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Introduction

Each Topical Past Paper Questions Workbook contains a comprehensive collection of hundreds of questions
and corresponding answer schemes, presented in worksheet format. The questions are carefully arranged
according to their respective chapters and topics, which align with the latest IGCSE or AS/A Level subject
content. Here are the key features of these resources:

1. The workbook covers a wide range of topics, which are organized according to the latest syllabus
content for Cambridge IGCSE or AS/A Level exams.

2. Each topic includes numerous questions, allowing students to practice and reinforce their under-
standing of key concepts and sKkills.

3. The questions are accompanied by detailed answer schemes, which provide clear explanations and
guidance for students to improve their performance.

4. The workbook’s format is user-friendly, with worksheets that are easy to read and navigate.

5. This workbook is an ideal resource for students who want to familiarize themselves with the types of
questions that may appear in their exams and to develop their problem-solving and analytical skills.

Overall, Topical Past Paper Questions Workbooks are a valuable tool for students preparing for IGCSE
or AS/A Level exams, providing them with the opportunity to practice and refine their knowledge and
gkills in a structured and comprehensive manner. To provide a clearer description of this book’s specifica-
tions, here are some key details:

e Title: Cambridge AS & A Level Mathematics (9709) Paper 4 Topical Past Papers
e Subtitle: Exam Practice Worksheets With Answer Scheme

e Examination board: Cambridge Assessment International Education (CAIE)

e Subject code: 9709

e Years covered: February/March 2017 - October/November 2024

e Paper: 4 (Mechanics)

e Number of pages: 1003

e Number of questions: 387
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8 CHAPTER 1. FORCES AND EQUILIBRIUM

1. 9709 m24 qp 42 Q: 4

30N

3FN
45°

I'N 2FN

Four coplanar forces act at a point. The magnitudes of the forces are /'N, 2FN, 3FN and 30N. The
directions of the forces are as shown in the diagram.

Given that the forces are in equilibrium, find the value of F and the value of 6. [6]
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Answer:

Question Answer Marks Guidance
For resolving in either direction *ML1 | Correct number of terms allow sign errors; allow
sin/cos mix on 0.
Forces that need resolving should be resolved.
F+2F cos45=30sin8 Al
2F'sin45+3F =30cos & Al
1(1+2cos45 DM1 | For attempt to find 6.
€= tan 2sind5 43 Using their # which can be solved for 0.
- From equations with correct number of relevant
or @=sin" [M) terms, forces that need resolving should be resolved.
30 i
) i 2sin45+3
. . If tan@=2Y 5o have 6= tan (—},
or @=cos ‘[MJ e ne 1+2cos45
30 then allow M1.
[1"2 (3+2sin 45)2 + 2 (1+ 2cos45)z =30" :>] DML | For attempt to ﬁ“d £
From equations with the correct number of relevant
30° terms, forces that need resolving should be resolved.
I= 3 3 Using their 0.
\(3+25in45)" +(1+2cos45)°
. 30sin@
or fl=—"—"—
1+2cos45
30cos@
or F=—""——
3+2sin45
F=596 [5.96270...] and 8=28.7 [28.6750...] Al | Awrt to 5.96 and 28.7.
Allow 5.97.
6

compiled by examinent.com

=
]
<
=
z
w
z
=
<
<
«
=
=
=

= EXAMINENT

== Eminent Exam Preparation Resources




WWW.EXAMINENT.COM

IE

10 CHAPTER 1. FORCES AND EQUILIBRIUM

2.9709_s24 qp_ 41 Q:2

_>‘<:

20N

FN

Two forces of magnitudes 20N and F'N act at a point P in the directions shown in the diagram.

(a) Given that the resultant force has no component in the y-direction, calculate the value of . [2]

EXAMINENT

Eminent Exam Preparation Resources



11

Answer:
Question Answer Marks Guidance
(a) F =20sin60 M1 | Attempt to resolve in y-direction; 2 terms; must be 20 cos 60 or 20 sin 60
and must be linked to F (can be implied by the correct answer seen only).
=173N Al | AWRT 17.3 (17.320508...) or 104/3.
2
Question Answer Marks Guidance
(b) For resolving in any direction *M1 | Correct number of terms; allow sin/cos mix; allow sign errors.
(Horizontal component = X = Rcos#) =%(20cos60) [£10] Al | For both correct.
(Vertical component =Y = Rsin@) = +(20sin60-10)
[=17.3205...)

Magnitude = \/(205in 60— 10)2 +(2(}cos60)2 DM1 | OE - correct number of terms.

[=12.393136...]

20sin60—10 DM1 | OE (e.g. reciprocal) - correct number of terms.
Angle = tan"'| — 7 | [=36.206023...] g fectp
20cos 60
Magnitude = 124N Al | OE for direction c.g. 36.2° anticlockwise from (positive) x-direction,

and Direction = 36.2° above (positive) x-axis 362 above the horizontal.

Possibly seen on a diagram.
(Radians: 0.63191... to 3sf or better)

5
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12 CHAPTER 1. FORCES AND EQUILIBRIUM

3.9709_s24 qp_42 Q:3

PN

10N

Four coplanar forces of magnitude PN, 10N, 16 N and 2N act at a point in the directions shown in the
diagram. It is given that the forces are in equilibrium.

Find the values of 6 and P. [6]
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Answer:
Question Answer Marks Guidance
Resolving either direction to get an equation *M1 | Correct number of relevant terms; allow sign errors; allow
sin/cos mix.
10c0s25 =2cos40+16sin& Al

[9.06307787 =1.532088886 +165sin &
7.530988984 =16sin &
sin@ =0.4706868115

P=10sin25 +16c0s @ + 25in 40 A1 | This may be with their 6.

P=5511757837 +16¢cos @

[P=4226182617+16cos0 + 1‘2855752]9:|

. [ 10cos25—2cos40 DM1 | From equation(s) with correct number of relevant terms.
Attempt to solve for & =sin 16 Must be a numerical expression for .
Attempt to solve for P =10sin25+ lécos( their 3) +2sin40 DM1 | From equation(s) with correct number of relevant terms.
Using their 0.
Must be a numerical expression for P.
&=281AND P=196 Al | 28.07888819 and 19.6285636.

AWRT 28.1 and AWRT 19.6 from correct work.

6
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14 CHAPTER 1. FORCES AND EQUILIBRIUM

4.9709 w24 qp 41 Q: 6

A particle of mass 1.2kg is placed on a rough plane which is inclined at an angle 6 to the horizontal,
where sin@ = % The particle is kept in equilibrium by a horizontal force of magnitude P N acting in a
vertical plane containing a line of greatest slope (see diagram). The coefficient of friction between the
particle and the plane is 0.15 .

Find the least possible value of P. [6]
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Answer:
Question Answer Marks Guidance
Attempt at resolving perpendicular to the plane to get an equation *M1 | Correct number of relevant terms, allow sign errors, allow sin/cos
mix, allow g missing.
For reference R=1.2gx¢0s16.26...+ Pxsinl6.26... - allow with
an angle of 16 or better.
4 Al 7
R:l.2gx2—+le R=11.52+0.28P or R:§+—P.
25 25 25 25
Attempt at resolving parallel to the plane to get an equation *M1 | Correct number of relevant terms, allow sign errors, allow sin/cos
mix, allow g missing.
For reference F'+ Pxcosl6.26..=1.2gxsinl6.26...
allow with an angle of 16 or better.
Al
FaPx o129k F+096P=336 or F+ 2 p=54
25 25 25 25
Use of /=0.15R to get an equation in /> only DM1 | Dependent on both previous M marks — where R is initially a
lincar combination of a P component and a weight component (or
a mass component).
1.2gxl—1’x§ =0.15% l.2gx§+ le .
25 25 25 25
Solve to get P=1.63 Al
vetos Allow 222 1 62874...
167
6
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16 CHAPTER 1. FORCES AND EQUILIBRIUM

5.9709 w24 qp 43 Q:2

12N

8N

16N

Coplanar forces of magnitudes 16N, 12N, 24N and §N act at a point in the directions shown in the
diagram.

Find the magnitude and direction of the single additional force acting at the same point which will
produce equilibrium. [6]
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Answer:
Question Answer Marks Guidance
Resolving either direction M1 | With correct number of relevant terms. Allow sin/cos mix. Allow
sign errors. Do not allow *forces to the left = forces to the right’
c.g. 12c0s30—8sin30 =16sin30 unless subsequently ‘corrected’.
+(125in30 + 24+ 8c0s30 - 16c0s30)[= I, or I cos Gor F sinr] Al =i(30—4\/§) [=23.07..].

+(12¢0530 - 85in30 ~ 165in30)| = F/, or F'sin for I cosx | AL =+(6V3-12)  [=-1607..].

. 2 2 M1 | Attempt to find I*.
= J(WE - 12) + (30 - 4‘-{3_') Must have correct number of relevant terms. (Forces must have or
30-443 not have components as required). All forees resolved/not resolved
=" as appropriate, but allow consistent sin/cos muddle.
cos(their 8)

6f3-12 Allow use of their @ provided correctly derived from equations

t= W with the correct number of relevant terms.
L(63-12 M1 | Attempt to find 6.
0 =tan m Must have correct number of relevant terms. (Forces must have or
not have components as required). All forces resolved/not resolved
- as appropriate, but allow consistent sin/cos muddle. Allow upside
O=cos' M Note: this will not give the correct answer Pprop P
their F ) [ 30-43 ]
downso tan | ———— |.
unless F given to several significant figures 6/3-12
. (63-12 Allow use of their I provided correctly derived from equations
O=si Their i with the correct number of relevant terms.
Note: watch for use of sin™' M or sin”' (ﬂ) which
30-443 23.07
leads to correct answer of angle 4.0° scores MOAO.
Question Answer Marks Guidance
F=231N Al | [23.1277...] Both correct Allow 4.0° but not simply 4° .

#=3.99" above the negative x-axis oc [3.986...] Allow answers about the direction such as ‘Above the
west’, ‘north of west’ etc, or clockwise 183.99 from x axis, or
resultant sketch with angle indicated. If not specified in working
please check original diagram to see if direction specified there
instead. Allow a bearing of 274.0°. Allow explanation of direction
that could be drawn uniquely.

Or e.g. 86.0° to left of the y-axis or 176.0° from the positive x-
axis.
6
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18 CHAPTER 1. FORCES AND EQUILIBRIUM

6. 9709 23 qp_41 Q: 5
40N

FN

50N

Four coplanar forces act at a point. The magnitudes of the forces are FN, 10N, 50N and 40N. The
directions of the forces are as shown in the diagram.

(a) Given that the forces are in equilibrium, find the value of F and the value of 6. [6]
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(b) Given instead that F = 1042 and @ = 45, find the direction and the exact magnitude the resultant
force. [3]
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20 CHAPTER 1. FORCES AND EQUILIBRIUM

Answer:
Question Answer Marks Guidance
(a) Resolving either direction. M1 | 3 terms; allow sign errors and allow sin/cos mix. Must

be an equation with either = 0 or with an attempt to
balance forces.

Vertical: Fsin@+40sin60-50=0 Al [FsinH —50-2043 = 15.358...}

Horizontal: Fcos@+10-40cos60=0 Al [Fcosgzm]

@=tan'(5-23) M1 | Attempt to solve for &; one missing term in total
O=tan"'1.535898....

F=15358_2+10° M1 | Attempt to solve for - onc missing term in total.

6=1569, F =183 Al | Both correct (18.327530..., 56.932462...).

6
® (¥ =) £ (1052 sin 45 + 40sin 60 — 50) [= £(20/3 — 40)] B1 | Allow non-exact values for +/2 ete. in correct

expression.

(X =)+ (1042 cos45 +10 - 40cos 60)[= 0] B1 | Allow non-exact values for v/2 ete. in correct
expression. Could be implied by correct answer.

Resultant force is 40—204/3 (N) in the same direction as the SO(N) force. B1 | Allow vertically downwards, south, 180°, negative y-
direction.
Resultant force must be exact and positive (so
20+/3 —401s BO).

3
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7.9709 23 qp_ 42 Q: 3

33N

Coplanar forces of magnitudes 30N, 15N, 33N and PN act at a point in the directions shown in the
diagram, where tana = %. The system is in equilibrium.

14.4 \2 28.8 \2
=1 4
(@) ShOWthat(so—P) +(P+30) 4]
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22 CHAPTER 1. FORCES AND EQUILIBRIUM
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Question

Answer

Marks

Guidance

(a)

Resolving either direction,

M1

Correct number of terms, allow sign errors, allow sin/cos
mix.
Do not allow with just sina and cosa.

(33+15)x%=P0059+30c059

OR (33+ lS)cos[tan" g} = Pcosé+30cosd

OR 19.8+9=Pcos@+30cos@

Al

OE, but see note for final Al.
Allow:

28.8=(P+30)cosd
(33+15)cos53(.1) = Pcos & +30cosé

19.81+9.01 = Pcos@+30cos?
19.86+9.03=Pcos@ + 30cos 0.

leg+305in6‘=33x§+Psin6

OR lSsin{tan 1§]+305in9=335in(tan '§J+Psin9

OR 12+30sin8 =26.4+ Psind

Al

OE, but see note for final A1,
Allow:

14.4= (30 - P}siné
155in53(.1)+30sin 6 =33sin53(.1) + Psin@

12.00 + 30sin @ = 26.39 + Psin @
11.98+30sind =26.35+ Psin@.

2 .2 . 28.8
[Use cos” & +sin” @ =1 with] cosé =

P+30
(14.4 ’ [28.8 ’
— | + =1
30-P P+30

and sind = 144
30-P

to get

Al

AG. Must have evidence of where 28.8 and 14.4 come
from.

A0 for any error seen.

A0 if use of inexact angles seen.

Any inexact decimals seen for force components, i.e. if
14.4 and/or 28.8 have come from rounding to 3sf,
scores M1A1A1AO max 3/4.

If exact values of sina and cosa not shown (e.g.
28.8=(P+30)cos@ or 144=(30-P)sin@

from no working), this scores MIA1A1AO max 3/4
marks.

Question

Marks

Guidance

(b)

2 2
Sub P =6 into (14—4J +[ﬁJ
30-P P+30

s RGO

4
5

B1

2 2
Must see cither [%) +[%J =1or036+0.64=1 as

minimum working.

0=369

B1

AWRT 369,

2
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24 CHAPTER 1. FORCES AND EQUILIBRIUM

8.9709 23 qp_42 Q: 5

A particle of mass 0.6kg is placed on a rough plane which is inclined at an angle of 35° to the
horizontal. The particle is kept in equilibrium by a horizontal force of magnitude PN acting in a
vertical plane containing a line of greatest slope (see diagram). The coefficient of friction between the
particle and plane is 0.4.

Find the least possible value of P. [6]
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Answer:
Question Answer Marks Guidance

Attempt at resolving parallel or perpendicular to the plane. *M]1 | 3 terms, allow sign errors, allow sin/cos mix, allow g
missing.

Forces that need resolving should be resolved, forces that
do not need resolving should not be resolved.

R=Psin35+0.6gcos35 [R=(0.573...)P+4.914...] Al

F 4 Pcos35=0.6gsin35 [F+(0.819...)P=3.441...] Al | Their £.

Use of F=04R *M1 | Where R is initially a linear combination of a P
component and a weight component (or a mass
component).

Solve for P. DM1 | From equations with the correct number of relevant
resolved terms.

o 068 5.
c0s35+0.4sin35
0.6gsin35-04x0.6 35
Must getto P=...,e.g. P=— st 2% — 8 €08
cos35+0.4sin35
If no working seen, allow this mark if correct solution for
their cquations.
If I < 0.4R used, it should be used correctly.
c.g. 0.6g sin 35 — P cos 35 < 0.4(P sin 35 + 0.6g cos 35).

P=141 Al | AWRT 1.41 .

If P > 1.41 seen, must then state the least value explicitly
for Al.
Question Answer | Marks ‘ Guidance

Alternative for Question 5: Resolving vertically and horizontally

Attempt at resolving vertically or horizontally. *MI1 | 3 terms, allow sign errors, allow sin/cos mix, allow g
missing.

Forces that need resolving should be resolved, forces that
do not need resolving should not be resolved.

Reos35+ Fsin35=0.6g Al | Their For R.

P+ Fcos35 = Rsin35 Al | Their For R,

Use of F=04R *M1 | To get 2 equations, one in R (or F) and the other in P and
R (or P and F) from resolved equations with correct
number of relevant terms. Allow g missing.

Solve for P DM1 | From equations with the correct number of relevant
resolved terms.

May sce R=——008  _s750.
cos35+0.4sin35
0.6gsin35—0.4x0.6gcos35
Must gettoP=...,e.g. P= gsin ><. 8 C08
cos35+0.4sin35
If no working seen, allow this mark if correct solution for
their equations.
P=141 Al | AWRT 141 .
6
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26 CHAPTER 1. FORCES AND EQUILIBRIUM

9.9709 w23 qp_41 Q: 5

The diagram shows a particle A, of mass 1.2kg, which lies on a plane inclined at an angle of 40° to
the horizontal and a particle B, of mass 1.6kg, which lies on a plane inclined at an angle of 50° to
the horizontal. The particles are connected by a light inextensible string which passes over a small
smooth pulley P fixed at the top of the planes. The parts AP and BP of the string are taut and parallel
to lines of greatest slope of the respective planes. The two planes are rough, with the same coefficient
of friction, y, between the particles and the planes.

Find the value of u for which the system is in limiting equilibrium. [7]
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Answer:
Question Answer Marks Guidance
Resolving parallel to the slope at 4 or B to form an equation. *M1 | Correct number of terms; allow sign errors; allow sin/cos
mix.
1.6gsin50 -7 - [, =0 Al |If using the same Fs, then MIATAOBI max.
T'-F,-12gsin40=0 Al |System equation (must be four different terms):

1.6gsin50—F, —F, —1.2gsin40 =0 only scores
MIAIAL. Any sign errors scores M1 only.

—_

R,=12gcos40 or R, =1.6gcos50 *B1 | Either correct. Must be explicitly linked to the correct
contact (so could be seen on a diagram), or as part of a
resolving parallel to the slope equation(s) (so must be

combined with ).

jury

F,=12gucos40 or F; =1.6gucos50 *M1|Use of F'= uRat either 4 or B. Must be explicitly linked
to the correct contact (could be seen on a diagram) or as
part of a resolving parallel to the slope equation(s). Allow

sin/cos mix error only.

1.6gsin50—1.6grcos50=1.2gsin40+1.2g1cos40 DM1 | Eliminating 7, F, and F to form an equation in 4 only.
in50— i A1]0.23326119...
_ 1.6g5sin50—1.2gsin 40 = |u=0233
1.2gcos40+1.6g cos50
7
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28 CHAPTER 1. FORCES AND EQUILIBRIUM

10. 9709 _w23_qp_42 Q: 4

A particle P of mass 0.2kg lies at rest on a rough horizontal plane. A horizontal force of 1.2N is
applied to P.

(a) Given that P is in limiting equilibrium, find the coefficient of friction between P and the plane.
(3]

(b) Given instead that the coeflicient of friction between P and the plane is 0.3, find the distance
travelled by P in the third second of its motion. [4]
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Answer:
Question Answer Marks Guidance
(a) R=02g B1
12=ux02g M1 | Resolve horizontally and using
F'= uR to get an equation in g; 2
relevant terms.
u=06 Al | oc
3
(b) 12-03%0.2¢=02a *M1 | Resolve horizontally using

Newton’s Second Law; 3 relevant
terms; allow sign errors; R=02g

only.

a=3 Al | 0.6=0.2a only scen, allow with
BOD, but if 0.6 as friction being
used as resultant force, this is
MOAOQ.

DM1

5, =042 x3x3? [=13:5]s —0+Lx3x2? [=6] For use of 5 =ul + - ar? (ora
? 2 ’ 2 2

complete method) to find a distance
at least once with &7 =0 and their
positivea and /=2 or{=3.

Distance = 13.5-6=75m Al | www
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30 CHAPTER 1. FORCES AND EQUILIBRIUM

11. 9709 w23 qp_43 Q: 7

Particles A and B, of masses 2.4 kg and 3.3 kg respectively, are connected by a light inextensible string
that passes over a smooth pulley which is fixed to the top of a rough plane. The plane makes an angle
of 8° with horizontal ground. Particle A is on the plane and the section of the string between A and the
pulley is parallel to a line of greatest slope of the plane. Particle B hangs vertically below the pulley
and is 1 m above the ground (see diagram). The coefficient of friction between the plane and A is p.

(a) Itis given that 6 = 30 and the system is in equilibrium with A on the point of moving directly up
the plane.

Show that u = 1.01 correct to 3 significant figures. [5]
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(b) Itis given instead that 6 = 20 and p = 1.01. The system is released from rest with the string taut.

Find the total distance travelled by A before coming to instantaneous rest. You may assume that
A does not reach the pulley and that B remains at rest after it hits the ground. [8]
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32 CHAPTER 1. FORCES AND EQUILIBRIUM
Answer:
Question Answer Marks Guidance
(a) Resolving for both particles or for the system to form equation(s) M1* | Must have correct number of terms. Allow sign errors.
Allow sin/cos mix. Allow g missing.
MO if acceleration included unless subsequently equated
to zero. Masses must be appropriate for their equation(s).
Forces must have components (or not) as required.
Either 7'—F'—2.4gsin30=0 AND 33g-7=0 A1l | Both correct or system correct. May get /= 21.
Can be with a wrong non-zero £,
Or 33g—F-24gsin30=0
R=2.4gc0s30 [=12J§ = 203?846...] B1
Use of /= xR to get an equation in g only DM1 | Must be from F dimensionally correct and single term R
which is equal to a component the 2.4 kg weight. Allow
[3.3g -2.4g ucos30 - 2.4gsin30 =0] consistent sin/cos mix but must be different components
of weight. F and R must be numerical expressions.
=101 [sight of 1.01036... or 1.0104] Al | AG perhaps from one of
_33g-24sin30 _33-12_ 21 73 _ 21
24gc0s30 123 123 12 20.7846..,
2
208
Do not allow unless evidence of 30 substituted for & .
E.g.: sight of 1.01036... or 1.0104.
5
Question Answer Marks Guidance
(b) Using Newton’s second law for both particles or the system M1* | Must have correct number of terms. Allow sign errors.
Allow sin/cos mix. Allow g missing.
Masses must be appropriate for their equation(s).
Forces must have components (or not) as required.
Either 3.3g -7 =3.3a and 7' - F -2.4gsin20=2.4a Al | Both correct or system equation correct.
[F-22.778-8.208=2.4a] or [~ 30.986 = 2.4a] Can be with a wrong non-zcro £.
or 3.3g—F -24gsin20= (2.4+3.3)a [2,0] 3367...= 5.7a]
F=1.01x24gcos20 [: 22_778] B1 | For correct expression for /.
Attempt to solve for ¢ a=0.353 [0.353222..] DM1 | Using their F Must get to ‘a =". If sin/cos mix must be
consistent.
v =2x0353x1 [=0.706444...] or [v=0.841] AIFT | FT their value of =g to get an expression for v or
2 v.
Or l=0+lx0.353l'=!=2.3795=v=0.353x2.38 o ,
2 Can be implied by awrt 0.84 for v or awrt 0.71 for v~ .
This mark does not depend on previous A or B mark, but
both Ms must have been awarded.
Using Newton’s second law on A4 after B reaches the ground M1# | Must have correct number of terms. Allow sign errors.
—F-24gsin20=24qa Allow sin/cos mix. Allow g missing.
[-1.01x2.4gc0s20-2.4gsin20=24a ] [a=-12911.]
[—22.78814. ..—8.20848...= 2,40]
Use of suvat to find s DM1 | Using their a =g .
[0 = their0.841% + 2 x their —12.911...xs =>s=0.027358.. ] Must get to ‘s =". May find and use 7= 0.0651.
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Question Answer Marks Guidance
(b) Total distance = 1.03 m Al
8
Alternative method using energy for first 5 marks
[KE gained =]% x(24+33)[=2857] Bl
[PE lost =]3.3g x1-2.4g x 1sin 20[=24.791...] = B1 | Allow omission of 1 in either or both terms.
[Friction =] 1.01x 2.4g cos20[=22.778...] B1 | For correct expression for F.
1 5 . M1 | For attempt at energy equation. Allow sign errors, allow
— 44330 =3, _2. 5 1. Agcos
2 ><(2 +3 3)v 33gx1-24gxIsin20-1.01x24gcos20x] sin/cos mix but must have sin/cos where needed. Correct
Or 2.85v =24.791...— 22.778... number of terms, dimensionally correct.
Allow omission of 1 in any or all the three relevant
terms. Must have cos 20 and sin 20.
To get a correct expression for v? Al | Can be implied by awrt 0.84 for v or awrt 0.71 for V* if
[Vz = (.706444.. . orv=0.841.. ] expression not seen.
Question Answer Marks Guidance
(b) Alternative method using energy for final 3 marks
KE= Ly24x0841 M1 | Using their v*.
2
1.01x2.4g 0052055 + 2. 4gsin 20 s = - x 2. 4x0.841% M | For attempt at 3 term energy equation and solved to get
2 to ‘s =". Allow sign errors, allow consistent sin/cos mix
[= 5=0.027358.] but must have sin/cos where needed. Correct number of
terms, dimensionally correct.
Total distance = 1.03 m Al

compiled by examinent.com

=
(]
©
—
z
w
z
=
<
>
w
=
=
=

= EXAMINENT

== Eminent Exam Preparation Resources




-WWW.EXAMINENT,COM

34 CHAPTER 1. FORCES AND EQUILIBRIUM

12. 9709 _m22 qgp 42 Q:5
2FN

10N

Four coplanar forces act at a point. The magnitudes of the forces are 10N, FFN, GN and 2F N. The
directions of the forces are as shown in the diagram.

(a) Given that the forces are in equilibrium, find the values of F and G. [5]
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(b) Giveninstead that ' = 3, find the value of G for which the resultant of the forces is perpendicular
to the 10N force. [2]
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36 CHAPTER 1. FORCES AND EQUILIBRIUM
Answer:
Question Answer Marks Guidance
(a) Attempt to resolve vertically or horizontally M1 | Correct number of terms.
G sin 60° + 2F sin 40°—10=0 Al | Correct resolution vertically.
F+ G cos 60° — 2F cos 40° =0 A1l | Correct resolution horizontally.
Attempt to solve simultaneously for 7 or G M1 | From equations with 3 relevant terms in each
F=453,G=482 Al | For both correct.
5
(b) Gsin60°+2 % 3sin40°—10=0 M1 | Resolve forces parallel to the 10 N force and
equate this expression to zero, 3 terms.
G=7.09 to 3 sf Al
2
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13. 9709 _s22 gp 41 Q: 3

A crate of mass 300kg is at rest on rough horizontal ground. The coeflicient of friction between the
crate and the ground is 0.5. A force of magnitude X N, acting at an angle o above the horizontal, is
applied to the crate, where sina = 0.28.

Find the greatest value of X for which the crate remains at rest. [5]
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38 CHAPTER 1. FORCES AND EQUILIBRIUM

Answer:
Question Answer Marks Guidance
For attempt at resolving horizontally or vertically M1 | Allow sin/cos mix. Allow sign error. Allow g missing. Correct
number of terms.
R=300g—-0.28X or R=300g — Xsinl6.3 Al | a=16.26...
0.96X—-F=0or 0.96X —0.5(300g — Xsine) =0 Al | Or using their F

OrXcos 16.3—F=0orXcos 16.3-0.5(300g — Xsina)=0

Use of F=0.5R M1 | Use to get an equation in X only. Allow sin/cos mix. Allow sign
error. Allow g missing.

Must be from 2 term R, which is a linear combination of 300(g)
and a component of X

X=1360[1363.63...] Al

5
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14. 9709 _s22 gp 41 Q: 4

20N

100N

Three coplanar forces of magnitudes 20N, 100N and F'N act at a point. The directions of these forces
are shown in the diagram.

Given that the three forces are in equilibrium, find F and o. [6]
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40 CHAPTER 1. FORCES AND EQUILIBRIUM

Answer:
Question Answer Marks Guidance
Attempt to resolve in any direction M1 | For resolving. Allow sin/cos mix. Allow sign error.
Correct number of terms.
Fcosa—20cos40—100sin20=0 Al
[Fecosa=15.320...+ 34.202... =49.5229...]
Fsing+20sin40—100c0s20=0 Al
[Fsina=93.969... —12.855... =81.1135...]
Fe J(49-5229---)2 . (81_1 135“_}2 M1 | OE; Attempt to solve for F; one term missing in total
[ 81.1135... M1 | OE; Attempt to solve for a; one term missing in total
a= _
49.5229...
F=95(.0),a =586 Al | F=95.0364... and a = 58.5943 ...
Alternative mark scheme for question 4: For candidates who use cosine and/or sine rule
Attempt at cosine rule from triangle of forces M1 | Must use lengths 100 and 20 with a suitable angle
F2 =100 +20? — 2x100x 20cos 70 Al | Correct
F=95[.0] Al
95.0364 20 95.0364 100 M1 | Attempt at sin rule
sin70  sing sin70  siny
Al | where f=(70—a) where y=(40+a)
a=58.6 Al | @ =58.5943...
Question Answer ‘ Marks ‘ Guidance
Alternative mark scheme for question 4: For candidates who resolve in other directions
Attempt to resolve (e.g. parallel or perpendicular to 100 N) M1 | For resolving. Allow sin/cos mix. Allow sign error.
Correct number of terms.
Fsin(a+20)+20sin20-100=0 [ Fsin(a+20)=93.159...] Al
Feos(@+20)-20c0s20 =0 | Fcos(a+20)=18.793... Al
F- f93 159. 2 +18.7932 M1 | OE; Attempt to solve for F; one term missing in total
tan! 93.159. .. M1 | OE; Attempt to solve for a; one term missing in total
a= Ll ALLN
18.793...
F=95[.0].a=58.6 Al | F=95.0364... and a = 58.5943...
6
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15. 9709 _s22 qp_ 42 Q:2
60N

14N

50° 60°

16 N
20N

Coplanar forces of magnitudes 60N, 20N, 16 N and 14 N act at a point in the directions shown in the
diagram.

Find the magnitude and direction of the resultant force. [6]
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42 CHAPTER 1. FORCES AND EQUILIBRIUM
Answer:
Question ‘ Answer | Marks ‘ Guidance

Resolving either direction M1 | 3 terms; allow sign errors and allow sin/cos mix

(X =)+(20c0s60-14-16c0s50)  [=F14.2846......... Al

(¥ =)+(60-20sin60-16sin50) [=+30.42278.. .. Al

R= J(l4.2846...)2 R (30.42278...)2 M1 | Attempt to solve for R ; one missing term in total

3042278 ... M1 | Attempt to solve for & or a; one missing term in total
O=tan™| = [=tan™ (2.1297......) |
14.2846. ..
14.2846...
OR @ =tan" | ——— |[=tan (0.4596.....) |
30.42278...

R=33.6N Al | Both correct.

Direction is 64.8° above the 14 N force OE; allow 64.9, 25.1

or 25.2° above the negative x-axis Giving an angle only is insufficient.

or 25.2° left of the 60 N force Direction may be seen on a diagram, with minimum of arrow

or bearing 335° on resultant.

or 115° anticlockwise from the positive x -axis Arrows on both components only is A0 as it doesn’t show the
direction of the resultant.
However the direction is stated, it must be able to be drawn
uniquely.

6
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16. 9709 _s22 qp_42 Q:5

A block of mass 12kg is placed on a plane which is inclined at an angle of 24° to the horizontal. A
light string, making an angle of 36° above a line of greatest slope, is attached to the block. The tension
in the string is 65N (see diagram). The coefficient of friction between the block and plane is u. The
block is in limiting equilibrium and is on the point of sliding up the plane.

Find p. [6]
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44 CHAPTER 1. FORCES AND EQUILIBRIUM

Answer:

Question ‘ Answer | Marks ‘ Guidance

Attempt at resolving parallel to the plane *M1 | 3 terms. Allow sign errors, sin/cos mix. Allow g missing,
otherwise dimensionally correct.

65cos36=12gxsin24+F Al | F=3.777707......

Attempt at resolving perpendicular to the plane *MI1 | 3 terms. Allow sign errors, sin/cos mix. Allow g missing,
otherwise dimensionally correct.

12g xcos 24 = R+ 65sin 36 Al | R=71419......
Use F = uR DM1 | To get an equation in 4 only.
_ 65c0s36-12gxsin24 _ 52.586—48.808  3.777... Dependent on two previous M marks. Allow g missing
12g xcos24—65s5in36 109.625-38.206 71.419...

©=0.0529 Al | Allow AWRT 0.053
Do not accept fractional equivalent.
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17. 9709 _s22 qp_43 Q: 4

0.8m 0.6m

C FN
10kg

The diagram shows a block of mass 10kg suspended below a horizontal ceiling by two strings AC and
BC, of lengths 0.8 m and 0.6 m respectively, attached to fixed points on the ceiling. Angle ACB =90°.
There is a horizontal force of magnitude F'N acting on the block. The block is in equilibrium.

(a) In the case where F' = 20, find the tensions in each of the strings. [5]
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46 CHAPTER 1. FORCES AND EQUILIBRIUM

(b) Find the greatest value of F for which the block remains in equilibrium in the position shown.

(3]
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Answer:
\ Question Answer Marks Guidance
(a) Tax08—Tg*x0.6-20=0or To x0.6+T5*x0.8—10g=0 M1 | Resolving horizontally or vertically
Tax08—Tgx06-20=0 Al
Tax06+Tgx08—-10g=0 Al
0.6(10e — 0.6T, M1 | Attempt to solve simultaneously
oz, 28006 -06T) 5, g
0.8
Ta=76 N, Is=68N Al
5
\ Question Answer Marks Guidance
b B1 | Fi ing 7 =0
® TAx0.6710g=0=TA=% romusing iz
Tax08—F=0 M1
F= 400 Al | Allow F=133to 3 s.f.
3
3
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48 CHAPTER 1. FORCES AND EQUILIBRIUM

18. 9709 w22 qp_ 41 Q:1
16N

55°

22N

PN

Coplanar forces of magnitudes PN, ON, 16 N and 22N act at a point in the directions shown in the
diagram. The forces are in equilibrium.

Find the values of P and Q. [5]
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Answer:
1 Question Answer Marks | Guidance
Attempt at resolving horizontally or vertically M1 | Allow sign errors, allow sin/cos mix.
3 terms.
Pcos25=22+16cos55 Al
Q+16sin55= Psin 25 Al | Allow their P.
Attempt to solve for P or O M1 | No missing/extra terms.
P=344 ©0=143 Al | P=3440025941, 0=1.431745128 .
5
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