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A particle P of mass 0.5 kg is moving along the positive x-axis. At time ¢ seconds, P is
moving under the action of a single force of magnitude [4 + (cos )] N, directed away from
the origin. When ¢ = 1, the particle P is moving away from the origin with speed 6 m s .

Find the speed of P when ¢ = 1.5, giving your answer to 3 significant figures.

)

A particle P moves in a straight line with simple harmonic motion of period 2.4 s about a
fixed origin O. At time ¢ seconds the speed of P is v m s '. When ¢ = 0, P is at O. When
t=0.4,v=4. Find

(a) the greatest speed of P,
(7
(b) the magnitude of the greatest acceleration of P.

2
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Figure 1

A bowl B consists of a uniform solid hemisphere, of radius » and centre O, from which is
removed a solid hemisphere, of radius 2 7 and centre O, as shown in Figure 1.

(a) Show that the distance of the centre of mass of B from O'is &7 .

(©))

Figure 2

The bowl B has mass M. A particle of mass kM is attached to a point P on the outer rim of B.
The system is placed with a point C on its outer curved surface in contact with a horizontal
plane. The system is in equilibrium with P, O and C in the same vertical plane. The line OP
makes an angle 6 with the horizontal as shown in Figure 2. Given that tan 0= %,

(b) find the exact value of £.
3)
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Figure 3

A particle P of weight 40 N is attached to one end of a light elastic string of natural
length 0.5 m. The other end of the string is attached to a fixed point O. A horizontal force of
magnitude 30 N is applied to P, as shown in Figure 3. The particle P is in equilibrium and the
elastic energy stored in the string is 10 J.

Calculate the length OP.
(10)

V(2ag)

Figure 4

One end A4 of a light inextensible string of length 3a is attached to a fixed point. A particle of
mass m is attached to the other end B of the string. The particle is held in equilibrium at a
distance 2a below the horizontal through A4, with the string taut. The particle is then projected
with speed \(2ag), in the direction perpendicular to 4B, in the vertical plane containing 4
and B, as shown in Figure 4. In the subsequent motion the string remains taut. When 4B is at
an angle 6 below the horizontal, the speed of the particle is v and the tension in the string is 7.

(a) Show that v* = 2ag(3 sin 6 — 1).
5

(b) Find the range of values of 7.
(6)
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A bend of a race track is modelled as an arc of a horizontal circle of radius 120 m. The track
is not banked at the bend. The maximum speed at which a motorcycle can be ridden round the
bend without slipping sideways is 28 m s . The motorcycle and its rider are modelled as a
particle and air resistance is assumed to be negligible.

(a) Show that the coefficient of friction between the motorcycle and the track is 2 .

()

The bend is now reconstructed so that the track is banked at an angle o to the horizontal. The
maximum speed at which the motorcycle can now be ridden round the bend without slipping
sideways is 35ms . The radius of the bend and the coefficient of friction between the
motorcycle and the track are unchanged.

(b) Find the value of tan a.
®)

A light elastic string has natural length a and modulus of elasticity 3 mg. A particle P of

mass m is attached to one end of the string. The other end of the string is attached to a fixed
point 4. The particle is released from rest at 4 and falls vertically. When P has fallen a
distance a + x, where x > 0, the speed of P is v.

(a) Show that

2

Vv =2g(a+x)— Sgx .
2a

“)
(b) Find the greatest speed attained by P as it falls.

“)
After release, P next comes to instantaneous rest at a point D.
(¢) Find the magnitude of the acceleration of P at D.

(6)

TOTAL FOR PAPER: 75 MARKS
END
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January 2010
6679 Mechanics M3
Mark Scheme

edexcel

%ﬂ?ﬁgg? Scheme Marks
Q1. 0.5a =4+ cos(7t) B1
sin(zt
Integrating 0.5v:4t+ﬂ (+C) M1 Al
T
Using boundary values
3=4+C=C=-1 M1 Al
Whent=1.5
0.5v = 6—3—1 M1
T
v~9.36 (ms™) cao | Al ©)
[7]
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Question

Number Scheme Marks
Q2. | (a) 27 24 :w:%(z 2.62) M1 Al
w
x=0,t=0 = x=asinwt
when t=0.4, x:asin(S—ﬂxo.4j =£a M1
6 2
2 2
V=o'(a"-x") = 16= i P a:ﬁ(zs.OG) M1 Al
36 4 St
V..x =a®w=8  (orawrt8.0 if decimals used earlier) cao | M1A1 (7)
(b) X =aw’ :2077[ awrt 21 | M1 A1 (2)
[9]

Alternative in (a)

(a) 24 0=" M1 Al
10} 6
x=0,t=0 = x=asinot
X = aw CoS wt M1
4:aa)cos(%{x0.4j M1
a:ﬁ(z 3.06) or aw=38 Al
5r
Vo = 80 =8 M1 A1 7)
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Question

Number Scheme Marks
Qs. @) S B S
Mass ratios 8 19 27 anything in correct ratio | B1
= 3 2 = 3
X —x—=r X —r B1
8 3 8
8><—r+197=27><§r M1 Alft
=2, * Al (5)
152
(b)
r
0 /..
v '
Mg kMg
Mg x X sin@ = kMg x r cos & M1 A1=A1
. 13
leadingto Kk =35 M1 A1 )
[10]
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Question

Number Scheme Marks
Q4. 0,
X,
T
30N
P
40 N
T T cosé =40 M1 attempt at both equations | M1 Al
— Tsing =30 Al
leadingto T =50 M1 Al
2
E-* _10 B1
2a
HL T X 50 M1
a
leadingto x=0.4 M1 Al
OP=0.5+0.4=0.9(m) Alft (10)
[10]
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Question

Number Scheme Marks
Q5. (a)
1 1 ., .
meZag—Emv =mg(2a—3asing) M1 Al=Al
leading to v* = 2ga(3sin§-1) * Cso M1 Al (5)
(b) minimum value of Tiswhenv=0 = siné?:% B1
T:mgsinez% M1 Al
maximum value of T is when & :% (v2 = 4ag)
2
(S LA M1 Al
3a
mg
= Al 6
3 (6)
mg 7mg
[—ST S—J [11]
3 3
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%Tﬁggp Scheme Marks
Q6. | (3a)
R
UR
mg
T R=mg B1
Use of limiting friction, F, = 4R B1
2
« R=M28 M1 Al
120
287 2
= = % cao | M1 Al (6)
#7120x98 3
(b) |
R Ra:
UR
mg
(04
) Rcosa — uRsina =mg M1 Al
2
«— UuRcosa+Rsina = T M1 Al
r
H 2
—yCOSa+S!na - Eliminating R M1
cosa —usSina  rg
2005 +33!n @ _ 2 Substituting values M1
3cosa—2sina 24
leadi _ 2 0.22
eadingto tana = 122 awrt 0. M1 Al (8)
[14]
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Question

Number Scheme Marks
Q7. | (a
1, 3mgx’
—mv® + =mg(a+x M1 A2 (1,0
2 4a 9(a+x) .0
2
leading to v’ =2g(a+ X)_ng cso | Al 4)
a
(b) Greatest speed is when the acceleration is zero
T:ﬂ:_3mgx:mg = x:E M1 Al
a 2a 3
2
VZ:ZQ(a+§j—3—gx(§j (:&ﬂj M1
3 2a 3 3
V= %\/ (6ag) accept exact equivalents | Al 4)
2
c)v=0 = 2g(a+x)—3§];(l =0 M1
3x* —4ax—4a® =(x—2a)(3x+2a)=0
X =2a M1 Al
AtD, mx = mg - 2222 ft their 2a | M1 ALft
a
X =29 Al (6)
[14]
Alternative to (b)
3gx°
vi=2g(a+x)-
9(a+x)-—
Differentiating with respect to x
2vﬁ — Zg _%
dx a
Wy 2
dx 3 M1 Al
v2:2g[a+§j—3—gx(2—aj (:ﬁj M1
3 2a 3 3
v==+(6ag) accept exact equivalents | Al 4)
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Question

Number Scheme Marks
Q7. Alternative approach using SHM for (b) and (c)
If SHM is used mark (b) and (c) together placing the marks in the gird
as shown.
Establishment of equilibrium position
a 2a 3
N2L , using y for displacement from equilibrium position
3
my:mg_mz_?’_gy bM1 bA1
2a
-2
2a
Speed at end of free fall u’=2ga cM1
Using A for amplitude and v* = o (a* - X°)
2
u®> =2ga when y:—ga = Zga:3—g pe 42 cM1
3 2a 9
A:E CAl
3
. 4a 39 2
Maximum speed Aw=— »\/ — |==+/(6a M1 cAl
peed Aw =37 (Zaj 3V(629) e ¢
. . , 4a 3¢9
Maximum acceleration Aw® =—x—=2¢ cAl
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