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1 (a

(b)

2
(i) Write down the dimensions of velocity, acceleration and force. [3]

A ball of mass m is thrown vertically upwards with initial velocity U. When the velocity of the
ball is v, it experiences a force Av? due to air resistance where A is a constant.

(ii) Find the dimensions of A. [2]

A formula approximating the greatest height H reached by the ball is
Ut AUt
T 2g  4mg?

where g is the acceleration due to gravity.

(iii) Show that this formula is dimensionally consistent. [4]

v AU
A better approximation has the form H ~ — —
28 4mg?

+ %/’LZ UmPg’.
(iv) Use dimensional analysis to find o, 8 and 7. [5]

A girl of mass 50kg is practising for a bungee jump. She is connected to a fixed point O by a
light elastic rope with natural length 24 m and modulus of elasticity 2060 N. At one instant she
is 30 m vertically below O and is moving vertically upwards with speed 12 m s™!. She comes to
rest instantaneously, with the rope slack, at the point A. Find the distance OA. [4]

2 A particle P of mass 0.3 kg is connected to a fixed point O by a light inextensible string of length
4.2 m.

Firstly, P is moving in a horizontal circle as a conical pendulum, with the string making a constant
angle with the vertical. The tension in the string is 3.92 N.

(i) Find the angle which the string makes with the vertical. [2]

(ii) Find the speed of P. (4]

P now moves in part of a vertical circle with centre O and radius 4.2 m. When the string makes an
angle 6 with the downward vertical, the speed of P is vms~! (see Fig.2). You are given that v = 8.4

when 0 = 60°.
|
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Fig. 2
(iii) Find the tension in the string when 6 = 60°. [3]
(iv) Show that V2 =29.4 +82.32 cos 6. [4]
(v) Find 0 at the instant when the string becomes slack. [5]
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3

3 A small block B has mass 2.5kg. A light elastic string connects B to a fixed point P, and a second
light elastic string connects B to a fixed point Q, which is 6.5 m vertically below P.

The string PB has natural length 3.2 m and stiffness 35 N m™'; the string BQ has natural length 1.8 m
and stiffness 5N m™.

The block B is released from rest in the position 4.4 m vertically below P. You are given that B performs
simple harmonic motion along part of the line PQ, and that both strings remain taut throughout the
motion. Air resistance may be neglected. At time 7 seconds after release, the length of the string PB
is x metres (see Fig. 3).

v P
xm
6.5m
Bm
\j Q
Fig. 3
(i) Find, in terms of x, the tension in the string PB and the tension in the string BQ. [3]
d2
(i) Show that — = 64 — 16x. [4]
dr
(iii) Find the value of x when B is at the centre of oscillation. [2]
(iv) Find the period of oscillation. [2]
(v) Write down the amplitude of the motion and find the maximum speed of B. [3]
(vi) Find the time after release when B is first moving downwards with speed 0.9 m s7!. [4]

[Question 4 is printed overleaf.]
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(a) A uniform solid of revolution is obtained by rotating through 27 radians about the y-axis the
region bounded by the curve y = 8 — 2x? for 0 < x < 2, the x-axis and the y-axis.

(i) Find the y-coordinate of the centre of mass of this solid. [7]

The solid is now placed on a rough plane inclined at an angle 6 to the horizontal. It rests in
equilibrium with its circular face in contact with the plane as shown in Fig. 4.

(ii) Given that the solid is on the point of toppling, find 6. [4]

(b) Find the y-coordinate of the centre of mass of a uniform lamina in the shape of the region bounded
by the curve y = 8 — 2% for -2 < x < 2, and the x-axis. [7]
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June 2008

1(@)() |[ Velocity] =L T B1 (Deduct 1 mark if kg, m, s are
[ Acceleration ] =L T B1 consistently used instead of M,
B LT
[Force] =MLT™ B1
(ii) [ Force | MLT™
A= =
VT Ty M1
=MLt A1 cao
(iii) U2 (LT™)? (Condone constants left in)
5o T 72k B1 cao
4 LT
Aut | MLhHeT™hH?
4mg? M(LT?)? M1
MU T
ML*T™ A1 cao
[H]=L; all 3terms have the same
dimensions E1 Dependent on BIM1A1

(V) ML) T H*MP (LT?)” =L

B=-2 B1 cao
-2+a+y=1
—a—27—0 M1
r= A1
a_:63 A1 cao
r== A1 cao

At least one equation in «, y
One equation correct
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(b)

x6%  (=1545)
(PE gained) = (EE lost) + (KE lost)

50x9.8x/ = 1545+1x50x12?
490/ =1545+3600
h=10.5

OA=30-/4=195m

B1

M1

F1

A1

Equation involving PE, EE and
KE

Can be awarded from start to
point where string becomes
slack or any complete method
(e.g. SHM) for finding v* at
natural length

If BO, give A1 for »* =88.2
correctly obtained

or 0=882-2x9.8xs (s=4.5)

Notes
1 2060

2
earn BOM1F1A0

ZOZO x6 used as EE gets BOMO

x6 used as EE can
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2 (i) T cosa=mg
3.92cosr=0.3x9.8 M1 Resolving vertically
cos=0.75 (Condone sin / cos mix for M
Angle is 41.4° (0.723 rad) A1 marks throughout this question)
(i) ) 2 M1 Force and acceleration towards
Tsina=m— centre
r
_ V2 B1 (condone v2 /4.2 or 420° )
3.92sinr=0.3x i2sna A1 For radius is 4.2sina ('= 2,778)
Speed is 49 ms™! Not awarded fqr equation in w
A1 unless v=(4.2sin2)w also
appears
(iii) 2
I'=mgcosf = " M1 Forces and acceleration
g.42 towards O
T —0.3%9.8xc0s 60°=0.3x——
42 A1
Tensionis 6.51 N A1
@iv) M1 For (-)ymgx4.2cos@ in PE
, , MA1 Equation involving 1my* and PE
Tmv® —mgx4.2c0s60 =1 mx8.4% —mgx4.2cos 60° A1
v? —82.32¢cos 6 = 70.56—41.16
v2 =29.4+8232co0s 6 E1
(v) v?
(T)-mgcos@=m-- M1 Force and acceleration
29.4+82.32cos 6 M1 towards O
(T)—mx9.8cos&=mx 42 A1 Substituting for v2
String becomes slack when 7'=0 M1
—9.8cos@ =7+19.6cos @ Dependent on first M1
cosf = -
29.4
#=104° (1.81rad) A1 No marks for v=0 = 6=111°
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3(i) | Tpg =35(x-3.2) [=35x-112] B1
Ty =5(65-1-18) M1 Finding extension of BQ
=5(4.7-x) [=23.5-5x] A1
(ii) d’x
Tgq +mg—Tpp = dez M1 Equation of motion (condone
42 one missing force)
X
5(4'7_x)+2'5X9'8_35(x_3'2)=2'5d,72 A2 Give A1 for three terms correct
2
160—40x =2.59°%
dr?
2
X _64—i6x
de? E1
(iii) d2x
At the centre, —=0
4 M1
x=4 A1
(iv) | w* =16 M1 Seen or implied (Allow M1 for
) - w=16)
Period is “==17=1.57s A1
Ji6 Accept 17
(v) |Amplitude 4=44-4=04m B1 ft ftis | 4.4— (i) |
Maximum speed is Aw M1
=04x4=1.6ms™" A1 cao
(vi) | x=4+0.4cos4t
M1 For v=Csinat or Ccosar
v=(-)1.6sin4¢ A1 This M1A1 can be earned in (v)
When v=0.9, sindt= —%
41 =7+0.5974 M1 Fully correct method for finding
the required time
Time is 0.935 s eg. %arcsin9+%period
: A1 cao 1.6
OR 0.92 =16(0.4% - y?)
3 =-0.3307
M1 Using v2 = @? (42 - »?)
and y= Acosat or Asinwt
y=0.4cos 4t A1 For y=(%+)0.331 and
0.3307 y =0.4cos 4t
cosdt =—
0.4
4t =7 +0.5974 M1
Timeis 0.935s A1 cao

54




4763 Mark Scheme June 2008
4 5 8 , z may be omitted throughout
@) |V :J’” dy :J T@d-3»dy M1 Limits not required for M marks
N throughout this question
=7z[4y—%y2]0=167r A1
Vy=|zyx*d
y j yx-dy M1
8
=| 7y@4-3»dy
j 0 ’ A1
=xlo2y?-1,3 8 =g
§ .zyg = 3" A1
/2
=-_ 3
r 167
8 M1 Dependent on M1M1
=3 (=2.67)
A1
CM is vertically above lower corner M1
(i) M1 Trig in a triangle including 6
2 3 Dependent on previous M1
tanf=—=- (=—) A1 Correct expression for tan6 or
y %o 4
6=36.9° (=0.6435 rad) tan(90 ~6)
' ' Al Notes
tan @ = — implies MTM1A1
cand's y

tan @ = @ implies M1M1

— without further

cand's y

evidence is MOMO

tan@ =
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(b)

2
A;:J 18-2x%)
-2

:[ 32)6—%)63 +

1024

dx

2.5
=X

I

M1

A1

M1

M1

A1

M1

A1

May use 0<x<2 throughout
8

or (Z)J 4—%)/ dy
0

8
or (Z)J yy4-Tydy
0

(MO if ¥z is omitted)
For 32x-12x* +2x° Allow one
error

8 1 3 32 1 3
or —3y(4-3y) 54—

3 5
or —&@4-1))2 41641 )2

Dependent on first two M1’s
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