Dynamics
1.
A body of mass 0.5 kg, initially at rest, is acted on by a constant resultant force of 2 N for a total of 10 s.


(a)
Sketch the acceleration-time graph for the motion.  Annotate the graph to make the scales clear.


(b)
Sketch the velocity-time graph for the motion.  Annotate the graph to make the scales clear.


(c)
Sketch the distance-time graph for the motion.  Annotate the graph to make the scales clear.


(a)




(b)




(c)

2.
Show that, for a horizontally released projectile, the range (horizontal distance travelled) is proportional to the square root of the vertical height through which it falls.


State an important assumption that you have made in arriving at this result.

3.
A body of mass 5 kg travels in a straight line at 4 ms-1.  It makes an in-line collision with a second body of mass 15 kg which is initially at rest, and to which it sticks forming a body of mass 20 kg which then moves on in the line of the collision.


(a)
What is the kinetic energy of the 5 kg body before the collision?


(b)
What is the momentum of the 5 kg body before the collision?


(c)
What in the momentum of the 20 kg body after the collision?


(d)
What is the speed of the 20 kg body after the collision?


(e)
What is the kinetic energy of the 20 kg body after the collision?


(f)
What is the kinetic energy lost as a result of the collision?


(g)
Into what form(s) of energy has the 'lost' energy been converted?

4.
A 'shot' put by an athlete is released at 8 ms-1 at an angle of 45o and height 2.0 m above the ground.


(a)
Sketch a graph of the trajectory of the shot.  (The shape should be correct but no numbers at this stage.)


(b)
Given that, using the point on the ground below the point of release as the origin of a co-ordinate system, the equation of motion for the shot is 
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, construct a table showing corresponding values of y and x for the range 0<x<8.


(c)
Use the table to draw an accurate graph for the trajectory of the shot and use the graph to find



(i)
how far the athlete puts the shot.



(ii)
the maximum height attained by the shot.

grid for part (c)
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(d)
Can you show that the equation given in part (b) is about correct?


(e)
Now calculate the answers for part (c)

(f) If the shot has a mass of 5 kg, calculate the kinetic energy of the shot at the time of release

(g) Calculate the kinetic energy of the shot as it strikes the ground

5.
A 1 kg mass travelling at 10 ms-1 collides elastically and head on with an initially stationary


2 kg mass.



(a)
What is meant by an elastic collision?



(b)
What is the kinetic energy before the collision?



(c)
What is the kinetic energy after the collision?



(d)
What is the momentum after the collision?



(e)
With what speeds and in what directions do the masses move after the collision?

6.
A 1 kg mass travelling at 10 ms-1 collides totally inelastically with an initially stationary 2 kg mass.



(a)
What is meant by a totally inelastic collision?



(b)
What is the kinetic energy before the collision?



(c)
What is the Momentum before collision?



(d)
With what speed(s) and in what direction(s) do the masses move after the collision?



(e)
What is the kinetic energy after the collision?

7.
When the gun powder in a ‘.22’ round of ammunition burns about 500 J of chemical energy is transferred, mostly into kinetic energy of the lead bullet.


(a)
Assuming the mass of the lead bullet to be 10 g (=0.01 kg), calculate the speed of the bullet as it leaves the barrel of the rifle if all of the available energy is transferred to the bullet.


(b)
In a laboratory experiment under carefully controlled conditions, a round is detonated while resting freely on a smooth surface.  It is observed that the brass case and the lead bullet travel in opposite directions, with the brass case travelling far faster than the lead bullet.  Explain why this might be expected.


(c)
Assuming that the mass of the case is 1 g, and that the kinetic energy of the case and the lead bullet is 500 J, as before, what would be the speed of the lead bullet ‘fired’ as in part (b)?


(d)
Why might it be expected that in the experiment described in part (b), the actual kinetic energy of the bullet and case would be less than 500 J?

8.
A mass of 1 kg travelling at an initial speed of 10 ms-1 is brought to rest in the way shown in the graph.  Answer the following questions using information derived from the graph where necessary.
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(a)
What is 


(i)
the initial momentum of the mass?


(ii)
the final momentum of the mass?


(iii)
the maximum magnitude of the acceleration of the mass?

(b)
Sketch the force-time graph for the motion, indicating on the graph a value for the maximum value of the force.

(c)
Write down the value for the area under the force-time graph.

(d)
Over approximately what distance is the mass brought to rest?
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