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Fig. 1
Two circular discs slide on a smooth horizontal surface. Disc A has mass 6kg and disc B has mass

14kg and both are initially at rest. A force of 12N acts on disc A for 4 seconds and this disc then
collides directly with disc B. The coefficient of restitution between the two discs is 0.25.

(i) Calculate the velocity of disc A before the collision. [2]
(ii) Show that, after the collision, disc B has speed 3ms~! and find the new speed of disc A.  [6]

(iii) Calculate the impulse on disc A in this collision. [2]

Disc B now collides with a smooth plane at 60° to the line of its motion, as shown in Fig. 1. The
speed of the disc after the collision is 1.6ms™!.

(iv) Calculate the coefficient of restitution between the disc and the plane. [5])
[Total 15]
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Fig. 2

Two objects A and B are connected by a light, inextensible string which passes over a smooth fixed
pulley. The mass of A is 6kg and of B is 4kg. '

The object B is inside a fixed empty jar 1 m tall. At no time does B reach the pulley or touch the
sides of the jar.

Object B is held at rest and then the system is released. Object A falls a distance of 0.8 m.

(i) Calculate the change in gravitational potential energy of the system. [2]
(ii) Calculate the speed of the objects when A has fallen the 0.8 m. [3]
The jar is now filled with liquid which may be assumed to provide a constant resistance of 12N to
the motion of B. Object B is initially held at rest at the bottom of the jar and then the system is
released. When A has dropped 0.8 m, the string breaks at B.

(iii) Calculate

(A) the kinetic energy of B when the string breaks, (3]
(B) the distance B rises after the string breaks, [3]
(C) the speed of B when it reaches the bottom of the jar. [3]

[Total 14]
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In this question, the units on the axes are metres. Answers should be given in exact numbers or
correct to three significant figures. Coordinates are referred to the axes shown in Fig. 3.1.

Fig. 3.1 shows a shape ABCDEF with the dimensions given.

(i) Regarding ABCDEF as a uniform lamina, show that the coordinates of its centre of mass are

[5]

(2.8)-
(ii) Now regarding ABCDEF as a framework of uniform rods, show that the coordinates of its
centre of mass are (0.175, 0.175). (5]

Question 3 continues on the next page.
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A toolbox is shown in Fig. 3.2. This toolbox is a hollow prism with ends ABCDEF and GHIJKL
perpendicular to its long axis. The toolbox is 0.6m long and is made from thin, uniform material.
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Fig. 32
(iii) By using your answers from parts (i) and (ii), or otherwise, calculate the position of the
centre of mass of the toolbox, referred to the axes shown in Fig. 3.2. [6]
[Total 16]
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(a) A uniform rod AB of length 8 m and weight 180 N is held in horizontal equilibrium by two
vertical wires. One wire is 1 m from A and the other 2 m from B, as shown in Fig. 4.1.

wires

Alm 2mB

8m ———

Fig. 4.1
(i) Draw a diagram showing all the forces acting on the rod. [1]
(ii) Calculate the tensions in the wires. [4]

(b)
Wall

20°

Fig. 42

A uniform ladder of length 8 m and weight 180 N rests against a smooth, vertical wall and
stands on a rough, horizontal surface. A woman of weight 720 N stands on the ladder so that
her weight acts at a distance x m from its lower end, as shown in Fig. 4.2.

The system is in equilibrium with the ladder at 20° to the vertical.
(i) Show that the frictional force between the ladder and the horizontal surface is F'N, where
F =90(1 + x) tan 20°. [5]

(ii) Deduce that F increases as x increases and hence find the values of the coefficient of
friction between the ladder and the surface for which the woman can stand anywhere

on the ladder without it slipping. (5]
[Total 15]
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[ Paper: 2608 l Name: Mechanics 2 ] Session: June [ Year: 2002 I Final
Solutions and mark scheme
Q1 Mark
® 6v=12x4 M1 | Impulse= Ftor F=maandv=u+at
v=8s08ms ' in the direction of AB Al | Direction not required 2
() | pefore 8 0
A6kg l B 14 kgl
—> -
Va Vg
PCLM Ml | Use of PCLM
48=6v,+ 14 v, Al | Any form
NEL
vg =V, 1
0-8 4 M1 | NEL. Accept sign errors.
v, -v, =2 Al Any form
Solving for v,, vg =3 El
[If v5 =3 assumed, M1 for NEL/PCLM and Al for
va= 1. Full marks if values justified in the other
equation]
(i) | __p 6(1 — 8) = - 42 Ns opp direction to v, M1 | Impulse.
Al | Direction must be clear. Accept —ve without explanation | 2
@iv)
16ms™
parallel to plane M! | CLM parallel to the plane
3cos60=1.6cosx
a =20.3641... Al
o= 1.6sina
3560 M1 | Use of normal components
Al
=0.2143... 500214 (3 sf) Al 5
[Award M1 for attempt to use components]
If Pythagoras used then : tot
1.62 =(eusin60)2 +(u cos60)2 M1 15
Al | Eachterm on RHS
Al
Correct substitution and manipulation Ml
e=0214 Al |

David Holland
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| Paper: 2608 | Name: Mechanics 2 | Session: June [ Year: 2002 | Final
Solutions and mark scheme
Q2 Mark
) GPE loss is M1 | GPE is mgh in any expression
(6g—4g)x 08=1.6g J (=15681) Al Accept either form 2
an |y ,
—2—(6 +4p* =15.68 M1 | Equate AKE to A GPE
Bl f 10 5.68 FT their GPE |
sov=17708.. s0177ms" b | Useoriokgand] el R Toss ;
or
Use of N2L M1 | Attempt to find acceleration. [ MO for a = g]
Use of uvast to give a = 0.2g M1 | Must be appropriate. Accept a wrongbut nota=g.
v=17708.. s01.77 ms™ Al
(iii) . . . .
(A) 1 ) M1 | Work-energy including WD against resistance, GPE and
15.68-0.8x12 :EXIOXV KE. Accept sign error.
vi=1216 Al | FT from (i)
KE of B is %x4xv2 =2.432] Al | FT from (i) 3
or
N2L and uvast to give accn 0.76 m s™ M1 | N2L must be used. Resistance must be included.
v2 =1216 Al
KE 2.432] Al
(B) | Suppose B rises an extra distance x M1 | Trying to find this distance. Award without weight term
2432 =12x+4x98x x Bl All terms present. Accept sign error. Accept their KE
s0x = 0.0475 from (A) 3
F1 FT
or
N2L -12-4g =4a M1
Al
a=-12.8 Al
x=0.0475
©
For downward motion Ml | Work-energy equation, all terms present. Signs correct.
1 ) Bl | Use of 0.8 + theirx 3
5x4xv =0.8475gx4-12x0.8475 Al cao
v=3.39499.. s03.39m s (3s.f)
or Tot
s=0.8475 Bl | Award for 0.8 + their x 14
N2L and uvast giving accn 6.8 m s Ml |N .
2L and t t
v=13.39499.. 503.39ms" (3s.f) Al | cao e appropnaE

David Holland
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| Paper: 2608 | Name: Mechanics2 | Session: June | Year: 2002 | Final
Solutions and mark scheme
Q3 Mark
6)] x=y Bl Symmetry; must be explicit.
For ¥ M1 | Method for c.m.
_ B1 All masses correct
2 2} 2 _ 2
(0'4 —02 )x =047x0.2-0.27x0.3 Al | At most one c.m. wrong. If vector used award if not
more than one error in either x or y component
s at 11 El 5
cm.1sa 66 [Award 1* B1 if other component calculated separately
with same answer]
o 6x = 0 ?
16x=04x02+02x04+02x03+02 Ml Method for c.m.
+0.2x0.1 Bl Masses correct
Bl At least two c.m. correct. If vector used then at least two
c.m. have either x or y cpts correct.
X= 028 =0.175 El
1.6
50 (0.175,0.175) Bl Symmetry; must be explicit. [Award if other component | 5
calculated separately with same answer]
(iii)
For Xx of composite figure M1 | Method could lead to solution. Allow up to 2 parts of
the figure missing.
(1.6x0.6+2x0.12)% Bl | Total mass
=1.6x0.6x0.175+2x0.12x 1 Bl First term [If divided into plane parts, award for
6 4 or equivalent parts correct]
Bl Second term [If divided into plane parts, award for
6 or equivalent parts correct]
- 0.208 . 13
O X=T5 7 0.173 (_ 75) Al | cao. Award for x or y correct
so (0.173,0.173,0.3) - o
Fl y or zby symmetry (may be implied) 6
Tot
16

David Holland
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| Paper:

2608 |Name: Mechanics 2 lSession: June TYear: 2002 lFinal

Solutions and mark scheme

Q4 Mark
(@)
3m 2m Bl Accept no or wrong dimensions 1
A B P
1 m X J/z mY Must have correct labels and arrows
180 N
(i) Moments about X
3x180-5v =0 M1 | moments
v=108 so 108 N Al
Resolve vertically
U+V =180 Ml | Or take moments again
soU=72s072N Al [Deduct one mark if 180g instead of 180] 4
®)
M
R
- F=S Bl Award for R = 900 if moments taken about top of
ladder
y 180 4 cos 70 + 720 x x cos 70 M1 | Moments equation using angles with at least 2 terms
Al One correct term
1
—8Ssin 70 A Second correct term
= F =90 tan 20(1+ x) El | Clearly shown 5
[Award 4/5 if F' =S not established by resolution]
(i) | All other terms constant so F Tasx T El | Clearly explained.
Hence worst case is x = 8 El [Award if x = 8 used without explanation]
giving F =810tan20
with R = 900 Bl Values of both R and F.
Since F<F,, = uR, ML | Useof ¥ =uR
u= 810 tan 20 _ 2tan20 (=0.3275..) Al | cao. Inequality required. Accept >. Accept inequality 5
900 10 stated and not justified.
Tot
15

David Holland 30/06/02
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General Comments

This paper appeared to be accessible to the majority of candidates and a high proportion of them were able to attempt
every question. There was some evidence that weaker candidates found the paper long but this was often due to their
use of inefficient methods in both Q2 and the last part of Q3. The presentation of scripts was generally good with many
candidates setting out work clearly, a notable improvement on some previous sessions. A small but significant
minority of candidates did not use adequate diagrams; this was particularly noticeable in Q4 where forces were omitted,
not labelled or not attached to anything.

Comments on Individual Questions

Q.1

Q2

Q.3

Q4

On the whole this question was answered well with a significant proportion of students obtaining good marks.

Part (i) was often done well but a few candidates failed to use I = Ff and instead used Newton’s second law and
v=u-+at.

Part (ii) was answered well by most of the candidates but, as often happens in the absence of good diagrams,
sign errors in the application of Newton’s experimental law prevented many from establishing the given result.

The calculation of impulse in part (iii) was done well except that a large proportion of the candidates did not
make the vector nature of the impulse explicit by giving a direction.

The last part of the question was often poorly done. Many candidates obviously did not understand the ideas
involved with oblique impact and simply took the ratio of the speeds after and before the impact. Others realised
that some resolution was required but did not know exactly what to do and just assumed that the approach and
separation directions were equally inclined to the plane.

() 8ms™; (ii) 1 ms™; (iii) 42 N s in the opposite direction to the initial velocity of disc A;
(iv) 0.214 (3s.1).

This was the least well answered of the questions. Most candidates either did very well or quite badly with the
majority in the latter category. It was common to see candidates use a mixture of methods involving energy and
Newton’s second law with little progress being made; generally candidates are better off using one approach or
the other. Many candidates failed properly to analyse what was going on. A very common mistake was to
assume that the acceleration of the system was g in every part of the motion; there were also many errors made
because of confusion about when the mass of a part or of the whole system was required. Some other
misconceptions about the relationship of work and energy were revealed.

(@) 15.683; (i) 1.77 ms™ (3s.f); (iii) (A)2.432J; (B) 0.0475 m; (C) 3.39 ms™' (3 s.f).

The first two parts of this question caused very few problems to the candidates and the majority did well. Many
did not argue from symmetry but instead worked out the centres of mass separately for the x and y directions; a
minority did not explicitly say why the x and y components are the same but simply wrote them down as being
so. The last part of the question caused some difficulties for all but the most able who had usually successfully
used the hint in the question. Many students did not use the hint and split up the box into all of its component
parts, a daunting task that led to a number of unforced errors. Others considered the box to be two plane ends
Jjoined by a framework or considered the box to be a solid or considered it to be a framework covered by a
lamina.

(iii) (0.173,0.173,0.3) (3s.£).

Many candidates scored well on this question, particularly those who drew clear diagrams and explained what
they were doing at each stage of their solution. A few candidates took the weight to be180g but most of them
read the question correctly.

As the result was given in part (ii), some candidates succumbed to the temptation to ‘fiddle’ their expressions
instead of looking for their error(s); the most common mistakes were to take moments about the top of the ladder
but omit the normal reaction at the ground, or to attempt to use tan70 or tan 20 throughout instead of resolving in
the usual way. However, it was pleasing that there were fewer attempts to deceive than have been seen in recent
sessions. Whether candidates took moments about the top or the bottom of the ladder, it was necessary to obtain
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at least one other equation and candidates were penalised if this equation was not given explicitly with a reason
but just used in a substitution.

Few candidates scored full marks on the last part of the question as many of them could not adequately explain

in a proper mathematical way why the friction increases as x increases. It was common to see the statement that
F is proportional to x. Few candidates could deal convincingly with the inequality.

(a)(il) 108 Nand 72 N;  (b)(ii) x = 0.328 (3s.1).
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