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1. Anparticle P has mass 3m and a particle O has mass Sm. The particles are moving towards
each other in opposite directions along the same straight line on a smooth horizontal
surface. The particles collide directly.

Immediately before the collision the speed of P is ku, where k is a constant, and the speed
of Q is 2u.

Immediately after the collision the speed of P is u and the speed of Q is 3u.
The direction of motion of Q is reversed by the collision.

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

(2)
(b) Find the two possible values of k.
C))
@) Draw a diagram labeling masses and speeds .
P e Q
V] 3u
3m
Begore Aprer
The fermula. fov impuise : I =mv-mu :
“|Zl = |Sm(3u) = Sm | =11Smu + 10mu|l = 2Smu
b) Using the conservation of kneor mu,+mu, = myv,+my, |
momentum fovmvula.
. 3m(kw) + Sm = 2m(u) +Sm(3W)  OR  3m(kw) +Sm = 2m(-u) + Sm(3n)
* mu= 1Omu = 3mu t ISma = kmu = 10mu = = 3mu + ISmu
- 3kemu = 28mu * Ak = 22mu
k= 28mu = 28 "= 22mu = 22
3Smuw 3 3mu 3

fe= 28 or 22
3 3
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2. A car moves along a straight horizontal road with constant acceleration ams

where a > 0

The car is modelled as a particle.

At time ¢ = 0, the car passes point 4 and is moving with speed ums
In the first three seconds after passing A the car travels 20m.

In the fourth second after passing 4 the car travels 10 m.

The speed of the car as it passes point B is 20ms !

Find the time taken for the car to travel from A4 to B.

Since acceleration 1s constont, we con sekt up & SUVAT {or the
girst Yvee seconds 1o fovm and solve equation for uw and o .

t P < FE 0

. 20 SUVAT grrmula. without v : S=ut+yak®

. W Vo o o o o o o o o - ]
*20=3u+la(2) ~ 20=3u+9a
2 2
a

Setting vp onother SUVAT between the thid and gorth second.

S
Ww
v:
Q
t

SUVAT grrmula. withaut v : S=ut+yak®

S:

o <X £

u SUNVAT amwula. withovk S - §v=u+at§
a =25+ S+ S+=95 t =19 or 95 seconds
. € 3 ER 3 2 7

P 6 56 2 6 6 A 0 4 3 2

@®)

: Ut3a  (speed ak t=2) S——
“10= (u+2a)(4-2) + -‘_I'_-tit("'%’)'2

ta ~ 0= u+io.+%

: Y- - 20= 2u+To
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[In this question i and j are perpendicular horizontal unit vectors.]
Three forces, F,(F, and F,, are given by
F =Gi+2))N F,=(3i+j)N F, = (ai+bj)N
where a and b are constants.
The forces'F,(F, and F, act on a particle P of mass 4kg.
Given that P rests in equilibrium on a smooth horizontal surface under the action of these
three forces,
(a) find thesize of the angle between the direction of F, and the direction of —j.
“4)
The force F, is now removed and replaced by the force (F, given by (F, =(A(i + 3j)N,
where A is a positive constant.
When the three forcesF,(E, and (F, act on P, the acceleration of P has magnitude
3.25 ms™?
(b) Find the value of 4.
(6))
a) Since P is in equilibnum ot rest, the sumof the fores acting on
it is zem.
F+F+F, =0 =+ F,=-(F+F)=-(sir2j+-3i+)) = - (2i+3j)= -
To $ind the angle between ond —j , we con
3ot/ e
l~ . - e = 2 . - -2
- tano = Oppasite = = ¢ o = fan (3
= adjocent 2 o
= 337° (3s)
b) Using | 2F=ma | :
F,+F,+F, = 4(3:25) 102t +222-156 =0
2 (Si+2j)+ (<2i+))+ (2i+22)) = 13 A=3,2A=-52
“ @i+ (3+32)i] = 13 Its stoted that A is @ pasitive constonk
= {(a+2)*4(3423)" = 13 So we must reject the negative volve.
» Y44h2+2t 424182492 = |69 “ A=3
=

P 6 5 2 6 6 A 0 8 3 2
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Figure 1

Figure 1 shows a large bucket used by a crane on a building site to move materials between
the ground and the top of the building. The mass of the bucket is 15kg.

The bucket is attached to a vertical cable with the bottom of the bucket horizontal.
The cable is modelled as light and inextensible.

When the bucket is on the ground, a bag of cement of mass 25kg is placed in the bucket.

The bucket with the bag of cement moves vertically upwards with constant acceleration
0.2ms 2. Air resistance is modelled as being negligible.

(a) Find the tension in the cable.

©)

At the top of the building, the bag of cement is removed. A box of tools of mass(12kg is
now placed in the bucket.

Later on the bucket with the box of tools is moving vertically downwards with constant
deceleration'0.1 ms 2. Air resistance is again modelled as being negligible.

(b) Find the magnitude of the normal reaction between the bucket and the box of tools.

©)

a) DOraw a diegram labelling the forces.

12

Using §§F=ma ensuring we toke

pasibve og the same direction ag the accelesodion.

+ 0a
—15g=-2Sg = (1s+25)x 0.2
= 40(0.2)+ Yo(a.g) =

ISglll‘Sg z
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Question 4 continued

b)  Redous the diagom with the new relevant forces .
T
As we are asked far the normal reactm bekween
bucket and tpolbox we must isolate eath item and
+0-| onalyse the forced acting on the toolbox alame.

]‘a

|531 l 124

Using EéF-‘—"\Q on the. box of tools

R- 129 = 12% 0]
R=12+412(a)) = 118-8§ N/
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5. [In this question i and j are perpendicular horizontal unit vectors.]

A particle P is moving with constant acceleration. At 2pm, the velocity of P is
(3i + 5j) km h ' and at 2.30 pm the velocity of P is (i + 7j) km h!

At time'T hours after 2 pm, P is moving in the direction of the vector((—i + 2j)

(a) Find the value of T.

(6
Another particle, O, has velocity 75 km h'at time ¢ hours after 2 pm, where
= (-4 20)i+ (u+30)j
and(u is a constant.
Given that there is an instant when the velocity of P is equal to the velocity of O,
(b) find the value of (p.
3

0) The occeleration is constant so SUVAT can be wsed. from 2pm to 2.30pm.

S Eqvo:h'an without S : v=U+at ;
wn: 3i+5;j B ™ v .
v o=V-u = -(3it5)) = -NitM)

t 0.5
a: o
t: 05 (hours)

“ Velogty at tme t given by | Y= Yo + QL s :
Vo= (3i+5))+ (FNitMj)t = (3-MK)i+ (S+ur);

At tme T, the velocity s in the direcion (ir2j) so the velodty
is a mulliple of this such that :  (3-MK)i+ (S+ur)y = k(-i+2j)

Equate the i and j companents and solve.

Y 3-YT = —le ~ k=8 aond T=!' o= 275 hourx
Y Z
S+4YT = 2k

16
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Question 5 continued

32-Y4k = -y-2t SNk = p 43k
- 2k=7 =5+t = 5+3.6= .5
¥ 7
t=3.5
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5
6. A fixed rough plane is inclined at an angle @ to the horizontal, where( tan 6 = It}

A particle of mass 6kg is projected with speed 5 ms™' from a point 4 on the plane, up a
line of greatest slope of the plane.

. . . Ny |
The coefficient of friction between the particle and the plane is 7

(a) Find the magnitude of the frictional force acting on the particle as it moves up

the plane.
(&)
The particle comes to instantaneous rest at the point B.
(b) Find the distance AB.
C))

The particle now slides down the plane from B. At the instant when the particle passes
through the point C on the plane, the speed of the particle is again 5 ms !

(c) Find the distance BC.
)

. . 3 5 R _4 -
@ Draw a diagom labelling the foreeg . ton8=32 , sme-% cosO= 12
Since therds no movement pespendicuior
to the plane, the sum of the forces
in this direchion is zero .

b) To calcvlate the distance trovelled we meed B consesve energy and use
diagroms , tables or SUVAT.

WAY 1
= No relative GPE ond no work dome —An _increage of relotive GPE and work
frickion ok A. 2T dane by ;n’d:ianat B.

= Kinetic energy only. = No kinelic energy (ok rest).

o=
& ~\

Stork End

P 6 5 2 6 6 A0 2 0 3 2
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Question 6 continued

The gormula. for linetic energy ° KE=émy"

* KE ok A = LxbxS'= 75

The formula for 6PE : | GPE = mgah

" GPE ok B = 6xgxxsin® = 3T§9x where X i the distonce AB.

The gomula for work done. © | W=Fd |

Va v’ = I8 = I8
Worle dmme by friction from A to B 189 > % g

Using conservadion of energy where the enegy ak the start equals energy
at the end :

2 5 = 3045 + 18
|333- l?:sx

: 95= ug x= 768%13 = I5x13 = 2.0727. = 207m (3sf)
|39:C URq 4gx9-8 :F/

HAY 2
We can put the calculaked enegicd n a tnble ond compare them

KE GPE Worle by friction
Stosk L x6x GxSxxsir\e (o)
2
End o) o) 189 x
13

Now we equate the total energy ot the stark tv end 1o consesve energy.
13

* Ixbx + 6xqxxsin® = 189, 715 = 30 + 18
2 9 3T Y

~ 7S= 43 x= 5% 13 = T5x\3 = 2.0727. = 207m (3s¢)
l39=c u3q  Ugx9.8 f/

21
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Question 6 continued

WAY 3

Use the equation of motion 1 colculake the acceleration of the portide.

SF=ma ~ =F-69sin@ = 6o toking up the slope 02 positive.

18
o= —F-6ss® = - 13-609(3) = -2 4
6 6 13

Now we con set up & SUYvAT prom A to B.

§: Formula. without time : | Y:=Uu*+2as |
e
v: O . Ot= +2('_9_g)3<- « 169 =25

13 13
Qa: -&3
t: * x = 26%12 = 2.07.. = 2.06Tm (2s¢

16%9.3 )/

¢) Redrow the diaﬂmm lobelling the porcef

The direckion af frickon has
been revessed os the partide is

69c0s8 now moving down the slope .
6gsin®
Equadion of mobion parllel to the plane . SF=ma
« —F+6gsn@=6a = o= —F+6asind = —Ba+ca9)(i) = 29
6 G 12

Now we can sek up a SUYAT prom B to C.

i T Ems s o]
Formula. without time Yi=ut+%2as

“ 5= 0"+2x29xs  : s =25-2x29
13 k3

o 2 £ w
s o »

£ §=25-4x98 = R.29.. % 830m (3s

P 6 5 2 6 6 A0 2 2 3 2

22

PMT



G
(SRR
oL =
S
¢§&4%«

2K
<R
o
0
9.0

¢ ¢
Do totatetetotet
OELRE
%pﬁ?%ﬁ%%@b
e Sodetotetetotes
RRRLLLRS

%%
%
o950
S

<X
<X
%%

<

&
Sosos
<5
e
5
o

R
pogoteses
(aolese!
4&@p

6
@é&
L3S
q&ﬁ?
oS

Q

oF
S
SR

50>
olefets
=N
ok
5%

¢
bo2e!
‘o

<

o

¢
XL
S

%

v
i

A
<
%%

SRS
g

KBS

K2

o

RS
QRS
O
et
KRG
SRR

P @ 38
9w
SRR,
KR
5%
o
9% %%%
Dosogessssss
%
%

X
S
9.9.0.9.9]

%
%%
R

X
.‘.0
5
bodeteset

&
%
2
RS
GRHRRK
RS
QKKK
2K
QKKK
2K
KK
badotadete
K88
KKK,
5
2R
I
RRHXRKK
959K,
SRR
8L XS
D0 98K
SRR
o

o
e
SRS

AR

www.mymathscloud.com

Question 6 continued

(Total 13 marks)
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C 8am

<> < 2am—>
am

Figure 2
A non-uniform beam 4B, of mass 60kg and length 8a metres, rests in equilibrium in a
horizontal position on two vertical supports. One support is at C, where AC = a metres

and the other support is at D, where DB = 2a metres, as shown in Figure 2.

The magnitude of the normal reaction between the beam and the support at D is three
times the magnitude of the normal reaction between the beam and the support at C.

By modelling the beam as a non-uniform rod whose centre of mass is at a distance
x metres from A,

(a) find an expression for x in terms of a.

(6))
A box of mass'M kg is placed on the beam at £, where AE = 2a metres.

The beam remains in equilibrium in a horizontal position.

The@magnitu h al reactio e beam and the supg is now equal
to thefma rmal reaction b the beam and the support at D.

By modelling the box as a particle,

(b) find the value offM.

)
a) Draw o diagram lobelling oll the relevank forces.
T R T 3R
A(LC) 1609 2 :
¢ = S
8o

~
| 4

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 :

24
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Question 7 continued

The clockwise jarces ose ones thak (0 vpwowds from the legt or
downward€ prom the nght of where Moments are token and onticlockwise
jorcet ove ones thak go uvpwards fom the nght or downwads from the
le4t of where moments are taken.

* Toking moments abovt A :

60g (=) = R(a)+ 3R(8a-20)

H_” LN
cdlockwise anticlockunse.
moments moments

* 60gx = Ra + I18Ra ~_ 60gx = 19Ra

Since there3 no Yertical motion, the sum of the vertical forzes is zem.

:12F=0! - R+3R-60g=0 - YR=60g - R=I5g
~ 00gx = 19(15g)a ~ x = AxISgxa = 194
60g Y

b) Redmuw new diagram with the added Aforces.
S S

! 1
A ‘ ‘Li Mg 1609 2 8

Ba

] S
?

Bo. «

Toking moments about A :

1\43(2¢1)+€03(%L)= S(a) + S(8a=-20)

dockwise anhclockunse
moments moments

* doMg + 286ag = Sa.+ ESa = 7Sa

Since. there§ no Yertical motion, the sum of the verticak Hforzes is zem.

“ i éF =0 i S-I-S-G()s—NB =0 - 23:603.._ MS ~ S= 603; MS
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Question 7 continued

AQQME"’ 28505 = '-|2.Da.3+7M§

2

JAMgLSJQM = 420ag + TaMq
~ ~7 -

» 30Mqg = Oa. = 1SOag —
3 3 30g 5/
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Question 7 continued
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As the accelerabion 4or R

Two trams, tram A4 and tram B, run on parallel straight horizontal tracks. Initially the two
trams are at rest in the depot and level with each other.

At time ¢ = 0, tram A4 starts to move. Tram 4 moves with constant acceleration2ms — for
S seconds and then continues to move along the track at constant speed.

At time ¢ = 20 seconds, tram B starts from rest and moves in the same direction as
tram 4. Tram B moves with constant acceleration 3 ms 2 for 4 seconds and then continues
to move along the track at constant speed. (t =24)

The trams are modelled as particles.

(a) Sketch, on the same axes, a speed-time graph for the motion of tram 4 and a
speed-time graph for the motion of tram B, from ¢ = 0 to the instant when tram B
overtakes tram 4.

©))

At the instant when the two trams are moving with the same speed, tram 4 is d metres in
front of tram B.

(b) Find the value of d.

)
(c) Find the distance of the trams from the depot at the instant when tram B overtakes
tram A.
)
AY
121 : R
04 : A
s s ¢
0 s 24 ’

is greater than As (2ms™) the gradient

needs o be steeper for B.

b)

He first need the time theyre trweling at the Same speed.

Uﬂh_giv:u-l-ati#ar@: Y =0+2k "'YB':'Z

which is only applicakle between

and E=24 a8 its only

accelequting  during these timeg.
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Question 8 continued

Equake the velocity of A (loms") and B for st<g2y :

0=:t - t=l§. - Time ot Same speed = !%+ 7?0

Now we gind the distonce travelled by each trum ok E =7§Q
which can be found by calculating the area undes the gmph.

AY AY
124 B 12, —_—B
101 / A
; H H HH st
0 5 Zo_' 24 7 (0) 5 zg' 24 rd
3 3
= Distance tavclled by A ® Distunce trawelled by B
10
= SxI0 + 5_5 x10 = é?ém = 33X 10 — 5_0 m
2 3 3 2 3
- Digperence in distoncz trowelled (d) = %2—5_3? = S15 m
3

c) He fist must calwlake the time (L=x) ak whidh B overtakes A
which oceVis when the distance. trovelled by each tram is the same.
AY

121 : i B
101 i : A
: ; ot

o s 24 x

We can ceake expressions fav the distance travelled by each
tram using o Similar ancept in part k) using the area under #he graph.
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Question 8 continued
dy @ SXI0 4 (x-S)x10 = 25+ 10(x-5)
2

dg @ UXI2Z + (e-24)x12 = 24+ 12(x-2Y)
2
We can nou equate the expressions for the distance travelled.
. 2S+10(¢~S) = 4 +12(c-24)
© 10x-25 = 12x-26Y

2 2= 239 > = l19.5 seconds

“ Distonce of trams ak k=x (£=U9-5) :

d, = 25+ 10(ua.s -s8) = 170
dg = 24+(2(114-5-24) = 170

* Distonce of trams ok the overtake frow the depot = ll‘70m/

) AR O OO R
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Question 8 continued

(Total 13 marks)
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