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A 2.5m

a
o

2m B

9m

Figure 1

A non-uniform rod 4B has length 9m and mass M kg.

The rod rests in equilibrium in a horizontal position on two supports, one at C where
AC = 2.5m and the other at D where DB = 2m, as shown in Figure 1.

The magnitude of the force acting on the rod at D is twice the magnitude of the force acting
on the rod at C.

The centre of mass of the rod is(d metres from A.

Find the value ofld.
(6)
Drow o diagram labelling ol the forces.

A CA -Ir Mg DA y

‘ 7:_: ) : d—J_',‘_l - 7-d ;
d 7S q"d

n N

Since its stated in the question that the beam is in equilbnivm , the sum of the
Clodawse. moments is equal to the sum of the antidockwise moments , theregore :

whesre momemt force x pu-pendmulal
distonce

The clockwise jorces ose omes thak (0 vpwords from the legt or
downwardg prom the nght of where Mmoments are token and onticlockwise
jorcet ove omez thak go uvpwards fom the nght or downwsnds from the
le4t of where moments are taken.
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Question 1 continued

Taking moments gbout C

Mg ( d—l-s)J= 2R (q-v -25),

clockuwi anticloclawise
momesn moments
* Mgd-25Mg = 9R  * Mgd = R +25Mg

Taking moments about D
R(a-2-2:5) = Mg(7-d)
* 45R=TMg-Mgd  * Mgd = TMg- 4.5R
Equake both expression of Mgd @ 9R *25Mg = TMg- Y-5R

“13:5R = 4SMg = R=1lpMg

1
3
Substitute R badk into either moment equab‘an.

“ Mgd - 25Mg = q('leg) OR ‘-I.S(%Mg) = 7Mg - Mgd ~

~ Mgd = 3Mg +2:5Mg * Mgd = TMg - |-.5Mqg
~ d=55Mg = 55 “ d=355Mg =55
g7 Mg 7

AL VP O 0 RO 0 0 S
[ Turn over
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Question 1 continued
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2. A particle P of mass 2m is moving on a rough horizontal plane when it collides directly
with a particle O of mass 4m which is at rest on the plane. The speed of P immediately
before the collision is 3u. The speed of Q immediately after the collision is 2u.

(a) Find, in terms of u, the'speed of P immediately after the collision. (x)
3)

(b) State clearly the direction of motion of P immediately after the collision.
1)
2
Following the collision, O comes to rest after travelling a‘distance —— along the plane.
g

The coefficient of friction between Q and the plane is'z

(c) Find the value of
(6)

6) Draw a diogom lobdling the speeds ond masseg.
Begare After

Using the conservalion of momentum formula :

oMU MU, = My Emy,

~ 2m(2u) + Y4m (0) = 2m () + Ym

Emu = Zmx + 8mu

= Emu- 8mu = - o 8 =
> = bmu Smu w peed u./

b) Since the answer is negative the assumption that particle P
contirves to the right war wiong meaning agter the collision
k bouneed backwaords. This also meong the g¢peed is just U .
Answer : Oppasite. to original direction .

c) Draw o diagram of Q oapter the coolligon.

< 3 =
Cu?
R s IR
£ L { L}
‘l' "Img J/ ‘-{mg
(instoak ogter collision) (At resk ogter traveliing distance €4°)

MR O 0O R mcmn
P 6 6 6 4 9 A 0 6 3 2



Question 2 continued

Particle Q ic in equilibrivm Yertically so the sum of the vertical

Jorces is zero .

E ZF':O i s R-leg=o & R:L{mg

Friction fovmula. : E F=pR . “ FB= pxlUmg = Umgp

For corsistency , we will assume right as pasbre .

Since. F is onstant the accelerakion s constont so
we can vuse SuvAT.

6u* S A :
§: '3 Equation withouk time. * : ¥=u'+2as
e L T, o TS
6ul
Y: O “ o= +2a(§') o4t ¢ Ral = o
a: a 3
L uw(4+'2&) =0
S
*uWt=0 or HU+l2a =0 “ a=H48 =—-1g4
3 =12 3
(Not possible og
u>o0)

Equation of motion :  SF=ma | tacing right o2 postive.

~ =F = Yma “ = Umgp = Yma

P= Uma, = A = —(-39)= _|_

armn MR OO AR
P 6 6 6 4 9 A 0 7 3 2
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3.

A car is moving at a constant speed ofi25ms™ along a straight horizontal road.
The car is modelled as a particle.

At time ¢ = 0, the car is at the point 4 and the driver sees a road sign'48 m ahead.
Let ¢ seconds be the time that elapses after the car passes A4.

In a first model, the car is assumed to decelerate uniformly at 6ms= from A until the car
reaches the road sign.

(a) Use this first model to find the speed of the car as it reaches the sign.
(2)

The road sign indicates that the speed limit immediately after the sign is{3ms™'.

In a second model, the car is assumed to decelerate uniformly at 6ms= from A until it
reaches a speed of 13ms . The car then maintains this speed until it reaches the road sign.

(b) Use this second model to find the value of ¢ at which the car reaches the sign.

“4)

In a third model, the car is assumed to move with constant speed 25ms ' from 4 until
time = 0.2, the car then decelerates uniformly at 6ms 2 until it reaches a speed of 13 ms
The car then maintains this speed until it reaches the road sign.

(c) Use this third model to find the value of ¢ at which the car reaches the sign.
“4)

a) Acelerakion is mnstant throughout so a SUVAT should be

sek up from t=0 Gl the cor reaches the sign.

. —_____________=__

S: U8 Equakion without time : | ~?=ul+2as .
Ww: 15 """""""""""""" '
v = 25%+ 2(-£)(48)

o: = qq =

t: 7

b) Sek up a SUVAT duning the deceleration phase .

10

S: S Equation without s © | v = U +at
w: 25
v: (3 ~3=25-L+ -~ £€=12 =~ €=2
o: -6

t: £ Decelesation phose tokes 2 seamds.

P 6 6 6 4 9 A 0 1 0 3 2

Leave
blank
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Question 3 continued

SUVAT farmula to find distance travelled during decelesation

(S=uttjat® - S=250)+LCOQ) = 50-12 = 38w

- Distance. remaining while traveling at 13ms™' + U3-38 = |Om

Using  iS=yt! ° t=§ = 193_ = 0.76%s (3sf)
feeemmmmoooooo) \

= Jotal time during deceleration and constant  Speed

t =2+10 = :_:*___% = 277s_ (3s4)

13 y 4
c) Distonce travelled in constent speed phase -

' S=Yt! * d=25%x02=5m

We already calculoted e distone travelled during decele/akion
grom 25ms’ o 13ms™ ok which wog 38m and the
time tolen o deceleate whidh was 2s in port b,

= Totol distance travelled begore tavelling ok Rms™ = 5438 = 43m
* Remaining distance to trovd = HE-Y43 = 5m

“ Time token tovelling of 13ms™' -

ES:Y-L—E t-.: "'8“"'3:_5_
3 13

] { = . 5 = 9.
Tokdl time. t» reach sign 02+2+ 5 = 25€s, (2s4)

* 0-3846IS... s

armn AR 0 0O 0 AR Turn over
P 6 6 6 4 9 A 0 1 1 3 2
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4. The position vector, r metres, of a particle P at time ¢ seconds, relative to a fixed origin O,
is given by

r=(-3)i+(1-20)j

(a) Find, to the nearest degree, the size of the angle between r and the vector j, when =2

(&)

(b) Find the values of # for which the distance of P from O is2.5m.
()

0)  When , r=-i-3j

Drow a dl’agram 1o visualise the vectors.

+J

There are tuio possible anglex : O or §
4’r>9 »i To fird O we con find o« then add
: on 180° ond for & we con find B
A ond add on 90°.

“ tana =_é. o = tm'(%) ~ 18° (r\eame&t degfce)
© 0=+ IS? = He;/ (nearest degree)
7 . B
For B Using :tanx = opposite
3| /r adjocent !

“ tang =% “ p=ton'(3) = 72° (neorest dfg'&)
" =90+72 = 162°, (nearest degree)

~ Size of angle. between 1 ond J when : 162° ok ICIS}

14

AR P 0O 0 AR mcmn
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Question 4 continued

b) To pind the valves of for when P is 25m grom O, we
take the wmodulvs of v and equate & o 25.

J(t-3)1+(l-2e)‘ = 2§
= (£-23)*+(0-26)* = 625

A £2-6t+9q + |-4e+4t* = 6.25
» GEt_|ot+375 = o

- $%-2t+075 = o

“ (t-08)(t-15)=0

o8 7

15
[ Turn over
P 6 6 6 4 9 A 0 1 5 3 2
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0

Figure 2

A small bead of mass0.2 kg is attached to the end P of a light rod PQ. The bead is threaded
onto a fixed vertical rough wire.

The bead is held in equilibrium with the rod PQ inclined to the wire at an'angle a, where

tano = 3 as shown in Figure 2.

The thrust in the rod is' 7" newtons.
The bead is modelled as a particle.

(a) Find the magnitude and direction of the {friction force’ acting on the bead when
=25

3)
The coefficient of friction between the bead and the wire is .
Given that the greatest possible value of 7'is 6.125
(b) find the value of u.

(7)

a) Draw a diagram labelling velevoat {orces .

R @ Sinog

1F ton =4 ~ sinpgc=Y , cokeX =3
3 S S

S 5 | 25coset  Friction acts in the opposite direction of
02q 4, “\Qk desired motion ond since the bead is in
equilibrivm, the upwards forces wmust be

equal v the downwards fJoreed.

Since. 029 > 25coset , the bead would fend o move down so
gricion acts vpwords. The bead is in vertical equilibrivm

ZF=0 |+ F+25asx-025 =0 - F= o-z(q-e)—:z-s(_é_)= 046N
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DO NOTEWRITEIN THIS AREA

Question 5 continued

b) As there is np horizental motion, the sum of the
horizontal forceg s  zero.

When T is ok a maximum the bead tends 1 move upwoards so
friction acks dounwards. The bead is sl in vertical equiibrivm -

F = 6125wt = 029

{ 2F=0 i - F +02g9-6125wix =0 -

| F=pR | - \R= 6125wm=-029 Nv@._

armn AR 0O O R
P 6 6 6 4 9 A 0 1 9 3 2
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2.5 7 ¢t seconds
Figure 3

A small ball is thrown vertically upwards at time # = 0 from a point 4 which is above
horizontal ground. The ball hits the ground 7 later.

The ball is modelled as a particle moving freely under gravity.
The velocity-time graph shown in Figure 3 represents the motion of the ball for 0 <7< 7

(a) Find the speed with which the ball is thrown. ( LL)
2

(b) Find the height of 4 above the ground. V)
3)

@) The occelemtion of the ball is constant 0 SUVAT can be used.

SUVAT From tE=0 to t=

S§: @ " W LN FA - A\ .
uw: W Equa‘l:im wihout s E,Y = U +at
vi o\Dd L N \N Jumm \ e’ PN |

: =9-§ 0= w98 ~u= 98%25 = 4.5 ms
:. ( ) "\S/

b) Seting up o SUVAT fmm Et=0 & t=7 :

22

(Negakive o2 s is displacement and pasitive is vp )
: 24:5  (Initial yelocity of bold )

-8  (Negative as acceleration is down and pasibve is toleen as up)
7 (Time interval of SUVAT)

TP R £

Equation without v : | S=uk+Hak™!

= 245(7) + S C8)T) = -€8:6

\

P 6 6 6 4 9 A 0 2 2 3 2
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Figure 4

One end of a light inextensible string is attached to a particle 4 of mass 2m. The other end
of the string is attached to a particle B of mass 3m. The string passes over a small, smooth,
light pulley P which is fixed at the top of a rough inclined plane. The plane is inclined to

the horizontal at an angle a, where tana = 2

Particle 4 is held at rest on the plane with the string taut and B hanging freely below P, as
shown in Figure 4. The section of the string AP is parallel to a line of greatest slope of the
plane.

The coefticient of friction between 4 and the plane is 5

Particle 4 is released and begins to move up the plane.
For the motion before 4 reaches the pulley,
(a) (1) write down an equation of motion for 4,

(i1) write down an equation of motion for B,

“4)
(b) find, in terms of g, thefacceleration of 4,

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

“4)
(d) State how you have used the information that P is a smooth pulley.

1)

a) Orow a. diagram labelling all the forces.

24

|
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Question 7 continued

Equation of motion formula : . SF=ma |

@) For portice A : T-Jmg -F = 2Zma
@) For porticle B: 32mg-T = 3ma

b) Use the equation of mobion formula for the entie system.

~| gF=ma | * 3amg =T + T-Imgsina ~F = (2m+3m)a

3mg—2m3 x - F = Sma

No movemenk of pactide A pependiculor to the plane so the sum
of the pependicular forces is zem.

[ZFE0T - hoamgemo < Reanall)= i

Friction formula 1% colevlake F : | F=pR - Fs (%mg)=

"3

»le

Substitvle F  back into ariginal equation and solve for a.

* 2mg - 2mgsina -gmg = Sma.

‘g = 3mg—2mg(Z)-3mg = 3mg-Emg-2m3 . mg o, ,
Sm Sm Sm 5/

¢) The Force exerted on the pulley by the shing is the
resutant of the two tensions which can be drown in a
diagram where X is the resutant /magnitude of the tensions.

Whether the vertical or
T diagonal tension is drown
X girst is irrelorant og this
doegnt affeck X as seen
T in the diagram.

armn AR 0 0O RN
P 6 6 6 4 9 A 0 2 5 3 2
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Question 7 continued

Calculate T using the equabon of motion of B :

3mg-T = 3ma * T= 3mg - 3m(L9) = %mg

Using Cosine. Rule : g% = R4l

f %2 = T24 T%-2(7)(T) cos (90+x)

© X% = 2T 2T co8(A0+ )

P L L L L T L T T L]

m
3
“+~
2
]
2
%
g
R
|
(7]
=)
)
N7
%2}
B
R
]
|
o
D
R

» X% = 2T% 2T (-sinx)
= 2T*(1 +sinx)
=2T2(l+_§_) = l6T*

d) Tension is the same on either side of the pulley.

26
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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.]

At 7am a ship leaves a port and moves with constant velocity. The position vector of the
port is((=2i + 9j) km.

At 7.36am the ship is at the point with position vector (4i + 6j) km.

(a) Show that the velocity of the ship is (10i — 5j) kmh™'

(2)
(b) Find the position vector of the ship ¢ hours after leaving port.

(2)
At 8.48 am a passenger on the ship notices that a lighthouse is due east of the ship.
At 9am the same passenger notices that the lighthouse is now north east of the ship.
(c) Find theposition vector of the lighthouse.

“4)
(d) Find the position vector of the ship when it is due south of the lighthouse.

“4)

a) First calculate the displacement and time taken in howrs :

Displacement = (Li+6j) - (-2i+9)) = 6i-3; Time = 36 min = O-6hrs

Velocity formuia. | S Yt |
=S = (6[‘3}2 = |0(-5j
+ 06 v
b) Position Yector {ommula : C=T,+ Vvl

~ Y = (=2i+9)) + (l0i S)t, R r = (-2+10t)i+(9-5t)

) At 3UY8am : Time oyter 7:00 = lhr Y8min = |-&h

Lz

Pasition of ghip = (-2i+9)) + 1-8 = (-2i+9)) + = l6i
Pasition = (16, 0)

The lighthouse is dve eogt so it will have the same Y- wordinate
but lager - coordinote

* Lighthouse coordinate = (L.0) whee L>16.

AR 0 0O RN R mcmn
P 6 6 6 4 9 A 0 2 8 3 2
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Question 8 continued

At 9:000m ° Time ofter 7:00 = 2prs

Pesition of hip = (-2i+9)) + 2 = (-2i+9)) + = 18i-
The lighthouse is morth-east so we musk add on equal amount
B the x and y- wordindde B go in the mnorth-east direction.
The amaunt added should be encugh so the y-—wordinate is zero
Which is just 1 a& the ghip is at (1%,-1) meaning the
lignthouse is at (19,0).
= Position ~vector of. lighthouse = 14i
of. lig L

d) Dve sovth means the ship hog the some x-ocdinale o4
the lighthouse (19i).

Pesition vector of ghip : r = (-2+I0t)i+(q-5t);

Equate ( companent of position vedor of ship o 19 4o find £
—2+10t =19 -+ 10£=21 -+ t=21 when shipis dve sovth.
Substitvte the ~alve of t 1 4ind the y-coordinafe of the ship.
y-coordinale. : 9-5¢ = 9-5(2:1) = —I5

* Position of ship when dve South of lighthouse * (19i-15))

29
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Question 8 continued

(Total 12 marks)
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