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Level 3 Physics, 2011
90521  Demonstrate understanding of mechanical systems

9.30 am �riday 2� November 2011am �riday 2� November 2011 �riday 2� November 2011 
Credits: Six

Check that the National Student Number (NSN) on your admission slip is the same as the number at the 
top of this page.

You should attempt ALL the questions in this booklet.

Make sure that you have Resource Booklet L3–PHYSR.

In your answers use clear numerical working, words and / or diagrams as required.

Numerical answers should be given with an SI unit, to an appropriate number of significant figures.

If you need more room for any answer, use the extra space provided at the back of this booklet.

Check that this booklet has pages 2 – 8 in the correct order and that none of these pages is blank.

YOU MUST HAND THIS BOOKLET TO THE SUPERVISOR AT THE END OF THE EXAMINATION.

ASSESSOR’S USE ONLY Achievement Criteria

Achievement Achievement with Merit Achievement with Excellence
Identify or describe aspects 
of phenomena, concepts or 
principles.

Give descriptions or explanations 
in terms of phenomena, 
concepts, principles and / or 
relationships.

Give explanations that show 
clear understanding in terms of 
phenomena, concepts, principles 
and / or relationships.

Solve straightforward problems. Solve problems. Solve complex problems.

Overall level of performance  



You are advised to spend �� minutes answering the questions in this booklet. 

All formulae are provided in the separate Resource Booklet L3-PHYSR.

QUESTION ONE:  ROTATIONAL MOTION

Brad has a job at a construction site. He often uses power tools on the site. A hand-held circular saw 
contains a disc-shaped blade that spins rapidly to cut through wood. The axle is fixed through the 
centre of the blade. An electric motor makes the axle spin, and this in turn makes the blade spin.

axle

blade

electric motor

(a) When operated at full speed with no load, the blade rotates at 4 500 revolutions per minute.

 Show that the angular velocity of the blade is 471 rad s–1.

(b) The rotational inertia of the blade is 1.28 × 10–3 kg m2.  It takes 0.12 s for the motor to 
accelerate the blade from rest up to full speed. 

 Calculate the average power provided by the motor during this time.

 average power =
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(c) When the saw is cutting through some wood, the blade slows 
down to a steady speed. 

 

 Explain how the forces acting on the blade keep it rotating at 
a steady speed. 

 In your answer you should:

 • state what forces act on the blade

 • compare the relative size of the forces.
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QUESTION TWO:  SIMPLE HARMONIC MOTION

Brad is working on a scaffold. He ties his bag to a hook, H1, using a light rope of length 5.50 m, as 
shown in the diagram. He pulls the bag 0.900 m to the side and lets it swing.

H1

H2

5.5 m

(a) Show that the time period of the bag’s swing is 4.70 s.

(b) (i) Calculate the maximum velocity of the swinging bag. 

 maximum velocity =

 (ii) Show (on the diagram above) where this maximum velocity occurs.   

(c) Explain how the tension in the rope varies as the bag swings.

4

Physics 90�21, 2011

ASSESSOR’S 
USE ONLY



(d) Explain how the maximum velocity of the bag would change if Brad had used a longer rope to 
attach his bag to the hook H2. 

 Assume that the bag is given the same initial displacement.

(e) Brad offers his friend Ann a sandwich from his bag. He lets the bag swing when Ann is 1.4 m 
away. He calls to her when the bag has travelled 0.100 m. Ann’s reaction time is 0.400 s. 

 Calculate the time between Brad’s call and when the bag reaches Ann.  

 Use the reference circle below, or some other method.

 

H1

1.40 m

0.900 m

5.5 m

 time =

�
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QUESTION THREE:  GRAVITATION

The diagram shows a satellite in orbit around the Earth (not to 
scale).

• mass of the Earth = 5.97 × 1024 kg
• polar radius of the Earth = 6.36 × 106 m 

(a) Label the diagram to identify the nature and direction of 
the force / forces on the satellite.

(b) Calculate the net force on a 1.08 × 103 kg satellite when it is in a polar orbit 2.02 × 107 m 
above the Earth’s surface.

 net force =

(c) Show that the only stable orbit for the satellite orbiting at an altitude of 2.02 × 107 m has a 
period of approximately 12 hours.
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(d) For any object orbiting around a primary body, R3 ∝ T  2,  
 where R is the radius of the orbit and T is the time period for the orbit.
 
 Show that this is true, and in doing so:

 • state the conditions required for a stable orbit

 • show that the conditions do not depend on the mass of the orbiting object.

(e) Discuss the particular requirements for an orbit that will keep a satellite vertically above a 
certain point on the Earth’s surface.
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