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Disc A of mass 6 kg and disc B of mass 0.5 kg are moving in the same straight line. The relative
positions of the discs and the i direction are shown in Fig. 1.1.

Fig. 1.1

The discs collide directly. The impulse on A in the collision is —12i N s and after the collision A

has velocity 3ims™' and B has velocity 11ims™!.

(i) Show that the velocity of A just before the collision is 5ims™! and find the velocity of B at
this time. [5]

(ii) Calculate the coefficient of restitution in the collision. [3]

(>iii) After the collision, a force of —2i N acts on B for 7 seconds. Find the velocity of B after this
time. (4]

A ball bounces off a smooth plane. The angles its path makes with the plane before and after the
impact are o and 3, as shown in Fig. 1.2.

Fig. 1.2

The velocity of the ball before the impact is ui — vj and the coefficient of restitution in the impact
is e.

Write down an expression in terms of u, v, e, i and j for the velocity of the ball immediately after
the impact. Hence show that tan 8 = e tan a. [5]
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A uniform wire is bent to form a bracket OABCD. The sections OA, AB and BC lie on three sides of
a square and CD is parallel to AB. This is shown in Fig. 2.1 where the dimensions, in centimetres, are
also given.

(i) Show that, referred to the axes shown in Fig. 2.1, the x-coordinate of the centre of mass of the
bracket is 3.6. Find also the y-coordinate of its centre of mass. [6]

(ii) The bracket is now freely suspended from D and hangs in equilibrium.

Draw a diagram showing the position of the centre of mass and calculate the angle of CD to the
vertical. [5]

(iii) The bracket is now hung by means of vertical, light strings BP and DQ attached to B and to D,
as shown in Fig. 2.2. The bracket has weight 5 N and is in equilibrium with OA horizontal.

Calculate the tensions in the strings BP and DQ. [4]

The original bracket shown in Fig.2.1 is now changed by adding the section OE, where AOE is a
straight line. This section is made of the same type of wire and has length L cm, as shown in Fig. 2.3.
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The value of L is chosen so that the centre of mass is now on the y-axis.
(iv) Calculate L. [4]
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4

3 (a) Fig.3.1 shows a framework in a vertical plane constructed of light, rigid rods AB, BC, AD and
BD. The rods are freely pin-jointed to each other at A, B and D and to a vertical wall at C and
D. There are vertical loads of LN at A and 3L N at B. Angle DAB is 30°, angle DBC is 60° and
ABC is a straight, horizontal line.

Fig. 3.1

(i) Draw a diagram showing the loads and the internal forces in the four rods. [2]

(ii) Find the internal forces in the rods in terms of L, stating whether each rod is in tension or in
thrust (compression). [ You may leave answers in surd form. Note that you are not required
to find the external forces acting at C and at D.] [9]

(b) Fig. 3.2 shows uniform beams PQ and QR, each of length 2/ m and of weight W N. The beams are
freely hinged at Q and are in equilibrium on a rough horizontal surface when inclined at 60° to
the horizontal. You are given that the total force acting at Q on QR due to the hinge is horizontal.
This force, U N, is shown in Fig. 3.3.

QR Q UN

Fig. 3.2 Fig. 3.3

3
Show that the frictional force between the floor and each beam is % W N. [7]
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(b)
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Fig. 4

A small sphere of mass 0.15 kg is attached to one end, B, of a light, inextensible piece of fishing
line of length 2 m. The other end of the line, A, is fixed and the line can swing freely.

The sphere swings with the line taut from a point where the line is at an angle of 40° with the
vertical, as shown in Fig. 4.

(i) Explain why no work is done on the sphere by the tension in the line. [1]

(ii) Show that the sphere has dropped a vertical distance of about 0.4679 m when it is at the
lowest point of its swing and calculate the amount of gravitational potential energy lost when
it is at this point. [4]

(iii) Assuming that there is no air resistance and that the sphere swings from rest from the position
shown in Fig. 4, calculate the speed of the sphere at the lowest point of its swing. [2]

(iv) Now consider the case where

* there is a force opposing the motion that results in an energy loss of 0.6J for every
metre travelled by the sphere,

e the sphere is given an initial speed of 2.5 ms™! (and it is descending) with AB at 40° to
the vertical.

Calculate the speed of the sphere at the lowest point of its swing. [5]

A block of mass 3 kg slides down a uniform, rough slope that is at an angle of 30° to the horizontal.
The acceleration of the block is %g.

Show that the coefficient of friction between the block and the slope is %\/g . [6]
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4762 Mark Scheme June 2008
4762 Mechanics 2
Q1 mark comment sub
(a)
0] Ini direction: 6u—12=18 M1 | Use of I-M
sou=5ie5ms" E1 Accept 6u —.12:18 as total working. Accept 5
instead of 5i.
either
Ini direction: 0.5v+12=0.5x11 M1 | Use of I-M
B1 | Use of + 12i or equivalent
v=-13 so -13ims" A1 | Accept direction indicated by any means
or
6x5+05v=6x3+05x11 M1 | PCLM
v=-13 A1 | Allow only sign errors
so—13ims” A1 | Accept direction indicated by any means
5
(ii) Using NEL: 123 __ M1 | Use of NEL. Condone sign errors but not
~13-5 reciprocal expression
F1 FT only their —13 (even if +ve)
e= % 0.4) F1 FT only their —13 and only if —ve (allow 1 s.f.
accuracy)
3
(iii) | Inidirection: -2x7=0.5v—0.5x11 M1 | Use of | = Ft
M1 | Useof l=m(v—u)
v=-17s0 -17ims"” A1 For +17
A1 | cao. Direction (indicated by any means)
or
-2i=05a M1 | Use of F = ma
soa=-4ims? A1 | For +4
v=11i-4ix7 M1 | Use of uvast
v=-17s0 -17ims” A1 | cao. Direction (indicated by any means)
4
(b) |uitevj B1 | Foru
B1 For ev
tanor= X’ tan = ev M1 Use of tan_. Accept reciprocal argument. Accept
u u use of their components
B1 | Both correct. Ignore signs.
tan = e(zj =etano E1 | Shown. Accept signs not clearly dealt with.
u
5
17

47




4762 Mark Scheme June 2008
Q2 mark comment sub
@ (2+36)f 63+66+63+20 M1 | Method fi
X =
5 0 3 6 7 ethod for c.m.
B1 | Total mass correct
20 | <[ 183018 _(72 B1 |F fthe 1% 3 RHS t
7) \18+36+14) 68 orany orihe erms
B1 | Forthe 4" RHS term
Xx=3.6 E1
y=34 A1 cao
[If separate cpts, award the 2" B1 for 2 x- terms
correct and 3™ B1 for 2x7in yterm]
6
)
2 l S
260 N
1 3.6 ?\\ 6
3.45 i N
o vertical
(i) B1 | Diagram showing G vertically below D
B1 3.6 and their 3.4 correctly placed (may be
implied)
arctan 3.6 — arctan [ﬁ M1 Use of arctan on their lengths. Allow reciprocal
2+(6-3.4) 4.6 of argument.
Some attempt to calculate correct lengths
needed
B1 | 2+ (6 —their 3.4) seen
s0 38.047...s038.0° (3s. 1) A1 | cao
5
(iii) | moments about D M1 | moments about D. No extra forces
5%3.6=6xT,, so tensioninBPis3 N F1 | FT their values if calc 2nd
Resolve vert: 3+7,,, =5 M1 | Resolve vertically or moments about B.
so tension in DQ is 2 N F1 FT their values if calc 2nd
4
(iv) | We require x-cpt of c.m. to be zero M1 | A method to achieve this with all cpts
either
(20+ L)X =20x3.6-1 1’
or
2x6%(0.5x6)+6x6—0.5xL =0
B1 | Forthe 0.5xI’
A1 | All correct
L=12 A1
4
19
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Q3 mark comment

B1 Internal forces all present and labelled

B1 | All forces correct with labels and arrows

(Allow the internal forces set as tensions, thrusts
or a mixture)

(i) M1 | Equilibrium equation at a pin-joint attempted
A1 | 1® ans. Accept + or —.
AT M1 | Second equation attempted
(-,:I/'\)D sin30-L=0 s0Tap=2LS02LN | oy | ondpne P any previous answer(s) used.
A — Tapg+ Tapcos30=0
50 Tas = —/3L so 3L N(C) M1 | Third equation attempted
BT Tgpsin60-3L=0 A1 | 3%ans. FT any previous answer(s) used.
50 Tap = 2+/3Ls0 2+/3L N (T)
B - M1 | Fourth equation attempted
Tec + Tegp cos 60 —Tpg =0 F1 4" ans. FT any previous answer(s) used.

s0 Tac = —24/3L so 24/3L N (C)
E1 | All T/C consistent [SC 1 all T/C correct WWW)]

Accept only 1 leg considered (and without
comment)

(b) | Leg QR with frictional force F «
moments c.w. about R

U2l sin 60— 1 cos60 = 0 M1 | Suitable moments equation. Allow 1 force
omitted

A1 | a.c. moments

A1 | c.w. moments

Horiz equilibrium for QR
F=U M1 A second correct equation for horizontal or
vertical equilibrium to eliminate a force

(U or reaction at foot)

[Award if correct moments equation containing
only Wand F]

E1 | * This second equation explicitly derived

M1 Correct use of 2™ equation with the moments

1
Hence EW =3F equation

3 E1

andso F = ?W Shown. CWO but do not penalise * again.

18
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Q4 mark comment sub
(a)
(i) | Tension is perp to the motion of the E1
sphere
(so WD, Fdcosé =0)
1
(ii) | Distance droppedis 2-2cos40 = M1 | Attempt at distance with resolution used. Accept
0.467911..
sin <> cos
E1 | Accept seeing 2—2cos40
GPE is mgh so M1
0.15%9.8%x0.467911...=0.687829... B1 | Any reasonable accuracy
4
(ii)) | 0.5x0.15xv* =0.687829... M1 | Using KE + GPE constant
sov=3.02837...503.03ms " (3s.1) F1 | FT their GPE
2
(iv) l><0.15(v2 _25) M1 | Use of W-E equation (allow 1 KE term or GPE
2 term omitted)
B1 | KE terms correct
= 0.687829...—0.6x%><27rx2 M1 | WD against friction
A1 | WD against friction correct (allow sign error)
v=206178...502.06 ms ™' (3s.f) A1 | cao
5
(b) _ . 1 .
N2L down slope: 3gsin30-F = 3><§g M1 | Must have attempt at weight component
A1 | Allow sign errors.
s0 F :%g (= 11.025) A1
R=3g><§ (=25.4611...) B1
u:%zg (=0.43301...) M1 | Use of F=uR
E1 | Must be worked precisely
6
18
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