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1.
Figure 1
A particle P of weight SN is attached to one end of a light inextensible string. The other
end of the string is attached to a fixed point O. The particle P is held in equilibrium by a
force of magnitude\ﬂﬁeﬁ'tw. The direction of this force is perpendicular to the string
and OP makes an angle of 60° with the vertical, as shown in Figure 1.
Find g
(a) the value of F' %
3)
s
(b) the tension in the string. .
3) .
o
0) Redrow the diagram labeling forces.
e
D The porticle & in equilibrium SO the Sum ,
60’ /I SRS
: \_ T F of W_MM oK
i is “
5 Ssiko .
i = V Sin ;8«\
o
Papendiculer :  F-5sii60 =0  F=5sines = 5x3 = 583 é
e
[ - = = 60 = 5x! =5 p S
2 5
<o
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i
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2
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2. A particle P has mass km and a particle O has'mass m. The particles are moving towards
each other in opposite directions along the same straight line when they collide directly.

Immediately before the collision, P has speed 3u and Q has speed u.

As a result of the collision, the direction of motion of each particle is reversed and the
speed of each particle is halved.

(a) Find the value of .
4)

(b) Find, in terms of m and u, the magnitude of the impulse exerted on Q in the collision.

(€))

34V SIHLNI SLMMIoNOG: -

0) Draw a diagmm Showing masses and sSpeeds before ond after.

ONROR RONO&

Begore

* lm(Bu) + m =km(-3%)+m(-"5*;‘

3ulm - MU = ~Zulkm "’"i"“‘
-l ==-3k+l
Ak -| lk 3

1 - .L o & = é o~ - L
3u+2 k 7t zk H k 7
b) Impulse farmula : IT=mv-mu :
S - ‘.é - - St - K
I=m(3)=-m 2 mu ITL= Zmu P
: \><\\;

. YIUY SIHLNIZLEMION
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Figure 2 L
=z
T
A beam ADCB has length 5m. The beam lies on a horizontal step with the end 4 on the (B
step and the end B projecting over the edge of the step. The edge of the step is at the point MK
D where DB = 1.3m, as shown in Figure 2.
When a small boy of mass 30kg stands on the beam at C, where CB = 0.5m, the beam is
on the point of tilting.
The boy is modelled as a particle and the beam is modelled as a uniform rod.
(a) Find the mass of the beam.
3)
A block of mass X kg is now placed on the beam at A.
The block is modelled as a particle.
(b) Find the smallest value of X that will enable the boy to stand on the beam at B without
the beam tilting.
3)
(c) State how you have used the modelling assumption that the block is a particle in your i
calculations.
1)
0) Draw the diagom labelling the relevant forces.
Ro %
l o [ B 3255
M 8 v 30¢ & N
¢ 5E e— G >
) i (0-8) .
¢ 3 =

Since s Stoted in the question that the beam is in equilbnium , the sum of the dodwise
moments is equal to the sum of the antidockuise moments , theregore :

| Emdments clockwise = Zmoments anticlodadse |y e | moment = force x pecpendiculas |
‘ distonce |

- V3UY SIHLNI3LIM JON
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Question 3 continued

The clockwise. forces ose ones -thak g0 Upwards fram the legt or downwards prom
the nght of where moments ore token and onticlockwise forcer ose ones thok

go upwards fm the nght or downwards from the legt of where moments are tuken.

Taking momernts awound D Mgx 12 = x 0-3
—_

arcticlockwise  clockwise
moments moments

“ M =08x = -‘ZOkg
29

b) Redraw the diagram |abeling the new fevces.
Ro

A T :
l J, ) |
¢ 23 AR ma I3 ’

- >

Ig the beam wsnt going to it with the block placed ot A, the beam is on
the pont o titing at D and the boy must stand ak B to countemdt the
moment created by the blodk by the gteatest amsunt.

Toking moments around D : Xgx 37 +209% 1-2 = 30g% |3
anticlockwise clockwise
moments momentS
* 37Xq+ 249 = 39g © X = 39-29 = 150 = Y.05 kg (35#)
379 37

C) The weight of the block acts ak a Single point.
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Question 3 continued
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4. At time ¢ = 0, a small ball is projected vertically upwards from a point 4 which is
24.5m above the ground. The ball first comes to instantaneous rest at the point B,
where 4B = 19.6m and first hits the ground at time ¢ = T seconds.

The ball is modelled as a particle moving freely under gravity.

(a) Find the value of T.
(6)

(b) Sketch a speed-time graph for the motion of the ball from # = 0 to ¢t = T seconds.

(No further calculations are needed in order to draw this sketch.)

(2)
a) The quettion states thak the ball is modelled as a partide fhot falls
greely under gravity meaning the aceleradion is constant So SUVAT can be used.
Since there ose two unknams, we need t form two equations and solve
them simultaneously to calculate

SUWAT fmm A o B (Positive as vpwasds )

S:19.6 Lo N ,
u: w Equationn withouk time : Y= ur+2as
y:o LVENRY S 7 A :
a: -8 0% = W+ 2%x-98= 19

t: W=328491 u=19-Ems'

SUVAT gom A 1o the ground (Positive as upwards) :

S:-2M5
u: 9.6 Equation without v : | S =kt +-'Z-OJ'~7" i
v: e AW __ :
Q:-9% -24:S = 19-6(1) + £(93)(T*
t: -4.972 4 19.€T 4245 = 0
= -1 (7>0)
b) , Speed/ms”

The inihal speed was ‘W

19-6. which wod calculated 1o be 116ms’
however isit frequired B be
labelled . The inal speed must

be more than the initial speed 1o

> mﬁﬂﬁ@

time /s

10
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Question 4 continued
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Figure 3

A particle of massim rests in equilibrium on a fixed rough plane under the action of a
force of magnitude'X. The force acts up a line of greatest slope of the plane, as shown in
Figure 3.

3
The plane is inclined at an angle a to the horizontal, where tana = 2

The coefficient of friction between the particle and the plane is u.
«@WhenX = 2P, the particle is on the point of sliding up the plane.
*@ WhenX =P, the particle is on the point of sliding down the plane.

Find the value of u.
®)

Redraw the disgmm lakelling the forces . tanee = 3 |, sinet=3 , cosot =

(¥,
(

Since there’s no mevement perpendiculor
10 the plane ., the sum of the forres
perpendicviar to the plane is 2o .

N\
L
n

* R-mgcos =0

~ R= Mg

In sitvation O , the pacticle &5 on the point of sliding vp the plane S0 friction acs
in the oppasite direction down the plane and remains af rest so the sum of the paraliel
forces is zern. Taking up the slope as  positive :

.éF: E " X-F-mq =0 + X=F+mg where X=2P
For sitvatim @ , the opposite epgect is tuking place so {friction acts vp the plone
becawse the particle wants 1o slide doum the slope . The partide remains at rest so
the sum of the parallel forces is ze. Taking up the slope as positire :

' 2F = X+ F-mgsine =0+ X=mgsnx-F where X=P

14
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* 2mgsinet = 2uR = pR+mgsine Svbstituke  mgcoset for R
o . - = \g 0
P - ;
ES = ﬁ&x
= Sing = | L{3\=! = 025
3coset 3 3\g) 4
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6. [In this question i and j are horizontal unit vectors.]

A particle P of mass 2kg moves under the action of two forces, { (pi + gj)N and
(2gi + pj)N, where p and g are constants.

Given that the acceleration of P is (i — j)ms™

(a) find the value of p and the value of g.

)
(b) Find the size of the angle between the direction of the acceleration and the vector j.
(2)
At time ¢ = 0, the velocity of P is(3i — 4j)ms
A€t = Tseconds, P is moving in the direction of the vector(11i — 13j).
(¢) Find the value ofi 7.
)

@) We are given mass, force and acceleration and the equation linking thege is
| SF=ma | (piegj)+ (i+pj) =2
---------------- (" "'P)"-"'(ﬁ«"';)) =2L-2)

= Equoke ( and j components

* 2qtp=2 , $+p=-2 ~p=-6, q,='~l

b) Draw the vecls to visualise the angle befter.
! ] 5
;_7. _________ y He an splik vp into 90" + g [ '
£ ond calevlate R using a. tnangle .

'l'OI\F = = | p = 'bl\-'o) = qso b o = qoi_qs = |3‘
Q) Equa:tion for velocity with constant occelerotion : Y=YV, t at
where v, (u) is the initial velocity wher t=0.

= ()= (3i-hj)+(-)e s V()= (GT)i+ (4-T)j
The velocity Yector ot time T must be a Scalor muttiple of (1li-13)) so the
rafio of their i components must be equal to the rallo of the j companents .

© 34T = ZH-T 2 =29-13T = =W4-UT ~ 2T =S8

IRT-UT = yy-39 T=2S secands
7

) R O A0 0
P 6 8 7 8 3 A0 1 8 2 8
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a)

22

Q(m)

Figure 4

A particle P of mass 4m lies on the surface of a fixed rough inclined plane.
The plane is inclined to the horizontal at an anglela where (tana = 2

The particle P is attached to one end of a light inextensible string.

The string passes over a small smooth pulley that is fixed at the top of the plane.
The other end of the string is attached to a particle O of mass m which lies on a smooth
horizontal plane.

The string lies along the horizontal plane and in the vertical plane that contains the pulley
and a line of greatest slope of the inclined plane.

The system is released from rest with the string taut, as shown in Figure 4, and P moves
down the plane.

1
The coefficient of friction between P and the plane is 7

For the motion before Q reaches the pulley

(a) write down an equation of motion for Q,

1)
(b) find, in terms of m and g, the(tension in the string,

(7)
(c) find the magnitude of the force exerted on the pulley by the string.

“4)

(d) State where in your working you have used the information that the string
is light.

Drow the diagmam labelling forced . +aAo<=% & sina.=% . Cosel =

covdvibute 1o it accelerabon:

T=mo./

P 6 8 7 8 3 A 0 2 2 2 8
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Question 7 continued
B He can use the farmula ' SF=ma B set vp equdatiors to .p‘r\d

* Ymgsinot = F=T = Yma. ; =|JR E * F=LiR,= xUmgcosec
------------- = mgcose

= Umgsino. = mgeosx =T = ima
T'= Umgsine - mgeosat-Yma where. R = Umgeosee  since the farcd perpendialar
1o the slope must be equal in magnitvde os there

Snk any movement in this direction.
We con nou equate this with the tension equodion fm part a) .

* Umgsino - mgeost-Yma = ma
= Ema = Umgsine. = mgcoset

Sma = umg(5)- mg(z)
Sa= 2,-Yg = 8§ a:& s = a_=y\x_8_2= 3m
o= 2g9-49 = 29 9 by
y 4

c) Redmuw the diogmam but only include forces applied on the pulley.

Resultont horizontal Jorce (postive left) : T-Teosx
Resultant vertical force. (positive up) : Tsine

* Magnitude of fesuttont porce r (T-Teose)* +(Tsins)
= ST =G E

IOT

d) Tension will be the same throughout any fection of the siring.

23
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8. [In this question i and j are horizontal unit vectors directed due east and due north
respectively and position vectors are given relative to a fixed origin.]

A ship 4 moves with constant velocity (3i — 10j)kmh!
At time ¢ hours, the position vector of 4 is rkm.
At time ¢ = 0, 4 is at the point with position vector!(13i + 5j) km.

(a) Find r in terms of ¢.

(2)
Another ship B moves with constant velocity (15i + 14j)kmh™!
At time ¢ = 0, B is at the point with position vector (3i — 5j) km.
(b) Show that, at time ¢ hours,

AB = [ (12t 10)i + (24t — 10)j ] km

“4)
Given that the two ships do not change course,
(c) find the shortest distance between the two ships,

(6)
(d) find the bearing of ship B from ship 4 when the ships are closest.

(2)

a) Formua for positon ° C=To+ YL - a=(13i+5))+(3i-10))¢

b) Using the above formula, we can also make on equation fov Ship B. ’

b = + (15¢ t uSinB w M\A« : i XY= s-x ;
K’B= b- AE:( +IS )i. +( +Iut)j-[(l3+3t)\'.+(5-l0l').j]
= (3-134156-3¢)i 4 (-5-5+14L+10E)
= (12£-10) i + (24E-10j ) tem

c) We can modulus AR o find the time at the minimvm distance .

* |Agl =J(|2t--|o)"+(2wt-lo)z

-1
A87'= (l2t-l0)"+(2‘lt-lo)z = (YHEE-2490t +100 + 5762480t +100 = T120t%-720¢ +200
The minimum distone ocars  when the deivalive of the quadmdic is zero.

: d (720t%720£+200) = MYOE-720=0 - t= 720 = 0§
dt M40

26
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Question 8 continued

We con now substitute the valve of t B find the minimum distonce..

» {8l = |(2005)-10Y+ @109~ 10)* = |I61- = [20 = a{S ko

d) The bearing is the angle of AR relative 1o north , meagured clockuwise.

@t=0S, AB= -Yi+2;
Now we find the angle O that AR makes with the pesitive j-oxis (north) .
210 = | east component v\f‘ = I-_‘i\ =2 =« 0= ton'(2) = 6242°

2

north component

Since the eagt ampanent is negative and the north compoment is positive ,
AB points north-west . Howerer bearings oare meagured clockwise flom nerth

“ Bearing = 360°- 6 = 360-6243° = 296:57° + Bearing = 297°
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Question 8 continued

(Total 14 marks)
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