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(i) Write down the dimensions of density, kinetic energy and power. [3]
A sphere of radius r is moved at constant velocity v through a fluid.
(ii) In a viscous fluid, the power required is 6xnrv?, where 7 is the viscosity of the fluid.
Find the dimensions of viscosity. [31

(iii) In a non-viscous fluid, the power required is kp®?v?, where p is the density of the fluid and
k is a dimensionless constant.

Use dimensional analysis to find «,  and 7. [6]

A rock of mass 5.5 kg is connected to a fixed point O by a light elastic rope with natural length
1.2m. The rock is released from rest in a position 2 m vertically below O, and it next comes to
instantaneous rest when it is 1.5 m vertically above O.

Find the stiffness of the rope. [6]

A uniform solid hemisphere of volume %na3 is formed by rotating the region bounded by the

x-axis, the y-axis and the curve y = va® — x* for 0 < x < a, through 27 radians about the x-axis.

Show that the x-coordinate of the centre of mass of the hemisphere is %a. [5]

A uniform lamina is bounded by the x-axis, the line x = 1, and the curve y =2 —y/x for I < x < 4.
Its corners are A (1, 1), B(1, 0) and C (4, 0).

(i) Find the coordinates of the centre of mass of the lamina. [9]

The lamina is suspended with AB vertical and BC horizontal by light vertical strings attached
to A and C, as shown in Fig. 2. The weight of the lamina is W.

A
B C
Fig. 2
(ii) Find the tensions in the two strings in terms of W. [4]
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3 A particle P of mass 0.6 kg is connected to a fixed point O by a light inextensible string of length
1.25 m. When it is 1.25 m vertically below O, P is set in motion with horizontal velocity 6 m s7! and

then moves in part of a vertical circle with centre O and radius 1.25 m. When OP makes an angle 0
1

with the downward vertical, the speed of P is vms™, as shown in Fig. 3.1.

(i) Show that v? = 11.5 +24.5cos 6. [3]
(ii) Find the tension in the string in terms of 6. [4]
(iii) Find the speed of P at the instant when the string becomes slack. [4]

A second light inextensible string, of length 0.35 m, is attached to P, and the other end of this string

is attached to a point C which is 1.2 m vertically below O. The particle P now moves in a horizontal

circle with centre C and radius 0.35 m, as shown in Fig. 3.2. The speed of Pis 1.4ms™".

(iv) Find the tension in the string OP and the tension in the string CP. [7]

[Question 4 is printed overleaf.]
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4 Fig.4 shows a smooth plane inclined at an angle of 30° to the horizontal. Two fixed points A
and B on the plane are 4.55 m apart with B higher than A on a line of greatest slope. A particle P of
mass 0.25 kg is in contact with the plane and is connected to A and to B by two light elastic strings.
The string AP has natural length 1.5 m and modulus of elasticity 7.35 N; the string BP has natural
length 2.5 m and modulus of elasticity 7.35 N. The particle P moves along part of the line AB, with
both strings taut throughout the motion.

Fig. 4

(i) Show that, when AP = 1.55 m, the acceleration of P is zero. [5]

(ii) Taking AP = (1.55 + x) m, write down the tension in the string AP, in terms of x, and show that
the tension in the string BP is (1.47 — 2.94x) N. [3]

(iii) Show that the motion of P is simple harmonic, and find its period. [5]
The particle P is released from rest with AP = 1.5 m.

(iv) Find the time after release when P is first moving down the plane with speed 0.2 ms™. [5]

OCRY

RECOGNISING ACHIEVEMENT

Copyright Information

OCR is committed to seeking permission to reproduce all third-party content that it uses in its assessment materials. OCR has attempted to identify and contact all copyright holders
whose work is used in this paper. To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced in the OCR Copyright
Acknowledgements Booklet. This is produced for each series of examinations, is given to all schools that receive assessment material and is freely available to download from our public
website (www.ocr.org.uk) after the live examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any third-party content in this assessment material, OCR will be happy to correct its mistake at the earliest possible opportunity.
For queries or further information please contact the Copyright Team, First Floor, 9 Hills Road, Cambridge CB2 1GE.

OCRi s part of the Cambridge Assessment Group; Cambridge Assessment is the brand name of University of Cambridge Local Examinations Syndicate (UCLES), which is itself a department
of the University of Cambridge.

© OCR 2010 4763 Jan10



4763 Mark Scheme January 2010
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1(a)
(i) | [Density ] =ML B1 ( Deduct B1 for kgm™ etc)
[ Kinetic Energy ] =M L* T~ B1
[ Power ] =ML’ T B1
3
(i) B1 For [v]=LT"!
ML T =[7]L(LT™") Can be earned in (iii)
Ml Obtaining the dimensions of 7
[pl=ML'T! Al
3
(i) | M2 T? =(ML?*)* 1P (LT Y
a=1 B1 cao
-3=-y Ml Considering powers of T
y=3 Al (Noftif y=0)
Ml Considering powers of L
2=Ba+p+y Al Correct equation (ft requires 4 terms)
p=2 Al (No ftif f=0)
6
(b) Ml Calculating elastic energy
EE at start is 1 kx0.8” Al k may be % or %
EE atend is 14x0.3% Al
Ml Equation involving EE and PE
Lkx0.8% =1kx0.3* +5.5%9.8x3.5 F1 (must have three terms)
Stiffness is 686 Nm™' Al (A0 for 1=8232)
6
[18]
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2
@) 2 ‘ 22
Jﬁxy dr = L 7 x(a” —x")dx Ml Limits not required
=ﬂ'[ %azxz—%x“ ]Z Al For %azx2 —%x“
4
=47a Al
_ %ﬂa4
to 2rd’ Ml
3
=3a El
5
(b)
i 4
@ Area is J (2—~/x)dx M1 Limits not required
1
AN :
={2x—%x 2 } (=§) Al For 2x—%x2
1
4
jxydx = J x(2—+/x)dx Ml Limits not required
1
4 H
:{xZ_%xg} (:E) Al For x* —2x2
) 5
13
w=20=32 _195 Al
4% 20
4
J%yzdx :j Lo—x) dx Ml j(z—ﬁfdx or j((z—yf—l)ydy
1
4 3
z[ 2x—d L } (=3 A2 | For2v=2x2+ix® or 3373y 4yt
1 12 Give A1 for two terms correct, or all
correct with 4 omitted
5
y:ﬁ:i:ogl% Al
416
9
(ii) | Taking moments about A Ml Moments equation (no force omitted)
Tex3-Wx0.95=0 Al Any correct moments equation
(May involve both 7, and T)
Accept Wgor W =1%,%¢ here
T,+T. =W Mi Resolving vertically (or a second
moments equation)
41 19
T, =—W, T.=—
17 =% Al Accept 0.68W, 0.32W
4
[18]

43




4763 Mark Scheme January 2010
3 (i) | By conservation of energy, M1 Equation involving KE and PE
1x0.6x6% —1x0.6v? =0.6x9.8(1.25-1.25¢c0s6) | Al
36-v* =24.5-24.5c0s
v =11.5+24.5c0s 0 El
3
ii 2
) Ml For acceleration ~—
V2 r
T-0.6x9.8c0s6 = 0.6x Al
1.25
T—5.88¢c0s6 =0.48(11.5+24.5c0s6) Ml Substituting for v?
T =5.52+17.64cos 6 Al
4
(iii) | String becomes slack when 7' =0 Ml
cosf = —% (6=108.2° or 1.889rad) Al May be implied
’ 2
V2 =11.5- 2451202 Ml or 0.6x9.8x 2% = 0.6x-"
17.64 17.64 1.25
2 2
or ~0.6x9.8x Y112 _ g g5 Y
24.5 1.25
Speedis 1.96 ms™ (3 sf) Al cao
4
(iv) T, cos@ =mg M1 Resolving vertically
where 6 is angle COP
LxL2 —0.6x98 ( 8 )| Al
1.25
Tension in OP is 6.125 N Al
mvz . .
Tisin@+71, = 035 M1 Horizontal equation (three terms)
2
6.125x 232 L p - 06x147 FIBI | For LHS and RHS
1.25 0.35
Tension in CP is 1.645 N Al
7
[18]
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4(i) Ml Using Hooke’s law
Thp =71'—355><0.05 (=0.245) Al or 71'—355(AP—1.5)
7.35 7.35
Tgp =——x0.5 (=1.47 ——(2.05-AP
BP T 5 ( ) Al or >3 (2.05 )
Resultant force up the plane is
Tgp —Tphp —mgsin30° M1
=1.47-0.245-0.25%x9.8sin 30°
=1.47-0.245-1.225
=0
Hence there is no acceleration El Correctly shown
5
ORI 71'—355(0.05 +x)  (=0245+49x) B1
Tip :72'—355(4.55—1.55—x—2.5) M1
=2.94(0.5—x)
=1.47-294x El
3
(iii) ne dPx . )
Tgp = Typ —mgsin30° = m Ml Equation of motion parallel to plane
2
(1.47-2.94x)—(0.245+4.9x)—1.225 = 0.25d—§ A2 Give Al for an equation which is correct
dr apart from sign errors
d’x
—=-31.36x
de?
Hence the motion is simple harmonic El Must state conclusion. Working must be
fully correct (cao)
If a is used for accn down plane, then
a=31.36x can earn M1A42; but E1
Period is ——— = 2% ] t about directi
36 5.6 requzressj[ommen about directions
Periodis 1.12s (3 sf) B1 cao | Accept i
5
(iv) M1 For Asinwt or Acosart
x =-0.05co0s5.6¢ Al Allow +0.05sin/ cos 5.6¢
Implied by v =10.28sin/cos5.6¢
v =0.28sin5.6¢
—0.2=0.28sin5.6¢ Ml Using v=20.2 to obtain an equation for ¢
OR  0.2% =31.36(0.05% —x?%)
x=(£)0.035
0.035=-0.05co0s 5.6¢ M1
5.6t =7 +0.7956 Ml Fully correct strategy for finding the
required time
Timeis 0.703 s (3 sf) Alcao
5
[18]
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General Comments

The standard of work on this paper was very high. Most candidates were able to demonstrate
their competence in all the topics which were tested, and about three fifths of the candidates
scored 60 marks or more (out of 72).

Comments on Individual Questions
1 Dimensional analysis and elastic energy

This question was answered well, with about one third of the candidates scoring full
marks. The average mark was about 15 (out of 18).

@ () Almost all candidates gave the dimensions of density and kinetic energy
correctly, but about one third gave the wrong dimensions for power. Common
misconceptions were that power may be calculated as (energy x time) or
(force x distance).

(i) The method for finding the dimensions of viscosity was well understood and
usually applied accurately.

(iii) The method for finding the indices in the formula was very well known, although
there were quite a few careless slips (usually sign errors) in this part.

(b) The great majority of candidates realised that they should apply conservation of
energy, and used appropriate formulae for elastic and gravitational potential
energy. Minor slips were sometimes made in the calculation of the terms, but by
far the most common error was to neglect the elastic energy when the rock is at
its highest point.

2 Centres of mass

This question was very well understood. About 40% of the candidates scored full marks,
and the average mark was about 15.

€)) Almost all the candidates were able to derive the given result correctly.

) @ Almost all candidates knew appropriate formulae for finding the centre of mass of
a lamina, with just a very few confusing them with those for a solid of revolution.
The integrations were usually done well, although common errors here were
losing the factor % in the integral for the y-coordinate, and failing to multiply out

2- Jx ) correctly.

(i) Most candidates knew that they should take moments to find the tensions in the
strings. However, a very common error in this part was to proceed as if the
x-coordinates of A and B were 0 instead of 1.

30



Reports on the Units taken in January 2010

3

Circular motion

Circular motion has often been a cause of difficulty for many candidates in the past.
However, this question was answered very well indeed, with nearly half the candidates
scoring full marks.

(i)

(i)

(iii)

(iv)

Most candidates obtained the given equation correctly. Just a few did not realise
that conservation of energy was required, and tried to derive the result from the
radial equation of motion.

Most candidates used the radial equation of motion to find the tension in the
string correctly. The work was quite often spoilt by sign errors, or by omitting the
component of the weight.

This was very well understood. Some candidates found the value of 6 when the
string becomes slack, but omitted to calculate the speed.

This problem, about a particle moving in a horizontal circle while attached to two
strings, was answered much better than similar problems in the past. There were
no common errors, and most candidates found both tensions correctly.

Simple harmonic motion

This was certainly found to be the most difficult question. Only about 15% of the
candidates scored full marks, and the average mark was about 12.

(i)

(i)

(iii)

(iv)

This was quite well done, with most candidates calculating the tensions in the
given position and verifying that there is no resultant force parallel to the plane.
Others considered a general position and formed an equation for the equilibrium
position. Some tried to resolve horizontally or vertically, but all of these omitted
the normal reaction from their calculations.

The tension in AP was quite often wrong, with the extension being taken as x or
(1.55+ x) instead of (0.05+ x). However, the given expression for the tension in

BP was almost always derived correctly.

Most candidates set up an equation of motion parallel to the plane, although there
were very many sign errors here, and the component of the weight was
sometimes omitted. A fair number of candidates did not state at what stage they
had established that the motion is simple harmonic, but most knew how to find
the period from the equation of motion.

Most candidates were able to obtain a time at which the speed is 0.2ms™, but

finding the first time for which the particle has this speed when travelling down the
plane proved to be quite challenging.
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