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Introduction

Introduction

The main aim of this booklet is to exemplify standards for those teaching Cambridge International AS & A
Level Mathematics (9709), and to show how different levels of candidates’ performance relate to the
subject’s curriculum and assessment objectives.

In this booklet candidate responses have been chosen to exemplify a range of answers. Each response is
accompanied by a brief commentary explaining the strengths and weaknesses of the answers.

For ease of reference the following format for each component has been adopted:

( N
Question
\ J
( N
Mark scheme
\ J

A 4

Example candidate
\ response

A 4

Examiner comment

Each question is followed by an extract of the mark scheme used by examiners. This, in turn, is followed by
examples of marked candidate responses, each with an examiner comment on performance. Comments are
given to indicate where and why marks were awarded, and how additional marks could have been obtained.
In this way, it is possible to understand what candidates have done to gain their marks and what they still
have to do to improve them.

Past papers, Examiner Reports and other teacher support materials are available on Teacher Support at
https://teachers.cie.org.uk
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Assessment at a glance

Assessment at a glance

The 7 units in the scheme cover the following subject areas:
e Pure Mathematics (units P1, P2 and P3);

® Mechanics (units M1 and M2);
® Probability and Statistics (units S1 and S2).

Centres and candidates may:

e take all four Advanced (A) Level components in the same examination session for the full A Level.

e follow a staged assessment route to the A Level by taking two Advanced Subsidiary (AS) papers
(P1 & M1 or P1 & S1) in an earlier examination session;

e take the Advanced Subsidiary (AS) qualification only.

AS Level candidates take:

Paper 1: Pure Mathematics 1 (P1)

13 hours
About 10 shorter and longer questions
75 marks weighted at 60% of total

plus one of the following papers:

Paper 2: Pure Mathematics

Paper 4: Mechanics 1 (M1) Paper 6: Probability and

2 (P2) Statistics (S1)

1% hours 1% hours 1% hours

About 7 shorter and longer About 7 shorter and longer About 7 shorter and longer
questions questions questions

50 marks weighted at 40%
of total

50 marks weighted at 40%
of total

50 marks weighted at 40%
of total
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Assessment at a glance

A Level candidates take:

Paper 1: Pure Mathematics 1 (P1) Paper 3 Pure Mathematics 3 (P3)
13 hours 13 hours

About 10 shorter and longer questions About 10 shorter and longer questions
75 marks weighted at 30% of total 75 marks weighted at 30% of total

plus one of the following combinations of two papers:

Paper 4: Mechanics 1 (M1) Paper 6: Probability and Statistics 1 (S1)
1% hours 1% hours

About 7 shorter and longer questions About 7 shorter and longer questions

50 marks weighted at 20% of total 50 marks weighted at 20% of total

Paper 4: Mechanics 1 (M1) Paper 5: Mechanics 2 (M2)

1% hours 1% hours

About 7 shorter and longer questions About 7 shorter and longer questions
50 marks weighted at 20% of total 50 marks weighted at 20% of total

Paper 6: Probability and Statistics 1 (S1) Paper 7: Probability and Statistics 2 (S2)
1% hours 1% hours

About 7 shorter and longer questions About 7 shorter and longer questions

50 marks weighted at 20% of total 50 marks weighted at 20% of total

Teachers are reminded that the latest syllabus is available on our public website at www.cie.org.uk and
Teacher Support at https://teachers.cie.org.uk
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Paper 4

Paper 4

Question 1

B

ABCD is a semi-circular cross-section, in a vertical plane, of the inner surface of half a hollow cylinder
of radius 2.5 m which is fixed with its axis horizontal. AD is horizontal, B is the lowest point of the
cross-section and C is at a height of 1.8 m above the level of B (see diagram). A particle P of mass
0.8 kg is released from rest at A and comes to instantaneous rest at C.

(i) Find the work done on P by the resistance to motion while P travels from A to C. [2]

The work done on P by the resistance to motion while P travels from A to B is 0.6 times the work
done while P travels from A to C.

(ii) Find the speed of P when it passes through B. [3]

Mark scheme

1 @) PE loss =0.8g x (2.5-1.8) (=5.6]) Bl
Work done is 5.6 J B1 2
"""""" @@  ForwmgREgsin-
Ml PE loss — WD against resistance
% 0.8v7=0.8g x 2.5-0.6 x 5.6 Alft
Speed at B is 6.45 ms™ Al 3
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Paper 4

Example candidate response — 1

\. ‘\) Wy ‘oq R « lose in E

* mgh ar Ag - mgh o BC

= 0.800) (a5) - 0.8 lp) G.3)

= 20 - 1y.y
2 * &E g
G) Ke . = wp by R
%m\,: : 6.6(5.6) \
3 A
MO > X0.8 xV>: 3¢
p Al 1
Ao .
AO V- 8y
V:2.9 men

6

Item marks awarded: (i) = 2/2; (ii) = 0/3

Total mark awarded = 2 out of 5
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Paper 4

Example candidate response — 2

o mgh PE = mﬂh
= (0*8)( 10)(3-5) - (08)(/0)(“?)
%aOJ o> & ,4.4/3
work done = ME af A+ MEat C
0 = J0(H 144

= g o ¥

06 work done AC

"

i) | work done AB
06t (34.4)

"

= 20-6d A

wok dope AP = PE + KE
0L = mgh PRE ) my?
206 = 49 @/écég')v'
66 = 0.4¢°
vi- 15

=
= a2
v 24 Mg e

S T3 =

Item marks awarded: (i) = 0/2; (ii) = 1/3

Total mark awarded = 1 out of 5
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Paper 4

Examiner comment — 1 and 2

(i)

(i)

This question requires candidates to calculate the potential energy loss between A and C.

Candidate 1 has calculated the difference between the potential energies at A and at C and correctly
obtained 5.6 J for the work done, thus gaining both marks.

Candidate 2 has found the potential energy at A and at C but has calculated the total rather than the
difference. This scores no marks.

Both candidates have attempted to form a work / energy equation.

Candidate 1 includes work done and kinetic energy gained, but omits to consider the potential energy
lost. The equation formed contains two instead of three terms and the answer

2.90ms™" is thus incorrect.

Candidate 2 forms an equation combining the three terms KE gain, PE loss and work done against
resistance using 0.6 x the value obtained in part (i) for the work done from A to C. This gains a method
mark.

The equation formed shows the work done as the sum instead of the difference between PE loss and
KE gain. The equation and the solution 1.22 ms™" are therefore both incorrect.

Cambridge International AS and A Level Mathematics 9709



Paper 4
Question 2

2 A particle moves in a straight line. Its velocity ¢ seconds after leaving a fixed point O on the line is
vms !, where v = 0.2f + 0.006¢%. For the instant when the acceleration of the particle is 2.5 times its
initial acceleration,

(i) show that t = 25, [3]
(i) find the displacement of the particle from O. [3]

Mark scheme

2 @) [a=0.2 +0.012¢] M1 For differentiating to find a(z).
[0.24+0.012¢=2.5 % 0.2]] Ml For attempting to solve
a(t) = 2.5a(0)
t=25 Al 3 AG
"""""" @) [s=017+0002¢ (+C)] Ml Forintegratingtofinds()

For using limits 0 to 25 or
evaluating s(#) with C = 0 (which

[s=0.1 x 625+ 0.002 x 15625] DM1 may be implied by its absence)
Displacement is 93.75 (accept 93.7 or Al 3
93.8)

Cambridge International AS and A Level Mathematics 9709 9



Paper 4

Example candidate response — 1

2.0 Q) v .t 4 0.006

dv : 0.0+ 0.012k
dt /

when -0

q-: fr‘i = 0.2 0.013(0)

) v

whin  @: 3.5 (03

t 9.5

=y O = 6.9 4 0.010%&

0.5 = 0.5 & 0.0iat

0.2 = 0.010¢ =
teng ( shywn)
35
& SV : So 0-24 +0:-00pk? ch
25
§ ‘Y“'ﬁ\’ A 6.00“3] M)
L 2 3 Jo /
a5
sloger + 0002 t2]y mi

e (625 4 325) - 0

z 31.25 m

——

Item marks awarded: (i) = 3/3; (ii) = 2/3

Total mark awarded = 5 out of 6
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Example candidate response — 2

Paper 4

() ﬂ‘é &P +o-0|2t/? a

-2
when a 204 i o
M\
FA 169507
when V =0, 0-2t t0006t’ = o
0-006t? = -0-2¢
e
A e s
| = 33:33
Mco) V2ot
026 +0:006* = (82 +0-012¢t)t
mpe 02t +0-006t* - o-at’+0-0¢2i2
AO
2.1G) fv =2t 014> + o002t =S

01(25°) + 0 002(35*)
1893 .3 m

S

\}

Item marks awarded: (i) = 1/3; (ii) = 2/3

Total mark awarded = 3 out of 6
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Paper 4

12

Examiner comment — 1 and 2

(i)

(ii)

Both candidates have differentiated to find an expression for the acceleration and have gained the first
method mark.

Candidate 1 substitutes ¢ = 0 to obtain the initial acceleration, forms a suitable equation
(0.5=0.2 + 0.12¢) and solves it to obtain ¢ = 25, as given in the question.

Candidate 2 considers a =0, v=0 and « = 0 in three attempts to find the required value of ¢. The
candidate did not realise that ‘initial’ acceleration means that ¢ = 0 and thus makes no further progress.

Both candidates have used integration to find the displacement in terms of 7 and have gained the first
method mark.

Candidate 1 applies both limits of =25 and ¢ = 0 and calculates the difference. The calculation work
contains an error (62.5 +31.25 = 31.25) so the accuracy mark was not awarded.

Candidate 2 shows the substitution of 7= 25 into the expression for displacement but does not show
substitution of =0 which has a zero value. This is acceptable but the calculation contains an error (3
used in place of ©2) leading to 1593.8 m which results in the accuracy mark not being awarded.

Cambridge International AS and A Level Mathematics 9709



Question 3

3 A particle P is projected vertically upwards, from a point O, with a velocity of 8ms™!. The point A
is the highest point reached by P. Find

(i) the speed of P when it is at the mid-point of OA, [4]

(ii) the time taken for P to reach the mid-point of OA while moving upwards. [2]

Mark scheme

3 @ [0=8%—2gs] M1 For using 0 = u* — 2gs
Maximum height is 3.2 m Al
[V =8"—2g x 1.6] M1 For using v* = u* — 2gs
Speed is 5.66 ms™ Al 4
""""""" ()  [(565685.=8-101 Ml Forusingv=u-gt
Time is 0.234 s Al 2

Cambridge International AS and A Level Mathematics 9709
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Paper 4

Example candidate response — 1

distanee o mid-poind 0A :

3 1) " oistance  OA ¢
i O ol AR L 22 - 1em
oot [° Vie u* +das o
5 o P O = 8*+2(0)s . speed o) md-point 0A :
0 208 = 64 V> G #1948
8 =32 4 V2= 8%+ 20-00)(1-6)
vi= 64 + 32
v* = sa [l'
v = 5.66 me! 4
W) | 8=16 m $:ut + sat’ “+ hime taken for P to reach
Ve bbb me! Fgw Bk FCRORT mid= polr 2 Oh = bads "
U= 8 ms'! I-6 = #t-51 % - M)
a--10 BEt . e th =0« N A0
{ R tel33s 5 t=0.288 @

Item marks awarded: (i) = 4/4; (ii) = 1/2

Total mark awarded = 5 out of 6
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Paper 4
Example candidate response — 2

3 () ke gain = PE loss vizuttaas
%m(v’-uﬁ‘ mgh 2 (])*+ 2(10) (3:2)

KX (0%8%) = mxipkb 2123 P
Lxmx 64 = omh L ms"'ﬁ. AO
" Mo

Iz foprh %

h=3.2m Y. .

(i) v=utat .
332 (ot | A @

120335 o0

Item marks awarded: (i) = 1/4; (ii) = 1/2

Total mark awarded = 2 out of 6
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Paper 4

16

Examiner comment — 1 and 2

(i)

(ii)

This part of the question could be solved using constant acceleration formulae or with energy equations.

Candidate 1 has applied v* = u* + 2as, firstly to obtain the distance 04 and secondly to obtain the speed
at the midpoint of OA. The speed 5.66 is rounded to the required three significant figures and the
solution gains full marks.

Candidate 2 has attempted to equate kinetic and potential energies to find the distance 04, but the
solution contains some inconsistent sign work. The equation set up as ' m(0* — 8%) = m x10 x h leads to

= —3.2 rather than = 3.2 as stated. The candidate then omits to halve the distance found before
calculating the speed at the midpoint of OA.

Candidate 1 has formed a correct quadratic equation using s = ut + ' ar* and solved this to obtain two
times (1.37s and 0.23s). Since the question asks for the time ‘moving up’ to the midpoint, the chosen
answer of 1.37 is incorrect. If the candidate chose 0.23, the accuracy mark would still not be gained
because this is a two significant figure answer instead of three significant figures.

Candidate 2’s solution using v = u + at shows an easier and more commonly used method. This solution

using ‘g’ instead of ‘—¢’ highlights the need for candidates to check the direction of motion and consider
if each value is positive or negative.
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Question 4

4

A particle P of weight 21 N is attached to one end of each of two light inextensible strings, S, and S,,
of lengths 0.52 m and 0.25 m respectively. The other end of S| is attached to a fixed point A, and the
other end of §, is attached to a fixed point B at the same horizontal level as A. The particle P hangs
in equilibrium at a point 0.2 m below the level of AB with both strings taut (see diagram). Find the
tension in S, and the tensionin §,. [6]

Cambridge International AS and A Level Mathematics 9709
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Paper 4

Mark scheme

[TsinAPN = T,sinBPN)] M1 For resolving forces horizontally
(12+13)T; = (15+25)T, or
T;sin67.4° = T,8in36.9° Al AEF
[TicosAPN + TocosBPN =21] M1 For resolving forces vertically
(5+13)T; +(20+25)T, =21 or
Tic0s67.4° + T,c0836.9° =21 Al AEF
M1 For solving for T; and T,
Tension in 87 is 13 N, tension in §; is 20 N Al
Alternative solution using Lami’s Theorem
[T1/sin(180 — BPN) = 21/sin(APN + BPN)] M1 For using Lami’s Theorem to form
an equation in T,
Ty/sin (180 — cos™(20/25))=
21/sin(cos™(20/25) + cos'(20/52))
or
Ty/sin(180 — 36.9) = 21/sin(36.9 + 67.4) Al AEF
[To/sin(180 — APN) = 21/sin(APN + BPN)] M1 For using Lami’s Theorem to form
an equation in T,
Ty/sin(180 — cos™ (20/52)) =
21/sin(cos™(20/25) + cos™'(20/52))
or
To/sin(180-67.4)=21/sin(36.9 + 67.4) Al AEF
M1 For solving for Ty and T,
Tension in Sy is 13 N, tension in S, is 20 N Al
Alternative solution using Sine Rule
[Ty/sinBPN = 21/sin(180 (4PN + BPN))] M1 For using the Sine Rule on a
triangle of forces to form an
equation in Ty
T./(15/25) = 21/sin(cos™(20/25) + cos™'(20/52))
or
T1/sin36.9° = 21/sin(180 —(36.9 + 67.4)) Al AEF
[To/sinAPN = 21/sin(180 -(APN + BPN))] M1 For using the Sine Rule to form an
equation in T,
To/(12/13) = 21/sin(cos™(20/25) + cos™ (20/52))
or
Ty/sin67.4" = 21/sin(180 —(36.9 + 67.4)) Al AEF
M1 For solving for Ty and T,
Tension in Sy is 13 N, tension in S is 20 N Al

18
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Example candidate response — 1
(4) ¢ S,

om| 1689
052y b1'3‘0m il 0
& [ 0=

P

.UM

V
21
'd

V.1

b= WSO\ = hypde T2
’,:6}.%80 o

0:2
0-1S

@1 = gblg}s

=) LU; 91 =

> Yoiudd e > S, 60 67.38° = S, S 33T
' 8 S, s 36-37°
P (N = S WS BLI® 4 S 87
v~
=5 s 6T R
2 = S (Shear VIt Sa wst0.87°
—}—.h-o——ég—?—r%-—@ﬁ-e—i,
D = l L‘5 31
$420 \B8 (N

m36.99°
2 wwn §a=\.2% N 2 8y s b%sz(ﬁ?—\;,k,—;a“>

= 135 ()
S,z 0.90 Ny

——

S, = 020N and (| YN g

Total mark awarded = 4 out of 6
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Paper 4

Example candidate response — 2

()
(L)

Sisin @ = Sasing
Sices © + Sacs@ = A

©) 5, (54 5.(%2)

A LAS = 085, A
(ﬁzﬁ%——%ﬂ;&t -
®) S0 (52 ¢ Sa (%2 =1

265, + 12585, = 9) .0

sub @ inte ®
(0:3552
26(=55
6-14(0:355,) + 355 = 504

4.635; 35, =504
36895, =504

)f\“).BS: 23]

Total mark awarded = 3 out of 6
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52

A

2 656N

0155,

1A

L

051\
XY,

ang =z Q48
-0 N2

wse=

Fim eqn O,
S,z 0-15( 6-56)

14
2205
ONH

Cambridge International AS and A Level Mathematics 9709

S;

- 0

62
s @ =‘°,25

0:15

()

sing =

M
AO

m
AD

M

A O




Paper 4
Examiner comment — 1 and 2

The majority of candidates attempted to resolve horizontally and vertically and then to solve the resulting
simultaneous equations.

Both candidates have resolved using suitable angles as demonstrated by the link between the diagrams and
equations. Candidate 1 made a slip when resolving vertically (writing 2 instead of 21), thus not gaining an
accuracy mark. Candidate 2 used incorrect trigonometry to calculate the two angles between the vertical and
the directions of the two strings. Although each angle is labelled the same (0), it is clear from the diagrams
and numerical work that, when resolving, the required angles are used. This gains the first two method
marks, even though neither equation is numerically accurate.

Both candidates have made appropriate attempts to solve the simultaneous equations to obtain two different
tensions. These gain the final method mark, although neither candidate could achieve accurate results from
incorrect equations. Many candidates found the solution of the simultaneous equations challenging and a
variety of errors occurred at this stage. Candidate 1 makes a commonly seen error when substituting for S,
omitting to multiply by cos 67.38. Candidate 2’s solution shows another example of an error in manipulating
the S, equation when attempting to multiply each side by 2.4.

Cambridge International AS and A Level Mathematics 9709 21



Paper 4
Question 5

5  An object of mass 12kg slides down a line of greatest slope of a smooth plane inclined at 10° to the
horizontal. The object passes through points A and B with speeds 3ms™! and 7ms™! respectively.

(i) Find the increase in kinetic energy of the object as it moves from A to B. [2]
(ii) Hence find the distance AB, assuming there is no resisting force acting on the object. [3]
The object is now pushed up the plane from B to A, with constant speed, by a horizontal force.

(iii) Find the magnitude of this force. [3]

Mark scheme

5 @) [ % 12(7% - 39)] Ml For using KE = Y2 m(vg’— v’
Increase is 240 J Al 2
"""""" @ 0 xM  TFosormg-KRpm
12g x ABsin10° = 240 Alft
Distance is 11.5 m Al 3

SR for candidates who avoid
‘hence’ (max 2/3)

For using Newton’s Second Law
and v* = %+ 2as

[12gsin 10°=12a
7*=3+2(gsin10° x 4B)] Ml

11.5m Al
(iif) For using F(4B)cos10° = PE gain
or for using Newton’s 2° law with
Ml a=0.
Fx 11.5c0810°=240 or
Fcos10° - 12gsin10° =0 Alft
Magnitude is 21.2 N Al 3
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Example candidate response — 1

5.1)

M|

)

120N

aceeleration from A Yo B¢
Mg o 10° = ma

120 gin 0% = i2q

a=134mg’

Mmoving  up wards -
F -m

FX= 120 sim 10°

o

= 236-8N 4

KEol A KE ot B :

v - § (s fmvt . 4B
> 6(4) = 4(44)
» S4T =204 |

AKE = 294 -54

= 2407 4 4

dietance of AB °

V= yu® + 2as

12 3% +2(1-74)¢
49= 9 + 3-48 9

o

.8 =1H-&6m

9 9in (0° = ma (4=0 ,constani sopepo()

Paper 4

Iltem marks awarded: (i) = 2/2; (ii) = 2/3; (iii) = 0/3

Total mark awarded = 4 out of 8
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Paper 4

Example candidate response — 2

M)
A

@

(%)
(1)

(1)

&
(i) N

\'\lrcqse et evxemxj Sufv-u)
b
2 Ox

YCa-3)"
= 6 (4"

=

B 10

veamy!
5 F=ma
2y Mg sih@ = maQ
BXosn 0’ = \La

@ oz 74w

2 = unttuas

Ate 37‘“'(\-14)5 - m@o\(\{qyuz AR lsm g
$=1Lym "~

(f:/l\ ~V¢2MY' W\ﬂ = llVV\(V V\\% T venewn

LZX0XILS ll)ﬂ AN “f—\hq.lzos.mu”

[¢]

¢ \0
Wz my- !
mgh = 1 mey. V\) Y L F- Vodme Siction )
X0 xS =4 K12 % 1-H)" + CF- (2xX0x0m 0’ y)
1796 = %’r F - noﬂnw
F= 1ot 8¢ v o

Item marks awarded: (i) = 0/2; (ii) = 2/3; (iii) = 0/3

Total mark awarded = 2 out of 8

24
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Paper 4

Examiner comment — 1 and 2

(i)

(ii)

(iii)

Candidate 1 has calculated the difference between the two kinetic energies accurately to gain both
marks. Candidate 2 has calculated % m(v — u)? instead of ¥ mv* — Vs mu’.

The question asks candidates to ‘hence’ find the distance 4B and so they need to use an energy
method.

Both of these candidates, like many others, used an alternative method. They calculated the
acceleration from F = ma and then applied V2 = u? + 2as to obtain the distance AB. Both solutions show a
correct distance for 4B, but without using the kinetic energy increase found in part (i) the maximum
marks available are 2 out of 3.

In common with many others, both of these candidates either misinterpreted or overlooked the word
‘horizontal’. Both either show or imply that the force is directed up the inclined plane, instead of
horizontally.

Candidate 1 used Newton’s second law to obtain 20.8 N, an incorrect but frequently seen answer.
Candidate 2 has attempted to form an energy equation but has included too many terms, as well as

including force and energy in the same equation. Candidates should check that the dimensions of each
term in an equation are appropriate.

Cambridge International AS and A Level Mathematics 9709 25



Paper 4

26

Question 6

6

The diagram shows a particle of mass 0.6 kg on a plane inclined at 25° to the horizontal. The particle
is acted on by a force of magnitude PN directed up the plane parallel to a line of greatest slope.
The coefficient of friction between the particle and the plane is 0.36. Given that the particle is in
equilibrium, find the set of possible values of P. [9]

Mark scheme

6 For resolving forces in the direction
[P=+F + 0.6gsin25°] M1 of P

Prax =F +0.6g8in25° or ‘P =F + 0.6gsin25°
when the particle is about to slide upwards’ Al

Ppin = - F+0.6¢sin25° or
‘P= —F +0.6gsin25° when the particle is about

to slide downwards’ Al
R=0.6gcos25° Bl
[F=0.36 x 0.6gc0s25°] M1 For using F = pR
[Puax = 0.36 x 0.6gc0s25° + 0.6g8in25°, For substituting for F to obtain
Ppin =—0.36 x 0.6gc0s25° + 0.6gsin25°] DM1 values of P and Puin
P =4.49, P i, = 0.578 (accept 0.58) Al Dependent on first M mark
For identifying range of value for
M1 equilibrium
AEF; Accept 0.58 instead of 0.578
Set of values is {P; 0.578 < P < 4.49} Al 9  and accept < instead of <

Cambridge International AS and A Level Mathematics 9709



Example candidate response — 1

b | M = 036 F=mg cor 6 p- nt
P=mgon 6 = g ¢os 2€ = 036 (¢644)

= 544 .

p- "’7 9h 28 + 12
2 4.'

’ )

Total mark awarded = 4 out of 9
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Paper 4

Example candidate response — 2

A = (‘:)Siﬂe

= WHnas X
T 9 4.23ms
MO
AQ F = mg
RO P -F - MOSIND = Mo
Bl el ¢ Y. Gsin%°:ﬁo~6(q~23)
M P- (M(mqewe)r) = 5-03i14191 ¢/
P = &, o7ﬂ9;/+ (0~3f/[€ gagr™] ]
MO P= 3.-03 N
A©
MO
AO P - mydint P v necgs ©
= 9.5 4 =

o)

Total mark awarded = 2 out of 9

28
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Paper 4

Examiner comment — 1 and 2

Many solutions to this question considered friction acting in one direction only, usually down the plane as in
these examples. The question asked for a ‘set of possible values for P’. This should have suggested more
than one or even two values for the frictional force. Candidates need to be clear about when to use F' = uR
and when to use F < uR.

Both of these candidates find the normal reaction and then use it to obtain the frictional force for one
situation, thus gaining two marks.

Candidate 1 has formed a correct equation for limiting equilibrium and solved this to obtain one value of P.
Candidates should be aware that early rounding can lead to some loss of accuracy (in this case 4.50 instead
of 4.49).

Candidate 2 has found the resultant force up the plane but has then equated this to a non-zero ma, thus
gaining no further marks.
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Question 7

7

0.98 m

Particles A and B have masses 0.32kg and 0.48 kg respectively. The particles are attached to the ends
of a light inextensible string which passes over a small smooth pulley fixed at the edge of a smooth
horizontal table. Particle B is held at rest on the table at a distance of 1.4 m from the pulley. A hangs
vertically below the pulley at a height of 0.98 m above the floor (see diagram). A, B, the string and
the pulley are all in the same vertical plane. B is released and A moves downwards.

(i) Find the acceleration of A and the tension in the string. [5]

A hits the floor and B continues to move towards the pulley. Find the time taken, from the instant that
B is released, for

(if) A to reach the floor, [2]
(iii) B to reach the pulley. [3]

Cambridge International AS and A Level Mathematics 9709



Mark scheme

Paper 4

7 »
0.32g-T=0.32a (or T = 0.48q)

T=0.48a (or 0.32g - T =0.32a) OR
0.32g = (0.32 + 0.48)a

Acceleration is 4 ms™ and tension is 1.92

(ii) [0.98 = 47

Time taken is 0.7 s

v=4x0.7and¢= (1.4 - 0.98)/v (= 0.15)

Time taken is 0.85 s

M1

Al

Bl

Ml

Alft

Al

For applying Newton’s 2" law to 4
or to B.

For solving for  and T

For using v = at for taut stage and ¢
= d/v for slack stage

ft a from (i) and /or ¢ from (ii) (a>0,
a#g)
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Example candidate response — 1

] / /(_\7

T T,=o.48§'a/ Ti~mg: M

T #=8m 0-4¢q 3"“4 o.qguo}/vg.u%’g

Bi
7-4-8 0.
Mg-T, = ma
8 (0.323C10)-T, =0.32a —G)
o%F 2.2-4.8 «q 3.2- 0.08q='0.'52q e
)/‘6 2.9 2z o.8q ”
o< as mc™
M]
Frsoudes> Ta: %‘.2-é.u§(”) B
1 < l.QQI\‘\(‘

Gy $:093 &=

2 0= - =)
r = q-/u-OmJ

S = utréatz

5 0.A8 = 045 (WY

0.9¢ :-bz /

G 8= 1um 422

Item marks awarded: (i) = 4/5; (ii) = 2/2; (iii) = 0/3

Total mark awarded = 6 out of 10
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Example candidate response — 2

4w -
S —
1. St ( I (‘.,1____0 ve
U
%
Ty J
Mo

AT IP‘

74
0-dgwm O 333 Wy

) Woa = T = wa )

T- Mg = My Q (*

M|
3.9 - T = 03sq -®O VY Al
T -4§ = 0d48a (& —> T-o0uka +u8 3 8o
-
s @ i D
3.2 - 0.4%a - H'¥ = 0:324G sub 4= 8 inp (3)
3.9 -4% = 6-32a +0-4yk4a T=0-y(-2) +4¢) M
= = 0.8 A T= BRAK 4 AD
7
A = - Amg™>
L accereraron 1S dms >
—
(] S= et lae”
0-96 =(C¥% + ‘//a N+ A m
1> = 6-98 AD
t = 0.0‘q
.
(W S= W+ '/anc”
l4m =0% +1, (aD¢?
— Te O
62' = % [~ d
t = 1.18s
=

@)

Item marks awarded: (i) = 3/5; (ii) = 1/2; (i) = 0/3

Total mark awarded = 4 out of 10
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Examiner comment — 1 and 2

(i)

(ii)

(iii)

Both candidates have attempted to apply Newton’s second law to the two particles and then to solve the
resulting equations. Many candidates appeared to have memorised equations for a pulley system with
both strings vertical but they were not always able to amend the equations for a different situation, such
as the particle B attached to the horizontal string.

Candidate 1 obtained two correct equations and although the tensions are shown as T, and 75, the
solution of the equations to find the acceleration implies the use of Ty = T,. The acceleration is found
accurately, but the substitution to find the tension in the string is incorrect.

Candidate 2 formed an incorrect pair of equations for a pulley system with both strings vertical, and
solved them to obtain the incorrect values a =—2ms 2 and 7= 3.84N.

Both candidates have applied s = ur + ¥ af* to find the time taken for travelling the distance 0.98 m.
Candidate 1 used the correct value a = 4 found in part (i) and calculated the time taken accurately.

Candidate 2, having obtained a = -2 in part (i) realised that the acceleration should be positive and used
a =2 but could not gain the accuracy mark for this part of the question.

Both of these candidates have applied the constant acceleration formula s = u + % af* with s = 1.4m and
the value for a found in part (i). Although this was a common solution, to score any marks candidates
needed to consider two stages of motion, the first with acceleration before particle 4 hits the floor and
the second stage with no acceleration when the string becomes slack.
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