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A particle P is moving along the positive x-axis. At time ¢ = 0, P is at the origin O. At time
t seconds, P is x metres from O and has velocity v=2e ™ m s™! in the direction of x increasing.

(a) Find the acceleration of P in terms of x.
3)
() Find x in terms of 7.

(6)

A particle P moves in a straight line with simple harmonic motion about a fixed centre O. The
period of the motion is 5 seconds. At time ¢ seconds the speed of P is vm s™!. When ¢ = 0,

Pisat O and v = 6. Find

(a) the greatest distance of P from O during the motion,

3)
(b) the greatest magnitude of the acceleration of P during the motion,

(2)
(c) the smallest positive value of ¢ for which P is 1 m from O.

3)

0.6 m

O (5 kg)

Figure 1
A particle Q of mass 5 kg is attached by two light inextensible strings to two fixed points
A and B on a vertical pole. Each string has length 0.6 m and 4 is 0.4 m vertically above B, as

shown in Figure 1.

Both strings are taut and Q is moving in a horizontal circle with constant angular speed
10 rad s™'.

Find the tension in
(i) A0,

(ii) BO.
(10)
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A a O a B
Figure 2

Figure 2 shows the cross-section AVBC of the solid S formed when a uniform right circular
cone of base radius a and height a, is removed from a uniform right circular cone of base
radius a and height 2a. Both cones have the same axis V'CO, where O is the centre of the base
of each cone.

(a) Show that the distance of the centre of mass of S from the vertex V' is %a.
)

The mass of S is M. A particle of mass kM is attached to S at B. The system is suspended by a
string attached to the vertex V, and hangs freely in equilibrium. Given that V4 is at an
angle 45° to the vertical through 7,

(b) find the value of k.
5)

A fixed smooth sphere has centre O and radius a. A particle P is placed on the surface of the
sphere at the point 4, where O4 makes an angle o with the upward vertical through O. The
particle is released from rest at 4. When OP makes an angle 6 to the upward vertical
through O, P is on the surface of the sphere and the speed of P is v.

Given that cos a =

W | W

b

(a) show that
V2= %(3 —5cos 0),
4)

(b) find the speed of P at the instant when it loses contact with the sphere.
)
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la
Figure 3

Figure 3 shows a uniform equilateral triangular lamina PRT with sides of length 2a.

(a) Using calculus, prove that the centre of mass of PRT is at a distance 27\/3 a from R.

(6)
R
a i
o S
a a
\ /
P lr T
a [ a
Figure 4

The circular sector PQU, of radius a and centre P, and the circular sector TUS, of radius a and
centre 7, are removed from PRT to form the uniform lamina QRSU shown in Figure 4.

2a

(b) Show that the distance of the centre of mass of QRSU from U is WE .
-7

(6)
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A particle B of mass 0.5 kg is attached to one end of a light elastic string of natural length
0.75 m and modulus of elasticity 24.5 N. The other end of the string is attached to a fixed
point 4. The particle is hanging in equilibrium at the point £, vertically below A.

(a) Show that AE =09 m.
3)

The particle is held at 4 and released from rest. The particle first comes to instantaneous rest
at the point C.

(b) Find the distance AC.

(6
(c) Show that while the string is taut, B is moving with simple harmonic motion with
centre E.
C))
(d) Calculate the maximum speed of B.
2

TOTAL FOR PAPER: 75 MARKS
END
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Summer 2012
6679 Mechanics M3
Mark Scheme

Question
Number Scheme Marks
1(a M1
@ Use ofa:vﬂ or azi(lvzj
dx dx\ 2
a=2e*.—-2e*or v* =4 Al
a - _4e—2X Al
3)
(b) Separate the variables and attempt to integrate M1
j 2dt =j e*dx
2t=¢e*+C AlAl
t=0,x=0=C=-1, 2t =e* -1 M1A1
x =In(2t +1) Al
(6)
9
2 Bl
@ 1227 =4
w
Useofvzzwz(vz—xz),ow:aw M1
a=15(m) Al
3)
(b) Use of max. accn. zfa M1
24 m¢’ Al
(2)
(c) X = asinwt with their values foa & w Bl
1=1.5sin4 (with their 1.5 & 4) and attempt to solve for M1
t = 0.18 (or awrt) Al

(3)
8




(IQ\Iuestion Scheme Marks
umber
3
At
o -
04m ---------———————— - =
I
Bl
cos@ = E(: Ej
06\ 3
Resolve vertically: M1
T,cosd=T,cos#+mg (T, =T, +3mg) A2,1,0
Acceleration towards the centre: M1
. . . 3 A2,1,0
T,Sin@+T,sind=mx06sindxw’ |T,+T, = 5><g><100= 300
Substitute values faxand trig functions and solve to fifid or Tg M1
T, +147+T, =300 2T, =300-147=153 Al,Al
T,=2235(N) , Tz =765(N)
T,=224 or 22( T, =76
T,=76.5 or 77 T,=223
(10)

10




Question

Scheme Marks
Number
4 volume Mass ratioi C of M frod
(@) Large |1 _,. 2 5|2 3 _
cone |3’® .2a—§77a sza‘ia B1, B1
Small |1 _, 1 5 |1 L3
cone gm .a—gm a Za—za
S 1, 1 . |1 D
~“/m“a==-7/m
3 3
1xD:2x§a—1xza MI1Al
2 4
:12—7a:§a - Al
4 4
%)
(b) y
81.87
/5a
A
k Mg
45° +26.6°(=716°), (81.8698.....=)81.9°
Take moments abowt M1
A2
nggaxcosnﬁ; kng\/_Eax cos81
K = 5co0s71.6 _ 125 M1A1l
4/5c0s81.9

()
10




Question Scheme
Number Marks
5(a)
Conservation of energy : Loss in GPE = gain in KE M1
mga(coscr—cos6?)=%m\/2 A2,1,0
Substitute forcosa and rearrange tgiven answer : Al
V2 = ngaP - cos@} = @(3— 5cosd) *
m \5 5
o (4)
(b) Considering the acceleration towards the cesftthe hemisphere: M1
mv’ A2,1,0
mgcosd - R = o
Substitute for” to form expression fdR: DM1
Al
R = mgcosé —% = mg(3cosf - 2cosa)(= mg{:%cosﬁ - ED
Loses contact with the surface wHees 0 M1
cosf = 2 Al
5
Al
5 5
(8)
12
Alt: 2 DM1
R=0= mgcosf = did
2 Al
cosf = v
ga
2 M1
Substitute in given (ay?® :@(3— 5V—j
5 ga
|/2:6_a—2|/2, 3]/2:6ia Al
5 5
2ga Al




Question

Number Scheme Marks
6(&) y
%
J3a x
. 1 ) Bl
Mass of lamina ;05 x 2ax+/3a = x/g,oa
J3a 2 M1
2X 2X
PXX—=X%XX=p | —dx
Lo gr&=e| g
3 3a Al
B 2 X
343 |,
_ 2x3/3a° _ . Al
3/3
3 M1A1l
DSMmmﬂDmvamx—&n :Eaf_“
J3pa? 3
(6)
(b) R
p T
a u a
Bl
Area of each sector%na2
. . i ) B2,1,0
Using sector formulag = hsing = 2asina =8 ,2=2
T V74
37
6
M1A1l




Al

%L‘ﬂefsggp Scheme Marks
2a°
D= 3 _ 2 »
[o-g 35

(6)
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Question

Number Scheme Marks
7 M1
@ Use of T =ﬁ =mg
a
= 245x _ 059 Al
0.75
) } Al
x= 0752059 _ 15 AE = 075+ 015= 09(m) (**)
245
3)
(b) Using gain in EPE = lassGPE M1
Ax? _ 24 5x* _ Al
2a 15 7
..... = @.75 +X) Al
Form quadratic ix and attempt to solve for: DM1
245x? =55125+ 735x, 245x* - 735x-55125=0,
L 135% 735 +4x245x55125
48
(0rd0X* —12x-9= Q x= 2% “1gg+ 3600
Xx=0.647 (m) AC= 14m) Al
5)
(c) UsingF = maand displacementfrom E: M1
059 - 24.5(x+ 015 _ 058 A2,1,0
0.75
= —%Sx, so SHM Al
(d) Max speed = thea x theirw M1
(4)
= (0.647- 015) XN/%B
=~ 40ms' (4.02) Al
(2)




