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2

1 Asledge and a child sitting on it have a combined mass of 29.5kg. The sledge slides on horizontal
ice with negligible resistance to its movement.

(@

(i)

(i)
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While at rest, the sledge is hit directly from behind by a ball of mass 0.5 kg travelling
horizontally at 10 m s~!. The coefficient of restitution in the collision is 0.8. After the impact
the speeds of the sledge and the ball are V, ms™' and V, ms™! respectively.

Calculate V| and V, and state the direction in which the ball is travelling after the impact. [7]

While at rest, the sledge is hit directly from behind by a snowball of mass 0.5 kg travelling
horizontally at 10 ms~!. The snowball sticks to the sledge.

(A) Calculate the velocity with which the combined sledge and snowball start to move. [3]

(B) The child scoops up the 0.5 kg of snow and drops it over the back of the sledge. What
happens to the velocity of the sledge? Give a reason for your answer. [2]

In another situation, the sledge is travelling over the ice at 2ms~! with 10.5kg of snow on it
(giving a total mass of 40 kg). The child throws a snowball of mass 0.5 kg from the sledge,
parallel to the ground and in the positive direction of the motion of the sledge. Immediately
after the snowball is thrown, the sledge has a speed of V ms~! and the snowball and sledge
are separating at a speed of 10 ms~'.

Draw a diagram showing the velocities of the sledge and snowball before and after the
snowball is thrown.

Calculate V. [5]
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Fig. 2

Fig. 2 shows a framework in a vertical plane made from the equal, light, rigid rods AB, BC, AD,
BD, BE, CE and DE. [The triangles ABD, BDE and BCE are all equilateral.]

The rods AB, BC and DE are horizontal.
The rods are freely pin-jointed to each other at A, B, C,D and E.

The pin-joint at A is also fixed to an inclined plane. The plane is smooth and parallel to the rod AD.
The pin-joint at D rests on this plane.

The following external forces act on the framework: a vertical load of LN at C; the normal reaction
force R N of the plane on the framework at D; the horizontal and vertical forces X N and Y N,
respectively, acting at A.

(i) Write down equations for the horizontal and vertical equilibrium of the framework. [3]

(ii) By considering moments, find the relationship between R and L. Hence show that X = NEYS

and Y = 0. [4]
(iii) Draw a diagram showing all the forces acting on the pin-joints, including the forces internal
to the rods. (2]
(iv) Show that the internal force in the rod AD is zero. [2]

(v) Find the forces internal to AB, CE and BC in terms of L and state whether each is a tension
or a thrust (compression). [ You may leave your answers in surd form.] [7]

(vi) Without calculating their values in terms of L, show that the forces internal to the rods BD and
BE have equal magnitude but one is a tension and the other a thrust. [2]
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3 A box is to be assembled in the shape of the cuboid shown in Fig. 3.1. The lengths are in
centimetres. All the faces are made of the same uniform, rigid and thin material. All coordinates
refer to the axes shown in this figure.
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Fig. 3.1

(i) The four vertical faces OAED, ABFE, FGCB and CODG are assembled first to make an open
box without a base or a top. Write down the coordinates of the centre of mass of this open box.

[1]
The base OABC is added to the vertical faces.

(ii) Write down the x- and y-coordinates of the centre of mass of the box now. Show that the
z-coordinate is now 1.875. [5]

The top face FGDE is now added. This is a lid hinged to the rest of the box along the line FG. The
lid is open so that it hangs in a vertical plane touching the face FGCB.

(iii) Show that the coordinates of the centre of mass of the box in this situation are (10,2.4,2.1).

[6]

[This question is continued on the facing page.]
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5

The box, with the lid still touching face FGCB, is now put on a sloping plane with the edge OA
horizontal and the base inclined at 30° to the horizontal, as shown in Fig. 3.2.

horizontal

Fig. 3.2

The weight of the box is 40 N. A force P N acts parallel to the plane and is applied to the
mid-point of FG at 90° to FG. This force tends to push the box down the plane. The box does not
slip and is on the point of toppling about the edge AO.

(iv) Show that the clockwise moment of the weight of the box about the edge AO is about
0411 Nm. [4]

(v) Calculate the value of P. [2]

[Question 4 is printed overleaf.]
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4  Some tiles on a roof are being replaced. Each tile has a mass of 2 kg and the coefficient of friction
between it and the existing roof is 0.75. The roof is at 30° to the horizontal and the bottom of the
roof is 6 m above horizontal ground, as shown in Fig. 4.

6m scale

Fig. 4
(i) Calculate the limiting frictional force between a tile and the roof.

Atile is placed on the roof. Does it slide? (Your answer should be supported by a calculation.)

[5]

(ii) The tiles are raised 6 m from the ground, the only work done being against gravity. They are
then slid 4 m up the roof and placed at the point A shown in Fig. 4.

(A) Show that each tile gains 156.8 J of gravitational potential energy. [3]
(B) Calculate the work done against friction per tile. [2]
(C) What average power is required to raise 10 tiles per minute from the ground to A? [2]
(iii) A tile is kicked from A directly down the roof. When the tile is at B, x m from the edge of the
roof, its speed is 4 ms~!. It subsequently hits the ground travelling at 9ms~!. In the motion of

the tile from B to the ground, the work done against sliding and other resistances is 90J.

Use an energy method to find x. [5]
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4762 Mark Scheme Jan 2007
Q1 mark sub
(1) 10ms™ 0

— —>
before @ H
after —> —>
v, m s vy m s
10x0.5=0.5v, +29.5v, M1 | PCLM and two terms on RHS
Al | All correct. Any form.
oV, _ M1 | NEL
0-10
Al | Any form
V= 0.3 so Vl =03 Al
v=-77s0 Vo=77ms" Al Speed. Accept £ .
in opposite to original direction F1 Must be correct interpretation of clear working
7
(i)
(A) | 10x0.5=30V M1 | PCLM and coalescence
Al | All correct. Any form.
1
so V= . Al | Clearly shown. Accept decimal equivalence. Accept
no direction.
3
(B) | Same velocity El Accept speed
No force on sledge in direction of motion El
2
(iii)
2ms™ s
—> —
before
Bl
after —> — >
14 u
2x40=0.5u+39.5V M1 | PCLM, masses correct
Al | Any form
u—-V =10 B1 | May be seen on the diagram.
Hence V'=1.875 Al | Accept no reference to direction.
5
17
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Q2 mark comment sub
(i) X =Rcos30 ) B1

Y+Rsin30=L 2) M1 | Attempt at resolution
Al
3
(i1)) | ac moments about A R-2L=0 Bl
Subst in (1) and (2) M1 | Subst their R = 2L into their (1) or (2)
X = 2L? soX = \/§L El Clearly shown
Y+2L><%=L soY+L=Land Y=0 El Clearly shown
4
(iii) | (Below all are taken as tensions e. g. 7, in Bl Attempt at all forces (allow one omitted)
AB) B1 | Correct. Accept internal forces set as
tensions or thrusts or a mix
2
(iv)
LA T,cos30 (-Y)=0 M1 | Vert equilibrium at A attempted. ¥ =0
need not be explicit
so 7,,=0 El
2
(v) | Consider the equilibrium at pin-joints M1 | At least one relevant equilib attempted
A—> T,-X=0s0T,;= V3L (T) Bl | (T) not required
Cd L+T.,cos30=0 Bl | Or equiv from their diagram
2L 2L 213
so T;,=——so —=|=——| (C Bl | Accept any form following from their
CE \/g \/g ( 3 J ( ) Y y wing
equation. (C) not required.
C « Ty +Tc0os60=0 Bl | Or equiv from their diagram
23L) 1 3L FT their T, or equiv but do not condone
SO Tpe =—| = XD = (D Bl | inconsistent signs even if right answer
3 2 3 . .
obtained. (T) not required.
F1 T and C consistent with their answers and
their diagram
7
(vi)
! B T,,c0830+7T,, cos30=0 M1 | Resolve vert at B
s0 Ty, =Ty, so mag equal and opp sense El | A statement required
2
20
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Q3 mark sub
) (10,2, 2.5) Bl

1
(i1) ]iy_symmetry BI
x =10,
y=2 Bl
(240+80)z =80x0+240x2.5 Bl Total mass correct
M1 | Method for c.m.
so z =1.875 Al | Clearly shown
5
(iii) | x =10 by symmetry El Could be derived
X 10 10
(320+80)| y |=320 2 |+80| 4 M1 | Method for c.m.
z 1.875 3
B1 | ycoord c.m. of lid
B1 | z coord c.m. of lid
y=24 El shown
z=2.1 El shown
6
(iv)
P
5cm
Bl Award for correct use of dimensions 2.1 and 2.4 or
X 30° equivalent
\L 40N
¢.w moments about X
40%0.024cos30—-40x0.021sin30 Bl 1* term o.e. (allow use of 2.4 and 2.1)
Bl | 2" term o.c. (allow use of 2.4 and 2.1)
=0.41138...500411 Nm(3s. 1) El Shown
[Perpendicular method: M1 Complete method:
Al Correct lengths and angles
E1 Shown]
4
(v) | 0.41138...-0.05P=0 M1 | Allow use of 5
P=8.22768...... s08.23 (3s.1) Al | Allow if cm used consistently
2
18
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Q4 mark sub
(1) F.. =uR M1 | Must have attempt at R with mg resolved

R=2gcos 30 B1
SO Flax = 0.75%x2%9.8%xc0s30=12.730...
s0 127N (3s.1) Al
[Award 2/3 retrospectively for limiting friction seen
below]
either
Weight cpt down plane is 2gsin 30 = 9.8 N B1
sono as 9.8 <12.7 E1 | The inequality must be properly justified
or
Slides if x < tan30 B1
But 0.75 > 0.577... so no El The inequality must be properly justified
5
(i)
(A)
Increase in GPE is
2x9.8x(6+4sin30)=156.8J M1 | Use of mgh
Bl | 6+4sin30
Al
3
(B) | WD against friction is
4x0.75x2x%9.8xc0s30=750.9222... J M1 | Use of WD = Fd
Al
2
(C) | Poweris 10x(156.8 +50.9222...)/60 M1 | Use P=WD/t
=34.620... s034.6 W(3s. 1) Al
2
(iii) | 0.5x2x9’ M1 | Equating KE to GPE and WD term. Allow sign errors
and one KE term omitted. Allow ‘old’ friction as
well.
= 2x9.8%x(6+ xsin30)
+ 0.5x2x4’ Bl | Both KE terms. Allow wrong signs.
-90 Al | All correct but allow sign errors
Al | All correct, including signs.
sox=13.8163....503.82(3s.1) Al | cao
5
17
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Report on the units taken in January 2007

4762 - Mechanics 2

General Comments

Many excellent scripts were seen in response to this paper with the majority of candidates able
to make some progress worthy of credit on every question. The majority of candidates seemed
to understand the principles required. However, diagrams in many cases were poor and not as
helpful to the candidate as they could have been and some candidates did not clearly identify
the principle or process being used. As has happened in previous sessions, those parts of the
questions that were least well done were those that required an explanation or interpretation of
results or that required the candidate to show a given answer. In the latter case some
candidates failed to include all of the relevant steps in the working.

Comments on Individual Questions

1

(iif)

(i)
(ii)

Many candidates gained significant credit on this question. Those that drew a
diagram were usually more successful than those who did not. Many candidates
did not indicate which direction was to be positive and this did lead to some
errors in signs or inconsistencies between equations.

The majority of candidates were able to gain some credit for this part of the
question. Sign errors occurred in a few cases in the use of Newton’s
experimental law and many candidates forgot to indicate the direction in which
the ball was travelling after the impact.

(A) Almost all the candidates could gain full credit for this part of the question.

(B) Very few candidates could obtain any credit for this part. Many did not
appreciate the vector nature of the problem and merely stated (incorrectly)
that the sledge would speed up because the mass had decreased and
momentum had to be conserved. A small number of candidates appreciated
that there would be no change in the velocity of the sledge but could not
give a valid reason for this. Few mentioned that there was no force on the
sledge in the direction of motion.

Many candidates were able to gain full credit for this part of the question. Of
those who did not, a significant minority drew an inadequately labelled diagram
or made errors with the masses. A small number of candidates did not
understand the significance of the velocity of the snowball being relative to the
sledge and assumed that the snowball had a speed of 10 m s™.

Some excellent answers to this question were seen, with many candidates
gaining almost full credit. It was pleasing to see that there were fewer mistakes
made with inconsistent equations than has been the case in previous sessions.

This part was well done by almost all the candidates.
Most candidates did well on this part of the question. Some arithmetic errors

were seen and, in a few cases, some ‘creative’ algebra to try to establish the
given results.
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(iif)

In most cases the standard of the diagrams was satisfactory and worth some
credit but a significant minority of candidates did not label the internal forces
and/or omitted one or more of the external forces. A few candidates obviously
changed the diagram in response to their answers as they worked through the
following parts of the question and this then led to mistakes.

This part of the question caused few problems.

Many candidates scored well on this part of the question. Those who did not
were usually those who drew an inadequate diagram or who ignored their
diagram; these made mistakes with signs or produced equations that were
inconsistent with each other and with the diagram drawn in part (iii).

This part of the question was not as well done as previous parts. Arguments
based purely on symmetry at B were common but few appreciated that the
vertical equilibrium had to be considered. Those candidates who attempted to
look at the vertical equilibrium often forgot to resolve the forces in BD and BE. A
common answer was to simply write down Tgp = + Tge without any supporting
argument or interpretation of the result.

Only the last two parts of this question caused any problems to the vast majority
of candidates. The principles behind the calculation of centres of mass
appeared to be well understood and candidates who adopted column vector
notation made fewer mistakes than those who calculated the co-ordinates
separately.

Most obtained full credit for this part.
Few candidates had difficulty with this part.

Most candidates were able to obtain full credit for this part. A minority of them
wrongly assigned a mass of 100 units to the lid and it was common to see the z
co-ordinate of the centre of mass of the lid assumed to be 2.5 cm. However,
many who made this error realised the mistake and clearly corrected it.
Unfortunately, there were some candidates who made both of the above errors,
completed the working and still stated 2.1 as the z component of the centre of
mass.

Few candidates made much progress here. The most common mistake was to
ignore one of the components of the weight. Trigonometric errors were also
common.

Very few correct responses to this part were seen. Many of those candidates
who appreciated that the moment of P had to be equated to the clockwise
moment of the weight from the previous part had inconsistent units for the
distance of P from the pivot.
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(iif)

It was very pleasing to see some good answers to this question with a
significant number of completely correct responses.

Most candidates were able to obtain significant credit for this part of the
question but many failed to explain fully their interpretation of their calculations.

(A) Almost all candidates gained credit for this part.
(B) Few candidates had difficulty with this part.

(C) A small number of candidates forgot to raise 10 tiles, others forgot to
include the work done in raising the tiles 6 m from the ground and only
calculated the power required to move the tiles up the roof.

Many candidates found this part difficult. Most candidates obtained the change
in kinetic energy and made an attempt at the change in potential energy but
then forgot the work done against friction; others obtained the correct terms but
made mistakes with signs. It was pleasing to see that the vast majority of
candidates attempted to use an energy method as specified and not Newton’s
second law and the constant acceleration formulae.
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