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At time ¢ = 0, a particle P of mass 3 kg is at rest at the point 4 with position vector (j — 3k) m.
Two constant forces F1 and F» then act on the particle P and it passes through the point B with
position vector (8i — 3j + 5k) m.

Given that F = (4i — 2j + 5k) N and F> = (8i — 4j + 7k) N and that F; and F> are the only two
forces acting on P, find the velocity of P as it passes through B, giving your answer as a
vector.

)

At time ¢ seconds, the position vector of a particle P is r metres, where r satisfies the vector
differential equation

When ¢ = 0, P has position vector (i + j) m and velocity 2i m s,

Find an expression for r in terms of 7 .

an

A spaceship is moving in a straight line in deep space and needs to increase its speed. This is
done by ejecting fuel backwards from the spaceship at a constant speed c relative to the
spaceship. When the speed of the spaceship is v, its mass is m.

(a) Show that, while the spaceship is ejecting fuel,

3o

dv.
dm
)]

The initial mass of the spaceship is mo and at time ¢ the mass of the spaceship is given by
m = mo(1 — kt), where k is a positive constant.

(b) Find the acceleration of the spaceship at time ¢ .

(C))
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A uniform lamina of mass M is in the shape of a right-angled triangle OA4B. The angle OAB
15 90°, OA4 = a and AB = 2a, as shown in Figure 1.

(a) Prove, using integration, that the moment of inertia of the lamina OAB about the edge O4
is 2 Ma* .

(You may assume without proof that the moment of inertia of a uniform rod of mass m
and length 2/ about an axis through one end and perpendicular to the rod is % m/?.)

()

The lamina OAB is free to rotate about a fixed smooth horizontal axis along the edge OA4 and
hangs at rest with B vertically below A. The lamina is then given a horizontal impulse of
magnitude J. The impulse is applied to the lamina at the point B, in a direction which is
perpendicular to the plane of the lamina. Given that the lamina first comes to instantaneous
rest after rotating through an angle of 120°,

(b) find an expression for J, in terms of M, a and g .

)

Two forces Fi1 = (2i + j) N and F> = (-2j — k) N act on a rigid body. The force F; acts at the
point with position vector r1 = (3i + j + k) m and the force F acts at the point with position
vector r2 = (i — 2j) m. A third force F3 acts on the body such that F; , F» and F; are in
equilibrium.

(a) Find the magnitude of F5 .
“4)
(b) Find a vector equation of the line of action of F5 .

®

The force F; is replaced by a fourth force Fs , acting through the origin O, such that F; , F»
and F4 are equivalent to a couple.

(¢) Find the magnitude of this couple.
“4)
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A pendulum consists of a uniform rod 4B, of length 4a and mass 2m , whose end 4 is rigidly
attached to the centre O of a uniform square lamina PORS, of mass 4m and side a. The rod AB
is perpendicular to the plane of the lamina. The pendulum is free to rotate about a fixed
smooth horizontal axis L which passes through B. The axis L is perpendicular to 4B and
parallel to the edge PQ of the square.

(a) Show that the moment of inertia of the pendulum about L is 75ma?.

(C))

The pendulum is released from rest when B4 makes an angle o with the downward vertical
through B, where tan a = . When B4 makes an angle ¢ with the downward vertical through

B, the magnitude of the component, in the direction 4B, of the force exerted by the axis L on
the pendulum is X.

(b) Find an expression for X in terms of m, g and 6.

®
Using the approximation 6 = sin 6,

(¢) find an estimate of the time for the pendulum to rotate through an angle a from its initial
rest position.

()

TOTAL FOR PAPER: 75 MARKS

END
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EDEXCEL MECHANICS M4 (6680) — JUNE 2009

FINAL MARK SCHEME

Question

Number Scheme Marks
1. +(8i - 4j + 8k) B1
((4i - 2j + 5k)+(8i - 4j + 7Kk) ). (8i - 4j + 8k) = 13v? M1 Al fit.
12=v Al
12
V= (8i - 4j + 8Kk) Ml
J8% +(—4) +8°
v=8i—4j+8k)ms! M1 Al
(7 marks)
2. C.F. is r=Acos2t+Bsin2t Bl
Pl is r=pe” Bl
I =2pe’
. P , B1 ft
F=4pe”
4pe” +4pe’’ = je* M1
S0, (PI is) r=1je” Al
GSisr=Acos2t+Bsin2t + 1 je* Al ft
t=0,r=i+j= i+j=A+{j= i+lj=A MI1 Al
F=-2Asin2t+2Bcos2t + 1 je* Ml Al
t=0,r=2i= 2i=2B+{j= i-1j=B
Al

r=(i+2jcos2t+({i—1jsin2s+ 1je*

(11 marks)
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FINAL MARK SCHEME

Question Scheme Marks
Number
3. (a) myv =(m+om)(v+ov)—(—om)(c—v) M1 A2
myv = my + mov + vom + com — vom
—mov = com
d__c .
dm  m M1 Al (5)
(b) d_m ok B1
dr
dv_dv  dn MI
de dm dr
= —— X —myk
m
_cmyk M1
m,(1—kt)
- Al ()
(1—kt)
(9 marks)
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FINAL MARK SCHEME

Question

Number Scheme Marks
4. 2 Mx0.
@) om =200 Ml Al
a
1 2Mxo.
5T == =20 (2 MI Al
a
¢ 8 Mx’dx
1= =5
o da
_sMfat ] M1
S 3d%| 4 o
_ %Ma2 . Al (6)
3
(b) 2. 5
J2a=—Ma o
3 Ml Al
M1 A2
lgMaza)2 :Mg§(1+cos60”)
23 3 M1
solving for J
Jom. | Al (7)

(13 marks)




EDEXCEL MECHANICS M4 (6680) — JUNE 2009

FINAL MARK SCHEME

Question

Number Scheme Marks

5. (@] Qi +j)+(=2j-k)+F, =0 M1
F,=-2i+j+k Al

IF,| =2y ++1* =J6 N Ml Al (4)
b)) | Gi+j+tk)xQQi+j) +{-2j)x(-2j—k) +(xi+tyj+zk)x (-2i+j+k) MIl
Ci+2§HR)+ Qit+j-2)+ (- 2i+ (2 -0+ &+ 2)K) A
y—z=-1, -x-2z=-3, x+2y=1 Ml
x=1, y=0, z= 1 is asolution Ml

so, r=(i + k) + A(-2i + j + k) is a vector equn of line of action of F, M1 Al (8)
©| Gi+j+k) xQi+j) +({-2))x(2j-k) = G M1
-i+2j+K)+ Qi+j-2K)=(i +3j-k)= G Al

Gl =P +3 +(17 =VIT Nm MI AL (4)

(16 marks)
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FINAL MARK SCHEME

Question Scheme Marks
Number
6. @ | Lomda) + = dma +dm(day
3 m4a 12 ma m(4a B1 M1 Al
32
=" ma’ + lma2 +64ma’
3 3
=75ma’ * Al “4)
1
(b) E75ma2a)2 =2mg2a(cos@— cosa)+ 4mgda(cosd — cosa) M1 A2
8 24 8
aw’ = —g(cos§— —)=——g(25cos 024 Al
Th 25" 3758 )
M1 A2
X —6mgcosf =2m2aw’ + 4mdaw’ = 20maw”
8 Ml
X =6mgcosf+ ZOm%gQS cosf—24)
_ 50mgcos® 256mg Al )
3 25
(©) | -2mg2asin@—4mgdasin@=T75ma’6 M1 Al
0= —ﬁ sind Al
15a
MIl
~-*8 5 sHMm
15a
Time = l27z 15_a Ml
4 4g
Al (6)

_7 |B5a
4\ g

(19 marks)




