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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 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).

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



A car passes four collinear markers A, B, C, and D while moving in a straight line with
uniform acceleration. The car takes t seconds to travel from A to B, t seconds to travel
from B to C and t seconds to travel from Cto D.

If |AB| + |CD| = k|BC]|, find the value of k.

|AB|:ut+%at2 5
|AC|=2ut + %a(zvr)2 =2ut +2at’

|AD|=3ut + %0/(31‘)2 =3ut + gat2

|BC|=ut+§at2 5
2
CD =ut‘+Eal“2 5
D]
2
|AB| +|cD| = 2ut + 3at’ 5
:Z{Ut +§at2}
2
=2x|BC]|
k=2 5 55




(b)

A baggage chute has two sections, PQ and QR,

as shown in the diagram. p ..r

PQ is smooth and is a quarter circle of radius r. Ki ’

QR, of length d, is rough and horizontal. !

The coefficient of friction between the bag and Q <------

section QR is u.

A bag of mass m kg is released from rest at P and comes to rest at R.
Find

(i) the speed of the bag at Q in terms of r

(ii) dintermsofuandr.

The speed of the bag when it is halfway along QR is 7 m s™.

(ili) Find the value of r.
(i) %mv2 =mgh

vV =4/2gr

(i) QR v:=u’+2as
0=2gr +2ad

a=-2

(iii) v: =u’+2as
49=2gr +z(—ﬂ)xi
d 2

:gr

r=5m
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(a)

A girl cycles at a constant speed of 5 m s on level ground.
When her velocity is 5] m s7 the velocity of the wind appears to be 3uf —

4uj, where u is a positive constant.

When the girl cycles with velocity —37 + 47, the velocity of the wind appears

to be v, where v is a positive constant.

Find the magnitude and direction of the velocity of the wind.

V, =V, TV,
=3u7—4u]'+5]’

=3ui+(5-4u)j

3 2
v,|= (Zj +4% =4.07 ms™

a:tan‘l(l—:) or 79.38°

25




(b) A ship P is moving north at 15 km h™%. A second ship Q is 10 km west of P and appears

to be moving relative to P in a direction east 60° south at 15v/3 km h™2.
(i)  Find the velocity of Q.

Two minutes after the time when P and Q are closest to each other, P is east 8° north of Q.
(ii) Find the value of 6.

(iii) If Q can be seen from P for 12 minutes, find the distance between P and Q
at the end of this time.
(i) V, =V +V,
=15+/3cos607 —15+/3sin60 +15] 5
_15y3- 15 7
2 2
Vo|=15kmh™  E30°S 5
(ii) IPR|= 10sin60=5+3 5
|RT| - 15\/§><[ij =£
60 2
5v3

—= =10 =84.3°
2,

6=180-84.3-60

=35.7°

5
60

(i) x:15\/§><( ):1.5\/5

d=(L5v3) + (53

=9.04 km 25




9gh
3. (a) Aparticleis projected with speed ’% from a point P on the top of a cliff of

height h. It strikes the ground a horizontal distance 3h from P.
(i)  Find the two possible angles of projection.

(ii) For each angle of projection find, in terms of h, the time it takes the
particle to reach P.

5
(1) r. =3h c
ucosaxt= 3h
3h
ucoso
r-=—h
J
usinaxt—Lgt’= —h
. ( 3h ] 1 ( 3h jz
usin o -3g = —h 5
ucoso ucoso
tan’ o —3tanar =0
tana =0 =>a=0°
tana =3 =a=71.6°
(11) t, =0 or ¢, = 3h 5
UCcoso
3h B %
ﬂcosO g
2
t;,=0 or ¢, = 3h
ucoso
B 3h _|20h
= = 5
9‘ghcos71.6 g

25

Note: Part (a)(ii) should have stated that the particle reached the ground (not P).
Award the last 5 marks to all candidates who have work in this part.




3 (b) A plane is inclined at an angle 8 (where 8 < 45°) to the horizontal.
A particle is projected up the plane with initial speed u m s™* at an angle 0 to the
inclined plane.
The plane of projection is vertical and contains the line of greatest slope.
2u? cos26sin @

(i) Show that the range on the inclined plane is

gcoszo
2
(ii) If the particle strikes the inclined plane at right angles show that the range is # .
(i) r;=0
usindxt—1gcosdxt’> = 0 5
t_2usin¢9
gcosd 5
r. =ucos@xt—1gsindxt’
2
2usi 2usi
R = U cos O usme_%g in0x usin@
gcosé gcosé
_2u’sin@  2u’sin’ @
g gcos’ @
2u? si
=L|;N9{cos2 6 —sin’ 6}
gcos- @
R 2u’ sinBcos26
gcos’ @ >
(ii) v,=0
ucos@—gsindxt = 0
t:ucosé’ 5
gsin@
ucos@ 2usind 1
—= =tanf=—
gsind gcos® 2
2 .
Rzﬂ{cosze—sinzﬁ}
gcos” @
_w [Lj@{z_l}_ u’
g (V3 \2/)13 3] g3 >
25




4.

(a)

Two scale pans A and B, each of mass m kg, are attached to the ends
of a light inextensible string which passes over a light smooth fixed
pulley. They are held at the same level, as shown in the diagram.

A mass of 3m kg is now placed on A.

The system is released from rest.

Find

(i) thetension in the string in terms of m

(ii) how far B has risen when it reaches a speed of 04 m s
(iii) the reaction on the 3m kg mass in terms of m.

(i) dmg-T = 4ma 5
T—-mg = ma 5
a= 2
5
T=8mg 5
5
(ii) v> = u’+2as
0.16:0+2><3?g><h
h=0.0136 m 5
(iii) 3mg—R = 3ma
3mg—-R = 3m(3—gj
5
R=6m_g 5
5

25




4. (b) A smooth wedge, of mass 4m and slope (3,
rests on a smooth horizontal surface.
A particle of mass mis placed on the smooth
inclined face of the wedge.
The system is released from rest. B
(i) Show, on separate diagrams, the forces acting on the wedge and on the particle.
The particle moves with acceleration p relative to the wedge and the wedge moves
with acceleration kp cos 3.
(ii) Find the value of k.

_ 49sinp
(iii) Show that p = —4+sin23'
(i) \R
5,5
p vt
mg ¢4mg
(ii) mgcos S—R = mkpcos [sin 3 5

mgsin 3 = m(p—kpcoszﬂ)
Rsin 8 = 4mkpcos 3

Rsin 8 = 4mkpcos

{mgcos B —mkpcos Bsin B}sin B = 4mkpcos B
mgsinB8—mkpsin® f = 4mkp
m(p—kpcoszﬁ)—mkpsinzﬂ = 4mkp

p— kp(cos2 [ +sin’ ,B) = 4kp

k:% 5
(iii) mgsinf = m(p—kpcoszﬂ)
5gsinf3 = 5p—pcos’ 3
= p(5—1+sin’ )
_ 49sing




(a) A small smooth sphere A, of mass 1-5 kg, moving with speed 6 m s, collides
directly with a small smooth sphere B, of mass m kg, which is at rest.

After the collision the spheres move in opposite directions with speeds v and 2v,
respectively.

80% of the kinetic energy lost by A as a result of the collision is transferred to B.
The coefficient of restitution between the spheres is e.

Find (i) thevalueofv
(ii) thevalue of e.

(i) PCM  1.5(6)+ m(0) = 1.5(-v)+m(2v) 5
9+1.5v
m=
2v

0.8{2(1.5)6?)-2 (1.5 }=t m(2v)’
21.6—0.6v* =9v +1.5v*

2.1v* +9v—-21.6=0

12
V=——msS 5
(i)  NEL v, — v, = —e(6-0) >
—-v — 2v = — be
v 6
€=3"7 > || 20

[10]



5. (b)

A small smooth sphere P, of mass 3m, collides obliquely with
a small smooth sphere Q, of mass 7m, which is at rest. P Q

Before the collision the velocity of P makes an angle a

with the line joining the centres of the spheres. 2
After the collision the speed of Qs v.
The coefficient of restitution between the
2
spheres is -

(i) Find, in terms of v and «a, the speed of P before the collision.

(i) If a = 30° find the angle through which the direction of motion of P is
deflected as a result of the collision.

P 3m ucosai +usine j vlf +using j
Q 7m 07 40 vi + 0j
(i) PCM  3m(ucosa) + 7m(0) = 3m(v,)+7m(v) 5
NEL v, — v = -2 (ucosar—0) 5
27ucosa
Ve—— 5
70
u=_"1%_ 5
27coso
. ucoso 5
ii v, =
(ii) T
tanﬂ:usmoc
Vl
10usi
_10USIN _ 4 tan30
ucoso
_10
3
B=80.17
angle = 80.17—-30=50.17° 5 30

[11]



Two particles moving with simple harmonic motion pass through their centres of
oscillation at the same instant.

They next reach their greatest distances from their centres of oscillation

after 2 seconds and 3 seconds respectively, having been at the same distance from
their centres of oscillation after 1 second.

Find the ratio of their amplitudes.

2 T
—=8 = == 5
[0} 4
T A
x=A, sin—=—%= 5
1 4 \/5
2
ZTo12 = =2
o, 6 5
A
x:AzsinE:—2 5
2
Al _AZ
V22
A2 o1
A2 V2 > 25

[12]



6. (b) One end A of a light inextensible string of length 3a
is attached to a fixed point. A particle of mass mis
attached to the other end B of the string. The string
makes an angle 6 with the vertical.

The particle is held in equilibrium with the string

2 o
taut and cos 0 = 3 The particle is then

projected with speed \/a_, in the direction
perpendicular to AB, as show in the diagram.

In the subsequent motion the string remains taut.
When AB makes an angle § below the horizontal, the speed of the particle is v and the
tension in the string is T.

(i) Show that v?2 = 3ag(2sinpB — 1).

(i) Find the minimum value and the maximum value of T.

(i) im(ag)=1mv’ + mg{3acos@—3asinf} | 3 5
ag=v’ +6agcos@ —6agsin
ag=v’ +4ag —6agsin
v’ =3ag(2sin 1) 5

(ii) T... When ﬁz%

v’ =3ag(2—1)=3ag

2

mv
T—mg=
3a
7-max - = m(3ag)
3a
T..x =2mg 5

T ..when v=0
v’ =3ag(2sinf-1)
0=3ag(2sinf-1)= B=30°

mv?

T—mgsin = 3
a

1
T —mg|l—|=0
min g(zj

T. :%mg 25

min

[13]



(a)

Three equal uniform rods, QP, QR, RP, each 30 cm
long and of weight 6 N, are freely jointed at P, Q and
R to form a triangle. The triangle is placed over a
smooth peg at the midpoint of QR, so that Pis
below QR.

Find the reaction at Q and the reaction at P.

Y1

y, =0

y+y, =6

=y=6

x(0.35in60)+ 6(0.15c0s60)=6(0.3cos60)

xtan60+3=6

x=1/3

Rq = (\/5)2 +6
=439

=6.24 N

[14]

25




7. (b) Two equal uniform rods, AB and BC, of length 2a and

weight W, are freely jointed at B. A
They rest in equilibrium on two smooth pegs at the 95 0
same horizontal level which are 2d apart. '

B
Each rod is inclined at 6° to the vertical. B is below A and C. <5g

Prove d = asin® 6.

A C
Ri R>
W 0106 W
B
€=z >
2d
R, cos@=R, cosd >
R, =R,
R, sin@+R,sin@=W +W 5
2R, sin@=2W
R,sin@=W
R, = W >
sin@
d
R,(x)=W(asin®) 5
( il )x( d j:WxasinG
sin@ sind
d=asin’ @ 5 25

[15]



8. (a) Prove that the moment of inertia of a uniform rod, of mass m and length 21 about an
axis through its centre, perpendicular to its plane, is gmlz.

Let M = mass perunitlength
mass of element = M{ dx}
N 2 >
moment of inertiaof the element = M{ dx}x
4
moment of inertiaof therod = M .[ txz dx 5
3 /
X
=M| =
|: 3 :| -/ 5
=Mm/?
8. (b) A uniform circular disc has mass 4m, centre O and

radius 4a.

A circular hole of radius 2a is made in the disc.

The centre of the hole is at the point B on the

diameter AC, where |AB| = 5a,

as shown in the diagram.

The resulting lamina oscillates about a fixed smooth

horizontal axis which passes through A and is

perpendicular to the plane of the lamina.

(i) Find the moment of inertia of the lamina
about the axis of rotation.

The lamina is hanging at rest with C vertically below A when it is given an angular

. /119
velocity 23a

The lamina turns through an angle 8 before it comes to instantaneous rest.

. . . .11
(ii) Show that the distance of A from the centre of gravity of the lamina is Ta
(ili) Find the value of 6.

[16]



(i)

(ii)

(iii)

85« 7(2a)

. m
mass of disc removed =
area

dm 9
= xX7m(2a) =m
7(4a)’ (20)

1={2(am)(4a)? + (4m)(4a) }
~fi(m)2a)* +(m)(sa)’}

=69ma’

3m(d)=4m(4a)—m(5a)
3d =16a - 5a

11
d=-"2

1l1la 11 1 11
3mg(—a +=2 cos 0{) = = (69ma? {—gj
3 3 2 23a

3
l1+cosax=—
2

a=60

0=120°

[17]

30




(a)

A spherical piece of ice of radius 10 cm has a piece of iron
embedded in it and floats, in water, with 95% of its volume
immersed.

The density of the iron is 7800 kg m= and the density
of iceis 918 kg m=3.

Find the volume of the iron.

[Density of water = 1000 kg m~3]

B=1000x {2 7(0.1)’ }x g x0.95
W =7800Vg +918x {2 7(0.1) —V}xg

B=W
950 {4 7(0.1)’ Jx g =7800vg + 918 x {£ 7(0.1)* —V }xg
1.26667 = 7800V +1.2247 — 918V

,  0.04267
6882

=1.94%x10" m?

[18]

20




(b)  Asolid iron cylinder of diameter 25 cm and height 10 cm is placed upright in an
empty cylindrical tank of diameter 30 cm.
Mercury is now poured into the tank until the iron begins to float.
The density of iron is 7800 kg m™3 and the density of mercury is 13600 kg m™.

(i) Calculate the depth of the mercury.

Oil, of density 1030 kg m~3, is now poured on top of the mercury until the upper face of
the iron cylinder is just level with the surface of the oil.

(ii) Find the volume of oil required.

(i) B=13600x{7(0.125)h}x g 5
W =7800x{7(0.125)(0.1)}x g 5
B=W :

13600x {(0.125)* h}x g =7800x {(0.125)* (0.1)}x g

h:ﬂ or 0.057 m 5
680
(i) B=13600x {7(0.125(0.1— h)}xg
+1030x{7(0.125)2h}x g 5

W =7800x{7(0.125)(0.1)}x g

B=W
1360(0.1—h)+103h =78

h= >8 or 0.046 m
1257

V =7(0.15)h-7(0.125)’ h

=0.0216x0.046

=9.94x107* m® 5 30

[19]



10. (a) A particle starts from rest and moves in a straight line with acceleration
(25 — 10v) ms2, where v is the speed of the particle.

. . . . dx l
(i) Aftertimet, find vintermsof t. (Note: fa+bx =3 ln|a + bx| + ¢).

(ii)  Find the time taken to acquire a speed of 2:25 m s™* and
find the distance travelled in this time.

. dv 5
[ =| dt
(0 j 25-10v I
[~ Lin(25-10v)]! =[t]} >
—LIn(25—-10v)+4In25=t 5
Ini=10t
25-10v
v=25(1-e) 5
(i) In—22__ _10t
25-10v
25-22.5

t :ilnlo =0.23 s
10

[ ds=25[ (1-e™ ot

1 0.23
s= 2.5[t + —e‘lOt}
10 .

=0.35m 5

[20]



10 (b) A spacecraft P of mass m moves in a straight line
towards O, the centre of the earth.
The radius of the earth is R.
When P is a distance x from O, the force exerted
by the earth on P is directed towards O and has

k
magnitude ey where k is a constant.

() Showthat k = mgR®.
P starts from rest when its distance from O is 5R.

(ii) Find, in terms of R, the speed of P as it hits the surface of the earth,
given that air resistance can be ignored.

k
(i) me =7
k =mgR? 5
. k mgR’®
(ii) F=-—=-—7 5
X X
RZ
s,
dx X
J.vdv=—gR2J.x 2 dx 5
R
v gRZ
%vZ]o{ }
X 5R
gR
1y? =gR—?
» _8gR
5
R
v=,/8% or 3.96vR 5 || 20

[21]
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