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A particle P of mass 3 kg is moving in a straight line. At time # seconds, 0 < ¢ < 4, the only
15
(t+1)°

force acting on P is a resistance to motion of magnitude (9 + ]N. At time ¢ seconds
the velocity of Pisvm s . When =4, v=0.

Find the value of v when ¢t = 0.

)

Figure 1

A particle P of mass m is attached to one end of a light elastic string, of natural length @ and
modulus of elasticity 3mg. The other end of the string is attached to a fixed point O.

The particle P is held in equilibrium by a horizontal force of magnitude 4 mg applied to P.

This force acts in the vertical plane containing the string, as shown in Figure 1. Find

(a) the tension in the string,
(6))
(b) the elastic energy stored in the string.

(C))

A rough disc rotates about its centre in a horizontal plane with constant angular speed 80
revolutions per minute. A particle P lies on the disc at a distance 8 cm from the centre of the
disc. The coefficient of friction between P and the disc is x. Given that P remains at rest
relative to the disc, find the least possible value of u.

)
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A small shellfish is attached to a wall in a harbour. The rise and fall of the water level is
modelled as simple harmonic motion and the shellfish as a particle. On a particular day the
minimum depth of water occurs at 10 00 hours and the next time that this minimum depth
occurs is at 22 30 hours. The shellfish is fixed in a position 5 m above the level of the

minimum depth of the water and 11 m below the level of the maximum depth of the water.
Find

(a) the speed, in metres per hour, at which the water level is rising when it reaches the
shellfish,

(7
(b) the earliest time after 10 00 hours on this day at which the water reaches the shellfish.
“4)
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Figure 2

One end 4 of a light elastic string, of natural length a and modulus of elasticity 6mg, is fixed
at a point on a smooth plane inclined at 30° to the horizontal. A small ball B of mass m is
attached to the other end of the string. Initially B is held at rest with the string lying along a
line of greatest slope of the plane, with B below 4 and 4B = a. The ball is released and comes
to instantaneous rest at a point C on the plane, as shown in Figure 2.

Find

(a) the length AC,
)

(b) the greatest speed attained by B as it moves from its initial position to C.

)
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Figure 3

The region R is bounded by part of the curve with equation y = 4 — x>, the positive x-axis and
the positive y-axis, as shown in Figure 3. The unit of length on both axes is one metre.
A uniform solid § is formed by rotating R through 360° about the x-axis.

(a) Show that the centre of mass of S'is % m from O.

(10)

Figure 4

Figure 4 shows a cross section of a uniform solid P consisting of two components, a solid
cylinder C and the solid S. The cylinder C has radius 4 m and length / metres. One end of C
coincides with the plane circular face of S. The point 4 is on the circumference of the circular
face common to C and S. When the solid P is freely suspended from 4, the solid P hangs with
its axis of symmetry horizontal.

(b) Find the value of /.
“4)
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Figure 5

A particle is projected from the highest point 4 on the outer surface of a fixed smooth sphere
of radius a and centre O. The lowest point B of the sphere is fixed to a horizontal plane. The

particle is projected horizontally from 4 with speed \(ga). The particle leaves the surface of

the sphere at the point C, where Z4OC = 6, and strikes the plane at the point P, as shown in
Figure 5.

(a) Show thatcos 6= 3.
)
(b) Find the angle that the velocity of the particle makes with the horizontal as it reaches P.
®
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January 2009
6679 Mechanics M3
Mark Scheme

Question Scheme Marks
Number
1
1 N2L 3a=—| 9+ . B1
(t+1)
15
3v=—9r+——(+4) M1 A1ft
t+1
v=0,1=4 = 0=-36+3+4 = A=33 M1 A1
v=—3t+i+11
t+1
t=0 = v=16 M1 A1 (7)
[7]
2
(@) M1 A1
A1
M1
A1 (5)
(b) e r=2% S g = 2mee ft their T M1 A1ft
a 3 a
5
e=—a
9
2
X 3me (éaj =2 e M1 AT (4)
2a 2a 9 54

[9]
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Question

Number Scheme Marks
3 o= 80x27 rads™ E:%z8.377..) B1
Accept v = 176—;[ ~0.67ms™" as equivalent
(T) R=mg B1
For least value of 1 ((—) umg =mra’ M1 A1=A1
2
U= %x(%{j ~0.57 accept 0.573 M1 A1 (7)
[7]
4 (a) a=8 B1
=227 _4—”(z0.502 ) M1 A1
2 o 25
2
V=o'(d-x*) = = i (8°-3) ft their a, @ M1 A1ft
25 |:
4r
v=—"+/55~3.7 (mh’' awrt 3.7 M1 A1 (7
oV (mh™) 7)
4 :
(b) x=acoswt = 3=8cos Et ft their a, @ M1 A1ft
t~2.3602 ... M1
time is 12 22 A1 (4)

[11]
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Question

Alternative approaches to (b) are considered on the next page.

Number Scheme Marks
5 (a) | Let x be the distance from the initial position of B to C
GPE lost = EPE gained
2
maxsin 30° = 28 M1 A1=A1
2a
. a
Leading to x = g M1
7
ac=12 A1 (5)
6
(b) The greatest speed is attained when the acceleration of B is zero, that is
where the forces on B are equal.
. 6
(N) T =mgsin30°=""8° M1
a
e = i A1
12
1 , 6mg( a ’ a . ..o
CE —my° +——=| — | =mg-—sin30 M1 A1=A1
2 2a \12 12
\J6
Leading to v=aqf| 84| =25 M1 AT (7)
24 12

[12]
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Question

Number Scheme Marks
5 Alternative approach to (b) using calculus with energy.
Let distance moved by B be x
1 6 .
CE —mv? + -2 > = mgxsin30° M1 A1=A1
2 2a
6
V= ax— k-4 x’
a
d,, dv 12
For maximum v —(v)=2v—=g—-——"=x=0 M1 A1
w2 =e
a
X=—
12
6 2
vz = g ﬁ __g ﬁ = ga M1
12 a \12 24
a
y= \/ (g—j A1 (7)
24
Alternative approach to (b) using calculus with Newton’s second law.
As before, the centre of the oscillation is when extension is 4 M1 A1
N2L mgsin30° -7 = mx
omg| L +x
1 i ) M1 At
—mg——————==mX
2 a
i=-Xy = =2 A1
a a
6 a a
vmax:a)a—»\/—g x—:\/ & MIAT (7)
a 12 24
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Question

Number Scheme Marks
6 (a) [y de=[(4-2) dv=[(16-8 +x")dx
3 5
ERP M1 A1
3 5
3 573
lox_SX X | 236 M1 A1
3515
.[Xyzdx:jx(4—x2)2dx:.[(16x—8x3+x5)dx
6
—8x x4+ M1 A1
6
x° ’ 32
8x* —2x*+=—| == M1A1
6 3
_ [wrde 3 15 s
F=df——="Cx— =2 % M1 A1 (10)
[yrax 3 216 8
(b) Axx =(7r1)x= M1
@ ><§:7z><16l><— A1 ft
15
. 24/3 )
Leading to l:T accept exact equivalents or awrt 1.15 M1 A1 (4)

[14]
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Question

Number Scheme Marks
7 (@) | Letspeed at Cbeu
CE lmuz—lm(%j:mga(l—cost9) M1 A1
2 2 4
uzzﬁ—Zgacosﬁ
4
2
mgcosf (+R)= mu M1 A1
a
mg cosf = 9% —2mgcosd eliminating u M1
Leading to COSHZ% * M1 A1 (7)
9ga 3 3
b AtC uw=2"_2gax=="ga B1
(b) g 81X =48
(-)  wu,=ucosf= (EJXE=VEZ7g“j=2.033ﬁ M1 A1ft
4 4 64
. 3ga) 7 2lga
J u =us1n9=\/ 284 ><—=\/ =1.792\a M1
( ) g 4 4 64
21 7 245
Vi=ul+2gh = Vvi="_ga+2gx—a="— M1 A1
T T8 e T
v
tanl//z—y:\/[ﬁjziou... M1
u, 27
w ~72° awrt 72° A (8)
Or 1.3° (1.2502° awrt 1.3¢ [15]
"""""""" Alternative for the last five marks
Let speed at P be v.
CE lmvz—lm(E =mgx2a or equivalent M1
2 2 4
2:l7mga M1 A1
4
cosy/:u—xz»\/(zxi]:\/(ﬂijSIS M1
v 64 17 272
v~ 72° awrt 72° A1

Note: The time of flight from C to P is %\E {(ﬁj ~1.38373 (EJ
g g
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