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Note to teachers and students on the use of published marking schemes

Marking schemes published by the State Examinations Commission are not intended to be
standalone documents. They are an essential resource for examiners who receive training in
the correct interpretation and application of the scheme. This training involves, among other
things, marking samples of student work and discussing the marks awarded, so as to clarify
the correct application of the scheme. The work of examiners is subsequently monitored by
Advising Examiners to ensure consistent and accurate application of the marking scheme.
This process is overseen by the Chief Examiner, usually assisted by a Chief Advising
Examiner. The Chief Examiner is the final authority regarding whether or not the marking
scheme has been correctly applied to any piece of candidate work.

Marking schemes are working documents. While a draft marking scheme is prepared in
advance of the examination, the scheme is not finalised until examiners have applied it to
candidates’ work and the feedback from all examiners has been collated and considered in
light of the full range of responses of candidates, the overall level of difficulty of the
examination and the need to maintain consistency in standards from year to year. This
published document contains the finalised scheme, as it was applied to all candidates’ work.

In the case of marking schemes that include model solutions or answers, it should be noted
that these are not intended to be exhaustive. Variations and alternatives may also be
acceptable. Examiners must consider all answers on their merits, and will have consulted
with their Advising Examiners when in doubt.

Future Marking Schemes

Assumptions about future marking schemes on the basis of past schemes should be avoided.
While the underlying assessment principles remain the same, the details of the marking of a
particular type of question may change in the context of the contribution of that question to
the overall examination in a given year. The Chief Examiner in any given year has the
responsibility to determine how best to ensure the fair and accurate assessment of candidates
work and to ensure consistency in the standard of the assessment from year to year.
Accordingly, aspects of the structure, detail and application of the marking scheme for a
particular examination are subject to change from one year to the next without notice.



General Guidelines

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

Slips - numerical dips 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).

The marking scheme shows one correct solution to each question.
In many cases there are other equally valid methods.



()

Two cars, P and Q, travel with the same constant velocity 15 m s~ along a
straight level road. The front of car Pis 24 m behind therear of car Q. Ata
given instant both cars decelerate, Pat4ms?and Qat 5m s>

(i) Find, in terms of t, the distance between the carst seconds later.

(i) Find the distance between the cars when they are at rest.

(i) s=ut+3at?
So =15t + (-5t 5
Sp =15t + (- 41 5

d=24+s,-5s;

=24 1t? 5

(ii) vZ =u?®+2as
0=15" + 2(- 55,
= S, =225 5
0=15%+2(- 4)s,,
= s, = 28125 5

d=24+s,-5;

=24+ 22:5-28125
=18375m 5 30
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(b)  Ataparticular instant a car of mass 1200 kg istowing atrailer of mass 450 kg
on alevel road at a speed of 25 m s when the engine exerts a constant power
of 50 KW. Friction and air resistance amount to 930 N on the car and 200 N on
thetrailer.

Q) Find the acceleration of the car at thisinstant.

(i) Cal cul ate the maximum speed at which the car (without the trailer)
could travel up anincline of s n‘ll—l0 against the same resistance with the
engine working at the same rate.

() P=Tv
T= M = 2000 5
25
2000-930—- 200 =1650a 5
:>a:§:0527 ms— S
55

(i) T -930-1200gsine =1200x0
T —930-120g = 0
T =2106

P=Tv
50000

V=
2106

=23-74 ms™ 5 20
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(@) Three ships X, Y and Z are observed from a coastguard station at half-hour
intervals. With distances measured in kilometres and speeds in kilometres per
hour, they have the following displacement and uniform velocity vectors:

Ship X Y Z
Time 14:00 14:30 15:00
Displacement 2i + 7] 61 + 9] 127 + 9]
Velocity 47 + 5] 3 + 4] 2i + 6]

() Provethat if X and Z continue with their uniform velocities they will

collide. Find the time of the collision.

At theinstant of the collision ship Y changes course and then proceeds directly

to the scene of the collision at its original speed.

(i) Find the time, to the nearest minute, at which Y will arrive at the scene

of the collision.

() 27+7] +(47+5])t=127 +9j +(27 +6])(t-1)
2+ 4t =12 +2(t-1)
t=4
= time = 18:00

(ii) t=18:00

r, =67 +9] +(37 +47]) (39

= 16-51 + 23]

IXY| = y/(18-16-5) + (27 - 23)’
= 4.272 km

4272

t, x 60 =51

= time = 18:51
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(b) At noon ship B is 300 km south of ship A.

Ship A isltravelling southwest at 24+/2 km h™. Ship B istravelling due west at
31kmh™.

() Find the magnitude and direction of the velocity of B relativeto A.
A and B can exchange signals when they are within d km of each other.

(i) If the ships can exchange signals for 2.8 hours, find the value of d.

(i) V,= —24i -24]
Vy, = —31i
Vo, =Vy -V, = -7i+24] 5
NBA‘ = (_ 7)2 +(24)2 =25 S
o =tan 4(%) =7374° 5
A
VBA
X
C .
(ii) |AX| = 300cosa
-84 5
CX| = Vg, (14)
=35 5
d =|AC| = /847 +35°
5 || 30
= 91 km.
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(@) A particleis projected from a point on the horizontal ground with speed
u ms’atanangle 30° to the horizontal. The particleisat aheight of 7.35 m
above the horizontal ground at times t, and t, seconds.

If t, —t, =1.5 seconds, find the value of u.

F =(ucos30t )7 + (usin30t—2gt?)] 5
r; =735

usin30t-1gt? =735
lut-1gt? =735
gt> —ut+147=0

‘ u+./u®—588g
u_
1:

29
g

JJu? —588g _u +./u? —588g

t 1 ”

2

Ju? —588
t,—t, =Tg:1-5

u?-588g = 2-25g°>

u®=79233

u=2815 ms* 20
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(b)

A particle is projected up an inclined plane with initial speed u.

Theline of projection makes an angle a with the inclined plane and the planeis
inclined at an angle S to the horizontal.

The plane of projection is vertical and contains the line of greatest slope.

The particle is moving horizontally when it strikes the inclined plane.

()  Showthat tana =0/
1+ 2tan” g

(i) Hence or otherwise, show thattana < tan S .

(i) r,=0 5
usnaxt—igcosfxt’ = 0
2usna
t= 5
gcosp
V. =ucosa —gsinfBxt
= ucosa —2usina tan S
vy =usina —gcosp xt
=-usina 5
—V.
tan/ = —
Vi
tan § = usmg
ucosa —2usina tan g
an B = tana
1-2tanatan f
tan B — 2tana tan® f = tana
tan B = tana + 2tana tan® B
= tana(1+ 2tan? ﬁ)
tan05=—tar]'82
1+ 2tan® g 5
(ii) 1+ 2tan® f>1
a=—0 __iap 5
1+ 2tan? 3 30
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(@) A block A of mass 4 kg, can dlide on arough horizontal
table. It is connected inelastically to a pulley system

from which B, amass of 8 kg, hangs freely under gravity |

by alight inelastic string, as shown in the diagram.
A horizontal force P of 320 N is applied to the mass A,
which then movesin the direction of P.

The coefficient of friction between A and the table isﬂ )

Find (i) the acceleration of A

(i)  thetensionin the string connected to B.

4

(i) 320—2T—7(4g) = Af
T-8g = §2f)
32021 - 09 _ 4
7
2T —16g = 32f
320—1679—16g - 36f
= f =391 ms™
(ii) T-8g = 16f

T =140-96 N

(b) A smooth wedge, of mass 8 kg and slope 30°,
rests on a smooth horizontal surface.
A particle of mass 3 kg is placed on the
smooth inclined face of the wedge.
The system isreleased from rest.

() Show, on separate diagrams, the forces
acting on the wedge and on the particle.

30°

20
3/3
—— >

The wedge moves 3v/3 cmint seconds and in this time the particle moves a

distance x cm relative to the wedge.

(i) Find the value of t and the value of x.
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3gsin30

3gcos30-R
Rsin30

Rsin30

3gcos30-R

3g£%§}—16f

3V3

100

39

30°
g
= 3(a- f cos30)
= 3fsn30

Il
w
=
Q.
>
W
o

= 0+£(@]t2

2 35

1(229) 7
X=0+=| — || —
2\ 35 Jl 109
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10g
j:0-22 m
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(@) A smooth sphere A, of mass 2m, moving with
speed u collides directly with a smooth sphere
B, of mass 7m, which isat rest. B then collides

OO0

with avertical wall which is perpendicular to
the direction of motion of the spheres.

The coefficient of restitution is % for all collisions.

Q) Show that the spheres will not collide for a second time.
(i)  What isthetotal loss of kinetic energy due to the impacts?

(i) PCM 2m(u) + 7m(0) = 2mv, +7mv,
1
NEL Vv, - V, = - E(u—o)
v=—4 4
1 6 1 2 3
V, = €V,
_-v
6
=V, =V,
. 1 2 2
(ii) KEB:E(Zm)u =mu
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(b) A smooth sphere P, of mass 2m, collides with a

smooth sphere Q, of massm. The velocity of P P Q
is3u i + 4u]j andthevelocity of Qis m

—4u i + 3u]j . Whenthey collidetheir W
line of centresis parallel to the unit vector i .

. o 25mu’?
The impact causes aloss of kinetic energy equal to >

(1) Find the coefficient of restitution between the spheres.
(ii) If the magnitude of the impulse imparted to each sphere due to the
collisionis kmu, find the value of k.

() PCM 2m(3u) + m(-4u) = 2mv, +mv, 5
NEL v — Vv, = —e(3u+4u) 5
" - u(2-7e)
3
_ 2u(1+7e)
273
1(2m)ou? )+ £ (m)aeu® )£ (2m)v, ) —4(m)v, = Zmu? 5

34—%(4—28e+49e2)—g(1+14e+49e2):25
294e? = 69
—e= 2 — 044 5
98
(ii) | =mv, —m(-4u)
| 2mueTe)
| =6.93mu
=k =693 5| 25
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()

A particle of mass 5 kg is suspended from afixed point by alight elastic
string. The mass is set vibrating vertically with simple harmonic motion,

making 4 oscillations per second.

Q) Find the elastic constant of the string.

The massis now removed from the string.

(i) Find the force required to stretch the string through 1.5 cm from its

natural length.

(i) T, =59
ke = 5¢

F= 59-T,

= 5g9-k(e+x)

= —kx

= k = 315827
(ii) F= ke

= 315827 x 0-015
=474 N
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(b) A particle of massm, is suspended by alight A

inextensible string AB of length 2d. Theend A B.%\
isfixed and the particle is released from rest N

\

when AB makes an angle « with the \
downward vertical through A. '
When B hasrisen again to a height so that AB .
makes an angle of 45° with the downward vertical, el
the midpoint of the string comes into contact

with asmall horizontal peg C.

M If cosa = % find, in terms of d, the speed of the particle at the moment
that the string touches the peg.

(i) Find, in terms of m, the tension in the string when the particle reaches
the same height as the peg.

(i) 1mv? = mg{2d cos45- 2d cosa } 5
v: ~2{J2d 1]
vZ = gd{2\/§—1}

v=1gd (2v2-1) = 4.233Jd 5

(ii) 1mv? = im(v,)* + mg{d cos45} S
(v,)* =v?® —2gd cos45

~ gd{2y2-1}- 42 gd

~ gd{\2-1}=4.06d 5
7 mly,)
d
_ mgd {\/E —1}
| 25
=T = mg{y2-1}=4.06m 5
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(@) A letter L is made from a sheet of uniform thin
plastic, with dimensions as shown in the diagram.

Q) Find the distance of its centre of mass
from each of thelines AB and AD.

Thisletter L isto be used for a shop sign.
Itisheld in position by nailsat D and C.

12 cm

DIr 7C
40 cm
[
=
12 cm
L |
A 36 cm B

Thenail at C breaks so that the letter is freely suspended from D.

(i)  What angle will the line AD make with the vertical when the letter is

hanging in equilibrium?

) A: 480m  (6,20)
B: 288m  (24,6)
L: 768m  (X,Y)

768m X = 480m (6)+ 288m (24)
= X =12.75

768m y = 480m (20)+ 288m (6)

= y=1475
. D
A 40-y
L
. B
L i N
.. X
i tan@ =
(i 40-y
= ﬂ = 0.50495
40-14.75
0 =26.79°
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(b) A uniformrod of length 3.4 m and weight 85 N
is smoothly hinged at P to arough horizontal floor.
The rod rests on the smooth curved surface of a
hemisphere whose plane face is on the floor.

Therodisin equilibrium inclined at 45° to the

horizontal. The hemisphere, of weight 44 N and P
radius 1 m, isin limiting equilibrium.
Q) Show on separate diagrams the forces acting

on the rod and on the hemisphere.
(i) Find the coefficient of friction between the hemisphere and the floor.
(iti)  Find the magnitude and direction of the reaction at P.

i
(i) R
5
Y 85 5
45 ,
(ii) R(1) = 85c0s45x1.7
R =10218 5
UR; = Rcos45
u(Rsin45+ 44) = R cos45
1 =062 5
(iii) X =Rsin45=72-25
Y =85—-Rcos45=1275
F =+/72:25% +12.757
=734 N 5
tana = 22" _ 01765
25
30
a =100° S
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(@) Prove that the moment of inertia of auniform circular disc, of mass m and

. . . . . .1
radius r, about an axis through its centre, perpendicular to its plane, is > mr2.

Let M = massper unit area
massof element = M {27z x dx} 5
moment of inertiaof theelement = M {2z x dx} x? 5
moment of inertiaof thedisc = 2z M [ x® dx 5
4 r
—27 M {X—} .
4 0
4
= Mﬂ'r—
2
=$mr? 5 || 25
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(b) A uniform disc, of mass M and radius r, oscillates as a compound pendulum
about a horizontal axis perpendicular to its plane through apoint O on its
circumference.

Q) Find the period of small oscillations.

O
A mass 0.2M isremoved by drilling acircular hole
through the centre of the disc.
(i)  Theeffect of removingamass0.2M is
to increase the period of small oscillations by
afactor of 4
N
Find k.
IMr? + Mr?
0 T oo | oop |2 #MO o
Mgh Mgr
29
. M 02M
(i) e —
x? =02r?
| ={2Mr? —1(0.2M )x?}+(M - 0:2M )r?
=1.28Mr? S
2
T_on I . 1.28Mr
Mgh (M —0:2M )gr
T=2r &
59
2r ﬂ :ix 2r i
\sa vk \2g
k=15 5 25
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()

When equal volumes of two substances are mixed the density of the mixtureis

4000 kg m™. When equal masses of the same two substances are mixed the
density of the mixture is 3840 kg m™>.

Find the density of each of the substances.

m;, +m, =m,,

. xV + p, xV = 4000x (2V)

p; + p, =8000
V,+V, =V,
m,m__2m
Py p, 3840
. 1r_ 2
Py p, 3840
1 1 2

8000

o, 8000—p, 3840

1

(8000 p,) ~ 1920

p,> —8000p, +15360000 = 0

P1
P1

=3200 or 4800
=3200 p, =4800
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(b) A cube of side x cm contains water to a height of 18 cm. A solid body of
weight 120 N is placed in the cube. It floats and the water level risesto 24 cm.

Iz4cm

The body is then completely submerged and tied by a string to the bottom of
the cube. The water level risesto 32 cm.

32cm

Find (i) the value of x
(i)  thetensionin the string
(iii)  thedensity of the body.
[Density of water = 1000 kg m™]

0 B=W
1000(x* x10* x 0.06)g = 120 5
x? = 2040.8
X =45.2 5
(ii) T +W =1000(x* x10™* x 0.14)g 5
T +120 = 280
T =160 N 5
(iii) p(x?x0.14)g =120 5
B 120
# = (0.20408x 0.14)g
=428.6 kgm™® 5 30
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10. (@) A particle moving in a straight line experiences a retardation of 0.7v3 m s,

wherev ms™ isits speed.

It takes 0.04 seconds to reduce its speed from an initial value of 200m s™ to

v, ms™,
Find (i) the value of v,

(i)  thedistancetravelled during this 0.04 seconds.

i) = _onv?

S

0-028

2v,°  2x200°

v, = 425 ms*

(ii) v v _ —0-7v?
ds
4225 dv s
w2 = 07,
4.225
{1} = 07s
V] 200
L_i = 0-7s
4.225 200
s =033 m
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10.

(b) A particle movesin astraight line with an acceleration (2t —3) m s at time

t seconds. At time t = O the particle has velocity of 2 m s™ and displacement

of 1 mrelativeto afixed point O on the line. Find

() the times when the particle changes direction

(i) an expression for the displacement of the particle from O at timet

(iii)  thetotal distance travelled in thefirst 2 seconds.

. dv
I — = 2t-3
() ot

W = ~al

v-2=t*-3t
v=t>-3t+2
v=0=t=1 t=2

. ds .,
i —=t"-3t+2
(i) ot

[s =[st° 37 + 2],

s—1=1t°-3t*+ 2t

(iii) t=1 = s=
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