when it passed by Phoebe.                                                   4 marks

Question 4

Calculate the gravitational field strengths of Saturn at 7.8 ( 104 km and 8.0 ( 104 km from its centre. Sketch the graph of gravitational field strength of Saturn versus distance showing the two distances.              3 marks

                                                                                                      g(Nkg-1)



                                                                                                                                                              r ((107m)

Question 5

Estimate from the above graph the change in gravitational potential energy per kilogram of Cassini when it moved in its elliptical orbit from a distance of 7.8 ( 104 km to a distance of 8.0 ( 104 km from the centre of Saturn. 

                                                                                                                                                                 2 marks 

                                                                                                                                                                                    

AREA 3 – Structures and materials
The Akashi Kaikyo Bridge in Japan is the longest spanning suspension bridge in the world. It has only one cable per side instead of two along the entire length of the bridge.

                                                     Cable
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                                                                                                (HONSHU-SHIKOKU BRIDGE AUTHORITY)

Each cable is composed of 290 strands and each strand contains 127 wires made of high tensile galvanised steel measuring 5.23 mm in diameter. The load on the cable should not exceed 2.84 ( 107 kg in order to allow for a safety factor of 5.

Question 1

Determine the maximum tensile strength in MPa of the galvanised steel used in making the wires.       3 marks

Question 2

Give and discuss two advantages of using multi-wire strands and multi-strand cables in building suspension bridges.                                                                                                                                                      3 marks


A 2.0-kg rectangular cupboard door is hinged freely at the top and bottom corners. The lower hinge bears the whole weight of the door and the upper hinge keeps the door in upright position.


                                                                 Cupboard

                                                                                                                 60 cm

                                                                                            Door



                                                                                            42 cm

Question 3

Determine the magnitude and direction of the reaction force exerted by the lower hinge on the door.   2 marks

Question 4

Determine the magnitude and direction of the reaction force exerted by the upper hinge on the door.   3 marks


A 10.0-kg load is suspended at the vertex of a regular square-base pyramid shape frame. Each member of the frame has a mass of 1.00 kg. The angle between two opposite slanting members is 60o. Each corner of the base is supported by a freely moving wheel. The whole structure is resting on a horizontal floor. 


                                                                                         60o

                                                                                                           10.0-kg load






Question 5

Show that the magnitude of the reaction force of each wheel on the frame is 44.1 N.                             2 marks

Question 6

Calculate the force exerted by a slanting member of the frame on the base corner.                                 3 marks

Question 7

Which of the following statements is correct?                                                                                          2 marks

A. All members of the frame are in tension.

B. All members of the frame are in compression.

C. The slanting members are in tension while the base members are in compression.

D. The slanting members are in compression while the base members are in tension.


The mechanical properties of three materials are tabulated below.


Young’s modulus (GPa)
Elastic limit (MPa)
Tensile strength (MPa)

Material A
11
166
185

Material B
200
450
820

Material C
18
2
2

Question 8

Arrange the materials in ascending order according to

a.    stiffness.                                                                                                                                              2 marks

b.    brittleness.                                                                                                                                           2 marks


AREA 4 – Light and matter

In an investigation of photoelectric effect a beam of light (wavelength ( = 410 nm) is directed onto a metal. The photoelectron current is plotted against the accelerating voltage as shown below. The stopping potential is –0.75 volt. The experiment is repeated using a more intense beam of light of the same wavelength.

                                                                   I




                                                                                            

                                           –0.75           0                                                         V (volts)         

Question 1

Show that the maximum kinetic energy of the photoelectrons emitted is 1.2 ( 10-19 J.                           2 marks

Question 2

Show that the work function of the metal is 3.7 ( 10-19 J.                                                                        2 marks

Question 3

Determine the longest wavelength of light for the emission of electrons from the metal.                       2 marks

Question 4

Discuss two typical results of the investigation of the photoelectric effect that support a particle model rather than a wave model of light.                        

                                                                                                                                                                  3 marks


An electron is accelerated from rest across a potential difference of 65 volts between two parallel conducting plates 5.0 cm apart. 

                                                      –                                                       +

                                                                                e-

                                                                               (
Question 5

Determine the electric field strength between the two parallel plates.                                                     2 marks

Question 6

Calculate the de Broglie wavelength of the electron just before it hits the plate.                                   3 marks


Question 7

Bohr postulated in his model of a hydrogen atom that the electron only moves in circular orbits with quantised energy. In 1923 de Broglie proposed an explanation for Bohr’s postulation. Outline the important points of the explanation.

                                                                                                                                                                 3 marks


END OF EXAMINATION

1
11
Physics 2004 Trial Examination 2 ( Copyright 2004 mathlinE.    Download free from www.thereisnosquare.com/mathline/

