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Question 1

Student Response

Commentary

The candidate writes the correct dimensions for v, d,  and g in terms of M, L and T, using

square brackets for the physical quantities. The appropriate dimensions equation involving
the indices  , and  is formed. The candidate is able to combine the indices outside the

brackets with those inside brackets. The corresponding indices are then equated. The
candidate provides a reason as to why 0 . The equations involving , and  are

solved simultaneously to arrive at the correct results.



Mark scheme

Question 2

Student response
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Commentary

(a) The velocity of Brian relative to Albina is found correctly by subtracting the velocity of
Albina from the velocity of Brian.

(b) The candidate knows that the position vector at any time is the sum of the initial
position vector and the displacement vector and accordingly writes down the position
vector of each runner at time t. The position vector of Brian relative to Albina at time t
is then found by subtracting the position vector of the latter from the former.

(c) The candidate correctly states that for the two runners to collide, their relative position
vector at time t would be the zero vector. As a result, each component of the relative
position vector is set to zero and confirmed that both equations are satisfied when
t=50. The candidate infers that the two runners would collide.
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Student Response



Commentary

The candidate understands how the impulse of a variable force, as opposed to a constant
force, is found. Also, they understand the relationship between impulse and momentum. The
candidate calculates the gain in the momentum of the particle and states the equivalence of
the momentum and the impulse of the force. The Impulse/momentum equation is written with
appropriate limits for the integral. The correct integration and simplification of the equation is

followed by taking the cubic root of 4104.2  . The candidate states the correct result to three
significant figures and gains full marks for this question.

Mark Scheme
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Commentary

(a) The candidate is familiar with the principle of conservation of linear momentum in two
dimensions and applies it correctly to write the necessary equation. Both sides of the equation
are divided by m and then the equation is simplified and solved to give the velocity of the
sphere A immediately after the collision.

(b) The candidate uses effective angle diagrams for guidance. The inverse tangents are used to
find the angles which the velocities of A and B make with the j direction. The angles are then
added to give the correct answer for this part of the question.

(c) Evidently, the candidate understands that the impulse exerted by B on A is equal to the
decrease in the momentum of B. This is indicated in the correct impulse/momentum equation
written by the candidate. The equation is then simplified to give the requested impulse. The
magnitude of the impulse was not required in this question.

(d) The candidate understands that the direction of the line of centres of the spheres is the same as
the direction of the impulse and gives a correct direction vector.
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Commentary

(a) The candidate considers the vertical and the horizontal motion of the ball using the
appropriate constant acceleration formula and realising that the ball has zero
acceleration horizontally. The correct values for the horizontal and vertical distances
travelled by the ball are substituted. The time in the equation for vertical motion is
eliminated by using the equation for horizontal motion. The candidate manipulates the
resulting equation effectively and uses the appropriate trigonometric identity to show
the required result.

(b) The candidate solves the quadratic equation in tan and finds the two possible
values of  correct to one decimal place as requested.

(c) (i) The candidate calculates the horizontal component of the velocity of the ball for
each of the values of  accurately to three significant figures. The correct
conclusions are then stated for both results.

(c)(ii) The candidate finds the time taken by the ball to reach the can from its point of
projection accurately to three significant figures. The candidate then uses the time
to determine the vertical component of the velocity of the ball as it hits the can.
The candidate clarifies the situation with a diagram showing the horizontal and
vertical components of the velocity. This diagram is then used to find the required
angle by using the tangent ratio. The candidate states the direction
unambiguously.
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Commentary

(a) The candidate states that the components of the velocities of the ball parallel to the
wall are unchanged and forms an equation by equating these components. Newton’s
experimental law is used for the components of the velocities perpendicular to the
wall to write another equation involving the velocities. The two equations are then
manipulated effectively to show the required result.

(b) The candidate uses the equation arising from the application of the experimental law
and the result from part (a) to find the speed of the ball in terms of u immediately after
collision. The result is given in surd form.

(c) The angle  is calculated accurately. The candidate shows understanding that the
impulse exerted by the wall on the ball is equal to the change of momentum of the ball
in the direction perpendicular to the wall. Also, the candidate is able to find the
change in momentum without making any sign errors. The components of the
velocities used are correct and resulting impulse/momentum equation written is free
from any errors. The candidate finds the impulse accurately. The average force
exerted by the wall on the wall is found correctly to three significant figures.
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Commentary

The candidate writes the kinematic equations of the motion of the projectile parallel and
perpendicular to the plane. The equations are correct and they are possibly informed by the
candidate’s diagram which include the components of the acceleration along and
perpendicular to the inclined plane.

(a) The candidate makes the efficient choice of using the constant acceleration formula

asuv 222  to find the greatest perpendicular distance of the projectile from the
plane. The component of the initial velocity and the component of the acceleration
used are both correct and the latter is free from sign error. The candidate uses the

fact that for the maximum perpendicular distance 0v and finds the correct
expression.

(b) (i) The candidate understands that when the projectile lands at P its perpendicular
distance from the plane is zero. The value of zero is substituted for y in the equation
of motion perpendicular to the plane. The resulting quadratic equation for t is solved to
give the time of flight from O to P in simplified form.

(c) (ii) The candidate has changed )cos(sin2   in the result for part b(ii) to

 sin)2sin(  . The candidate recognises and states that, as  varies, the

distance OP is a maximum for 1)2sin(  . This condition is used to give the

expression
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. The candidate then shows two stages of algebraic

manipulation to give the printed result.



MM03
Mark Scheme




