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PHYSICS

Level 2
91171 Demonstrate understanding of mechanics
Credits: Six
Answer ALL the questions in the spaces provided.

If you need more space for any answer, use the pages provided at the back of this booklet and clearly number the question.

For all numerical answers, full working should be shown and the answer should be rounded to the correct number of significant figures and given with an SI unit.

For all ‘describe’ or ‘explain’ questions, the answer should be in complete sentences with all logic fully explained.
YOU MUST HAND THIS BOOKLET TO THE SUPERVISOR AT THE END OF THE ASSESSMENT.
	For Assessor’s use only
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Demonstrate understanding of 

mechanics.
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Demonstrate in-depth 

understanding of mechanics.
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Demonstrate comprehensive understanding of mechanics.


You may find the following formulae useful.
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                 acceleration due to gravity g=9.8ms-2
                 circumference of circle = 2(r
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It is recommended that you take 60 minutes to complete this assessment.
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QUESTION ONE: MOOSE
Moose are the largest species of deer, and are common in the forests of the Northern Hemisphere. Moose have very heavy heads. 

A particular moose has a head with a weight of 9.50 x 102 N, and the rest of his body has a weight of 5.30 x 103 N. 
(a)
Calculate the mass of the moose.
The centre of the moose’s head, and the centre of the moose’s body are marked on the diagram below by black circles. 
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(b)
State the condition(s) necessary for equilibrium.
(c)
Calculate the force exerted by the back legs of the moose.
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(d)
Explain, with the help of a calculation and with reference to the torques involved, why the front legs of the moose must exert a larger force than the force on its back legs.
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Collisions between cars and moose can result in serious injuries to the moose and the people in the car. In one collision, a 5.40 x 102 kg stationary moose was hit by a small car with a mass of 6.50 x 102 kg. The car has a momentum of 7.84 x 103 kg m s-1 when it hits the moose. (Note: neither moose nor the people in the car were injured in this hypothetical collision!)
(e)
Calculate the speed of the car when it hits the moose.
(f)
During the collision the car’s momentum is reduced to 2590 kg m s-1 in the direction of travel. Calculate the speed of the moose after the collision.
(g)
State and explain whether the force acting on the car due to this collision is greater, less than, or the same as the force acting on the moose due to this collision. Calculations are not necessary. 
Bears also present a hazard to drivers.
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When a car hits a bear, the bear’s centre of mass is in line with the bonnet of the car, which is designed to crumple. When the moose is struck its centre of mass is in line with the windscreen of the car, which is rigid, and does not break or crumple when hit.

In both collisions the car slows down by the same amount.
(h)
State which animal, moose or bear, would be likely to exert more force on the car. Explain your answer using physics principles. Assume that the the moose and the bear have the same mass. 

QUESTION TWO: HORSES
In this question ignore the effect of air on the horse’s motion.

A horse is moving in a straight line towards an obstacle and accelerates from 1.3 m s-1 to 6.8 m s-1 over 5 seconds.

(a)
Calculate the acceleration of the horse.

The horse has a mass of 520 kg.

(b)
Calculate the change in kinetic energy of the horse during this 5 second period, and use your answer to calculate the power generated by the horse.
Horses have a natural ability to jump over obstacles. When the horse takes off, the horizontal velocity of the horse is 6.8 m s-1, and the vertical velocity is 5.5 m s-1.


(c)
Calculate the size and direction of the total velocity. A diagram may help your answer.
(d)
Draw a labelled force diagram of the horse when it is at the top of its path. Ignore the effect of the air.




(e)
Describe and explain what happens to the components of velocity of the horse as the horse moves through the air from the moment it leaves the ground until just before it lands.
Horizontal:

Vertical:


(f)
Calculate the horizontal distance the horse travels while it is in the air. Start by determining the time the horse is in the air. 
QUESTION THREE: GANNETS
Gannets are sea birds that feed on fish. They fly in circles above the water, then when they see a suitable fish, they dive into the water to catch the fish. 

A gannet is flying in a horizontal circle, looking for fish. The circle has a radius of 22 m and a constant speed of 3.3 m s-1.

(a)
Calculate the acceleration of the gannet.
The following diagram shows the gannet’s flight path from above. The gannet is moving at constant speed while flying in its circular path.

(b)
Draw and label arrows showing the acceleration and the velocity of the gannet at the point shown. 



(c)
Explain how it is possible for the gannet to be accelerating, even though the speed is not changing. You should refer to the definition of acceleration in your answer.

At some time later the gannet sees a fish, and dives vertically down towards the water by folding its wings close to its body. Gannets can reach speeds of 100 km h-1 by diving in this way. 
When the gannet hits the water, it slows down.

(d)
Draw a labelled diagram of the force(s) acting on the gannet as it enters the water vertically, and is slowing down.

(e)
Explain the size and direction of the forces you have drawn.



If you need more space for any answer, continue here. Clearly number the question.
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