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. A railway truck S of mass(20 tonnes is moving along a straight horizontal track when
it collides with another railway truck 7 of mass(30 tonnes which is at rest. Immediately
before the collision the speed of Sis 4ms '

As a result of the collision, the two railway trucks join together.

Find
(a) the common speed of the railway trucks immediately after the collision,

(2

b) the magnitude of the impulse exerted on S in the collision, stating the units of
g p g
your answer.

(€))
@ Dmw a diogram labeling speeds and masses.

20000 > 200600 20000+30000

We can now use the low of (ongesrvalion of momentum whese :

20000 *4 4+ 30000% 0 = (20000+20000)x

80000 = S0000

= 80000 = =
80000

B The formula for impulse on on obleck is * i L = mv-mu
~ T = 20000(v) - 20000 (4

20000 - 20000

= 32000 - 80000

= —4%000

: (L] = Y3000NS
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« |
2a
Figure 1

A uniform rod AB has length 2a and mass M. The rod is held in equilibrium in a horizontal
position by two vertical light strings which are attached to the rod at C and D,

2 3
where AC = 3 a and DB = ga, as shown in Figure 1.

A particle P is placed on the rod at B.
The rod remains horizontal and in equilibrium.

(a) Find, in terms of M, the largest possible mass of the particle P
3)

1
Given that the mass of P is 5 M

(b) find, in terms of M and g, the tension in the string that is attached to the rod at C. -
3 |
0) Omw a diogram labeling -orces ond lengihs .

i t
A c ]/ i) le
Mg P9
% N _35_ " > %a 5
20

Since its Stared in the question that the beam is in equilibnium , the sum of the
Clodaise. moments is equal to the sum of the antcdockwse moments , therepore :

T _—
P 7 21 5 1 A 0 4 3 2



Question 2 continued

The clockuwise forces ose ones +hak o upwosds ffom the lest+ or
downwards from the Nght of where Moments ore twoken and anticlockwise
jorcer ore omes thak  go upwards fm the nght or downwads fraom the
le4t of where moments ore token.

Hhen the mass 04 P is ot its moxinum, the rod will be on the point
of tipping about D meoning F.=0. Taking moments aound D :

=M &a
P9 5(29)
cloclkwise. anticlockwise
Moments moments
= 2a M
P§=2Mg
“ 3ap=2aM ~ p=2M = 2

b) Redmw diagram with new force .

FC Fp

I

A c L ) lB

2a
Taking moments asgund D to <eliminate Fy -

Mg + Fe(}a+ia) = Mg (’go.))

4
Lz N Y
clocldwise. anticlockwise
moment< moment

|3_°Mga+Fca = %-Mgm

Fea=Zmga-2Mga = LMga = Fo = LMga:a = LMg

5

. L T Turn over
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XN

Figure 2

D : 3
A rough plane is inclined to the horizontal at an angle a, where tan o = 2

A particle P of mass 2kg is held in equilibrium on the plane by a horizontal force of
magnitude X newtons, as shown in Figure 2. The force acts in a vertical plane which

contains a line of greatest slope of the inclined plane.

(a) Show that when X = 14.7 there is no frictional force acting on P

The coefficient of friction between P and the plane is 0.5

(b) Find the smallest possible value of X.

a) Draw a diagram labeling all the Jores .

tanat = 3
§1

sir\o(=% , CosX =M

(0

Since the particle is held in equilibium , the sum of +the Horces
poralledl and perpendiculor 1 the plane is zero.

Porallel @ |4.7cos« - lgsineL-F =0 < F = |u7cos« - lgsinec

©F=ua(g)-20a8)(2)= 0 - F=0 when x=147

P 7 21 5 1 A 0 8 3 2
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Question 3 continued

b) Redrow the diagram when F>0 .

Since X will be a ¢onstank
force, the portide will be
in_equilibnum.

* F= 05K,

Since the particle is held in equilibium , the sum o} +he forces
porallel and perpendicwlor tp the plane is zero.

Pacallel :  Xcoset + F, - 2gsint = O ~ Xcosa = 2gsina - F, = 2gsind-0CR,
Perpendicular : R, = Xsinx = 2gsine =0+ R, = 2gcos + Xsinx

= Xcosx = 2gsina =05 (2gcosx + Xsinx)
Xcosx = 2gsind —gcos <= 0'SXsinee

Xcosx + 05X sinoc = 2gsind = o8 o
X (cosal + 0-5sinec) = 2gsin — gaos <

x = dosinx —gasec - 2a%)(8)-98(3) = 196 x 3.56m (asp)
COoS + 0-5Ssin (:51)4_ (%) 55

9
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Question 3 continued

Leave
blank

p 7 21 5 1 A 01 0 3 2

EECE

<K

<
XXX

o%

3RS
X
KRS
Josssesese
SOSasstoseses

RS
K
bosetess
RRKS

XX
R

XX
R
KR

s
YL XK
S M5
KRBT
RIS ot
5

’ X

090%000900.9:9:%
090 % 09000
AL
o
L

o

:
\l
v€
o%

<

IR

O
BoSortossortera’
O,
SRR
SIS
BELELLREEE:

ool
%5
'S
55
5%

Sttt ototetetetet
RRRRRHHK
LR
oLote%e%etes

é?’
55
55

00000 2000000000 %%

o3}
bode!
5
X

RAKIK
Sa
:Q%%9

KA
35
%

¢
5es
0o

OO0
XS
Ol
QRRKKAKKS
éﬁsah

osess

00

3
s

%!

355
%

GO

i@ﬂ#&
K]

el

&
2%

2

N1

o
X
0

Ve
%

oo’

0

255
oS
"
%
55

<

¢
X

"
L~
NS
S
KRS

0% %
0% %
R0 %e S

X
s

K

)
o¥evels
ORIK
o2e% e %%

oS

ot
oS

%

%
0995
poseds
bo%ss
%!

5
58K
58
ootete

bt
00
%

oo
fosotels
Fote%s

&S

X
&S

20’

OO
%;/.’ 55

%
35S
05
L

190%%0%%%

0K
XX
8
QKL
SRS

Pt tototetetetotote!

Lotaeret
3
Qﬁﬁp

2
SRR
QS
0%
QQ’

B

o

q’
ZRLRRLRLRILRLRIRLS

2o

<
X
INE
N
2%
305

()
%0004
RRKR

%
o
N
XK
0%

o
o5

s
3‘
-
X
oo’

<
KK

é{
[}
Sobiers
KRS

XX N >
s AN
KRRKS XX

%
5

3
305
b0t

2:
:g
X

20200,
3
dototed
SR
BoSotesese
29%6%%%!

X
XX

K
K

KL

<



<>
oot
XS
QL
5
Sotetelel

X
bogotsseseses

S Setototetet
3§%§%&§§
AR
St tototetetetet

QREKL
QL
0000205 %

0.0:0;»'0

OG0
botoletogetetets
]

X
P
[ SR
‘*v

O
S
s i &N
I
CRIIRTR
PO

0
K
XX

XXX
I
(Stete!

<

935%%

T
So%a%itet

boa-tes
OB

00X
35K
RS
@ﬁ?
%

3@%@?@:.
S SeSotateteted

%55
X%
29583

o%
o%
%
<
%

[ Leave\
blank
Question 3 continued
Q3
(Total 11 marks)
y,
11
mnco M 0 0 000 0 O .
P 7 21 5 1 A 01 1 3 2 Turn over



Figure 3

Two children, Alan and Bhavana, are standing on the horizontal floor of a lift, as shown in
Figure 3.

The lift has mass 250kg. The lift is raised vertically upwards with constant acceleration by
a vertical cable which is attached to the top of the lift. The cable is modelled as being light
and inextensible. While the lift is accelerating upwards, the tension in the cable 1S 3616 N.

As the lift accelerates upwards, the floor of the lift exerts a force of magnitude 565N on
Alan and a force of magnitude 226 N on Bhavana.

Air resistance is modelled as being negligible and Alan and Bhavana are modelled
as particles.

(a) By considering the forces acting on the lift only, find the acceleration of the lift.

€)
(b) Find the mass of Alan.
(€)
a) Drow a diagram labeling Horces an the ligt only.
T36'6 Beawse the lipt exerts forces on Alon
ond Bhavona , they also exert an equal
Ra  Re a4 and opposite reaction force on the lipt .
11'509 * Ra =565 | R,=
Using the formula : | SF=ma |  taking vpwards as positive ,
2616- 2504 - 565 = 296 = 250 a
* 250a. = 375 + o= 3715 = |-5ms™?

12
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Question 4 continued

b) Consider {forced aonuy on Alen .
S6S i ]
Using | 2F=ma tolting upwords ot positive :

SES=mg=m(@S) = |-Sm+(a8)m =565

™9

“ mOs+qQ)=S65 -~ m = _S565 = G50igq
1.5+9.¢ -

X 3
sy
XK KK

208
00
QIS
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Question 4 continued
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S.

A small ball is projected vertically upwards with speed 29.4ms ' from a point A4 which is
19.6 m above horizontal ground.

The ball is modelled as a particle moving freely under gravity until it hits the ground. It is
assumed that the ball does not rebound.

(a) Find the distance travelled by the ball while its speed is less than 14.7ms '
3)

(b) Find the time for which the ball is moving with a speed of more than'29.4ms "
3)

(c) Sketch a speed-time graph for the motion of the ball from the instant when it is
projected from A4 to the instant when it hits the ground. Show clearly where your graph
meets the axes.

3

0) Since the bal is palling freeky under gravity , there i G

b)

16

congtont queleration so  SUVAT can be used.

S: s Equation without time. - Yi=ut+2as
-

v: o -~ 0% = +2(-9¢)s

@:-98 - @.bs = s = 147" = 11025

¢ A

Since the SUVAT wod Set vp with the end as the poink where
the ball Stops begwre coming back down , we howe only found
half the distonce so we need 1 double it.

= 2x11-025 =. = 221 (3sg)
Setting up o SUVAT for khe new speed.

S: 16 Equation without v §S=ut +"2'Oi7'
M: 29-Y e :
v : " Q.6 = 294¢ + Lz(q-%)t"

G:9-8 A N9 294t +196 = 0

t:t t=-3t{R ¢

£= 0606 , t=-6-6l k>0 -~ t= 0606 (2s¢)

p 7 21 5 1 A 01 6 3 2
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Question 5 continued

C) l\v

294 s-trwa_ht line When v=0, we get that
/-'Cm ont gradent v t=-W = -294 = ¢
o -9.8

for the time when the
t ball revesses direckion .

3 6 6el

Set vp a SUVAT 4o {ind the total time bur first calwlake the
maximum _height .

S: & Equation withaut v §S=ud:+-‘2-at7‘
W:294 e

v * 8= 29M()+ £FR)(3F) = 4M.|

a:-a.g

t:3 * Total height obave gound = Y1+ 196 = 627 m

Now we can find the time to hik the gourd.

S: 631 Equation without v S=ut +-'Z-at7‘ :
u: O NNb») 00000000 A———=
v * 637 = (ot + F(a-8)t"

a: 948 c 4t = 2x627 =13 - £=03 =26l (3s¢)
t: ¢ *8

Since the time from v=0 1o the end is greater than the tme
fom the start b v=0, Llne ofter v=0 wil ontinve for longer.

17
. L R T Turn over
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Question 5 continued
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blank
6. [In this question, i and j are horizontal unit vectors.]

A particle 4 of mass 0.5kg is at rest on a smooth horizontal plane.

Attime =0, two forces; F; = (-3i + 2j) N and F, = (pi + ¢j) N, where p and g are constants,
are applied to 4.

Given that 4 moves in the direction of the vector (i — 2j),

(a) show that2p + g —4 =10

“4)
Given thatp =5
(b) find the speed of 4 at time £ = 4 seconds.
)
0) Hs givea that F,+F, =
“(-242)) + (pirqi) = (2+p)i #(249)j =
Rewnte ot & rofio © =P =1 - 6-2p0=2+9 - Qp+g-4=0

249

k) When p=S, g=4-2(5)=-6

“ Resultant force = (2+8)i +(2+-6)j = 2i-Y;

using E =ma ; ' 2i-Yj=05a c o @= Yi-Yj
ez av !, e , .
Uing | T @€ [ WeH =X VEl6i-33 @ ton
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Question 6 continued
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(Total 9 marks)
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P(M).

Figure 4

A particle P ofimass m is attached to one end of a light inextensible string. Another
particle O, also of mass m, is attached to the other end of the string. The string passes over
a small smooth pulley which is fixed at the edge of a rough horizontal table. Particle Q is
held at rest on the table and particle P hangs vertically below the pulley with the string taut,
as shown in Figure 4.

The pulley, P and Q all lie in the same vertical plane.

The coefficient of friction between Q and the table is w, where u < 1

Particle Q is released from rest.

The tension in the string before Q hits the pulley is kmg, where k is a constant.

(a) Find £ in terms of .

(7)
Given that Q is initially a distance d from the pulley,
(b) find, in terms of d, g and u, the time taken by Q, after release, to reach the pulley.
“4)
(c) Describe what would happen if 4 > 1, giving a reason for your answer.
(2)
@) Redraw the diagram with forces labelled .
R — .
kmg Using ;}&. to
~ < GS—’ F Work Ut $rctan
\P T g
*F =pR=pmg
1 kmg
Since theres no resutoat force vertically on Q ,
P the Sum of the horizental forcer is zero .
mg

" R-mg=0 -+ R=mg

p 7 21 5 1 A 0 2 4 3 2
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Equation of fore8 on P using | SF=ma | * mg-kmg=ma

Equation Ot fore8 on Q using | SF=ma | ° - pmg = ma,

Note thal whicheves way an object movel [ accelernkes, thok is
the direchon we toke o8 posibve.

We con equate the sum of Jorcez as they both equal to ‘ma’.

“ mg- = -pmg dumqg = mg+ymg

D) Since the accelemtion is constont we con uvse SUVAT but
we must calculake & using our above equokions.

mg-kmg=ma + a=g-kg = g(i-k) = g(1=§(1+1)) = $ (1-p)

s:d Equation withouk v ¢ | S=uk+Sak™ !

u. o . leccceccccccceeeceesaoeasl

v v d=t+5(20-p)t*

a:3(1-p)

£k d=20-)e - M4 =g - t=‘i
g(i-p) g@i-y)

c) ¢ p20 then o SO which isnt possible since we defined
the acceleration going vpwards for P ond towands the pulley
gor Q@ . 1§ asO, it impliea the frictional Aorce is puling P
towards the pulley which is impossible so p<| .

. L R T
p 7 21 5 1 A 0 2 5 3 2
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. [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 O.]

Two ships, 4 and B, are moving with constant velocities.
The velocity of 4 is{(3i+ 12j)kmh " and the velocity of B i$ (pi + ¢j) kmh™"

(a) Find the speed of 4.
(2)

The ships are modelled as particles.
At(12 noon, A4 is at the point with position vector (-9i + 6j) km and B is at the point with
position vector (16i + 6j)km.

At time ¢ hours after(12 noon,
—
AB = [(25 - 126)i — 9¢j] km
(b) Find the value of p and the value of g.
(7

(c) Find the bearing of A from B when the ships are 15km apart, giving your answer to the
nearest degree.

(7
o) Sb&ﬁ4=|vl=lg%%i?==357nﬁﬂ

b) Form equations of the posibon of the ships using i L= o+ Yt |

ShlPA a = ',+6:\+t(3i+lzj)
Ship B: b = + (pi+qi)
R T

[(e--9) +(e-6))) + t[(p-s)i+(q,—|z)j]
- (asee(e-a) s 4D = A

* (25+€(P-3))i + £(9-12)j = (@25-12E)i - 9t

Comporing L and j coepficients
~ 28+t(p-3) = 25-12t  , t(@-12) =Nt

25 + tp -3t = 95- 12t kq- 12t = -qt
tp=-at tg,= 3t
p=-9 q.=3

p 7 21 5 1 A 0 2 8 3 2
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Question 8 continued
) HWhea ships are (Stm apart : IAR| =15
2
@5-120)'+ (-96)* =15 - (25-12¢+ (-9¢)* = I15*
* 625-600t +144t* + 31T = 295
~ 23S¢M-600k +400 = O
=y
3
= opposite =9 . () =36863%37° b
adjacent |9 e 2
PR\
= Beodng () = 260-27 = 323° B\Ty
29
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