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General Guidelines

Penalties of three types are applied to candidates' work as follows:

Slips - numerical slips S(-1)
Blunders - mathematical errors B(-3)
Misreading - if not serious M(-1)

Serious blunder or omission or misreading which oversimplifies:
- award the attempt mark only.

Attempt marks are awarded as follows: 5 (att 2).
Mark all answers, including excess answers and repeated answers whether cancelled
or not, and award the marks for the best answers.

Mark scripts in red unless candidate uses red. If a candidate uses red, mark the script
in blue or black.

Number the grid on each script 1 to 10 in numerical order, not the order of answering.
Scrutinise all pages of the answer book.

The marking scheme shows one correct solution to each question. In many cases there
are other equally valid methods.
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1. (a)  Points p and ¢ lie in a straight line, where | pq| =1200 metres.

Starting from rest at p, a train accelerates at 1 m/s® until it reaches the speed
limit of 20 m/s. It continues at this speed of 20 m/s and then decelerates at
2 m/s%, coming to rest at g.

Find the time it takes the train to go from p to q.
Find the shortest time it takes the train to go from rest at p to rest at q if there is

no speed limit, assuming that the acceleration and deceleration remain
unchaged at 1 m/s* and 2 m/s” , respectively.

20

R
™

t1 t ty
tanazﬁ = 1=§ = t,=20 5
tl ZL]
tanﬂzz—o = 2:§ = t,=10 5
t2 t2

distance = area
1200 = 1(20)20)+ (20)t + 1 (10)20)
1200 = 200 + 20t +100

= t =45
= timeto go from ptog = 20+45+10 = 75seconds. 5
tna=— = l=r = t,=v or t2=1 5
t, t, 2
v v v
tanﬂ=g = 2=E = tz-—-E
distance = area
1200 = %(v)(v)+%(%v)(v)
1200 = 3v?
= v =40
= shortest time to go from ptog = 40+ 20 = 60 seconds. 5 ’s
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(b) A particle is projected vertically upwards with an initial velocity of # m/s and
another particle is projected vertically upwards from the same point and with
the same initial velocity 7 seconds later.

Show that the particles
(@) will meet (g + EJ seconds from the instant of projection of the first
g
particle
. . du’ - g’T?
(ii)  will meet at a height of u_8g_T metres.
g

s,=u(l +t,)—1g(T+t,)’> ors =ut, —1gt,’ 5
S, =ut, _%gtlz or s, =u(t, -T)—3g(t, -T)’ S
51 =9, 5

=T(u-3gl-gt))=0 or T(u+5gl —gt,)=0

Y 25
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(a) Ship B is travelling at 5434 km/hr in the direction tan™ g north of east and

ship C is travelling at 5+/5 km/hr in the direction tan™' 7 north of west.

Show that the speed and direction of ship B relative to ship C is 25 km/hr at

tan™ % north of east.

Vs =5J§Z(J;_) i +5\/_(Tjj or 7410 1 +64/10 j
or 22.141+18.97 ] 5
Ve = —SJE(J;_J i +5f(f) j or—0.5V101+3.5/10 ]
or —1.581+11.07] 5
Vae =V Ve 5
=7.5J101+25V10 ] or 23.721+7.90] 5
magnitude is 25 km/hr
directionis tan™ ()or tan™ (0.33) or 18.4° north of east > 25

(0
5v5
5v34
Vac
Vec =V, =V, or vectordiagram 5
oel? =(5v34) +(5v5) —2(5v38 [55 Jeosfi80 (@ + )} | 5
cos{180 — (a + B)} = Jf% or 0.5369 5

magnitude = 25 km/hr
{180 - (a + B)}=57.53°
sing =54/56in57.53}+25 = $=22.17°
direction = a — ¢ =40.60 —22.17 or 18.4° north of east 5

25
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(b)  The speed of an aeroplane in still air is 160 km/hr. It flies in a straight line
from p to q and back again. Point g is due north of point p. Throughout the
journey there is a wind blowing from the south-west at 32 km/hr. The time for

the whole journey is 5 hours.

Find the distance from p to g. Give your answer to the nearest km.

160 160

32

160sing =32sin45 or SR%_Sn4S
32 160

= sing =—— {a=8.13°, 6=126.87°}

52

B 160sin126.87° or 32sin126.87°
Pa sin45° sin8.13°
or 160c0s8.13° +32cos45

or1282 or 181.02

1

160sin B =32sin45=>sin f=—— {B=8.13°, $=36.87°}

52

_ 160sin36.87° _ 32sin36.87°
® = gin135° ' sin8.13°
or 160cos8.13° —32cos45

or 962 or 135.76

f+t,=5
d d

+ =5
181.02 135.76
= d=387.9 or 388km
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(a) A player hits a ball with an initial speed
of u m/s from a height of 1 m at an angle
of 45°to the horizontal ground.

A member of the opposing team,

21 m away, catches the ball at a I m

height of 2 m above the ground.

Find the value of u.

r, =21
ucos4s5.r=21
21 2132
t= or
ucos45 u
r.=1

J

usind5.t—1gr’ =1

()2 o 25

21_43221.8:1
u
u=14.7
or §§ or 21 £
2 20
usin45.r—1gr’ =1
21-1gr? =1
1gr’ =20
40
t=_|—
g

u=&/—_%=21\/§ £
t V40
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g
21,]L = 2107) =
%0 0.7)

14.7

21 m
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(b) A ballisdropped from a height of 2 m onto
a smooth inclined plane. The ball strikes the
plane at p and rebounds.

The plane is inclined at an angle of 30° to
the horizontal and the coefficient of
restitution between the ball and

the plane is %

Find how far down the plane from p

is the ball's next point of impact.
Express your answer in terms of 4,

v =u’ +2as
v =O-F2gh = v =,/2¢gh
rebound velocity = vsin307 +evcos30 j
= \/2ghsin307 +1/2ghcos30 j
r= {vsin301+%gsin30.t2}z7
+{evcos30.t—%gcos3012}]'

- {2ghsin301 +Lgsin30.2}F
+ {;- 2ghcos30. -1 gcos30.47 }]

2h \%
j. = t=_|— or —
g g

= r= {,/2ghsin30. /%+%gsin30.%} = 3211

~
I
o
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A smooth pulley, of mass m kg, is connected
by a light inextensible string passing over a

smooth light fixed pulley to a particle of /

mass Sm kg.

Two particles of masses m kg and 2m kg are
connected by a light inextensible string passing
over the smooth pulley of mass m kg.

@

The system is released from rest.

(>i) Draw a diagram showing all the forces
acting on each particle and on the m kg

Sm kg

smooth pulley of mass m kg.

(ii)  Find the acceleration of each particle,
in terms of g.

(iii)  When the particle of mass 2m kg has moved down mkg 2mkg
1 metre relative to the fixed pulley, find how far
the particle of mass 5m kg has moved relative
to the fixed pulley.

T
5
T T
mg
T] I%I T
mg 2m

(@)

1

g
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4. cont.

(i)

T - 2T, —mg
Smg — T

mf
Smf

T, —-mg=m(a+ f)
2mg - T, =2m(a — f)

4mg — 2T, =6mf (add eqsland 2)
37, —4mg =4mf (eliminate a from eqs 3and 4)

= f=?—‘3g anda=i—§

(iii)

2m mass:

s=ut+L(a- )i’

1:0+3—g1r2 = P===
26 3g

Sm mass:
2
s=ut+5(f)

s=0+l{2—g}é :>s=g m.
2113 )|3¢g 3
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(a) A uniform smooth sphere of mass 2 kg and moving with speed u m/s collides
with another smooth sphere of mass 3 kg which is at rest. The velocity of the
sphere of mass 2 kg before impact makes an angle of 45° with the line of
centres at impact. The coefficient of restitution between the spheres is e.

@) Find, in terms of e and , the speed of each sphere after the collision.

(ii)  If the sphere of mass 2 kg makes an angle tan™' 10 with the line of
centres after impact, find e.

u
PCM 2(3)+3(0) = 2v, +3v, 5
u
NEL vV, — V, = —¢| —
1 2 (ﬁ) 5

u

5\/5(2-363) and v, = g\/—5(2+2e) 5

2 2
u u
Speed of first sphere = —(2-3¢)} +{—
P b \/{5«/2( )} {42}

= v, =

u
Speed of second sphere = ——=(2 + 2e
p p 5\5( )
u u
10:——1,{———Q— or 10= u‘\/i 5
——(2-3e ———(2-3e
; 2( ) 5\5( )
= e=1 or e=23 5

25
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(b)  Two identical smooth spheres, each of mass m and moving in the same
direction collide directly. The coefficient of restitution between the spheres
ise.

If u is the magnitude of the relative velocity between the spheres before
impact, show that

@) each sphere receives an impulse of magnitude %mu(l + e)
(i)  the loss in the total kinetic energy of the two spheres due to the impact

is %muz(l—ez).

Relative to second sphere :

PCM mu +m(0) = mv, +mv, 5
NEL. v, - v, = —e(u—-0) 5
vtV =u

v, = tu(l-e)

Tu(l+e)

mu2|

{Impulse = |mv2 - }
= smu(l+e)

OR

Impulse = |mv1 - mu,|

‘%mu(l —e)— mul

'—%mu(1+e)|

1mu(l+e)

+ Vl —Vz}

{Lu(1-e)f’ {‘u(1+e)}2}
{1 2e+ed +1+2e+e}}

LossinKE =

Nl—- w|—- NI_
f—/\-\/-"—\ c
.x:-|-

‘i

|
b[—
l_l
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6. (a) A particle moving with simple harmonic motion has speeds of 5 cm/s and
2 cm/s when it is at points 3 cm and 4 cm, respectively, from the centre of the
motion.
(i) Find the amplitude and the period of the motion.

(ii)  Find the maximum speed of the particle.

) v=wva’® - x’

=a=4.16 or 1/%

—=w=1732 or /3

= T=2—”=3.63 orz—ﬂ 5
o B
(i1) Vi =00
=(1.732)4.16)
=72 or +/52 or 24/13 cm/s 5 20
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(b)

(i)

acceleration = _{Yg}

A particle of mass m kg is suspended from a fixed point p by a light elastic

4mg

string of natural length / and elastic constant 5

)

(i)

Force = mg —

= 0=

amplitude = z‘i— -—=

X =asinwt,

3L sin{1 f4—g(t1 )}
I4
:>f1=£ L 5
6\4g

Time taken = | Period + t,

Ly—
4

{4mg}e = mg = e = ¢/

T 2\4
Az | £
=— |— or
6 \4g

Find the distance of the equilibrium position from the point p, in terms
of .

The particle is pulled down until it is a distance 771 vertically below p

and is then released from rest.

Find the time taken, in terms of /, for the string to go slack.

ke = mg 5

14
= distance fromp = £+ /=37 5

(e [

4
28 5

¢
S¢_,, 5

N |—

4

_+__
g 6\4g

4
T |/ s 30
3Vg
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(@)  Two identical uniform rods, [bc] and [cd], c

each of weight W and each of length 4/, are rigidly /
connected at ¢ so that | Zbcd = 90°.

The rods rest in limiting equilibrium (that is,

Just on the point of slipping) in contact with a fixed
circular peg of radius a with rod [cd] horizontal b
and rod [bc] vertical and where /< a <2l.

The coefficient of friction between each rod

and the peg is 4 where u<l.

(i) Draw a diagram showing all the forces
acting on the rods.

2
(i)  Show that a= A+ )
1-p
@)
R, 4 uR>
l >
]J,R1A \\Y%
R; <« O
wY
(i1)
2 uW
R, = 1R, {Rl = _‘/LT}
1+ pu
R, + R, = 2W {R, = 2W2}
I 7
Momentsabout O :
Wla) = uR, (a)+uR, (a)+W(20-a)

@ = w2 @ 2V @)ewe-a)
—H
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(b)

Four identical uniform rods, each of weight 17,
are freely jointed at their ends to form a

square pqrs. The square is suspended from s and

is held in the form of a square by a light rod, [mn],
joining the midpoints of the rods [pq] and [gr].

Calculate, in terms of W, the force in the light
rod [mn].

\W% X W X

Consider spq : take moments about s
F(3) = X(4) + W) + W(1)

Consider pq : take momentsabout p
X(2) = F(1) + W(1)

= F =4W

Page 15 of 15
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8. (a) Prove that the moment of inertia of a uniform disc, of mass m and

. . . . . .1
radius r, about an axis through its centre perpendicular to its plane is Emr2 .

Let M = mass per unit area
mass of element = M{2 7 x.dx}

moment of inertia of the element = M{2 7 x.dx} x>

moment of inertia of the disc =27 M _‘: x> dx

4 r
—27xM| 2
4 0

=lzMr*

=1
=;mr

20
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(b)  State the Parallel and Perpendicular Axes Theorems.

Hence, or otherwise, find the moment of inertia of a uniform disc of mass m

and radius r about an axis tangential to its circumference and lying in the plane

of the disc.

The disc may rotate smoothly about a fixed horizontal axis tangential to its

circumference and lying in the plane of the disc. The disc is held in the
horizontal plane and then released from rest.

Find the angular speed of the disc when it has rotated through an angle 9, in

terms of » and

9.

Find, in terms of 7, the maximum angular speed in the subsequent motion.

Perpendicular Axis Theorem:

If X, Y and Z are mutually perpendicular axes through a point in a
lamina, with X and Y lying in the plane of the lamina, then I, =1, +1,,
where these represent the moments of inertia about the respective axes.

Parallel Axis Theorem:

If I is the moment of inertia of a rigid body of mass m about an axis
through its centre of gravity, I is the moment of inertia of the body about
a parallel axis and d is the distance between these two axes, then

I=1.+md".

1.e.when $=Z2

mr

ENIIVY

mgh

m g rsin

8gsing
Sr

2
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A compound object made up of two bodies of relative densities 1.5 and 2.3
weighs 9.408 N in water and 4.704 N in a liquid of relative density 1.3.

Find the volume of each body in the compound object.

Water :

B=(V, +V,)1000g
{1500V,g + 2300V, g} - {(V, + V,)1000g}=9.408 5
500V,g +1300V,g = 9.408
500V, +1300V, =0.96

Liquid :

B=(V, +V,)1300g

{1500V,g + 2300V, g} - {(V, + V, )1300g} = 4.704
200V, g + 1000V, g = 4.704

200V, +1000V, =0.48

V,=14x10" and V,=2x10"" 5
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(b)

(b)

A uniform rod, [ab], is of length 2/. The
end a of the rod is hinged smoothly at the
edge of a tank. The rod is in an inclined
position with part [cb] in the uniform liquid
in the tank. The density of the rod is p and
the density of the liquid is o .

The rod is at rest.

Show that the length of the immersed part, [cb], of the rod is

-2

Let [cb]=x
d=20-1x

Take momentsabout a
B{2¢ - L x}cos @ =W {l cos 6}

|14
B=ﬂ:in or Bzo{

s 20 p
{W=pve}

ox’ —Mox+ 40 p=0

x=2£{1— 1—%}

Page 19 of 19
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it 4(2
10. (a) Find dx( j

(b)

x
Hence, or otherwise, solve the differential equation
ldy _y _1

xdx x* x
given that y=1 when x = 1.

dx \ x x?

_ldy y

xde x?
i(l):l ot Id(1)= & 5
dx \ x X x X

=lnx+C

y=lLx=1=C=1

15

y=x(nx+1) 5

A car of mass m kg is travelling along a level road. The resistance to motion is

mkv® N, where v m/s is the speed. When the car is travelling at 14 m/s, the

engine cuts out. Ten seconds after the engine cuts out, the speed of the car
is 7 m/s.

@) Show that £ = 1 .
140

(ii)  The car travels a distance of s metres in the first 7 seconds after the
engine cuts out.

Show that
T
s=1401n(1+—).
10
Force = — mkv? 5
mﬂ——mkv2
dt
dv
-5 =k [ar 5
1 7
T g s
V s
1 1 1
———=k(10) = k=—o 20
7 14 (10) 140 >
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10 (b) cont.

(i)
vﬁiK =—kv’
dx
dav
Z=—k\dx
[=k]
[V, =—ks
ln(l/—) =—ks
14
Y =14e™
B _ 146
dt

s =1401n(1 + —T—j
10

oR

DR

1ot 1,
y 14 140

_ 140
10+t

= Vv

ds 140
dt 10+t
s =140[In(10 + )]s
~140{n(10+7) - In(l 0)}

= 1401n{1 + I—}
10
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Some alternative solutions

1 (a) second part:
s, =800 or s,=400
v’ =u’ +2as
v2 =0+2(1)(800) or 0=v? +2(-2)400)
v=40

17(40)=1200 = T=60

t,:t,=2:1 or 1t =2t

—=1 = f=v or t,=5v

N|—

1200 =1(¢, +1,v or 1200 =1(31,)2t,)
t, =40 and ¢,=20

= T=60

1 (b)

vi=u—-g(T+t) or v, =u-gt,

v, =u-— gt or v,=u-g(t,-T)

u—g(T+t)=-u+gt, or u—gt,-T)=-u+gt,
2u—gT =2gt, o 2u+gT=2gt,

u T u T
T+t =—+— or t,=—+—
g 2 g 2
height = s, =5,
2
g 2 g 2
—4u2__g2T2
8g
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2 (b)
160=[uj -7,
160=|-16v2 T + fu-1642f]

25600 =1024 + u? —32/2u
—=u=181.02

160=|-uj -V,
160=|-16v2 7 - fu+1642}]
25600 =1024 +u’ +32+2u

= u=135.76
time from ptog = 135.76 x5=2.14
181.02+135.76
time from g to p = 181.02 x5=2.86

181.02 +135.76

d=2.14x181.02 or 2.86x135.76
= d=387.4 or 388.3km
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5 (b)

PCM

NEL

!
OR

V]=

V2=

Impulse = lmv2 - mu2|

Impulse = |mv, - mull

= |%mu1(1 —e)+%mu2(1+e)—mu1|

mu, +mu, = mv, +mv, 5
v, = v, =—-¢e(u, —u,) 3
su(l-e)+3u,(1+e)
Tu,(1+e)+5u,(l1-e)

1mu,(1+e)+4mu,(l-e)-mu,
1mu,(1+e)—1mu,(l+e)
Im(u, —u,)(1+e)

T mu(l +e)

| —3mu, (1 +e)+%mu2(1+e)|

|— im(u, —u,)(1+ e)|
+mu(l+e) ) 5

~

LossinKE = %m{uf +u) -V} —v§}

= %m[l—ez]{u, —u,
= mu’fi-e’] 5

" ul+u2—(%uf[1—2e+e2]+%u,u2[l e7]+ [1+2e+e2])
—(%ulz[1+2e+e2]+ uluz[l—e ]+ u2[1 2e + e’ ])
{2+u§—( [2+2e ]+u uz[ ]+ u2[2+2e ])}

%u +1u) - (‘u2e2+u uz[ ]+‘ 2 2)}

=

m%uf[l—e ]+%u§[1—e ]—uluz[l—-e ]}

m[l —ez]{u,2 +uj — 2u1u2}

N ww ww

25
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9 (a)

Water :

/4 w.
B,=—L and B,=—%
1.5 23
w, W
W, + W, -1~ 22 =9.408
1.5 23

Liquid:

w,(1.3) ond B _m(3)
1.5 P23
w,(1.3) w,(1.3)
1.5 2.3

B, =

W, +W, - =4.704

=W, =20.58 and W, =4.51
=1500{/,}g=20.58 and 2300/, }g =4.51
=V, =14x10" and V,=2x10""

s |4 sV
1.5 4 1.54
23 B 2.3B
A+B 1.54+2.3B
Water :
B=Z and §:i: 1.54+2.3B
s 14 A+B
w— z =9.408
s
Liquid :
B W(}.3) ond 5.5V _154+23B
s 14 A+B
w— —W(E"?)) =4.704

A

=W =25.088 and 5=1.6
=W =1000(5)g{4+ B} and A=7B
=A=14x10" and B=2x10"*
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10.(a) second part
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