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	Level 3 Physics
91524 (3.4):  Demonstrate understanding of mechanical systems 


Credits: Six

	Check that you have completed ALL parts of the box at the top of this page.

Check that you have been supplied with the resource booklet for Level 3 Physics.

You should answer ALL parts of ALL questions in this booklet.
If you need more room for any answer, use the page(s) provided at the back of this booklet.
Check that this booklet has pages 2–9 in the correct order and that none of these pages is blank.

YOU MUST HAND THIS BOOKLET TO YOUR TEACHER AT THE END OF THE ALLOTTED TIME. 


	OVERALL LEVEL OF PERFORMANCE
	


You are advised to spend 60 minutes answering the questions in this booklet.
question one:  revolving door
Revolving doors (like the one in diagram 1) are used in many big buildings.

Diagram 1
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	Jenny enters a revolving door that is stationary as shown in diagram 1. She pushes on the door at point A, at right angles to the door, with a force of 132 N at a point 83 cm from the central axis.

The door accelerates at 0.48 rad s–2. She stops pushing when the door reaches an angular velocity of 
0.58 rad s–1. (Note: Ignore the effects of friction in this question.)


(a) By first calculating the torque and rotational inertia of the door (or otherwise), calculate the kinetic energy gained by the door.

(b) Dorothy tells Jenny that by pushing at B (see diagram 1), she can get the door rotating at the same speed in the same time with less force.

Discuss whether this idea is correct.

(c) The door has to rotate through a total angular displacement of 2.0 rad to allow Jenny to walk through the door (see diagram 2). This total includes the angular displacement during acceleration and the angular displacement at constant angular velocity.

Diagram 2
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Calculate the angular displacement of the door from the instant it reaches a constant angular velocity until it has rotated through a total of 2.0 rad.


question two:  bouncing on a trampoline

Ivan is practising for a national trampolining competition. After a while, he takes a rest and stands on the trampoline, allowing it to bounce him up and down (like a mass on a spring, performing simple harmonic motion).

	Diagram 3
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	In each oscillation, the surface of the trampoline moves between positions A, B, and C as shown in diagram 3 on the left.

Initially the amplitude (maximium displacement) of the oscillation is 0.14 m.

Ivan’s mass is 62.0 kg.

The period of his oscillation is 
0.85 s.




(d) Calculate to show that the spring constant of the trampoline has a value of 3.4 kN m​–1.

(e) The graph below shows the displacement-time graph for Ivan’s oscillation.
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Discuss how the total energy of the system varies with time. In your answer, you should:

identify the forms of energy that make up the total energy of the system (and explain your understanding of ‘the system’)

describe how this total energy changes with time

discuss how one form of energy transforms into another

identify when each form of energy is maximum and minimum.

Describe how Ivan’s velocity varies with time. In your answer, you should:

calculate Ivan’s maximum velocity

describe (using the graph on page 4, by drawing a phasor diagram in the space provided, or otherwise) the phase relationship between displacement, velocity, and acceleration.

	


question three:  binary stars

Sirius A (Takurua) is the brightest star in our night sky. Sirius A is in orbit with a smaller companion star called Sirius B. 

The mass of Sirius A is 2.1 solar masses (4.18 
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 1030 kg).

The mass of Sirius B is 0.98 solar masses (1.95 
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 1030 kg).

	Diagram 4

[image: image8.png]2.99x10” m

Centre of mass





	The distance between the two stars is 2.99 
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 1012 m.

The two stars orbit around a common centre of mass. See diagram 4 on the left.




(f) Show that Sirius B is 2.04 
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1012 m from the centre of mass of the binary system.

(g) Explain what causes the centripetal force that keeps Sirius B in orbit and calculate the size of this force.

(h) Show that the time to complete ONE orbit of the centre of mass for EITHER of the stars is approximately 50 years.

(i) Discuss why the orbital period for BOTH stars must be the same.
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