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Student Response



MM03

Commentary

It is worth noting that this candidate presented their answer neatly and clearly.
The candidate first wrote down the dimensions of the height, mass, speed and
gravitational acceleration before substituting these into the given relationship. The
candidate then equated the corresponding indices on the right and the left of the
relationship. The resulting equations were then solved simultaneously to arrive at the
required values for  and, .

Mark scheme
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Student Response



Commentary

The candidate understands that the horizontal velocity of the projectile is constant
and that the vertical velocity is subject to the force of gravity. The candidate is able
to write the equations of motion of the particle parallel and perpendicular to the plane,

substituting the given initial velocity components of .ms10andms2 -1-1 The candidate
then eliminates the time t from the equation for vertical motion to arrive at the
required result.

For part (b), the candidate finds the limits of the horizontal distance travelled by the
particle whilst it is more than 1 m above the plane. Sensibly, the candidate does not
round off these partial results to less than three significant figures and proceeds to
finding the horizontal distance travelled and gives the required result to three
significant figures. Similarly they find the corresponding time requested in part (c) to
appropriate degree of accuracy.

Mark Scheme
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Question 3a



Student Response (3a)

Commentary 3a

Evidently, the candidate does not realise that the velocity triangle for part (a) is a
right-angled triangle and the use of Pythagoras’s theorem would be a less time-
consuming approach here. However, the candidate uses the correct resolution of the
velocities of the fishing boat and the patrol boat to write down the velocity of the
former relative to the latter. This is then used to find the required speed. The
candidate uses the tangent ratio to find the angle between the direction of the relative
velocity and the southerly direction. The required bearing is then found by adding

180 to this angle.
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Question 3b



Student Response 3b
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Commentary 3b

The candidate draws a neat velocity diagram indicating the angles correctly. They
then use the sine rule to find the angle between the direction of the velocity of the
patrol boat and the easterly direction. The result is stated with an appropriate degree
of accuracy. The candidate writes down the correct bearing on which the patrol boat
should travel in order to intercept the fishing boat. This result can clearly be gleaned
from the candidate’s diagram. The candidate then refines their diagram in order to
answer part (ii). The distance travelled by the patrol boat on the new bearing is found
by using the sine rule again. The time taken for intercepting the fishing boat is found
by dividing this distance by the patrol boat’s constant speed. The candidate gains a
further mark by stating the acceptable for part (iii).

Mark Scheme 3b
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Student Response



Commentary

Unlike some other candidates who mistakenly treated the force as constant by
multiplying it by t, this candidate understood that the impulse of the variable force
should be found by integration. The candidate uses the correct limits to evaluate the
integral.

For part (b) the candidate uses the impulse/momentum principle to find the speed of
the particle when t=4.

The candidate calculates the impulse needed for the particle to reach a speed of

.ms12 -1 They then equate this impulse with the integral of the variable force to form a

quadratic equation in .2t The equation is factorised and solved correctly to find the
required time.

Mark Scheme



MM03

Question 5



Student Response
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Commentary

The candidate knows that the momentum of the sphere B perpendicular to the line of
centres is not changed by the collision. The resolution of the velocity perpendicular to
the line of centres is correct and leads to the given answer.

For part (b), the candidate applies the law of restitution along the line of centres using
the correct resolutions of the velocities. Unlike some other candidates, this candidate
is able to use the calculater correctly to work out the value of the fraction.

The candidate understands that the magnitude of the impulse exerted on A is
equivalent to the change of the magnitude of the momentum of A along the line of
centres. Hence, the candidate is able to show the result for part (c).

To find the mass of B requested in part (d), the candidate uses the unrounded value
of the impulse found in part (c). They understand that the loss of momentum of A
along the line of centres is equal to the gain of momentum by B along the line of
centres. The mass is given correct to three significant figures.

Mark Scheme
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Student Response



Commentary

The candidate applies Newton’s law of restitution correctly. They use the principle of
conservation of linear momentum to write the second equation involving the velocities
of the spheres A and B. The candidate is consistent in the use of signs for the
velocities. The two equations are solved simultaneously to give the required result.

For part (b), the candidate finds the velocity of A after the first collision in terms of u
and e in simplified form. Having taken the left-to-right as positive direction, the
candidate uses the given fact that the direction of motion of A is reversed to form an
inequality. A simple manipulation of the inequality is used to show the required result.

The candidate finds the velocity of B after collision with the wall. The candidate
recognises that as the spheres move in the same direction, the speed of B should be
greater than the speed of A for a further collision. The candidate states this
requirement by writing the inequality. The candidate solves the inequality to show the
required result.

Mark Scheme
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Commentary

The candidate lists the components of the initial velocity of projection, the
acceleration and the displacement parallel and perpendicular to the inclined plane.
They write down the equation of motion perpendicular to the incline plane. They
recognise that at the point A, the vertical displacement is zero and this is substituted
into the equation for y. A simple manipulation of the equation leads to the required
result for the time of the flight from O to A.

The candidate finds the components of the velocity of the particle parallel and
perpendicular to the slope as it hits the point A by substituting the time found in part
(a) in the velocity equations. The work is accurate and the candidate gives results to
three significant figures.

For part (c) of the question, the candidate recognises that the parallel component of
the velocity is not changed by the collision, whereas the perpendicular component is
subject to restitution. The candidate then uses these to calculate the speed of the
particle as it rebounds from the slope. Again, the result is given to appropriate
degree of accuracy.



MM03

Mark Scheme




