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Answer ALL questions. Write your answers in the spaces provided.

[In this question position vectors are given relative to a fixed origin O]

At time 7 seconds, where ¢ > 0, a particle, P, moves so that its velocity vims™
is given by

3

v = 66i — 5%
When ¢ =0, the position vector of P is (—20i + 20j)m.

(a) Find the acceleration of P when ¢ =4

3)
(b) Find the position vector of P when ¢ = 4
3
(@1 To get OCCelerasion from Velotity, we ditferensiate .
V= 6ti - 9ty

A o= SN = i - M54 i ifferentiation: 94 = nx""*
MiAY o = 6 zt \ # simple differentiation %"l‘ nx

Now subsctitute t =4

ANGI
= 6i-15(a7) = (63 —15)ms’= 0. Al

&

t=4

(b) To get displacement fvom velotiry, we itegroke :
Vs 6%\ - 51?5
3
M1 d-.Iv dt :fet\ -6t % dk % Simple Integration:
I'X.“dx - .ﬁx'\iﬂ*c

s
= étz‘ _i.‘z
P =)
2. i
=3t - Z\:"J-\-c. Al
To get < use k=0, d=(-20i +20j) ™
Substituge :

2 s
(-201+20)) = 3(0) 1 -2(0)7F +c
cz (-201+20))m
Hence: d=(3t" 2001 +(20- zt’:')j
Now substitute =4 to get the position vector.
d= (3(H%20); + (20- 2(4)7);
d= 28i -44))m Al
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Question 1 continued
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2. A particle, P, moves with constant acceleration (2i — 3j)ms™
At time ¢ = 0, the particle is at the point 4 and is moving with velocity (=i + 4j)ms™
At time ¢ = T seconds, P is moving in the direction of vector (3i — 4j)

(a) Find the value of 7.

4
At time ¢ = 4 seconds, P is at the point B.
(b) Find the distance 4B.
4
(&) \\Se suvat
8 Use
w= (-} + 4 )ms Ve (-i+4)) + T(2i-3))
V=V vz (2T-D + (4-3T),
o=(21-3)) mg? “this moven in divection (3i-4)).
t=T . Find * vatios ond Ahem
A
-4 4-3T

!

3(4-3T) = -4(27-1)

12-Q7 = - 8T +4&
T=8
(b Use suvok agodn(motion A—B)

S=29 Wse
W= (-1 +4) i’ §= (445 )(4) + L (2i-3; )(4)"
X = (=4 +16)) + 8(21 -3))
oz (2i-3)) mi? = (6= + (16-24))
1 =4 = 12i - §

- this is

To get , e

e \/nﬂ(-s)‘ = 4208
= 4{13 =14 4m 410 35
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Question 2 continued
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3m|B

Figure 1

Two blocks, 4 and B, of masses 2m and 3m respectively, are attached to the ends of a
light string.

Initially 4 is held at rest on a fixed rough plane.

5
The plane is inclined at angle « to the horizontal ground, where tana = T

The string passes over a small smooth pulley, P, fixed at the top of the plane.
The part of the string from A4 to P is parallel to a line of greatest slope of the plane.
Block B hangs freely below P, as shown in Figure 1.

2
The coefficient of friction between 4 and the plane is 3

The blocks are released from rest with the string taut and 4 moves up the plane.
The tension in the string immediately after the blocks are released is 7.
The blocks are modelled as particles and the string is modelled as being inextensible.

12mg
(a) Show that 7 = 5

C))

After B reaches the ground, A4 continues to move up the plane until it comes to rest before
reaching P.

(b) Determine whether 4 will remain at rest, carefully justifying your answer.

(2)
(¢) Suggest two refinements to the model that would make it more realistic.
(2)
s
ol= — = 12

ton - c?sx o

sind = 5

3
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Question 3 continued

a1 Llet’s dwaw the [orces:
gt 2

For A:
2Fy=0 (only moves along surgace)
R= = 2m9x 'IA% = %mg

YFx=mo (it's occelerating up tae plave)

M B
//i I—J]z:l b :
« 2mg 3mg o

= 2m9a.
turn the axis for a. since it's moving. So-
.2 2y 16
mg = 5™M9
, 23’1 B 13
= = = 2mo.
] l
€q.1 -%mq =2ma.
For ®.
- We gnow on stri ng is and ZFy =ma (08 & moves upwards)
is the same as the string €42 3mg-Ty=3ma
is
=T
From £9.2 : a: M
3m
n fql-l/
fo mateT —» T- :img = ZM( 3MS9-T )
e subject "
T= 7~M9 - —-T + me 9
._'\' 4mg
T- AZM3  hence shown

() For A %o come to vest the
componens of the weight :

- 16 0
g B

(wpwards) han to be loxger than the
(2mysing)
16 m9 > ‘0 m,g

> = Stays ak vest.
() Extensible String
String hos weight (not light)
Purey s rouua\v\

7
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Question 3 continued
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Figure 2

A ramp, AB, of length 8 m and mass 20 kg, rests in equilibrium with the end 4 on rough
horizontal ground.

The ramp rests on a smooth solid cylindrical drum which is partly under the ground.
The drum is fixed with its axis at the same horizontal level as A.

The point of contact between the ramp and the drum is C, where AC = 5m, as shown in
Figure 2.

The ramp is resting in a vertical plane which is perpendicular to the axis of the drum,

7
at an angle 6 to the horizontal, where tanf = 24

The ramp is modelled as a uniform rod.

(a) Explain why the reaction from the drum on the ramp at point C acts in a direction
which is perpendicular to the ramp.

(1)

(b) Find the magnitude of the resultant force acting on the ramp at 4.
)

The ramp is still in equilibrium in the position shown in Figure 2 but the ramp is not now
modelled as being uniform.

Given that the centre of mass of the ramp is assumed to be closer to 4 than to B,

(c) state how this would affect the magnitude of the normal reaction between the ramp
and the drum at C.

1)
‘h'z-tot 24
tuno(.-z— =25 ('.l.)Sa(,:E
sind =
25

@) Becawse the drum is Smooth B

10
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| Question 4 continued
'A’ See diogram for drawn out forces
(b .. We need and veaction force.
Lets [ivst find the magnitude of S Creaction force ak ¢) using moments
Z_rﬂl; 0 asit’s N equilbaum
4x200c080 = 5= &

- 5,‘”9,‘24 l6x249 3349 volue of §

DONOTWRITEINTHISAREA

M1 A1
Now lets solve vevtically + horizontally (2F=0 asil% in equilibrium)
S vertically
o R+ Scose=
R= - 384 5 <24 - 3284 4 value of B ¥ Nowtnat we got Lhesetwo we
& =259 25 618
M1A1 @n use Pyihogoras’ fheover
horizontally T Qe tre Yeswiant at A.
= Ssin® = 384 4 2 . 2688 M1
5 25

625
M1A1
Pq-thasovqs’ theoven. o 39!: |Reswitava

ey Loy

= 66.5N %o 3s§. A

) The Mag fitude o) the normal veaction o ¢ would decyease .
This iy Yecause the dockpise momomt about A decreases i} center of moss is
closer to A. 1

e
horei ¥ o8
S
o8
X & b<%/
S
S
=L
L'
f,/ O ’s
SR
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50m

Figure 3

The points 4 and B lie 50 m apart on horizontal ground.

At time ¢ = 0 two small balls, P and Q, are projected in the vertical plane containing A4B.
Ball P is projected from 4 with speed 20ms™" at 30° to AB.

Ball Q is projected from B with speed ums™" at angle 0 to BA, as shown in Figure 3.

At time ¢ = 2 seconds, P and Q collide.

Until they collide, the balls are modelled as particles moving freely under gravity.

(a) Find the velocity of P at the instant before it collides with Q.

(6)
(b) Find
(i) the size of angle 4,
(i1) the value of u.
(6)
(c) State one limitation of the model, other than air resistance, that could affect the
accuracy of your answers.
1)

(a) Motion of P.

Hovizon’ca\\3 . L+ Vertically use  suvak
W = 20c0s30 = 265_5.. =w0dz 8
W= 20SIn36 = 20x i=10
to get Speed wse Dythagoras’ tneovem: V=V
VO 0BE(-96) = 19.8m" 11 a:-g
t=2 M1
to get the angle of velodty to the horizontol: use
y=tan' () W vz 10-29
r=29° K Al
lotity is 1 at 29°to the horizontal /)

14
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Question 5 continued

(b of horizontal distancep = S0m

ok t=2: ok t=2
SEux s=wk
S= 1x\043 = 2003 S=2
2082 + 2 = 50
€ql. = 25-10V3
The ot t=k must be equol since the two
(4 use suvat use suvat | Use
5= g+ = Ax( V4 1 (gycay
rA X
W= w: = Ax( )+ 1 (-g)2)
rA
4 v
a: -9 a:-9 AL2051Y - 2 = Zusing - 24
t=2 t=2 €q.2 = 40

Now We use €q1 and C—q2 to 92t 6:

A = 40 ., tan@=10
10
Lo = 25- 1093 25-1003

0: taﬂ'(ﬁfw) : 52.41%

0= 52.5 to 3s¢
8 back into €q.7 o get W:
(52.4115...) = 16
u=ﬁv\(51f4m..) = 12.6085...
S 0=52.5 to 3sf
U=142.6 ko 3¢

() The model ignaves the sire of +he balls
The model ignoves wind efgects
The model ignoves Spin an the ban

The model ignares the fack thak the bous ave mot particles

N0 100 R .
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