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MM03 
 
Question 1 
 

 
 
Student Response 
 

 



 
 
 
 
Commentary 
 
The candidate is well familiar with the concept of dimensional analysis. The square 
brackets are used for dimensions of the physical quantities. The candidate uses the 
dimensions of force, mass, length squared and time correctly. Algebraic manipulation 
and solution of simultaneous equations are correct and lead to the results required 
for full marks in parts (a) and (b) of the question. 
 

 
 
 
 
 
 
 
 
 



 
Mark scheme 
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Question 2 
 

 
Student response 
 
 

 



 
Commentary 
 
The candidate finds the velocity of A relative to B, AB v , correctly by subtracting the velocity 
of B from the velocity of A. Although collecting like vector terms is not required for full marks 
in this part of the question, but, by doing so, the candidate reduces the risk of  making errors 
in the subsequent parts of the question. 
 
The candidate finds 0r , the initial position vector of A relative to B. The position vector of A 
relative to B at time t, AB r , is then found by using the relationship tvrr ABAB  0 += . Evidently, 
the candidate’s familiarity with this relationship helps the efficacy of the work done.  
 

 

2c) The candidate recognises that the helicopters are closest together when 2
AB r  is a 

minimum and that this implies 0
d

d 2

=
t
rAB . However, in implementing these requirement, the 

candidate commits an error and writes  -12000+1200t=0 instead of  –120000+1200t=0.  
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Question 3a&c  
 

 
 
Student Response 
 

 



 
Commentary 
 
The candidate seems to know how to find the impulse of a constant force. But they do not 
know how to find the impulse of a variable force and treats the force as constant. The 
candidate simply multiplies the variable force by t. 
 
For part (c), the candidate understood the Impulse-Momentum principle and gained one 
method mark. However, again, the candidate proceeded further by treating the force as 
constant and gained no more marks. 
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Question3b 
 

 
 
Student Response 
 

 
Commentary 
 
The candidate knows the Impulse-Momentum principle and uses it correctly to arrive at the 
required result of 1 5.16 −ms . 
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Question 4 
 

 
Student Response 
(cont on next page)  



.  

 
 
 
 
 



Commentary 
 
The work is clearly presented and every step in the solution shown. The candidate uses the 
principle of conservation of linear momentum and Newton’s experimental law correctly  
(without any sign errors). The resulting equations are then solved simultaneously to give  
the speeds of A and B as well as their directions. 
 
For part (b), the candidate uses the experimental law for the sphere B to find its speed 
immediately after collision with the wall. The given result of 2.38 1−ms is accurate. The 
candidate then comments clearly on both speeds and directions of A and B to explain  
why B would collide again with A. 
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Question 5a  
 

 
 
Student Response  
 

 
 



Commentary  
 
The candidate considers the motion of the ball horizontally to find an expression for the time 
in terms of x, u and αcos . The expression is then substituted into the equation for the 
vertical motion. Some algebraic manipulation and the identities 

α
α

α
α
α 2

2 tan1
cos

i  and  tan
cos
sin +==  are used to give the equation of the trajectory. 

 

 
Mark Scheme 
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Question 5b 
 

 
 
Student Response 
 

 
 
 
 
 
 
 
 
 
 



Commentary 
 
Clearly, by writing  P(R,1), the candidate understands the axes of reference correctly and 
recognises that when y=1 (as opposed to –1), x=R. These coordinates are substituted into 
the equation of the trajectory and then the equation is manipulated to give the required result.  
 
For the part (b)(ii), the candidate recognises that the quadratic equation in αtan  has real 
roots if its discriminant is non-negative. The candidate forms this inequality and carries out 
the necessary algebraic manipulation to give the required result.   
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Question 5b iii 
 

 
Student Response 
 

 
Commentary 
 
The candidate substitutes 5 for R in the given inequality and then multiplies both sides of the 
inequality by 100 to write .2500)20( 22 ≥−uu  Then, in attempting to solve the inequality,    
the candidate falsely asserts that either 250020or    2500 22 ≥−≥ uu  and gains no marks for 
this part of the question. 
 

 
Mark Scheme 
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Question 6 
 

 
Student Response 
 





 
Commentary 
 
The candidate applies the principle of conservation of linear momentum and the law of 
restitution along the line of centers of the two balls. The applications are free from sign 
errors. The candidate solves these equations simultaneously to show the requested result. 
 
For the part (b), the candidate completes the solution of the simultaneous equations to give 
the speed of A parallel to the line of centers in terms of u and e. The candidate recognises 
that the speed of A perpendicular to the line of centers is unchanged and states it as 

30sinu . 
 
The candidate forms the tangent ratio involving the velocity components of A perpendicular 
and parallel to the line of centers to find the angle requested. The ratio is simplified correctly 
and calculator’s inverse tangent function used to find the angle.    
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Question 7 
 

 
 
Student Response 
 

 





 
 
 
 
 
 
 
 
 
 
 



 
Commentary 
 
The candidate considers the motion of the particle perpendicular to the slope. The 
components of the initial velocity and acceleration perpendicular to the slope are stated. It is 
recognised and stated that for range the displacement s=0. The constant acceleration 
formula involving s, u, a and t is used to give and solve the equation for t. The candidate then 
considers motion parallel to the slope, stating and using the relevant expressions for u, s, t 
and a in the constant acceleration formula. Correct algebraic manipulation of the resulting 
equation and the use of the given identity yield the required expression for the range up the 
plane.  
 
For the part (b), the candidate uses the given trigonometric identity correctly to separate 

αϑ   from  . The candidate asserts that, as α  is fixed, for maximum range, 1)2sin( =+αϑ . 
The candidate solves this simple trigonometric equation to show the requested result. 
 
In attempting the last part of this question, the candidate recognises and uses the two 
essential implications arising from the particle striking the plane at right angles, viz., the 
component of the velocity parallel to the plane being zero and the displacement 
perpendicular to the plane being zero. The accurate algebraic manipulation leads to the 
correct result.      
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