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General

The vast majority of students seemed to find the paper to be of a suitable length, with
no evidence of students running out of time, and the paper proved to be much more
straightforward than some in recent years, with some parts of all questions accessible
to the majority. There was a clear divide in the level of performance between the first
four non-rotation questions and the rest of the paper. Questions 5 and 7 proved to be
the most challenging. There were many impressive, fully correct solutions seen to all
questions. Generally, students who used large and clearly labelled diagrams and who
employed clear, systematic and concise methods were the most successful.

In calculations the numerical value of g which should be used is 9.8, as advised on
the front of the question paper. Final answers should then be given to 2 (or 3)
significant figures — more accurate answers will be penalised, including fractions.

If there is a printed answer to show then students need to ensure that they show
sufficient detail in their working to warrant being awarded all of the marks available.
In all cases, as stated on the front of the question paper, students should show
sufficient working to make their methods clear to the Examiner.

If a student runs out of space in which to give his/her answer than he/she is advised to
use a supplementary sheet — if a centre is reluctant to supply extra paper then it is
crucial for the student to say whereabouts in the script the extra working is going to
be done.

Question 1

Most students answered this question using the work-energy principle. A small
minority used forces and acceleration, but they were generally less successful. One
error that occasionally occurred with the work-energy approach was to use the
position vector of B rather than a vector along the wire.

Question 2

There were many completely correct solutions to this standard second order vector
differential equation problem. Of the few errors, the odd student wrote down the
wrong auxiliary equation and so had the wrong complementary function. The only
error seen when finding the particular integral was to forget the vector element of the
question and lose i’s and j’s . A few were able to simply write down the Pl as r=sint i
without any differentiation and substitution. All used the conditions given but a few
made errors in evaluating constants. A few obtained r but then forgot to find v and
lost the final mark.

Question 3
This question was answered very well. A few used Fxr rather than rxF for the vector
moment and unfortunately, in this case, this error led to an incorrect final solution.

Some chose to take moments about (1,—1,1) rather than about the origin. There were

very few errors in evaluating vector products. A small number had the couple on the
wrong side of their equation and | only saw one making a sign error in their final
equation.



Question 4

There was some confusion as to what is meant by a cylindrical shell, with open or
closed ends. From the formula book, it is clear that it was intended that the shell
should have open ends. However, if students worked with closed ends (or with a
solid cylinder), this was treated as a misread and so they could gain 8 out of the 10
marks for this question. Many students gave an organised and succinct solution to
this question, showing that they were familiar with the processes involved. Some did
not use both the moment of inertia of the hoop about its diameter and the parallel
axes theorem to move to the end of the cylindrical shell, thereby gaining no more
marks for the question. A few students who talked about a hoop or a ring then used
the formula for the volume of a cylinder, rather than the surface area.

Question 5

In part (a) many students who thought that they had successfully answered this part
of question in fact had not done so. The parallel axes theorem can only be used to
move the axis about which the moment of inertia is calculated from an axis through
the centre of mass. They therefore needed to start from an axis through the centre of
BC, not through B, although this gave the same answer for this configuration.

The second part turned out to be the most challenging part of the paper. Students
who started by finding the position of G, the centre of mass of the wire, were
frequently successful, since the variable angle needed to be measured from the
vertical to the line AG. A common error was to omit the minus sign from their
moments equation.

Students who tried to write down a moments equation considering the two masses
separately almost always measured their variable angle from the vertical to the line
AB, which was not a valid approach. They therefore scored very few marks on this
question.

Question 6

The majority of students in part (a) were able to set up a correct impulse momentum
equation with the right number of terms, and consistent in terms of the signs. A few
included om terms which were eliminated at the next stage of the working. Only the

occasional student worked without using —mgot thus not actually having an equation,

but with correct terms on the RHS. Simplifying to give a differential equation was
almost always successful. Most were able to use the expression for m to give dm/dt =

— 2mo, which then led to the printed answer. Most students were also able to answer

part (b) correctly. Errors included the omission of the negative sign when integrating,
and a failure to realise or determine that the fuel was spent when t = 2 but these errors
were rare.

Question 7

In the first part he vast majority of students were able to find w correctly, although a
few used /3ma? rather than 4/sma? for the moment of inertia. The first M mark in part
(b) was usually earned, but the equation was often incorrect due to the loss of the
minus sign. This error usually resulted in the loss of marks in part(c) when the final
substitution was done. Most students were able to obtain the magnitude of the angular
acceleration. A minority attempted to use an energy equation but were usually let
down by errors in differentiation or sign errors. A careful choice of zero PE level



helped considerably. In part(c) problems occurred mainly in deciding the direction of
the forces and the acceleration, although the correct angle was almost always used. It
was helpful to students if they drew a diagram with the forces and acceleration
correctly aligned. There were some spurious ‘correct’” answers from using an
acceleration in the wrong direction and their incorrect value from part (b). If the
forces on the LHS were the wrong way round some credit could still be obtained.

Final answers ranged from 7mg/8 to — 3mg/8.
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