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4 Mechanics (for Paper 4)

Questions set will be mainly numerical, and will aim to test mechanical principles without involving difficult
algebra or trigenometry. However, candidates should be familiar in particular with the following trigonometrical

results:

sin(90° — 6) = cos @, cos(90° —0) =sin@, tan 0 =

9 \ sin"@ + cos @ = 1.
cosf

Knowledge of algebraic methods from the content for Paper 1: Pure Mathematics 1is assumed.

This content list refers to the equilibrium or motion of a ‘particle’. Examination questions may involve extended
bodies in a 'realistic' context, but these extended bodies should be treated as particles, so any force acting on

themn is modelled as acting at a single point.

Vector notation will not be used in the question papers.

4.1 Forces and equilibrium
Candidates should be able to:
e identify the forces acting in a given situation

» understand the vector nature of force, and find
and use components and resultants

e use the principle that, when a particle is in
equilibrium, the vector sum of the forces acting
is zero, or equivalently, that the surm of the
components in any direction is zero

e understand that a contact force between two
surfaces can be represented by two components,
the normal component and the frictional
component

» use the model of a 'smooth' contact, and
understand the limitations of this model

» understand the concepts of limiting friction
and limiting equilibrium, recall the definition of
coefficient of friction, and use the relationship

F= uRor F< yR, as appropriate
e use Newton's third law.

Notes and examples
e.g. by drawing a force diagram.

Calculations are always required, not approximate
solutions by scale drawing.

Solutions by resolving are usually expected, but
equivalent methods (e.g. triangle of forces, Lami's
Theoremn, where suitable) are also acceptable; these
other methods are not required knowledge, and will
not be referred to in questions.

Terminology such as 'about to slip’ may be used to
mean ‘in limiting equilibrium’ in questions.

e.g. the force exerted by a particle on the ground
is equal and opposite to the force exerted by the
ground on the particle.



4

Mechanics

4.2 Kinematics of motion in a straight line
Candidates should be able to:

understand the concepts of distance and speed

as scalar quantities, and of displacement, velocity

and acceleration as vector quantities

sketch and interpret displacement-time graphs

and velocity-time graphs, and in particular

appreciate that

— the area under a velocity-time graph
represents displacement,

— the gradient of a displacement-time graph
represents velocity,

- the gradient of a velocity-time graph
represents acceleration

use differentiation and integration with respect
to time to solve simple problems concerning
displacement, velocity and acceleration

use appropriate formulae for motion with
constant acceleration in a straight line.

4.3 Momentum

Candidates should be able to:

use the definition of linear momentum and show

understanding of its vector nature

use conservation of linear momentum to solve
problems that may be modelled as the direct
impact of two bodies,

Notes and examples

Restricted to motion in one dimension only.

The term 'deceleration’ may sometimes be used in
the context of decreasing speed.

Calculus required is restricted to techniques from the
content for Paper 1: Pure Mathematics 1.

Questions may involve setting up more than one
equation, using information about the motion of
different particles.

Notes and examples

For motion in one dimension only.

Including direct impact of two bodies where the
bodies coalesce on impact.

Knowledge of impulse and the coefficient of
restitution is not required.




4 Mechanics
4.4 Newton's laws of motion
Candidates should be able to:

= apply Newton's laws of motion to the linear
motion of a particle of constant mass moving
under the action of constant forces, which may
include friction, tension in an inextensible string
and thrust in a connecting rod

» use the relationship between mass and weight

s solve simple problems which may be modelled as
the motion of a particle moving vertically or on
an inclined plane with constant acceleration

» solve simple problems which may be modelled as
the motion of connected particles.

4.5 Energy, work and power
Candidates should be able to:

e understand the concept of the work done by a
force, and calculate the work done by a constant
force when its peint of application undergoes a
displacement not necessarily parallel to the force

e understand the concepts of gravitational
potential energy and kinetic energy, and use
appropriate formulae

e understand and use the relationship between the
change in energy of a system and the work done
by the external forces, and use in appropriate
cases the principle of conservation of energy

o use the definition of power as the rate at which
a force does work, and use the relationship
between power, force and velocity for a force
acting in the direction of motion

s solve problems involving, for example, the
instantaneous acceleration of a car moving on a
hill against a resistance.

Notes and examples

If any other forces resisting motion are to be
considered (e.g. air resistance) this will be indicated in
the question.

W = mg. In this component, questions are mainly
numerical, and use of the approximate numerical
value 10 (ms™) for g is expected.

Including, for example, motion of a particle on a
rough plane where the acceleration while moving
up the plane is different from the acceleration while
moving down the plane.

e.g. particles connected by a light inextensible string
passing over a smooth pulley, or a car towing a trailer
by means of either a light rope or a light rigid tow-
bar.

Notes and examples

W= Fdcoso;

Use of the scalar product is not required.

fncluding cases where the motion may not be linear
(e.g. a child on a smooth curved 'slide’), where only
overall energy changes need to be considered.

Including calculation of (average) power as
Work done

Time taken’

P=Fy.
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nd Equilibrium

nit-1: Forces a

17/P42/Q1 i i 1ibri
b /c\) g:miclc of mass 0.2kg is restng 1n cquilibrium on a rough plane inclineg at 2(°
(i) Show that the friction force acting on the particle is 0.684 N, correct 1 3 signi

The coeflicient of friction between the particle and the plane is 0.6, A force of
applied to the particle down a line of greatest slope of the plane. The particleoa

. plane.
(ii) Find this acceleration.

to the hOriz()
ficant figures

Magnitude ()
Ccelerates do"ﬁ?n]\i,.js
;

Nta],

[4)
2. O/N 17/P42/Q2

T

A block of mass 15kg hangs in equilibrium below a horizontal ceiling attached to two stri
shown in the diagram. One of the strings is inclined at 45° to the horizontal and the te O_Stnpgs L
string is 120 N. The other string is inclined at 6° to the horizontal and the tension in this sIt]:iII?fi’l imTt}]l\]JS

SN,

Find the values of 7T and 6.
(6]

3. O/N 17/P41/Q1 :
A block of mass 3kg is initially at rest on a smooth horizontal floor. A force of 12N acting at an

angle of 25° above the horizontal, is applied to the block. Find the dist tr i
the first 5 seconds of its motion. S e block[:]l

4. O/N 17/P41/Q6
50N

L
\

50°

FN

Vi3pN

Copl . S ] .
pranar forces, of magnitudes F N, 3F N, GN and 50 N, act at a point P, as shown 1 the diagra™

(i) Given that F = @ G G ce.
=0,G=75and a = 60°, find the magnitude and (}ife;(:tion of the resultant for g

(i) Given i By O
€N instead that G = ( and the forces are in equilibriilrhz find the values of Fand &
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5. O/N 17/P43/Q1

. O/N 17/P43/Q3

- M/J 17/P42/Q5

20N

gnitudes FN, 20N and 30 N.act at a point P, as shown in the diag@.
The resultant of the three forces acts in a direction perpendicular to the force of magnitude F N. Find
the value of F.

[3]

f‘\ p_article is released from rest and slides down a line of greatest slope of a rough plane which is
Inclined at 25° to the horizontal. The coeflicient of friction between the particle and the plane is 0.4.
article. [4]

(1) Find the acceleration of the p
(if) Find the distance travelled by the particle in the first 3 s after it is released. [2]

A particle of mass 0.12 kg is placed on a plane which is inclined at an angle of 40° to the horizontal.

The particle is kept in equilibrium by a force of magnitude PN acting up the plane at an angle of 30°
above a line of greatest slope, as shown in the diagram. The coe

fficient of friction between the particle
and the plane is 0.32. Find the set of possible values of P. [8]
8. M/J 17/P41/Q3

|

ol

30 40°
25N N
AN BN .

Two light inextensible strings are attached to a particle of weight"2“5 N. Th.e strings pass over two
smooth fixed pulleys and have particles of weights AN and BN.hangm‘g vertxcally‘ at their er}ds. The
sloping parts of the strings make angles of 30° and 40° respectively with the vertical (see diagram).
The system is in equilibrium. Find the values of A and B. £ [6]
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10. O/N 16/P42/Q3

11.

M/J 17/P41/Q2 3PN

20NV

The four coplanar forces shown in the diagram are in equilibrium. Find the values of P and 6. 5]

60N

Direction of the river

50N

A boat is being pulled along a river by two people. One of the people walks along a path on one side
of the river and the other person walks along a path on the opposite side of the river. The first person
exerts a horizontal force of 60 N at an angle of 25° to the direction of the river. The second person
exerts a horizontal force of 50N at an angle of 15° to the direction of the river (see diagram).

(i) Find the total force exerted by the two people in the direction of the river. [2]
(ii) Find the magnitude and direction of the resultant force exerted by the two people. [4]

O/N 16/P42/Q5
A particle of mass mkg is resting on a rough plane inclined at 30° to the horizontal. A force of
magnitude 10 N applied to the particle up a line of greatest slope of the plane is just sufficient to stop

the particle sliding down the plane. When a force of 75 N is applied to the particle up a line of greatest

slope of the plane, the particle is on the point of sliding up the plane. Find m and the coefficient gi
[

friction between the particle and the plane.

12. O/N 16/P41/Q4

Gi

FN

______ _ 5 2FN

15N
-} N 4 . . am-
vg:rtie tcg?lanar forces of magnitudes FN, 2F N and 15N act at a point P, as shown 12 the d‘ﬁ
at the forces are in equilibrium, find the values of F and a.

|

4 Uit 1:
Read & Write Publications nit 1: Forces and g
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13. O/N 16/P43/Q2

B

The diagram shows a small obj
fixed points A and B. The ro
inclined at an angle of 10°
the tension in the rope PA

ect P of mass 20kg held in equilibrium by light ropes attached to
pe PA is inclined at an angle of 50° above the horizontal, the rope PB is

below the horizontal, and both ropes are in the same vertical plane. Find
and the tension in the rope PB. 5]

14. M/J 16/P42/Q1

Coplanar forces of magnitudes 7N, 6N and 8 N act at a point in the directions shown in the diagram.
Given that sina = %, find the magnitude and direction of the resultant of the three forces. [5]

15. M/J 16/P42/Q5

A block of mass 2.5 kg is placed on a plane which is inclined at an angle of 30° to the horizontal. The
block is kept in equilibrium by a light string making an angle of 20° above a line of greatest slope.
The tension in the string is T' N, as shown in the diagram. The coefficient of friction between the block
and plane is %. The block is in limiting equilibrium and is about to move up the plane. Find the value

of T. (71

L sy WEMESEE -’\J
f
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f6. B 1R ASON
48N
PN 14N
Coplanar forces of magnitudes SON, 48N, 14N and P N act at a point in the directiong shown in the
diagram. The system is in equilibrium. Given that tana = %, find the values of P and 9. [6]
17. M/J 16/P43/Q3
18N 19N
75°
P
I5N \ N
The coplanar forces shown in the diagram are in equilibrium. Find the values of P and 6. [6]

18 M/J 16/P43/Q4
A particle of mass 15 kg is stationary on a rough plane inclined at an angle of 20° to the horizontal.
The coefficient of friction between the particle and the plane is 0.2. A force of magnitude X N acting
parallel to a line of greatest slope of the plane is used to keep the particle in equilibrium. Show that the
least possible value of X is 23.1, correct to 3 significant figures, and find the greatest possible value

of X. [7]

19. O/N 15/P42/Q1
FN

FN

60°
ISN
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Four horizontal forces act at a point © and are in equilibrium. The magnitudes of the forces are F N,
G'N, 15N and F'N, and the fo

rees act in directions as shown in the diagram,
(i) Show that /

"= 41,0, correct to 3 significant figures. 3]
(i) Find the value of G, [2]

O/N 15/P42/Q4

The diagram shows a vertical cross-section ABC of a surface. The part of the surface containing AB
is smooth and A is 2.5m above the level of B. The part of the surface containing BC is rough and
is at 45° to the horizontal. The distance BC is 4m (see diagram). A particle P of mass 0.2 kg is
released from rest at A and moves in contact with the curve AB and then with the straight line BC.
The coefficient of friction between P and the part of the surface containing BC is 0.4. Find the speed
with which P reaches C. [6]

O/N 15/P42/Q6

0.195 N
I_Egj
0.195 N

Fig. 1 Fig. 2
A small ring of mass 0.024 kg is threaded on a fixed rou
is attached to the ring and the string is pulled with a for
the horizontal, where sin 6 = 15—3 When the angle 0 is
limiting equilibrium.

(1) Find the coefficient of friction between the ring and the rod.

gh horizontal rod. A light inextensible string
ce of magnitude 0.195 N at an angle of 6 with
below the horizontal (see Fig. 1) the ring is in

(6]
When the angle 0 is above the horizontal (see Fig. 2) the ring moves.
(ii) Find the acceleration of the ring. [4]
O/N 15/P41/Q5

FN
70° ‘ '\20 N
A 30° Q \\\\\\ .LlSj G > B
T

R
10N A N

T T e VA . ' 2

W ¢ W
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long a smooth horizontal straight »'vire AB of length 3 m,
y; Is?’ 1goN and 20 N act on the bead in the directions shown ;hree
sultant of the three forces is RN in the direction shown in the

A small bead Q can move freel
horizontal forces of magnitudes
diagram. The magnitude of the re

diagram.
(l) ::ifltcilalﬂlle t;t]l;fa?ifij;n r(:::: ‘nt A. 1t reaches B with a speed of 11.7ms™!. Find the mass of t[hsi
® bIZad. Y )
23. OIN 15/P43/Q1

A small ball B of mass 4 kg is attached to one end of a light inextensible string. A particle P of mass
3kg is attached to the other end of the string. The string passes over a fixed smooth pulley. The
system is in equilibrium with the string taut and its straight parts vertical. B is at rest on a rough plane
inclined to the horizontal at an angle of a, where cos o = 0.8 (see diagram). State the tension in the
string and find the normal component of the contact force exerted on B by the plane. [3]

24. O/N 15/P43/Q2

0.2 kg

A ring of mass 0.2kg is threaded on a fixed rough horizontal rod and a light inextensible string is
attached to the ring at an angle a above the horizontal, where cos & = 0.96. The ring is in limiting
equilibrium with the tension in the string TN (see diagram). Given that the coefficient of friction
between the ring and the rod is 0.25, find the value of 7. ’ 5]

25. OIN 15/P43/Q3
Resultant N PN
\

\

\

\

\[ g°
lSON% 0 %10()N

{
J
N

wn in the diagram:

This resultant B
and 6. yl

Threeh 3 \ AN
e res?x?t:z?t:} f((}),rccs of magnitudes 150 N , 100N and PN have directions as sho
Magnitude 120N aedthrce forces is shown by the broken line in the diagram.
¢ makes an angle 75° with the 150 N force. Find the values of
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26. M/J 15/P42/Q7

30cm

56N

40 cm

A small ring R is attached to one end of a light inextensible string of length 70cm. A fixed rough
vertical wire passes through the ring. The other end of the string is attached to a point A on the wire,
vertically above R. A horizontal force of magnitude 5.6 N is applied to the point J of the string 30 cm

from A and 40 cm from R. The system is in equilibrium with each of the parts AJ and JR of the string
taut and angle AJR equal to 90° (see diagram).

(i) Find the tension in the part AJ of the string, and find the tension in the part JR of the string. [5]
The ring R has mass 0.2kg and is in limiting equilibrium, on the point of moving up the wire.

(ii) Show that the coefficient of friction between R and the wire is 0.341, correct to 3 significant
figures. [4]

A particle of mass mkg is attached to R and R is now in limiting equilibrium, on the point of moving
down the wire.

(iii) Given that the coefficient of friction is unchanged, find the value of m. [3]
27. M/J 15/P41/Q2

y

A FN

|

|

- L6
_tan”10.75 S SRR
V63 N (

Three horizontal forces of magnitudes F N, 63 N and 25 N act at O, the origin of the x-axis and y-axis.
The forces are in equilibrium. The force of magnitude F N make§ an angle 6 anticlockwise with the
positive x-axis. The force of magnitude 63 N acts along the negative y-axis. The force of magnitude
25N acts at tan™' 0.75 clockwise from the negative x-axis (see diagram). Find the value of F and the
value of tan 6. N [5]
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28. M/J 15/P41/Q3
A block of weight 6.1 N slides down a slope inclined at tan™ () to the horizontal. The coeffic;
friction between the block and the slope is 3. The block passes through a point A with speed 2 o
Find how far the block moves from A before it comes to rest. mS[. i
29. M/J 15/P43/Q5 ¢

16 N

AN

b 8N

30
30°
30°

4 N
Fig. 1

Four coplanar forces of magnitudes 4 N, 8N, 12N and 16 N act at a point. The directions in which
the forces act are shown in Fig. 1.

(i) Find the magnitude and direction of the resultant of the four forces. - [51
8N
4N 12N
30
30°
130 > 16N
Fig. 2

The forces of magnitudes 4 N and 16 N exchange their directions and the forces of magnitudes 8N

and 12N also exchange their directions (see Fig. 2).
(ii) State the magnitude and direction of the resultant of the four forces in Fig. 2. ; 2]

30. M/J 15/P43/Q6

A small box of mass 5kg is pulled at a constant speed of 2.5ms
of a rough plane inclined at 10° to the horizontal. The pulling force

1 down a line.x\o'f .gréétest slope
has magnitude 20N and acts

downwards parallel to a line of greatest slope of the plane. [5]
(i) Find the coefficient of friction between the box and the plane.
The pulling force is removed while the box is moving at 2.5m s [4]

i) Fi g B " .« removed-
(if) Find the distance moved by the box after the instant at which th pulhng force 15 1€
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3$1. ON 14P42/Q2

——-—————"<

v
20N

Three coplanar forces act at a point. The magnitudes of the forces are 20N. 25N and 30N, znd the
direcuons mwhl;hthemuﬁa;tareas\hovmmthedlagram.Wner"sma 028 and cosa = 0.96.
and sin § = 0.6 and cos S = 0.8.

() Show that the resultant of the three forces has 2 zeto component in the x-direction.
() Find the magnim

2]

de and direction of the resultant of the three forces. [2]
(iii) The force of magnitude 20N is replaced by another force

1s unchanged In magnitude but reversed in direct Tnde a:d direction of the
e

[11
32. O/N 14P42/Q4 .
<0ON '}\
\
\
\
\\,
A C

Forces of magnimde X N and 40N act on 2 block B of mass 15kg, which is in equilibrinm in coatact
with 2 nonzo*:;l surface berween points A and C on the surface. ¢ forces aCt In the same wvertical
plane and in the directions shown n the diagram.
(@) Given that the surface is smooth, find the value of X.

(i) Izumenm_wthzme*unace is rough and that the block 1s In miting egeshbanm = The
mmoﬁﬂrmmgmmnlmkn&m‘gmmdeloxmmdxammm.t Find the
coefficient of friction berween the block and the surface.

(8]
33. O/N 14/P41/Q2
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Small blocks A and B are held at rest on a smooth plane inclined at 30° to the horizontal. Each
held in equilibrium by a force of magnitude 18 N. The force on A acts u;?wards parallel to a lipe
greatest slope of the plane, and the force on B acts horizontally in the vertical plane containing g ling

of greatest slope (see diagram). Find the weight of A and the weight of B. 4
34. O/N 14/P41/Q3

72N

o

Fig. 1 Fig. 2

A block of weight 7.5N is at rest on a plane which is inclined to the horizontal at angle a, where
tana = 214. The coefficient of friction between the block and the plane is u. A force of magnityge
7.2 N acting parallel to a line of greatest slope is applied to the block. When the force acts up the
plane (see Fig. 1) the block remains at rest.

(i) Show thatu > %—. [4]
When the force acts down the plane (see Fig. 2) the block slides downwards.

(i) Show that p < 3L. [2]
35. O/N 14/P43/Q3

W N 7N
8N

Each of three light inextensible strings has a particle attached to one of its ends. The other ends of the
strings are tied together at a point O. Two of the strings pass over fixed smooth pegs and the particles
hang freely in equilibrium. The weights of the particles and the angles between the sloping parts of
the strings and the vertical are as shown in the diagram. It is given that sin 8 = 0.8 and cos f = 0.6.

(i) Show that W cos a = 3.8 and find the value of W sin a. 3]
(ii) Hence find the values of W and a. " B

36. MIJ 14/P42/Q3

10N
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A and B are fixed points of a vertical wall with A vertically above B. A particle P of mass 0.7 kg is
attached to A by a light inextensible string of length 3 m. P is also attached to B by a light inextensible
string of length 2.5m. P is maintained in equilibrium at a distance of 2.4m from the wall by a
horizontal force of magnitude 10N acting on P (see diagram). Both strings are taut, and the 10N
force acts in the plane APB which is perpendicular to the wall. Find the tensions in the strings. [6]

37. M/J 14/P41/Q2

A rough plane is inclined at an angle of a° to the horizontal. A particle of mass 0.25kg is in
equilibrium on the plane. The normal reaction force acting on the particle has magnitude 2.4 N. Find
(i) the value of «, [2]

(i) the least possible value of the coefficient of friction. (2]

38. M/J 14/P41/Q3

4N

Four coplanar forces act at a point. The magnitudes of the forces are 5N, 4N, 3N and 7N, and the

directions in which the forces act are shown in the diagram. Find the magnitude and direction of the
resultant of the four forces. [6]

39. M/J 14/P43/Q1

A block B of mass 7 kg is at rest on rough horizontal ground. A force of magnitude X N acts on B at
an angle of 15° to the upward vertical (see diagram).

(i) Given that B is in equilibrium find, in terms of X, the normal component of the force exerted
on B by the ground. N, B O [2]

(ii) The coefficient of friction between B and the ground is 0.4. Find the value of X for which B is

in limiting equilibrium. , [3]

i
-
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40. M/J 14/P41/Q2
A car of mass 1250 kg travels up a straight hill inclined at an an
sin@ = 0.02. The power provided by the car's engine is 23 kW. The
and equal to 600 N. Find the speed of the car at an instant when its acceleration

gle a to the horizonta],
resistance to motion js COnsu,,“
is0.5ms2, 5

41. M/J 14/P43/Q3

0.9m

224N

0.5m

A particle P of weight 1.4 N is attached to one end of a light inextensible string S, of length 1.5m and
to one end of another light inextensible string S, of length 1.3 m. The other end of S, ig attacheci toa
wall at the point 0.9 m vertically above a point O of the wall. The other end of § i; attached to the
wall at the point 0.5 m vertically below . The particle is held in equilibrium, at tl?le same horizonta]
level as O, by a horizonta] force of magnitude 224N acting away from the wall and pPerpendicular to
it (see diagram). Find the tensions in the strings. [6]

42. O/N 13/P42/Q1

B

an ang] i :
gle B above the line of greatest slope on which the block rests, where sin B= % (see diagram).
‘. 3]
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43. O/N 13/P42/Q4

A rough plane is inclined at an angle « to the horizontal, where tana = 2.4. A smail block of mass
0.6kg is held at rest on the plane by a horizontal force of magnitude P N. This force acts in a vertical
plane through a line of greatest slope (see diagram). The coefficient of friction between the block and

the plane is 04 The block is on the point of slipping down the plane. By resolving forces parallel to
and perpendicular to the inclined plane, or otherwise, find the value of P. (8]

44. O/N 13/P42/Q7

0 > 1(S)

24 28

An elevator is pulled vertically upwards by a cable. The velocity-time graph for the motion is shown
above. Find

" (i) the distance travelled by the elevator,

[2]

(ii) the acceleration during the first stage and the deceleration during the third stage. [2]
The mass of the elevator is 800 kg and there is a box of mass 100 kg on the floor of the elevator.

(iii) Find the tension in the cable in each of the three stages of the motion. [3]

(iv) Find the greatest and least values of the magnitude of the force exerted on the box by the floor
of the elevator. 31

45. O/N 13/P41/Q1

P

> FN W
A particle P of mass 0.3 kg is attached to one end of a light inextensible string. The other end of the
string is attached to a fixed point X. A horizontal force of magnitude F N is applied to the particle,

which is in equilibrium when the string is at an angle a to the vertical, where tan a = % (see diagram).
Find the tension in the string and the value of F. [4]
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46. O/N 13/P41/Q3 il ving up a straight hill jper;

: " f magnitude ' N while moving up 24 inclip,

A cyclist exerts a constant driving force o i% A constant resistance to motion of 32N actg
325°

at an angle a to the horizontal, where sin.a =250 O € s 780N. The cyclist’s moosier =2 @
the cyclist. The total weight of the cyclist and his bicycle i eration ;,

-0.2ms™2.

(i) Find the value of F. | "
The cyclist’s speed is 7m s~! at the bottom of the hill. o
(i) Find how far up the hill the cyclist travels before coming to rest. o
47. glNa::clEtzL?':s up a line of greatest slope of a rough plane inf:lined at an angle @ tlo the hOI‘izomaL
Whr;re sina = 0.28. The coefficient of friction between the particle and the plane is 3.
i ' ' . . _2
(i) Show that the acceleration of the particle is —6ms™". | | 5]
(ii) Given that the particle’s initial speed is 5.4 m s~!, find the distance that the particle travels up the
[2]

plane.

48. O/N 13/P43/Q3

A particle P of mass 1.05 kg is attached to one end of each of two light inextensible strings, of lengths
2.6 m and 1.25 m. The other ends of the strings are attached to fixed points A and B, which are at the
same horizontal level. P hangs in equilibrium at a point 1 m below the level of A and B (see diagram).
Find the tensions in the strings. [6]

19. O/N 13/P43/Q4
A box of mass 30kg is at rest on a rough plane inclined at an angle a to the horizontal, where
sina = 0.1, acted on by a force of magnitude 40 N. The force acts upwards and parallel to a line of
greatest slope of the plane. The box is on the point of slipping up the plane.

(i) Find the coefficient of friction between the box and the plane . [5]
The force of magnitude 40 N is removed.

(ii) Determine, giving a reason, whether or not the box remains in equilibrium. [2]

). MIJ 13/P42/Q1
A string is attached to a block of weight 30N, which is in contact with a rough horizontal plane.
When the string is horizontal and the tension in it is 24 N , the block is in limiting equilibrium.
(i) Find the coefficient of friction between the block and the plane. 2]
The block is now in motion and the string is at an angle of 30° upwards from the plane. The tension
in the string is 25 N. '

(ii) Find the acceleration of the block., > L . 4

k.
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51. M/J 13/P42/Q3

A particle P of mass 2.1kg is attached to one end of each of two light inextensible strings. The other
ends of the strings are attached to poi

nts A and B which are at the same horizontal level. P hangs
in equilibrium at a point 40 cm below the level of A and B, and .th"e strings PA and PB have lengths
50cm and 104 cm respectively (see diagram). Show that the tension in the string PA is 20 N, and find
the tension in the string PB.

(5]
52. M/J 13/P42/Q4

A particle P is released from rest at th

e top of a smooth plane which is inclined at an angle a to the
horizontal, where sin o = %. The distance travelled by P from the top to the bottom is S metres, and
the speed of P at the bottom is 8 m s~

(i) Find the value of S and hence find the speed of P when it has travelled 1S metres.

[5]
The time taken by P to travel from the top to the bottom of the plane is T seconds.
(ii) Find the distance travelled by P at the instant when it has been moving for %T seconds. [2]
53. M/J 13/P41/Q1
A block is at rest on a rough horizontal plane. The coefficient of friction between the block and the
plane is 1.25.

(i) State, giving a reason for your answer, whether t

he minimum vertical force required to move the
block is greater or less than the minimum horizontal force required to move the block. [2]
A horizontal force of continuously increasin

g magnitude PN and fixed direction is applied to the
block.

(ii) Given that the weight of the block is 60 N, find the value of P when the acceleration of the block
is4ms2,

[21
54. M/J 13/P41/Q6

~

I'N

.

26N

A particle P of mass 0.5 kg lies on a smooth horizontal plane. Hb_rizontal forces of magnitudes FN,
2.5N and 2.6 N act on P. The directions of the forces are as shown in the diagram, where tan o = %
and tan f§ = 27;. : .

@ Given that P is in equilibrium, find the values of F and tan 6. 181

(ii) The force of magnitude F N is removed. Find the magnitude and direction of the acceleration
with which P starts to move. Bl

—
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55. MW 13/P43/Q1 ' !
A straight ice track of length 50m is inclined at 14° to the horizontal. A man starts at the top
the track, on a sledge, with speed 8m s~!. He travels on the sledge to the bottom of the track of
coefficient of friction between the sledge and the track is 0.02. Find the speed of the sledge af;d
man when they reach the bottom of the track. ![l:

56. M/J 13/P43/Q6 "

A
FN |

! 100 N
|
|
|
|
a7\

———————— N o ~TTTTT T X
|
|
|
|
!
|
|
|
|
|
! 120 N

A small box of mass 40kg is moved along a rough horizontal floor by three men. Two of the men
apply horizontal forces of magnitudes 100N and 120 N, making angles of 30° and 60° respectively
with the positive x-direction. The third man applies a horizontal force of magnitude F N making an
angle of a° with the negative x-direction (see diagram). The resultant of the three horizontal forces
acting on the box is in the positive x-direction and has magnitude 136 N.

(i) Find the values of F and a. [6]
(ii) Given that the box is moving with constant speed, state the magnitude of the frictional force
acting on the box and hence find the coefficient of friction between the box and the floor. [3]

57. O/N 12/P42/Q4

—— <

ANT5N

(9]

68 N
agram-

"{:hhree coplanar forces of magnitudes 68 N, 75 N and 100 N act at an origin O, as shown in the dia "
Fi;dcomp onents of the three forces in the positive x-direction are 60 N, ON and 96 N, respectiV
() the components of the three forces in the positive y- dnecuon, _ 5}

(i) th . —r
) the magnitude and direction of the resultant of the three forces.

L&
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58. O/N 12/P41/Q4

12N

Three coplanar forces of magnitudes 8 N, 12N and 2N act at a point. The resultant of the forces has

magnitude R N. The directions of the three forces and the resultant are shown in the diagram. Find R
and 6. M

59. O/N 12/P43/Q4

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 | 1s 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 leve! of AB with both strings taut (see diagram). Find the
tension in §, and the tension in §,. [6]

60. O/N 12/P43/Q6

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]
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61. MJ 12/P42/Q2
12N

FN

V15N

Three coplanar forces of magnitudes F N, 12N and 15N are in equilibrium acting at a point p i, the

directions shown in the diagram. Find o and F. »

62. M/J 12/P42/Q4

25°

TN

A ring of mass 4 kg is attached to one end of a light string. The ring is threaded on a fixed horizonta]
rod and the string is pulled at an angle of 25° below the horizontal (see diagram). With a tension in
the string of TN the ring is in equilibrium.

(i) Find, in terms of T, the horizontal and vertical components of the force exerted on the ring by

the rod. [4]
The coefficient of friction between the ring and the rod is 0.4.
(ii) Given that the equilibrium is limiting, find the value of 7. [3]

53. M/J 12/P41/Q2
13N
0° 14N
————— >
0

Forces of magnitudes 13N and 14 N act at a point O in the directions shown in the diagram. The
resultant of these forces has magnitude 15 N. Find '

(i) the value of 6, [3]
(if) the component of the resultant in the direction of the force of magnitude 14 N. [2]
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64. M/J 12/P41/Q7
C
2m
&N
B
1.5m
A

65.

A small ring of mass 0.2 kg is threaded on a fixed vertical rod. The end A of a light inextensible string
is attached to the ring. The other end C of the string is attached to a fixed point of the rod above
A. A horizontal force of magnitude 8 N is applied to the point B of the string, where AB = 1.5m
and BC = 2m. The system is in equilibrium with the string taut and AB at right angles to BC (see
diagram).

(i) Find the tension in the part AB of the string and the tension in the part BC of the string. [5]
The equilibrium is limiting with the ring on the point of sliding up the rod.
(i) Find the coefficient of friction between the ring and the rod.

(5]
M/J 12/P43/Q2

112N

B

A smooth ring R of mass 0.16kg is threaded on a light inextensible string. The ends of the string
are attached to fixed points A and B. A horizontal force of magnitude 11.2 N acts on R, in the same
vertical plane as A and B. The ring is in equilibrium. The string is taut with angle ARB =90°, and
the part AR of the string makes an angle of 6° with the horizontal (see diagram). The tension in the
string is 7' N.

(i) Find two simultaneous equations involving 7 sin 6 and T cos 6.

[3]
(ii) Hence find 7T and 6.

[3]

O — T W o
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66. O/N 11/P42/Q4 CN

4N

Vv 10N

A particle P has weight 10N and is in limiting equilibrium on a rou
shown in the diagram represent the weight of P, an applied force of
direction at 30° above the horizontal, and the contact force exerted o
the frictional and normal components) of magnitude C N.

(i) Find the value of C.

gh horizontal table. The forceg
magnitude 4 N acting on P jp a
n P by the table (the resultant of

B3]
(ii) Find the coefficient of friction between P and the table. 2]
67. O/N 11/P41/Q3
I5N

12N

B
12N

Three coplanar forces of magnitudes 15N, 12N and 12N act at a point A in directions as shown in
the diagram.
(i) Find the component of the resultant of the three forces

(a) in the direction of AB,

(b) perpendicular to AB. [3]
(ii) Hence find the magnitude and direction of the resultant of the three forces. (3]

68. O/N 11/P41/Q5

12N

A block of s Fig.2 ;
the ﬂoorois 'zaS; szg 8 al rest on a horizontal floor. The coefficient of friction between the blockhan

. orce of i izontal, where
tan g = %_ When the 5 magnitude 12N acts on the block at an angle o to the horizon

pplied force acts downwards as in Fig. 1 the block remains at rest.
() Show that > L '

[5]

When the applied force & N
. acts upward i : | K .

(i) Find another inequality forpu, § as in Fig. 2 the block slides along the floor o1

N . ___..4
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69. O/N 11/P43/Q2
A SN
< > 3IN
26N

Coplanar forces of magnitudes 58N, 31N and 26N act at a point in the directions shown In the
diagram. Given that tan o = -3, find the magnitude and direction of the resultant of the three forces.

[6]
70. O/N 11/P43/Q6

t
i

The diagram shows a ring of mass 2kg threaded on a fixed rough vertical rod. A light string is
attached to the ring and is pulled upwards at an angle of 30° to the horizontal. The tension in the
string is 7 N. The coefficient of friction between the ring and the rod is 0.24. Find the two values of
T for which the ring is in limiting equilibrium. [8]
71. M/J 11/P42/Q4
12N

V10N \7
The three coplanar forces shown in the diagram act at a point P and are in equilibrium.
(i) Find the values of F and 6. T [6]

(if) State the magnitude and direction of the resultant force at P when the force of magnitude 12N
is removed. [2]
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72. M/J 11/P42/Q6
80 cm B

50 cm 50 cm

R

A small smooth ring R, of mass 0.6 kg, is threaded on a light inextensible string of length 100
One end of the string is attached to a fixed point A. A small bead B of mass 0.4 kg is attacheq tocm
other end of the string, and is threaded on a fixed rough horizontal rod which passes through 4 ':.:

system is in equilibrium with B at a distance of 80 cm from A (see diagram).

(i) Find the tension in the string. B
(ii) Find the frictional and normal components of the contact force acting on B. 4
(iii) Given that the equilibrium is limiting, find the coefficient of friction between the bead and the
rod. B

73. M/J 11/P41/Q3 M

I55N

B
A small smooth ring R of weight 8.5 N is threaded on a light inextensible string. The ends O_f the
string are attached to fixed points A and B, with A vertically above B. A horizontal force of magmt';‘de
15.5N acts on R so that the ring is in equilibrium with angle ARB = 90°. The part AR of ﬁ}c strin
makes an angle 6 with the horizontal and the part BR makes an angle 6 with the vertical (see diagram)
The tension in the string is 7 N. Show that 7'sin § = 12 and T cos 6 = 3.5 and hence find 6.

74. M/J 11/P41/Q4 : N i
A block of mass 11 kg is at rest on a rough plane inclined at 30° to the horizontal. A force acts Oforcc
When the magnitude of ﬂ}zrce .

e

Plock in a direction up the plane parallel to a line of greatest slope. : _  th
is 2X N the block is on the point of sliding down the plane, and when ‘the magnitude 0
9X N the block is on the point of sliding up the plane. Find ., h e i3l

|

N

(i) the value of X, e
(i) the coefficient of friction between the block and the plan“e._i:_ ¢
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75. MY 11/PAYIQS
A 48N
6.1N < L
0
5N

A small block of mass 1.25kg is on a horizontal surface. Three horizontal forces, with magnitudes
and directions as shown in the diagram, are applied to the block. The angle 6 is such that cos 0=0.28
and sin 6 = 0.96. A horizontal frictional force also acts on the block, and the block is in equilibrium.
(i) Show that the magnitude of the frictional force is 7.5 N and state the direction of this force. [4]
(ii) Given that the block is in limiting equilibrium, find the coefficient of friction between the block
and the surface. [2]
The force of magnitude 6.1 N is now replaced by a force of magnitude 8.6 N acting in the same
direction, and the block begins to move.
(ili) Find the magnitude and direction of the acceleration of the block. [3]

76. O/N 10/P42/Q1
A block of mass 400kg rests in limiting equilibrium on horizontal ground. A force of magnitude
2000 N acts on the block at an angle of 15° to the upwards vertical. Find the coefficient of friction
between the block and the ground, correct to 2 significant figures. [5]

77. O/N 10/P42/Q3

FN

N\

Vv FN

A particle P is in equilibrium on a smooth horizontal table under the action of four horizontal forces
of magnitudes 6N, 5N, FN and F N acting in the directions shown. Find the values of & and F. [6]
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78. O/N 10/P41/Q3
P 2

[ Y ®cC
B
es A, B and C hanging freely in equilibrium, each being e.lttached to
the end of a string. The other ends of the three strings are tied together and are at the point X. The
strings carrying A and C pass over smooth fixed horizontal pegs Py and P, respectively. The weights
of A, B and C are 55N, 73N and WN respectively, and the angle P, XP, is 2 right angle. Find the
[5]

angle AP, X and the value of w.

The diagram shows three particl

79. O/N 10/P43/Q3

is fixed at the highest point A of a cross-section ABC of a triangular prism.
— 30°. The prism is fixed with the face containing BC in contact
P and Q are attached to opposite ends of a light inextensible
pilibrium with P hanging vertically below
d on the pulley by the string is 3 V3N

A small smooth pulley
Angle ABC = 90° and angle BCA
with a horizontal surface. Particles
string, which passes over the pulley. The particles are in eq
the pulley and Q in contact with AC. The resultant force exerte

(see diagram).

@) Show that the tension in the string is 3 N. 2]
The coefficient of friction between O and the prism
(ii) Given that Q is in limiting equilibrium and on t

is 0.75.
he point of moving upwards, find its mass. [5]

80. O/N 10/P43/Q5 ‘
A force of magnitude F'N acts in a horizontal plane and has components 27.5N and —24.N in the
x-direction and the y-direction respectively. The force acts at an angle of a° below the x-axis. :
[4
from the force of

(i) Find the values of F and o..

A second force, of magnitude 87.6 N, acts in the same plane at 90° anticlockwise :
magnitude FN. The resultant of the two forces has magnitude RN and makes an angle of ° with the
positive x-axis. ‘

(if) Find the values of R and 0. >
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81. M/J 10/P42/Q3
7N

45°

A small ring of mass 0.8kg is threaded on a rough rod which is fixed horizontally. The ring is
in equilibrium, acted on by a force of magnitude 7 N pulling upwards at 45° to the horizontal (see
diagram). .

(i) Show that the normal component of the contact force acting on the ring has magnitude 3.05 N,
correct to 3 significant figures.

(2]
(ii) The ring is in limiting equilibrium. Find the coefficient of friction between the ring and the rod.
[3]
82. M/J 10/P42/Q4

—— >

\370 N

Coplanar forces of magnitudes 250N, 160 N and 370N act at a point O in the directions shown in the
diagram, where the angle « is such that sin a = 0.28 and cos @ = 0.96. Calculate the magnitude of the

resultant of the three forces. Calculate also the angle that the resultant makes with the x-direction.

71
83. M/J 10/P41/Q3

A small ring of mass 0.8kg is threaded on a rough rod which is fixed horizontally. The ring is

in equilibrium, acted on by a force of magnitude 7N pulling upwards at 45° to the horizontal (see
diagram), ‘

: () Show that the normal component of the contact force a_ctiqg on the ring has magnitude 3.05 N,
' correct to 3 significant figures. ' (2]

(if) The ring is in limiting equilibrium. Find the coefficient of friction between the ring and the rod.

B3]

\ »
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84. M/J 10/P41/Q4

A 370N

Coplanar forces of magnitudes 250N, 160 N and 370 N act at a point O in the directions shown in the
diagram, where the angle o is such that sin @ = 0.28 and cos o = 0.96. Calculate the magnitude of the
resultant of the three forces. Calculate also the angle that the resultant makes with the x-direction,

85. M/J 10/P43/Q1 y
ASSN

7
Q/gx

73N

Three coplanar forces act at a point. The magnitudes of the forces are 5.5 N ,6.8 N and 7.3 N, and the
directions in which the forces act are as shown in the diagram. Given that the resultant of the three
forces is in the same direction as the force of magnitude 6.8 N, find the value of o and the magnitude
of the resultant. o M

86. O/N 09/P42/Q1 PN
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A small block of weight 12 N is at rest on a smooth plane inclined at 40° to the horizontal. The block
is held in equilibrium by a force of magnitude P N. Find the value of P when
(i) the force is parallel to the plane as in Fig. 1,

(ii) the force is horizontal as in Fig. 2.

(2]
2]

87. O/N 09/P41/Q3
PN

r\so° ON

Two forces have magnitudes PN and Q N. The resultant of the two forces has magnitude 12N and

acts in a direction 40° clockwise from the force of magnitude PN and 80° anticlockwise from the
force of magnitude QN (see diagram). Find the value of Q. (4]

88. O/N 09/P41/Q4
A 50 cm S

30 cm 40 cm

P

A particle P of weight 5N is attached to one end of each of two light inextensible strings of lengths
30cm and 40cm. The other end of the shorter string is attached to a fixed point A of a rough rod
which is fixed horizontally. A small ring S of weight WN is attached to the other end of the longer
string and is threaded on to the rod. The system is in equilibrium with the strings taut and AS = 50 cm

(see diagram).

(i) By resolving the forces acting on P in the direction of PS, or otherwise, find the tension in the
longer string. [3]

(ii) Find the magnitude of the frictional force acting on §. [2]

(iii) Given that the coefficient of friction between S and the rod is 0.75, and that-S is in limiting
equilibrium, find the value of W. [3]

89. O/N 09/P41/Q5

A particle P of mass 0.6 kg moves upwards along a line of greatest slope of a plaiie 'inclined at 18° to

the horizontal. The deceleration of P is 4ms -2,

(i) Find the frictional and normal components of the force exerted on P by the plane. Hence find the
coefficient of friction between P and the plane, correct to 2 sngmﬁcant figures. [6]

After P comes to instantaneous rest it starts to move down the plane with acceleration ams™2.

(ii) Find the value of a. o =) [2]
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90. M/J 09/P04/Q3

ISN

Forces of magnitudes 7N, 10N and 15N act on a particle in the directions shown in the diagrap,
(i) Find the component of the resultant of the three forces

(a) in the x-direction,

(b) in the y-direction. B)
(ii) Hence find the direction of the resultant. ¥

91. M/J 09/P04/Q4

A block of mass 8 kg is at rest on a plane inclined at 20° to the horizontal. The block is connected to

a vertical wall at the top of the plane by a string. The string is taut and parallel to a line of greatest
slope of the plane (see diagram).

() Given that the tension in the string is 13 N, find the frictional and normal components of the force

exerted on the block by the plane. [4]
The string is cut; the block remains at rest, but is on the point of slipping down the plane.
(i) Find the coefficient of friction between the block and the plane. [2]

32. O/N 08/P04/Q1
§N

, S 10N
F.orces f’f magnitudes 10N and 8 N act in directions as shown in the diagram.
® Write down in terms of @ the component of the resultant of the two forces
(a) parallel to the force of magnitude 10N, ¢S [
(b) perpendicular to the force of magnitude 10N, ‘

(i) The resultant of the two forces has magnitude 8 N. Show that cos 0= %

\ s=
Lo
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93. O/N 08/P04/Q2

A block of mass 20 kg is at rest on a plane inclined at 10° to the horizontal. A force acts on the block

parallel to a line of greatest slope of the plane. The coefficient of friction between the block and the
plane is 0.32. Find the least magnitude of the force necessary to move the block,
(i) given that the force acts up the plane,

(ii) given instead that the force acts down the plane.

[6]
94. M/J 08/P04/Q3

FN

V13N

Three horizontal forces of magnitudes F N, 13N and 10N a
The directions of the forces are as shown in the dia
value of F.

ctat afixed point O and are in equilibrium.
gram. Find, in either order, the value of 9 and the

[5]
95. O/N 07/P04/Q3

4N

TN

A particle is in equilibrium on a smooth horizontal table when acted on by the three hbﬁi&htal forces
shown in the diagram. e

(i) Find the values of F and 6. . o e [4]
(ii) The force of magnitude 7 N is now removed. State the magnitude and direction of the resultant

of the remaining two forces. A S 2]
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96. O/N 07/P04/Q5
60°

TN

A ring of mass 4 kg is threaded on a fixed rough vertical rod. A light string is attached to the rin
and is pulled with a force of magnitude T' N acting at an angle of 60° to the downward verticg] (see
diagram). The ring is in equilibrium.

() The normal and frictional components of the contact force exerted on the ring by the rod are RN

and F N respectively. Find R and F in terms of 7. [4)
(ii) The coefficient of friction between the rod and the ring is 0.7. Find the value of T for which, the
ring is about to slip. 3]
97. M/J 07/P04/Q2
B(,
I
/
!
/
I
8N
6° &N
00— > A

Two forces, each of magnitude 8 N, act at a point in the directions OA and OB. The angle between
the forces is 6° (see diagram). The resultant of the two forces has component 9 N in the direction OA.

Find
(i) the value of 6, _ (2]
(ii) the magnitude of the resultant of the two forces. 3]

98. M/J 07/P04/Q7
TN

TSN«

B

Two light strings are attached to a block of mass 20kg.: The block is in equilibrium on a horizontal
surface AB with the strings taut. The strings make angles of 60° and 30° with the horizontal, on either
side of the block, and the tensions ip the strings are TN and 75 N respectively (see diagram). i
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(i) Given that the surface is smooth, find the value of T and the magnitude of the contact force acting
~ on the block. (5]

(i) It is given instead that the surface is rough and that the block is on the point of slipping. The

frictional force on the block has magnitude 25N and acts towards A. Find the coefficient of
friction between the block and the surface. (6]

99. O/N 06/P04/Q2

SN

2
(=}
o

A small ring of mass 0.6kg is threaded on a rough rod w

hich is fixed vertically. The ring is in
equilibrium, acted on by a force of magnitude SN pulli

ng upwards at 30° to the vertical (see diagram).
(i) Show that the frictional force acting on the rin

g has magnitude 1.67 N, correct to 3 significant
figures. [2]
(ii) The ring is on the point of sliding down the rod. Find the coefficient of friction between the ring
and the rod. [3]
100. O/N 06/P04/Q6 y

> x
Forces of magnitudes PN and 25N act at right angles to each other. The
has magnitude RN and makes an angle of 6° with the x-
PN has components —2.8 N and 9.6 N in the x-
an angle of ¢° with the negative x-axis.

(1) Find the values of P and R.

(i) Find the value of @, and hence find the components of
(a) the x-direction,
(b) the y-direction.

T [4]
(iii) Find the value of 6. (3]

resuliaht of the two forces
axis (see diagram). The force of magnitude
direction and the y-direction respectively, and makes

: ' [3]
the force of magnitude 25N in
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101. M/J 06/P04/Q3

12N

A particle P is in equilibrium on a smooth horizontal table under thej action of horizontal forceg of
magnitudes FN, FN, GN and 12N acting in the directions shown. Find the values of F and G, [6

102. O/N 05/P04/Q3

) ®
W]N 5N W, N

Each of three light strings has a particle attached to one of its ends. The other ends of the strings are
tied together at a point A. The strings are in equilibrium with two of them passing over fixed smooth
horizontal pegs, and with the particles hanging freely. The weights of the particles, and the angles
between the sloping parts of the strings and the vertical, are as shown in the diagram. Find the values
of W and Wz. [6]

103. O/N 05/P04/Q4

(i) Find, in terms of X, the normal component of the force exerted on the slab by the ground. [3]

(i) Given that the coefficient of friction between the slab and the ground is 2, find the value of X for
which the slab is about to slip, e« O 3]
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_MIJ 05/P04/Q2
104 SN

vl
Z

Three coplanar forces act at a point. The magnitudes of the forces are 5N, 6 N and 7N, and the

directions in which the forces dct are shown in the diagram. Find the magnitude and direction of the
resultant of the three forces. (6]

105. M/J 05/P04/Q3

A and B are points on the same line of greatest slope of a rough plane inclined at 30° to the horizontal.

A is higher up the plane than B and the distance AB is 2.25m. A particle P, of mass mkg, is released

from rest at A and reaches B 1.5 s later. Find the coefficient of friction between P and the plane. [6]
106. O/N 04/P04/Q2

Fig. 1 Fig. 2

A small block of weight 18 N is held at rest on a smooth plane inclined at 30° to the horizontal, by a
force of magnitude P N. Find

(i) the value of P when the force is parallel to the plane, as in Fig. 1,
(ii) the value of P when the force is horizontal, as in Fig. 2.

107. O/N 04/P04/Q6

[2]
(3]

PN

Two identical boxes, each of mass 400kg, are at rest, with one on top of the vgtl‘iér,: on horizontal
ground. A horizontal force of magnitude P newtons is applied to the lower box (see diagram). The

coefficient of friction between the lower box and the ground is 0.75 and the coefficient of friction
between the two boxes is 0.4. A )

() Show that the boxes will remain at rest if P < 6000.
The boxes start to move with acceleration am s>

(2]
(ii) Given that no sliding takes place between the boxes, shqw ?h;i;t\a:-s\\zt and deduce the maximum
possible value of P. D

71
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108. M/J 04/P04/Q1

|

13N

ntal rod. A light string is attacheq o

at an angle a below the horizonta] Wh‘he
t] qe

A ring of mass 1.1kg is threaded on a fixed rough horizo
ring and the string is pulled with a force of magnitude 13 N
tana = TSE (see diagram). The ring is in equilibrium.

force on the ring. o
n the ring. 0
nd the coefficient of friction between the fing

(i) Find the frictional component of the contact
(ii) Find the normal component of the contact force o
(iii) Given that the equilibrium of the ring is limiting, fi

and the rod. (]

109. M/J 04/P04/Q2
A 300N

100N

250N

Coplanar forces of magnitudes 250 N, 100N and 300N act at a point in the directions shown in the
diagram. The resultant of the three forces has magnitude RN, and acts at an angle a° anticlockwise

from the force of magnitude 100N. Find R and o. (6]
110. O/N 03/P04/Q3
25N
15°
A cra}c of mass 3kg is pulled at constant speed along a horizontal floor. The pulling force b
magnitude 25 N and acts at an angle of 15° to the horizontal, as shown in the diagram. Find ]
' [

(l) the work done by the pulling force in moving the crate a distance of 2m, 3
(ii) the normal component of the contact force on the crate. ‘ M
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111. O/N 03/P04/Q6
A
30
£,
Y
\ M 5N
307
« B‘
3
; One end of a light inextensible string is attached to a fixed point A of a fixed vertical wire. The
other end of the string is attached to a small ring B, of mass 0.2 kg, through which the wire passes.
A horizontal force of magnitude 5N is applied to the mid-point M of the string. The system is in
equilibrium with the string taut, with B below A, and with angles ABM and BAM equal to 30° (see
diagram).
(i) Show that the tension in BM is 5 N. [3]
(ii) The ring is on the point of sliding up the wire. Find the coefficient of friction between the ring
and the wire. [5]
(iii) A particle of mass mkg is attached to the ring. The ring is now on the point of sliding down the
wire. Given that the coefficient of friction between the ring and the wire is unchanged, find the
value of m. [2]
112. M/J 03/P04/Q2 0
10N 10N
h‘\
e X
2 TN6N
Three coplanar forces of magnitudes 10N, 10N and 6 N act at a point P in the directions shown in the
diagram. PQ is the bisector of the angle between the two forces of magnitude 10N,
(i) Find the component of the resultant of the three forces
(a) in the direction of PQ, (2]
(b) in the direction perpendicular to PQ. [1]
(if) Find the magnitude of the resultant of the three forces. ' 2]
113. M1J 03/P04/Q6 |
: A small block of mass 0.15 kg moves on a horizontal surface. The coefficient of friction between the
block and the surface is 0.025.
() Find the frictional force acting on the block. | (2]
(i) Show that the deceleration of the block is 0.25ms™. . (2]
The block is struck from a point A on the surface and, 4,s later, it hits a boundary board at a point B.
The initial speed of the block is 5.5ms™".
(%) Find the distance AB. (2]
Fy -y |
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The block rebounds from the board with a speed of 3.5m s~

(iv) the speed with which the block passes through A,
(v) the total distance moved by the block, from the instant when it was struck at A unti] the ; v/

when it comes to rest.

114. O/N 02/P04/Q3

sF

A light inextensible string has its ends attached to two fixed points A and B, with A verticall

B. A.smooth ring R, of mass 0.8 kg, is threaded on the string and is pulled by a horizontal t)‘:)r
m.agmtude X newtons. The sections AR and BR of the string make angles of 50° and 20° respecm?e, :
with the horizontal, as shown in the diagram. The ring rests in equilibrium with the string taut. Fl;lg

(i) the tension in the string,
(ii) the value of X. )
(3]

115. O/N 02/P04/Q5

Fig. 1

A C

thef(l)lrocg,z ;letl:lseaggegzc;nbls up;vards ;;z;rallel to a line of greatest slope of a plane inclined at 35° to
, OX of mass 15kg which is at rest

the contact force on the box has magnitude R newtons (;22 Fc;g T)e plane. The normal componiy

(i) Show that R = 123, correct to 3 significant figures. (1]

about to move down about to m VE ub
ove up

Fig. 2

I\Il\lf(l::: 21:; ioiﬁ: giz:;gcl t(c)l tht; platr;:; a;:ting on the box has magr;itlide'}f newtons the box is about 10
, and when i 10
the plane (see Fig. 2). ® force has magmtudersa( newt biis the box is sbout to O 15

(ii) Find the value of X and the coefficient of friction Bétwéen ltﬁe box and the plane ¢
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116. MIJ 02/P04/Q3

117.

Og 10N

Two forces, each of magnitude 10N, act at a point O in the directions of O4 and OB, as shown in the
diagram. The angle between the forces is . The resultant of t

hese two forces has magnitude 12 N.
(i) Find 0.
(ii)

Find the component of the resultant force in the direction of OA.
M/J 02/P04/Q4

A box of mass of 4.5 kg is pulled at a constant speed of 2 ms™ along a rough horizontal floor by a
horizontal force of magnitude 15N.

(i) Find the coefficient of friction between the box and the floor.
The horizontal pulling force is now removed. Find
(ii) the deceleration of the box in the subsequent motion,

(iii)  the distance travelled by the box from the instant the horizontal force is
removed until the box comes to rest.

39 ; p
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13
(2]

3]
(2]
2]

s
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Mathematics A-Lsvel P-4 Topical :
Answers Section
(ii) 50cosa—FcosFSQ =5(()) 0
ina—3F - Fsin 50 =
1. OMN 17/P42/Q1 1 50 sin a :
() F=02gsin20=0.684N 0 _ (3F + Fsin50)
(i) R=0.2g cos 20 T T (Feos50)
F=uR [= 0.6 x 0.2g cos 20] a=2803
g sin 20 - F = 0.24] F=13.1
a=228ms’ 41| & omN17/P431Q1 s o F
(X=) 20 cos 60 + 30 cos 60 —
2. O/N 17/P42/Q2 {7 =20 c0s 60 + 30 cos 60]
EITHER:
Tsin 8+ 120 sin 45 = 15g F=25
T cos =120 cos 45 6. OIN 17/P43/Q3
_ (15g-120sin45) (i) R=mgcos25

[F = 0.4mg cos 25]

[tan 6= = 1 20c0s45)
[mg sin 25 —0.4mg cos 25 = ma]

or T=J€5-152 +84.85" ] a=0.601 ms™
=315 (i) [s =% x0.601 x 37]
T=107 Distance =2.70 m
ORI:
5 7. M/J 17/P42/Q5
120 _ T _ g R+ Psin 30 = 0.12g cos 40
sin(90+6) sin135 sin(135-6) F=0.32R
6=1375 [Pmin cos 30 + F = 0.12g sin 40]
=107 [Prmax €05 30 — F = 0.12g sin 40]
01;2: s 120 [P cos 30 = 0.12g sin 40
=t __ +0.32 (0.12g cos 40 — P sin 30)]
sin45  sin(45+6) sin(90-6) OR
6=37.5 [Pcos 30 £ 0.32R = 0.12g sin 40
T=107 R+ P'sin 30 = 0.12g cos 40]
OR3: Must reach P =... in either method
[7* = 1507 + 120* - 2(150)(120) cos 45] Proax = 1.04 Pryj = 0.676
T=107 0.676 < P < 1.04
120/5in(90 - 8) = 106.97/sin 45 8. M/J 17/P41/Q3
0=1375 [6] 5ITHER:
cos 30 + Bcos 40 = 25
3. O/N 17/P41/Q1 A sin 30 = B sin 40
[12 cos 25 =13 4] A=17.1 Ll
a=4cos 25 =3 625 Bo133 g5 4o
[s =% x 4cos 25 x 59] OR: = T
. sin70 - sin140 sin150
Distance =453 m [4] A=17.1 A
4. OIN 17/P41/Qe B=133 A
() X=75+50 cos 60 (= 100) 9. MIJ 17/Pa2Q2
Y=505in 60 (= 43 3 " EITHER: o
Resultant = V(100*+ 43.3%) = 109 3Psin 55 + psin =20 + psin @
Angle = arctan (ﬂ] =78 45 or 3P sin 55 = 20
100 P=8.14
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11.

12.

13.
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3Pcos 55 = 2P cosf
cos = 1.5 cos 55— 60=...

4=130.6
OR:

3P _ 20
;i_n_96 ~ sinl25
p=8.14

3p _ 2Pcos @

sin90  sinl45
6=1.5sin145—- 6= ...
6=30.6

O/N 16/P42/Q3

(i) [X=60cos25 + 50cos15]
=103N

(ii) Y= 60sin25 — 50sinl5 [= 12.4]
R =X+ ¥
or
[a = arctan(Y/X)]
Magnitude is 103N

(or o= 6.9° with direction specified
unambiguously)

a = 6.9° with direction specified
unambiguously

(or Magnitude = 103 N)

O/N 16/P42/Q5
F=pumgcos30

[10 + F — mgsin30 = 0]

[75 — F — mgsin30 = 0]

[85 = 2mgsin30]

or

[10 + umgcos30 — mgsin30 =0
75 = umgcos30 — mgsin30 = 0]
m=8.5kg or u = 0.442
u=0.442 orm=8.5kg

O/N 16/P41/Q4

2F + Fcos60 = 15cosa
Fsin60 = 15sina
F=567anda=19.1

O/N 16/P43/Q2

T4 c0s50° — T cos10° =0 and
T,sin50° - T5sin10°-20g=0
Tension in PA is 306N

Tension in PB is 200N

41
Read & Write Publications

5]

[2]

[4]

[6]

6]

[5]

Alternative (Lami’s Theorem)
[T,/sin 80° = Tp/sin 140° = 20 g/sin 140°]
[T,=20g sin80°/sin 140°]
Tension in PA is 306 N
[T =20 g sin 140°/sin 140°]
Tension in PB is 200 N

14. M/J 16/P42/Q1
[X=7-8cosa—6sina=-3]
X=7-8x(4/5-6x(3/5)=-3
[Y=8sina—6cosa=0]
Y=8x(3/5)-6x(4/5)=0
Resultant force is 3N to the left

15. M/J 16/P42/Q5
R + T sin 20 = 2.5g cos 30
F=025xR
T cos 20 = F + 2.5g sin 30
=175

Alternative scheme
F=025xR
T cos 50 = F cos 30 + R sin 30
R cos 30 + T'sin 50 = F'sin 30 + 2.5g
T=175

16. M/J 16/P41/Q4

Pcos@=48 cosa—14sina
and/or

Psin 6=50-48 sin a —14 cos o
P cos 0= 48(24/25) — 14(7/25)
=42.16

P sin 8= 50 — 48(7/25) —14(24/25)
=23.12

P=+42.16* +23.12% =48.1

anf = 213
42.16
6=28.7
17. M/J 16/P43/Q3 .
12c0s75° + Pcos6’® = 18cos65°
185in65° + 12sin75° = 15 + Psin6®
[P* = (185in65° + 125in75° = 15)* +
(18c0s65° — 12¢0575°)’]
or N
[0 = tan™(18sin65° + 12sin75° — 15)/
(18c0s65° - 12¢0s75°)]
P=1370r0=708
9=708 or P=13.7

Unit 1: Answers Section

(5]

(5]

7

(7

(6]

[6] |




Matheratics AL svel P4 Topwea'

18. MU 16/P43/Q4
R = 15gc0s20°"
F=gR =02 x [5goos20°
X+02x 15gc0s20° =
15gsin20°
Least value of X'1s 23.1
[X= 15gsin20° +
02 x 15gcos20°]
Greatest value of X'1s 79.5 (7]

19. O/N 15/P42/Q1
(@) 15+ Foos60° = Fcos30°

F=410 [3]
(i) [G = F (sin30° + sin60°)]
G=56.0 2]
20. O/N 15/P42/Q4
Frictional force =0.4 x 2 cos 45
=042

KE gain= }{ x 0.2 x V¢’ and
PEloss=02xg x (2.5+2+/2)

0.1 V2=(5+4+2)-04+2 x4

Speed at Cis 9.16ms™ [6]
First alternative for the last four marks

Y %02%Vg'=02%xgx25—
Ve*=50

0.1 (Ve - V)
= 02xgx(@4++2)-

042 x4

Speed at Cis 9.16ms™
Second alternative for the last four marks

¥ %02%Vg'=02xgx25—
Ve =50

«/5—0,4\/—=0.2a—+a

=34/2 ms™

and V=Vt +2x342 x4

Speed at Cis 9.16ms™

21. O/N 15/P42/Q6
(@) [0.195cos 0 =F)

F =0.195c0s 22.6 = 0.195 :_32-

9
=0'18= —_—
50

Read & Wrie Puticasons ““‘i""-..\

[R =024 +0.195 sin 0]
R =024+0.195sin 226 =
024 +0.195 x 3 - 0.315
13
_ 63
200
Coefficient p=4/7 or 0.571
(i) R =0.24-0.195sin 22.6

5
=0.24-0.195 x —
13

~0.165= -2
200

0.195 x 12 _ (ﬁ x 0.165
13 7

=0.024a
Acceleration 1s 3.57 ms - 4
22. O/N 15/P41/Q5
(i) Fcos70+20— 10 cos 30
= Rcosl5

10sin30 — F sin70 = R sinl5
F=190Nand R=124N 5]
Alternative method for 5(i)

[X=0.342 F+11.34
Y=0.94 F-5]
(0.342 F+ 11.34)*+ (0.94 F — 5)°
= R?
tanl5
=(5-0.94F) / (0.342F + 11.34)

F=190Nand R=124N 5]
(i) 11.7*=0+2ax3

a=22815

R cos15=m x 22815

Mass of bead = 0.526 kg [3]

23. O/N 15/P43/Q1
Tension is 30 N
[R = (4g —30) x 0.8]
Normal component is 8 N
24. OIN 15/P43/Q2
F = Tcosa = 0,967
R=0.2g—Tsina=2-0.28T
[0.96 T=0.25(2 - 0.287)]
[(0.96 +0.07) T=05—T=.]
T=0.485

5]

—m_
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ON 15/P43/Q3 )
120c0s75° = 150 — 100 — Pcos@

120sin75° = Psinf°
[P* = 14400 - 12000c0s75° +2500]

25.

or o
tand = [120sin75°/(50 — 120c0s75")]

P=117or =80.7
9=80.70orP=117

M/J 15/P42/Q7

@®
08T,+0.6Tx=5.6
06TA = 08TR

Tension in 4J is 4.48 N
and tension in RJis 3.36 N

26.

First Alternative Method for (i)
56 T, T, o
sin90 sina  sin(270 - )

56 T, T,
0.

@

=4 — R

sin90 0.8 0.6
T,=4.48 and Tz =3.36
Second Alternative Method for (i)
(i) 0.2g+ F=Tg % cos 36.9
N=Tgxsin36.9
[0.2g+ ux Trx 0.6 =Ty
u=0.688+2.016=0.341
(iii) [0.2g + mg = uN + 0.8T%]
0.2g+mg = 0.341 x2.016 +3.36 x 0.8
m=0.137 or 0.138
M/J 15/P41/Q2
F,=F cosf=25x0.8=20,
Fy=Fsinf=63-25x 0.6 =48
F=52Nortanf=2.4
0=240rF=52N

28. M/J 15/P41/Q3

F=0.25(6.1x6—0) [=1.5]
61

27.

[Wsina — F = mq]
1
6.1 x (—1 ~0256.1x 80
61 61
oF =0.61a

6.15in 10.4 — 0.25 x 6.1 cos 10.4
a
=0.61

M

(7]

(3]

(5]
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4]

(3]

(3]

Unit 1: Answers Section

Distance is 4 + | 2 x ﬂ)
61

=3.05m (51

Alternative method
F=0.25 6.1x@) [=1.5]
61

KE loss = - x 0.61 x 22
2

PE loss = 0.61 x 10 x x(%)

[1.5x=1.22+1.1x]
0.4x=1.22 — distance = 3.05m

29. M/J 15/P43/Q5
(i) x-component = 4+8c0s30°+12c0s60°
[=10 +443]
y-component = 8sin30°+12sin60°+16
[=20 + 6V3]
R =34.8 or 8= 60.9° with the 4N force
6 = 60.9° with the 4N force or R = 34.8
(ii) R=34.8
6 = 29.1° with the 16N force
30. M/J 15/P43/Q6
()
20 + 5gsinl0° - F=0
R =5gcos10°
[ 4= (20 + 8.6824)+49.24]
Cocfficient of friction is 0.582
(i)
5gsin10° — 0.582x49.24 =54
[o=25* —2x4s]
Distance is 0.781 m

Alternative Method for part (ii)
(i) PE loss = 5gdsin10’ £

(5]

2]

(5]

[4]

1 x5x2.5* +5gdsin10° = 0.582x5gdcos10°
2 EIERN

Distance is 0.781 m- L

[4]
31. O/N 14/P42/Q2 "SR
() [X =25x0.96-30x 0.8 =0)
Componentin x-direction is zero [2]

(i) [Y=25%0.28 - 20 + 30 x 0.6 = 5]
Reésultant has magnitude 5 N and acts in the
ppsit;yc' y direction [2]

(i) Replacement has magnitude 30N and acts
in the —ve y-direction

(1]
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32. O/N 14/P42/Q4
(i) [Xcos30°=40cos60°
X=23.1(=40/3)
(i) [Xcos30°-10= 40cos60°]
X=60+V3or34.6
[R + Xsin30°+ 40sin60° = 15g]
[p =10+ (150 - 303 — 2073)]
Coefficient is 0.102 '
33. O/N 14/P41/Q2
For A: right angle between 18 and R and
30° opposite 18 or
W,sin30° = 18 or
For B: right angle between 18 and ¥ and
30° opposite 18 or
Wpsin30° = 18cos 30°
For B right angle between 18 and # and
30° opposite 18 or

Wsin30° = 18cos 30° or
For A: right angle between 18 and R and

30° opposite 18 or
WASi.UBOO =18

Weight of 4 is 36N
and weight of B is 31.2N

34. O/N 14/P41/Q3

@ F+Wsin =7.2
[[px 7.5c0s = 7.2 - 7.5sin]

[u= 17/24
@) [7.2+7.5 % (7/25) — (7.5 % 24/25) > 0]

p <3124

35. O/N 14/P43/Q3
(i) [Wecosa+7x0.6=8]
Wcosa = 3.8 (cwo)
Wsina = 5.6
(ii) w=6.77ora=55.8
a=5580r W=6.77

36. M/J 14/P42/Q3
0.8T;+0.96T,=10 or
T; cos 36.9+ T, cos 16.3=10
0.6T,—0.28T,=0.7g or
Ty sin 36.9 - T, sin 16.3=0.7g
T,=119 and T,=0.5
37. M/J 14/P41/Q2

M 2.4=0.25g cosa
a=16.3

[6]

[2]
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[2]

(5]

[4]

[4]

(2]

[3]
[3]

(ii) [p = 0.28+0.96]
Least possible value of p
is 7/24 or 0.292

38. M\J 14/P41/Q3
X = 5 — 7cos 60°— 3cos 30°
y = 7sin 60°— 3sin 30°— 4 (= 0.5622)

Resultant is 1.23 N and
Direction is 152.9° anticlockwise from

+ve x-axis o€

39. M/J 14/P43/Q1

@@ [N+ component of X = Weight of B]

= — 1.09g)

Unit 1:
“

Normal component is (70 — Xcos159) N [2]

(ii) F = Xsinl5°
[Xsinl5°=0.4(70 - Xcos15°)]

Value of X is 43.4

40. M/J 14/P41/Q2
DF — 600 — 1250 x 0.02g = 1250 x 0.5
v = 23000 = (625 + 600 + 250)
Speed of car is 15.6 ms™’
Alternative Method

WD = 1250 x 0.5s + 1250g x 0.02s + 600s

v = 23000 =+ (625 + 600 + 250)
Speed of car is 15.6ms

41. M/J 14/P43/Q3
0.8T; +12T,/13 =2.24
0.6T, —5T»/13=1.4
T,=2.5and T, =0.26

42. O/N 13/P42/Q1
Applying
T cos f=Wsina
Tensionis 2.5 N
First Alternative Marking Scheme
Applying
Rcoso+Tsin(a+p)=W and
Rsina=Tcos (a+p)
Tension is 2.5 N
Second Alternative Marking Scheme
Applying
T/sina=5.1/sin(90+p)
Tensionis 2.5 N

B

(5]

3]

[6]

3]

[3

3]
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43. O/N 13/P42/Q4
06gsina=F+Pcosa
R=06gcosa+Psina
0.6gsina—Pcosa=

) 0.4 (0.6g cos a + P sin a)
6(12/13) - P(5/13) =
2.4(5/13) + 0.4P(12/13)
P=6.12

44. O/N 13/P42/Q7
@) [=%5x04+19x04+%4x04]
Distance = 9.4
) (ii) Acceleration is 0.08 ms™
Deceleration is 0.1ms™
(iii) [T — (800 + 100) g = (800 +100)a]
T —900g = 900a
T=9072 N in 17 stage
T = 9000 N in 2™ stage
T=8910 N in 3" stage
(iv) [R—100g = 100a]
R=1008N
R= 990N
45. O/N 13/P41/Q1
[Tcosa = mg]
Tension is 3.4 N
[F = Tsina]
F=16
46. O/N 13/P41/Q3
(1) F-780 x (36+325)-32
=78 x (-0.2)
F=103 (102.8 exact)

(i) [0="7"+2(0.2)s]
Distance is 122.5m
(accept 122 or 123)
47. O/N 13/P43/Q1
M 1+ 3)(Wcosa) — Wsina = (W/g)a]
(-0.32-0.28)g=a
a=-6,
(i) [0=54>+ 2(-6)s] or
[mgs(0.28) = % m(5.4)* —-mgs(0.96)/3]
Distance is 2.43 m
48. OIN 13/P43/Q3
Ta(172.6) + Ta(1/1.25) = 10.5
Ta2412.6) = Ty(0.75/1 25)

Tension in Ap ; e
10N 156.5 N and tension in BP
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(8]

(2]
(2]

(3]

3]

[2]

Unit 1: Answers Section

First Alternative

75.7(5)" opposite to 10.5 N

36.8(7)" opposite to Ty

67.3(8)" opposite to Ty

Ta+ 8in36.8(7)= 10.5 + 8in75.7(5) and

Tp+ 8in67.3(8) = 10.5 + 8in75.7(5)

Tension in AP is 6.5 N and tension in
BPis 10N.6

Second Alternative

104.2(5)° opposite to 10.5 N
143.1(3)° opposite to T
112.6(2)° opposite to Ty
T A +sin143.1(3)= 10.5 + sin104.2(5)&
Tp +sin112.6(2)= 10.5 + sin104.2(5)
Tension in AP is 6.5 N and tension in
BPis 10 N.6

49. O/N 13/P43/Q4
(i) [Wsina + F = 40]
F=40-300x0.1 (=10)
R =300V(1 -0.1%) (=298.496..) 5]
Coefficient is 0.0335
(i) [The component of weight (30 N) is greater than
the frictional force (10 N)]
Box does not remain in equilibrium [2]
50. M/J 13/P42/Q1
@ [24=p30]
Coefficient is 0.8 2]
(i) F=0.8(30-25sin30") (=14)
[25c0s30'—F = (30 + g)a]
Acceleration is 2.55 ms™ [4]

51. M/J 13/P42/Q3

Tax (40/50) + Ty x (40/104) =21 or

Tax (30/50) = Ty x (96/104)

Tax (30/50) = Ty  (96/104) or

Tax (40/50) + Ty x (40/104) = 21

Solve for T, and Ty

Tension in AP is 20 N and tension in BP is 13 N [5]

First Alternative Marking Scheme
21/sin 75.75 (or 75.7 or 75.8) =
Ta/sin 67.4 (or Ty/sin 36.9)
21/sin 75.75 (or 75.7 or 75.8) =
Tw/sin 36.9 (or Ta/sin 67.4)
or Tp/sin 36.9.= 20/sin 67.4
Solve for Ty and T
Tension in AP is 20N and tension in BP is 13N [S]
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Second Alternative Marking Scheme
21/sin 104.3 =T,/sin 112.6
(or Ty/sin 143.1)
21/sin 104.3 = Ty/sin 143.1

(or Ta/sin 112.6)
or Tp/sin 143.1 = 20/sin 112.6
or Ta/sin 112.6 = 13/sin 143.1

Solve for T, and Ty
Tension in AP is 20 N and tension in BP is 13 N

[5]
52. M/J 13/P42/Q4

(i) a=(16+65)g
[8%=2(16 + 65)gS]
S=13
[vV=2(16 + 65)g x 6.5
or V2 + 82= 1]
Speed is 5.66 ms™ [5]
(if) [s=":ax(64+ 4a’)
ors + 13 = (%)’]
Distance is 3.25 m [2]
Alternative Marking Scheme
() [%mv*=mgh
and S=h-+sina
S = (82+20) + (16 + 65)

S=13

Y, m v:=mg(% 13 x (16/65))

Speed is 5.66 ms™ [5]
(ii) Distance is 3.25m [2]

53. M/J 13/P41/Q1
(i) Less than

F=1.25Wso W<F 2]
(ii) [P-60 x 1.25 =6 x 4]
P =99 2]

54. M/J 13/P41/Q6
(i) Fcos0=25x%x24-+254+26x5+13
Fsin0=2.6 x12+13-25x7+25
For F=3.80 N or tanf = 0.5
For tan® = 0.5 or F=3.80 N [6]
(ii) [3.80=0.5a]
Acceleration is 7.60 ms2
Direction is 26.6° clockwise from +ve
x-axis. [3]
55. M/J 13/P43/Q1
[(W/g)a=Wsina—0.02 W cos a]
a=(sin 14°-0.02 cos 14°) g

(=2.225...)
[v:=8"+2x2225... x50]

Speed is 16.9 m 5™ [4]
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Unit 1: A"SWor.

Alternative Scheme
WD against friction = 0.02 W cos a x 5
PE loss = W x 50 sin a
Speed is 16.9 m 5™

56. M/J 13/P43/Q6
() 100 cos 30° + 120 cos 60° — F cogg =
136 (F cos 0. =10.6025 ...)
or
100 sin 30° — 120 sin 60° + F sin ¢ =0
(F sin @ =53.9230 ...).
100 sin 30° — 120 sin 60° + F sin a = (
(F sin #=53.9230...)
or

100 cos 30° + 120 cos 60° — F cos g
=136 (F cos a=10.6025 ... )

F=5500ra=78.9
oa=789o0rF=55.0

(ii) Magnitude is 136 N
R=40g
Coefficient is 0.34

57. O/N 12/P42/Q4

() [Y,*=68—(-60) Y;* = 100> - 962,
Y, = 68sin 28.1°, Y3 = 100sin16.3°]
For correct magnitudes (32, 75, 28)
Components are —32, 75 and —28

(ii) [R*=(=60 + 0 + 96)* + (-32 + 75 — 28)* ]
Magnitude is 39 N
[0 = tan™" {(=32 + 75 — 28)+(—60 + 0 +
96)}]
Direction is 22.6° (or 0.395rad")
anticlockwise from +ve x-axis.

58. O/N 12/P41/Q4

X =12co0s25 °- 8cos10 ° (=2.9972....)
Y = 125in25° + 8sin10° - 2 (=4.4606....)
R =537
6=133.9

59. O/N 12/P43/Q4
[TisinAPN = T»sinBPN)]
(12+13)T;=(15+25)T, or .-
T,sin67.4° = T,5in36.9°
[TicosAPN + T,cosBPN = 21]
(5+13)T; + (20 +25)T, =21 or
T1c0867.4° + T2c0836.9° = 21
Tension in S, is 13 N, tension in S, is 20 N

19
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M

[6)



—

Mathematios A-Lavel P-4 Toploal
Alternative solution using Lami’s Theorem
[T/sin(1 80 ~ BPN) = 21/sin(APN + BPN))
T,/sin (180 - cos™'(20/25))=

21/sin(cos ' (20/25) + cos™'(20/52))

or

T,/sin(180 — 36.9) = 21/5in(36.9 + 67.4)
[T/sin(180 = APN) = 21/sin(APN + BPN)]
Ty/sin(180 — cos“'(20/52)) -
21/sin(cos ™ (20/25) + cos™'(20/52))

or
Ty/sin(180-67.4)=21/sin(36.9 + 67.4)

Tension in Sy is 13 N, tension in S, is 20 N [6]
Alternative solution using Sine Rule
[T\/sinBPN = 21/sin(180 «(APN + BPN))]

T\/(15/25) = 21/sin(cos ™ (20/25) + cos™(20/52))
or
T\/sin36.9° = 21/sin(180 <(36.9 + 67.4))

[To/sinAPN = 21/sin(180 —(APN + BPN))]
T,/(12/13) = 21/sin(cos"(20/25) + cos"(20/52))
or

Ty/sin67.4° = 21/sin(180 —(36.9 + 67.4))

Tension in S, is 13 N, tension in S, is 20 N [6]

60. O/N 12/P43/Q6
[P==F + 0.6gsin25°]
Prax =F +0.6gsin25° or ‘P=F + 0.6gsin25°
when the particle is about to slide upwards’
Prin= - F +0.6gsin25° or
‘P= —F + 0.6gsin25° when the particle is
about to slide downwards’
R=0.6gco0s25°
[F=10.36 x 0.6g cos25°]
[F=0.36 x 0.6
[Pmax = 0.36 % 0.6gc0s25° + 0.6g5in25°,
Prin=—10.36 x 0.6gc0s25° + 0.6gsin25°]
Prax=4.49, P i, = 0.578 (accept 0.58)
Set of values is {P; 0.578 < P < 4.49} [9]

61. M/J 12/P42/Q2
[12=15sina ]
a=53.1
[F=15cosx]
F=9N [4)
ALTERNATIVE 1
[Fsin @ = 12cos @ and Feosa + 12sina
=159 sinag +cosa =
12cosa + 15 - 125ina

I5sing - 12 sin‘q = 12cos’a = 15sina
=129 o = 53.1

F=oN 4]

e —

47
Read & Write Publications

Unit 1: Answers Section

ALTERNATIVE 2
[sin a=12/15]
a=53.1

[F? =15 -12%]

ALTERNATIVE 3 '
[12 +8in(180 — &) = 15 + 5in90
212 =15sina ]

a=53.1

[F + sin 143.1 =15 *sin90]

F=9N (4]
SR (max 2/4) For candidates who have

sin and cos interchanged.

Allow B1 for a=36.9 and allow B1 for F =9

following correct work relative to
the cos/sin interchange error.

62. M/J 12/P42/Q4

() Horizontal component is Tcos25° (0.906T) l
Vertical component is 4g + Tsin 25°

(40 + 0.423T) [3]
(i) 0.906T =16 + 0.169T
T=21.7N [2]

63. M/J 12/P41/Q2

() X=14-13cosd and Y =13siné or triangle
with sides 13, 14, 15 and 8 opposite 15
[14* +13* -2 x 13 x 14cos 6= 157]
6=674 [3]
(i) Component is 9 N 2]

64. M/J 12/P41/Q7

() Tcx(2/2.5)—Tax (1.5/2.5)=0
Tc x (1.5/2.5) + Ty x (2/2.5) =8
[0.6 Tc+ 0.8 (4Tc/3) = 8 — (5/3) Tc =8 or
0.6(0.75T4) +0.8To =8 — 1.25T, =8 ]

Tension in AB is 6.4 N: tension in
BCis 4.8 N | (5]

(i) F+0.2g=T,x (1.52.5)

N=Ta x (2/2.5)

[#=(3.84-2)/5.12] '

Coefficientis 0.359 | [5]

65. M/J 12/P43/Q2
(i) Tcos6 +Tsinf =112
(or—Tcos@ + Tsin@ = 0.16g)
—Teos @ + Tsinf =0.16g
.+ (orTcos@ + Tsinf =11.2) 31 °
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69. O/N 11/P43/Q2 \

(i) [Tcos @ = 4.8 and Tsin @ = 6.4 and
T = 4.8 + 6.4° orta;le = 6.4/4.8] X =31 +26cosa, Y = 58 — 26sina
[4T%(cos’ 6 +5sin’ @) = 1)1( . ?ti tY.: ‘?38N or
2 2 esultan
or 2Tsin @ - 2,? : '20__1 6)"+(112+1.6) Direction is at 41.1° to i direction
ne = C(Zil 2—+ 16)+(112-1 6) Direction is at 41.1° to i direction or
+ -1. .
O : - Resultant is 73N
T 1("1I‘<;os 6 +Tsin@)+ (- Teos 6 +Tsin8) Alternative solution for Q2
T= 8 (:)-1‘1'961 53.1) [tan 612 = 58/31, Ri’= 31%+ 582]
6=5310rT =8 3] 6, =61.9° and Ry = 65.76
[Incl. angle = (180 — fiz— a)’,
66.. OIN 1?IP4ZIQ4 o R? = 26% + Ryy*— 2 X 26Ry2c0s (incl. angle)]
® Egrrrg:a;gfr()f forces with 60° shown Incl. angle = 95.5° Resultantis 73 N
Ccos¢é = 4cos30 and Csing=10 - 4sin30, or [sin = 26sin95.5/73; 0=61.9- B]
F = 4cos30 and R = 10 —4sin30 Direction is at 41.1° to i direction
[C?=47+10°~2 x 4 x 10cos60 or 70. O/N 11/P43/Q6
C2=(4cos30)2+(10—48m30) ] R = Tcos30
e e 30/(10 - 4sin30)] F=Tsin30 -2
(ii) [¢ =4cos —4sm F = Tein30 —
Coefficient is 0.433 (accept 0.43) 2] F=Tsin30-2¢ |
Alternative Method T = 2g/(sin30 % 0.24cos30) either case
(i) For obtaining ¢= 66.6° or T=283and T=68.5 8
tang =4+ 3 from
4 + 5in(90° + ¢) = 10+ sin(150° - §) 71. IYIIJ 11/P42/Q4 ]
. : " (i) Fcos@ = 12cos30 (=10.932)
ForusmgCNand(4NorlON)1nLamls ) ano
theorem to find C Fsind = 10— 12sin30° (=4)
[C + sin120° = (4 + sin156.6° or 10+sin83.4")] F=11.10r  =21.1 (accept 21.0)
C=872 [3] @ =21.1 (accept 21.0) or F=11.1 [6]
(ii) Magnitude is 12N

@) [x= V3 + 4 or y#=c0s66.6° + 5in66.6°] 20 i
Coefficient is 0.433 (accept 0.43) [2] DL.I'eCtIOIl is 30° clockwise from +ve ‘X’
axis (]

67. O/N 11/P41/Q3 alternative for 4(i)
() (a) [2 x 12cos40 — 15c0s50] For triangle of forces with sides 12, F and

Component is 8.74 N 10 and at least one of the angles
(b) Componentis 11.5N (90° — @) or 60° or (& +30°)

(i) Magnitude is 14.4 N or direction is 52.7°
(or 0.920°) anticlockwise from idirn

F2 =122+ 10%-2 x 12 x 10cos60° or
(12c0s30°)sin & = (10 — 12sin30°)cos [

Direc.tiop’is 52.7° (0{ 0.929°) anticlockwise F=11.1or 8=21.1 (accept 21.0) °
from i dir’n or magnitude is 14.4 N [3] 9 =21.1 (accept 21.0) or F=11.1 [6l
68. O/N 11/P41/Q5 second alternative for 4(i)
(i) F=12cosa For using Lami’s theorem with 12N and
R;=2g+ 12sina 10N .
[12 x 0.8 < (2g + 12 x 0.6)] 12/5in(90 + 8) = 10/sin(150 — 6)
. H29.6/272=6/17 [5] 12/cos @ =20 + (cos @ +3* sinf)
(i) 12cosa> uR, — 12 x 3% sin@ = 8cos
R,=2g-12x0.6 —tanf =2+(3%x3"%)
M <9.6/12.8=3/4 [3] = =211
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For using Lami’s theorem with F N and
(12Nor 10N)
F/sin120° = 12/sin111.1° (or 10/sin128.9°)
F=111 (6]
Alternative for 4(ii)
For X = 11.1cos21.1° and
Y = 11.1sin21.1° - 10,
R?= X+ Y? and tan® = Y/X
Magnitude 12 N and direction 30°
clockwise from +ve x-axis [2]
72. M/J 11/P42/Q6
(i) 2T cosa =0.6g
Tension is SN 3]
(i) [F=Tsina]
Frictional component is 4N
[N=04g+Tcosa]
Normal component is 7 N [4]
(iii) Coefficient is 4/7 or 0.571 2]
Alternative for Q6(i)/(ii)
(i) For finding the relevant angles and using
Lami’s theorem
6/sin106.26° = T/sin126.87°
Tension is SN [3]
F/sin126.87° = 5/5in90°
Frictional component is 4N
(R —4)/sin143.13° = 5/5in90°
Normal component is 7 N [4]

73. M/J 11/P41/Q3

Tcosf + Tsinf = 15.5

—Tcosf + Tsinf = 8.5

Tsinf = 12 and Tcosf = 3.5

6="73.7° (or 1.29° [6]
74. M/J 11/P41/Q4

() 2X+F=11gsin30° and
9X —F = 11gsin30°

(i)

X=10 3]
(i) F =35
R = 11gc0s30°
Coefficient is 0.367 [4]

75.MIJ 11/P43/Q5
® Fr-6.1-5x028=0and
Fy+48-5%x096=0

Frictional force acts parallel to x axis and
to the right

Fy=05F= F,
= Frictional force has magnitude 7.5 N [4]
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@) [p4=7.5/(1.25 x 10)]
Coefficient is 0.6

First alternative scheme
[2F% =25 + 36]
F=5.52
tan(a® — 45°) = 5/6 or tan(135° — @°) = 6/5 or
cos(a’® —45°) or sin(135° — &®) = 6//61 or
sin(a® —45°) or cos(135° — @°) = 5//61
a=284.38
Second alternative scheme A
[6cosa® + 5c0s(90° - @®) - 1
= 6sina”® - 5sin(90° - )] .
[11cosa’ —sina®=0] F BV
a=2848 e
For F = 6cosa’ + 55:05(90° - a°) or
F = 6sina? — 5sin(90° - a°)
F= 552 ‘ ..\'i.f'.'

2
(iif) [7.5-8.6 - 1.4=1.25a > a=-2] “
Magnitude of acceleration is 2 ms™
Direction of acceleration is parallel to x
axis and to the left (3]
76. O/N 10/P42/Q1
R +2000cos15°=400g
F =2000sin 15°
[2000sin15° = 4 (400 g — 2000cos15°)]
Coefficient is 0.25 [5]
SR(max. 4/5) for candidates who either:
have sin and cos interchanged or have
angle 15° above the horizontal
R +2000sin15° = 400 g and F = 2000cos15°
[2000c0s15° = 4 (400 g — 2000sin15°)]
Coefficient is 0.55
77. O/N 10/P42/Q3
6cosa’ + 5¢0s(90°— a®)=F  and
6sina’® — 5sin(90° — a°) = F
[6cosa® +5sina® = 6sina® — 5cosa®
2 1lcosa’ =sina®]
a=284.8
[F = 6c0s84.8° + 5sin84.8° F = 6sin84.8° —
5c0s84.8°]
F=552 [6]

Unit 1: Answers Section g
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78. O/N 10/P41/Q3
For correct A or resolve XP,
and cosa = 5.5/7.3;
or 5.5/sin(90° + a) = 7.3/5in90° (Lami),
or 5.5cosa + Wsina = 7.3
and 5.5sina = Wcosa.
Angle AP, X =41.1°0r0.718°
For correct triangle and W? = 7.3% - 5.5%
or W/sin(180° —41.1°) = 7.3/sin90°;
or Wsind1.1°=7.3 — 5.5cos41.1°
or Wcos41.1° = 5.5sin41.1°
W=428
79. O/N 10/P43/Q3
(i) [2T cos30°=34/3
or T/sin30° = 3 /3 /sin120°
or T> = T> + (3+/3 )2 = 2T(3 /3 )cos30°

50
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[3]

or V{(Tcos30°) + (T + Tcos60°)%} = 3+/3 ]

Tension is 3N
(ii) [T =F + mg sin30]
R =mg cos30
3 =0.75(10cos30°)m + 10m sin 30°
Mass is 0.261kg

80. O/N 10/P43/Q5
(i) [F?=27.5"+(-24)"]
F=36.5
[tana® = «(-24/27.5)]
a=41.1
(i) R=94.9
[a°+ 6°=tan™'(87.6/36.5);
or (a°+ 6°=cos™ (36.5/94.9)
or 6°=tan"'(87.6sin48.9° — 24)/(27.5 +
87.6c0s48.9°)]
6=26.3
81. M/J 10/P42/Q3
(M [R+7sin45°=0.8¢g]
Normal component is 3.05N
(ii) F=7cos45°
Coefficient is 1.62
82. M/J 10/P42/Q4
X =160+ 250cos
Y =370-250sinx
Magnitude is 500
Required angle is 36.9°
Alternative for 4
Triangle has angle opposite R equal to 97.1°

2]

[51

[4]

3]

2]

3]

Unit 1; An%

[R? = 403% + 2507 - 2 x 403 X 250c0597,10
Magnitude is 500 N

[sin(66.6° —z) + 250 =sin97.1° + R]

Required angle is 36.9°

83. M/J 10/P41/Q3
(i) [R+ 7sind45°= 0.8¢g]
Normal component is 3.05 [
(i) F=7cos45’ ]
Coefficient is 1.62 y

84. M/J 10/P41/Q4

X =160+ 250cos @

Y =370 -250sin @

Magnitude is 500N

Required angle is 36.9° (or 0.644 rads) m
Alternative for 4

Triangle has sides 403, 250 and R

Triangle has angle opposite R equal to 97.1°

[R? = 4037+ 250° — 2 x 403 x 250c0597.1°]

Magnitude is 500 N
[sin(66.6° —z) + 250 =sin97.1° =
Re uired an le is 36.9°

85. M/J 10/P43/Q1
[7.3 sina = 5.5]
a=48.9
[R=16.8—-7.3 cos48.9°]
Magnitude of resultant is 2 N 4

O/N 09/P42/Q1
(i) [P=Wsin40°]

P=771 . [2
(ii) [Pcos40° = Wsin40°

P=10.1 [
O/N 09/P41/Q3
Q - Pcos60° = 12¢0s80° and Psin60° = 12sin80°
Qcos80° + Pcos40° = 12 and Psin40° =~Qsin80o
[Q — 125in80°c0s60°/sin60° = 12¢0s80°% =

R]

86.

87.

Qcos80° + Qsm80°cos40°/sm40° = 12] "
Q=128.91

(First alternative)

Qcos30° = 12¢co0s50° - l
Q=28.91 \

(Second alternatlve)

Angles opposite Q and 12 are 40°and 60°
respectively- .
Q/sin40°= 12/5in60° (4
Q=891
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jrd alternative) ;
Angle between P and Q is 120° and between P and

_Ris 140° .
[g/sm140 = 12/sin120
Q-891 4]
8. ON 09/P41/Q4
(i) For angle between AP and vertical =
36.9(or sin”0.6) or for angle between
PS and vertlcal - 53. 1°
(or sir'0.8)
[Tpst (Tpacos90°) = 55in36.9°]

(First alternative)

For the angle between PA and the horizontal

through P is 53.1° and the angle between PS and

the horizontal through P is 36.9°

[0.6TPA =(0.8Tpsand 0.8Tps + 0.6Tps =15 ->
{0.8(0.8/0.6) + 0.6} Tps = 5]

(Second alternative)

For A of forces with sides Tpa, Tps and 5, with

angles opposite Tps and 5 shown as 36.9° and 90°

[Tps = 55in36.9°]

(Third alternative)

For force diag. showing Tpa, Tps and 5, with

angles between Tpg and Ty, and between 5 and

Tps being shown as 90° and 143.1°

[Tps /sin143.1° = 5/sin90°

Tension is 3N [3]
(ii) [F =T cos(sin™ 0.6)]
Frictional force is 2.4N 2]
-1
(iti) [W + T sin(sin 0.6) = R]
wW=14 3]

89. O/N 09/P41/Q5
(i) —F-0.6gsin 18°=0.6(-4)
Frictional component is 0.546N
[R = 0.6gcos18°]
Normal component is 5.71N

Coefficient is 0.096 [6]
(ii) 0.6gsin18°—0.546=0.6a or
2(0.6gsin18°) = 0.6(a + 4)
a=2.18 2]

90. M/J 09/P04/Q3
@) [X=7+10cos50°—15cos80°,
Y = 10sin50° + 15sin80°]
(a) x-component is 10.8
(b) y-component is 22.4 3l
(i) [6=tan™(22.4/10.8)]
Direction 64.2° anticlockwise from x-axis
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91. M/J 09/P04/Q4

() [F+T=8x10sin20°]
Frictional component is 14.4
[R = 80co0s20°]
Normal component is 75.2 [4]
Alternative scheme for part (i)
[Tcos20° + Fcos20° = Rsin20° and
Tsin20° + Fsin20° + Rcos20° = 8 g]
[tan20° = (13c0s20° + Fcos20°) +
(80 — 13sin20° — Fsin20°) —
F = 80sin20° — 13 or
tan20° = (80 — Rcos20° — 13sin20°) +
(Rsin20° — 13¢c0s20°) — R = 80c0s20°]
Frictional component is 14.4
Normal component is 75.2

(ii) F=8x10sin20° or y = tan20°
Coefficient is 0.364 (accept 0.36) [2]

92. O/N 08/P04/Q1
(i) (a) 10-—8cosd
(b) 8sinf [2]
(ii) (10-8cos@)*+ (8sinf)*=8>  or
10% + 82 — 2x10x8cos & = 8
cos@ =5/8 3]
First alternative for (ii)
[cosp = (10 — 8cos 8 )/8 and sing = 8sin & /8]
8 cosp = (10 —8cosf@)and ¢=1§
cos@ =5/8
Second alternative for (i)

[5, V39 , 64]

8 =R

=» assumption correct
SR for (i) (max 2/3)

R =8 or 8.0 or 8.00 or 7.997.
=» assumption correct

93. O/N 08/P04/Q2
[R=197,F=63.0]
(i) P=F+20gsin 10°
Least magnitude is 97 8N .
(i) P= F—20gsin 10° .

Least magmtude is 28.3N [6]
SR (for candldates who omit g) (max 3/6)
ForP= F + 20sin 10° in (i) and
P= F- 20sm 10°in (ii)
Least magmtude is 9.78N in

(1) and 2.83 in (ii)
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94. M/J 08/P04/Q3 (i) Tcos60° + 25 = 75c0s30°
(T=179.9)
Zﬁ 13 [79.9sin60° + 755in30° + R = 200}
10 R=933
_ [1= 25/93.3]
[Foos6” =10, Fsin 67 = 13;] Coefficient is 0.268 (=2 -3
[tand° = 13/10, v 269 sind° = 13]
6=524 99. O/N 06/P04/Q2
[F* = 10% + 13 Fcos52.4° = 10] (i) [F+ 5c0s30°=0.6g]
F=164 [5] Frictional force is 1.67 N
Alternative scheme for candidates who use scale . e Q
drawing: (ii) R =5sin30 [=2.5]
6=524 Coefficient is 0.668 N
F=l6a Il 100. /N 06/P04/QE
95. O/N 07/P04/Q3 @ P=10
() [7=Fcos@ and4=Fsind > R =269 [3]
2 _~2 2 =
FF=7+4 (Ortang —4/7)] (ii) a=737
[7=18.06cos @ or 4 =8.06sin8 ] @) 24 N
(or 7 = Fc0s29.7° or 4 = Fsin29.7°) ®) 7N .
=297 [4] (iiii) cos@ = (24-2.8)26.9 ... or
(i) Direction opposite to that of the fqrcc sinf =(7+9.6)/26.9 ... or
of magnitude 7 N 2] tan@ = (7+9.6)/24 - 2.8)
96. O/N 07/P04/Q5 6 =38.1 B3]
() R-=Tsin60° :
[F = W + Tcos]60° 101. M/J 06/P04/Q3
F =40 + Tcos 60° Fsin50° = Fsin20° + 12
) (i) 40+ 0.5T = 0.7x0.866T F=283
T=377 [3] G =Fcos50° + Fcos20°
97. M/J 07/P04/Q2 G=8 H
@ [8+8cost=9] 102. O/N 05/P04/Q3
=828 [2] Either : Or
(i) For showing 6 or (180° — &) or 5
6/2, in a triangle representing the WIN i ind0° =
two forces and the resultant, or for - : Wl sin60°
' 2
using Y = 8sinf in R* = X* + Y* ;
[R*=8%+ 8> — 2x8x8cos(180 — h), | Wycos40° +
R?= 82 + 8% + 2x8x8cos6, PN ! Wacos60°=35
cos(8/2) = (R/2) + 8, ! v
Reos(6/2) =9,  Froosd0™+ ok ¢
Rsin(6/2) = 8sind), Wi __ 5  iWsind0’ cos60”
R?*= 9% + (8sin6 )%, sin60° sin0° | _sin60°
R?= (8 + 8cosf)’ + (8sind )] e
Magnitude is 12 N 131 Wi =4.40 . Wi =4.40
W, _ 5 W, =4.40 sin 40°
98- ”IJ 07IP04IQ7 Sin400 Smsoo § . sin 60° 6]
®  Teos60° =75c0s30° - T = 130 =326 W, =326 l
Tsin60° + 75sin30° + R = 20g y 5
[130sin60° + 75sin30° + R = 200] 9 :
Magnitude is 50 N [5]




evel P-4 Topical
Matnomatics A~

403. ON 05/P04/Q4

N + Xcos 0 =mg
N =3200- (24/25)X

i) F=Xsin@

@ 7 v - 33200 - 2 x)
E—S—-X T8 25
X=1875

104. M/J 05/P04/Q2
" x=7+5c0850° — 6cos30°
Y = 5sin50° — 6sin30°
R?=5.01.2+0.83.2
tand = 0.8302/5.0178

Magnitude is 5.09 N and
direction is 9.4° anti-clockwise
from force of magnitude 7 N

10.9N and 20.6° anticlockwise
from x-axis

or 3.50 N and 59.0° clockwise
from x-axis

or 2.15 N and 157.3°
anticlockwise from x-axis
5.09N

9.4° anticlockwise from the
X-axis

R 5

7

R =5.09 (A2) (or some value
such that 4.9<R<5.3 (A1))

9.4° (A2) (or some value such

that 9°< 4 <9.8° (A1))

anticlockwise from the x-axis
105. M/J 05/P04/Q3

2.25 = a(1.5%)

a=2

R = mgcos30°

mgsin30° - 4 mgcos30° = 2m

Coefficient of friction is 0.346

KE gain = 1, m3?

R = mgcos30°

2.25 1 mgcos30° = J
mg(2.25sin30°) — %2 m3?

Coefficient of friction is 0.346
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OR [6]

or o

[6]

[6]
OR

(6]

106. O/N 04/P04/Q2

(i) P =18cos60°or sin30° = P/18
P=9

(ii) e Pcos30°=18cos60° or
e tan30°=P/18 or
e 18 = Rcos30° and

P = Rsin30°

P = 10.4 (accept 643 )

107. O/N 04/P04/Q6

() R=8000N
For obtaining P < 6000

(ii) F < 0.4 x 4000 or
Fmax= 0.4 x 4000
400a < 1600 or 400am., = 1600
a<i
Prax — 6000 = 800 x 4 or
P —6000 = 800a < 800 x 4

Maximum possible value of P is
9200

108. M/J 04/P04/Q1
(i) F=13cos a
Frictional component is 12 N
(i) R=1.1x10+13sina
Normal component is 16 N
(iii) Coefficient of friction is 0.75

109. M/J 04/P04/Q2
X =100 + 250c0s70°
Y = 300 — 250sin70°
R®= 185.5% + 65.12
R =197
tana =65.1/185.5
a=193

OR
316(.227766..) or 107(.4528..) or

299(.3343..)
71.565 ...° or 37.2743 ..° or

-51.7039 ..°
R? =316.2% + 250% —

2x316.2x250c0s38.4°

R? = 107.5% + 100% - G

2x107.5x100c0s142.7°
R®=299.3* +300° = ' _
2x299.3 x 300c0s38.3°
R =197
sin(71.6 -a ) =250sin38.4 + 197
sin(37.3 -@)) = 100sin142.7 + 197
§in(51.7 + &) = 300sin38.3 + 197
a =19.3°

Unit 1: Answers Section

12]

13]

2]

(7]

2]

2]
1]

[6]
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110. O/N 03/P04/Q3

(i) For using the idea of work as a force
times a distance
(25x2co0s15°)

Work done is 48.3 J 12]

N +25sin15° =3x10

(N cos instead of sin following sin instead
of cos in (1))

Component is 23.5 N

111. O/N 03/P04/Q6

(l) TBM = TAM or TBMCOS3O° = TAMcos30°
For resolving forces at M horizontally
(2T sin300 =5)

For resolving forces at M horizontally
(2T'sin300 =5)

or for using the sine rule in the triangle
of forces

(T+5sin60° = 5 +sin60°)

or for using Lami’s theorem
(T+sin120° = 5 +5sin120°)

Tension is 5 N

(ii) For resolving forces on B horizontally
(N =Tsin30) or

from symmetry (N = 5/2) or for using
Lami’s theorem
(N=+sin150° = 5 +5in90°)
For resolving forces on B vertically
(3 terms needed) or for using Lami’s
theorem
02x10+ F =Tcos30° or
(0.2g + F) +sinl20°=T+ sin90°
Forusing F = uR (233=2.54)
Coefficient is 0.932 [5]

112. M/J 03/P04/Q2
(i) (@) For resolving in the direction PQ

(b)

Component is 2 x 10c0s30° — 6cos60°

or14.3Nor 1043-3 N 2]
Component is + 6cos30° — 6¢cos60°
or £5.20N or = 3J§ N 1]

SR (for candidates who resolve parallel
to and perpendicular to the force of
magnitude 6 N) (Max 2 out of 3)
For resolving in both directions
For X =6 - 10cos 30° or —2.66 N and

Y =10+ 10sin 30°0r 15 N

54
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A.G. [3]

(iv)

(v) Return dist. =

SR (for candidates who give a
combined answer for(a) and (b)
(Max 2 out of 3)

For resolving in both directions

For (6cos30°)i + (2 x10cos30° -
6cos60°)j or any vector
equivalent

For using Magnitude

=\/aT15(i)2 + ans(ii)’
Magnitude is 15.2 N
ft only following sin/cos mix and
for answer 5.66 N

113. M/J 03/P04/Q6
() Forusing F = xR and R=mg
(F = 0.025x0.15x10)

Frictional force is 0.0375 N or 3/80 N
Accept 0.0368 from 9.8 or 9.81
For using F = ma (-0.0375 = 0.15a)
ord=ug
Deceleration is 0.25 ms™

(or a =-0.25) A.G.

(ii)

(i)

. 1
For using s = ut + ?Z-at2

(iii)
(s =55x4+ %(—0.25)1 6)
Distance AB is 20m

For using v’ =u’ +2as
(v? =3.5* —2x0.25%20)

Speed is 1.5 ms™
(ft \/(24.5- (iii))/2)

2

2x0.25

i)
2x0.25

or distance beyond A =

Total distance is 445m
(ft 24.5 + (iil) or 2((iv)’ + (iii)

Unit 1:%
S,

2]

2]

2]

2]

2]

[l
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ON 02/P04/Q3 116. M/J 02/P04/Q3

114. @ For resolving forces on R vertically -
(3 terms needed) o 10
Tsin50°=Tsin20°+08¢ | lhae _ a\n . o

s 10
Tension is 189 N (may be implied)
(18.5 from g =9.81 or g =9.8) [3] N
(i) For resolving forces on R horizontally (i) or recognizing that resultant acts

X = Tcos50° + Tcos20° along bisector

X=29.9 (8tan75°)

(29.3 from g = 9.81 or g =9.8) 3]
Alternatively (by scale drawing):
Correct quadrilateral drawn to scale

184<T<194
294< X<304
T=18.9and X=29.9

115. O/N 02/P04/Q5
@) R=15x10xcos35°=123 (AG) 1]
(i) For resolving forces along the plane
(either case)
150sin35° = X+ F and 150sin35° = 5X - F
For eliminating F or X
X=28.7 (ft from wrong F or wrong
positive u)
(28.1 from g =9.81 or g=9.8)
F or uR = 10gsin 35° or equivalent
(may be implied) (57.36)
For using F = yR [57.36 = u 122.9
or 100 sin 35° = x 150 cos35°]
Coefficient of friction is 0.467
(ft for positive value from wrong X) (7]
[(2/3)tan 35°]
SR for the case where a candidate does not use F
explicitly and uses F < R (and not F = uR)
implicitly (max 4 out of 7)
For resolving forces along the plane (either case)
150sin35° — X < 4R and 5X - 150sin35° < 4R
F‘}’;) eliminating X (it is not possible to eliminate
U

MR 2100sin 35° or equivalent

or 12cos f=10+10 cos@
and 12sin = 10siné

or X=10-10cos a

and Y=10sn o

Complete method for a
[ =2 sin™! % or 122 =102+ 10> —

2 x 10% cos o]
or resolving forces along the bisector

[2 x 10 cos %= 12]

or squaring and adding and using
ph+s2f=1landE 9+s20 =1

[144 =100 + 200cos 8+ 100]

0 =106.3° or 1.85 rads [3]

(ii) For using component = 12 cos % [12 x 0.6]

orl0 10cosa
Component is 7.2 N (ft only when B1
in part (i) is scored) [2]
SR for candidates whose diagram in (i)
(actual or implied) has triangle with sides
10, 10, 12 and angle & opposite the 12.
(max 1 out of 2) l
Alternative: For candidates who draw a
scale diagram.
As for first mark in scheme above.

Value of fin the range 105° to 107° 'o.btaih'ed '
6=106.3° o

12
For drawing relevant perpendicular and

measuring appropriate length
Componentis 7.2 N
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a Straight Line

Unit-2: Kinematics of Motion in

1. O/N 17/P42/Q3
A car travels along a straight rond with ¢
The car passes point A with velocity 14 m#s
times taken to travel along AB and BC are 5

onstant aceeleration, It passes through ‘)lrfllfk A Bang
I The two sections Al and BC nre of equal lengyy, .”‘;

g and 3 s respectively,

. of the acceleration of the car, Wri
(1) Write down an expression for the distance Al in werms of th MY T
ce show that the ncceleration of the car is 4 4 4

a similar expression for the distance AC', Hen
[4)
(i) Find the speed of the car as it pusses point €, 2]
2, O/N 17/P42/Q4 : , . [
A particle P is projected vertically upwards from horizontal ground with npeed 12:my =,
(2]

(i) Find the time tuken for /(o return (o the ground,
od i denoted by 1, When 1= 1, i second particle Q) in projecteq

The time in seconds after P is project ‘When | |
vertically upwards with speed 10ms~! from a point which is 5 m above the ground. Particles P anq

Q move in diflerent vertical lines,
(1) Find the set of values of 1 for which the two particles are moving in the same dircction, (4]

3. O/N 17/P42/Q7 | _ '
A particle starts from resl and moves in a straight line, The velocity ol the particle at time ¢ 4 after the

start is vim 8!, where
v 001004 0.2217 =041,

() Find the two positive values of 1 for which the particle is instantancously at rest. 2]
(i) Find the time at which the acceleration of the particle in preatest, (3]
(4]

(i) Find the distance travelled by the particle while its velocity s positive,

4. O/N 17/P41/Q4
v(ms™')

> [ (8)

10 T

The diagra . .

cnnsimﬁ)‘. 'S"&::::;;:‘l (ljiw velocity-time graph of a particle which moves in a straight line. The Sr;‘lfl’h
. ne segments, The particle starts from rest at a poi ime ¢ = 0, and initially

travels towards point B on the line, rest at a point A at time )

[1]

() Show o .
hat the acceleration of the particle botween ¢ = 3.5 and 7 = 6 is =10 ms ™2,
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(i) The acceleration of the particle between = 6 and t = 10 is 7.5 m s~

2, When ¢ = 10 the velocity
of the particle is Vms™. Find the value of V.

[2]

(iii) The particle comes to rest at B at time T's. Given that the total distance travelled by the particle

\ between £ =0 and f = T is 100 m, find the value of T. [4]
i

5. OIN 17/P41/Q5

A particle starts from a point O and moves in a straj

ght line. The velocity of the particle at time ¢ s
1& after leaving O is vms™!, where

v=15+0.4t for0<r<5,

1
V= %—O.lt fort > 5.

(i) Find the acceleration of the particle during the first 5 seconds of motion.

(1]
(ii) Find the value of t when the particle is instantaneously at rest. (2]
| (iii) Find the total distance travelled by the particle in the first 10 seconds of motion. [5]

. 6. O/N17/P43/Q5

A particle starts from a fixed origin with velocity 0.4ms~! and moves in a straight line. The

acceleration am s™2 of the particle ¢ s after it leaves the origin is given by a = k(31> — 12¢ + 2), where
k is a constant. When ¢ = 1, the velocity of Pis 0.1ms™!,

(i) Show that the value of k is 0.1.

(5]
(ii) Find an expression for the displacement of the particle from the origin in terms of ¢, [2]
(iii) Hence verify that the particle is again at the originatr = 2. [1]
7. OIN 17/P43/Q6
v (ms™)
v ST TS ™
// PN
Q,/ N
\
e ! \
7/ |
7 /X>
£ - t
0 2 6 10 12 T )
-6 >

W

The diagram shows the velocity-time graphs for two particles, P and Q, which are ;
straight line. The

moving in the same

graph for P consists of four straight line segmepts:-;, TheL graph for Q consists of

three straight line segments. Both particles start from the same initial position O on the line, Q starts
2 seconds after P and both particles come to rest at time ¢ =

T. The greatest velocity of Qis Vms™!,
| () Find the displacement of P from O at £ = 10. - i [1]
| (i) Find the velocity of P at ¢ = 12. sl

& ©Q [2]
(i) Given that the total distance covered by P during the T seconds of its motion is 49.5 m, find the
value of T ~

(3]
[
m
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(iv) Given also that the acceleration of Q from f = 2 to £ = 6 is 1.75ms™, ﬁﬂdthevalueofvand
hence find the distance between the two particles when they both come to restat 7= T. B

8. MJ 17/P42:Q3
A particle A moves in a straight line with constant speed 10ms .
O on the line. apamdeBpassesthroughO movmgalongthelmel;l
B has speed 16 ms™' at O and has a constant deceleration of 2ms"™

-1 Two seconds after A passes a Poiny
the same direction as A. Pal'tic]e

(i) Find expressions, in terms of ¢, for the displacement from O of each particle 7 s after B pagge

through O. 3
(ii) Find the distance between the particles when B comes to instantaneous rest. B3]
(iii) Find the minimum distance between the particles. B3)

9. MJ 17/P41/Q5
A particle P moves in a stralght line ABCD with constant deceleration. The velocities of P at A, p

and C are 20ms ', 12ms ' and 6ms™' respectively.

(i) Find the ratio of distances AB : BC. [4]
(ii) The particle comes to rest at D. Given that the distance AD is 80 m, find the distance BC. [3]

10. M/J 17/P41/Q6
A particle P moves in 2 straight line passing through a point O. At time fs, the veloc1ty of P,vms™!

isgiven by v=gr + rt*, where g and r are constants. The particle has velocity 4ms™ " whent=1 and

whenz=2.
(i) Show that, when 7 = 0.5, the acceleration of P is 4ms™>. [4]
(ii) Find the values of r when P is at instantaneous rest. [2]
(iii) The particle is at O when ¢ = 3. Find the distance of P from O when 1 = 0. [4]

11. M/J 17/P43/Q3
A train travels between two stations, A and B. The train starts from rest at A and accelerates at a

constant rate for 7 s until it reaches a speed of 25ms™". It then travels at this constant speed before
decelerating at a constant rate, coming to rest at B. The magnitude of the train’s deceleration is twice
the magnitnde of its acceleration. The total time taken for the journey is 180s.

(i) Sketch the velocity-time graph for the train’s journey from A to B. (1]

v(ms™)

1

19 —»t (S)

(i) Find an expression, in terms of T, for the length of time for which the train is travelling With
constant speed. 2]

(iii) The distance from A to B is 3300 m. Find how far the train travels while it is decelerating. 3]
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12.

13.

14.

15.

16.

17.
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M/IJ 17/P43/Q4
A particle P moves in a straight line startin

fro i i ing O, the velocity,
vms_l, of P is given by v = (21— 5)3. g irom a point O. At time ¢ s after leaving ty

(i) Find the values of # when the acceleration of P js 54ms2. 3]
(ii) Find an expression for the displacement of P from O at time ¢s. [3]
M/J 17/P43/Q5

A particle is projected vertically upwards from a point O with a speed of 12ms™~!. Two seconds later

a second pa'rticlfa is pr.ojected vertically upwards from O with a speed of 20ms™'. At time ¢ s after the
second pam§:le 1s projected, the two particles collide.

(i) Find 1. (5]
(ii) Hence find the height above O at which the particles collide. (1]

O/N 16/P42/Q1

A particle of mass 2 kg is initially at rest on a rough horizontal plane. A force of magnitude 10N is

applied to the particle at 15° above the horizontal. It is given that 10 s after the force is applied, the
particle has a speed of 3.5ms™!.

(i) Show that the magnitude of the frictional force is 8.96 N, correct to 3 significant figures. [3]
(i) Find the coefficient of friction between the particle and the plane. (3]
O/N 16/P42/Q2
A particle moves in a straight line. Its displacement ¢ s after leaving a fixed point O on the line is s m,
where s = 212 — %Ot%.
(i) Find the time at which the acceleration of the particle is zero. (4]
(ii) Find the displacement and velocity of the particle at this instant. | [2]

O/N 16/P42/Q4
A girl on a sledge starts, with a speed of 5m s!, at the top of a slope of length 100 m which is at an
angle of 20° to the horizontal. The sledge slides directly down the slope.

(i) Given that there is no resistance to the sledge’s motion, find the speed of the sledge at the bottom

of the slope. 31

(ii) Itis given instead that the sledge experiences a resistance to motion such that the total work done
against the resistance is 8500 J, and the speed of the sledge at the bottom of the slope is 21 ms™.
Find the total mass of the girl and the sledge. [3]

O/N 16/P42/Q7

A car starts from rest and moves in a straight line from point A with constant acceleration 3 m s~2 for
10s. The car then travels at constant speed for 30 s before decelerating uniformly, coming to rest at
point B. The distance AB is 1.5 km. _ .

(i) Find the total distance travelled in the first 40 s of motion. - [3]

When the car has been moving for 20s, a motorcycle starts from rest and accelerates uniformly in a
Straight line from point A to a speed V m s~!. It then maintains this speed for 30 s before decelerating
uniformly to rest at point B. The motorcycle comes to rest at the same time as the car.

(i) Given that the magnitude of the accelerationam s2 of the IIl_(;tOI'Cy.CIéiS three times the magnitude
of its deceleration, find the value of a. 3 Y0 [6]

(iii) Sketch the displacement-ﬁmc graph for the motion Of theca.r . [3]
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18. O/N 16/P41/Q2

A particle of mass 0.1 kg is released from rest on a rou

gh plane inclined at 20° to the horizonta] Itiy
given that, 5 seconds afier release,

the particle has a speed of 2ms™!.

() Find the acceleration of the particle and hence show that the magnitude of the frictiong] foree
acting on the particle is 0.302 N, correct to 3 significant figures. 3]
(i) Find the coefficient of friction between the particle and the plane. )

19. O/N 16/P41/Q3
A particle P is projected verticall

Yy upwards from a point O. When the particle is at a height of 0.5n
its speed is 6m ™!, Find

o

(i) the greatest height reached by the particle above O,

B3]
(ii) the time after projection at which the particle returns to O. (3]
20. O/N 16/P41/Q5
v(ms)

0 10 30 40 70
The diagram shows a velocity-

% —» 1 (s)

time graph which models the motion of a cyclist. The graph consists
of five straight line segments. The cyclist accelerates from rest to a speed of Sms™!
10, and then travels at this speed for a further 20s. The cyclist then descends a

to speed Vms~! over a period of 10s. This speed is maintained for a further 30s.
decelerates to rest over a period of 20 s.

over a period of
hill, accelerating
The cyclist then

() Find the acceleration of the cyclist during the first 10 seconds.

(ii) Show that the total distance travelled b
as (45V +150) m. Hence find V, give

(1]
y the cyclist in the 90 seconds of motion may be expressed
n that the total distance travelled by the cyclist is 465 m.

(3]
(iii) The combined mass of the cyclist and the bicycle is 80 kg. The cyclist experiences a constant
resistance to motion of 20 N. Use an energy method to find the vertical distance which the cyclist

descends during the downhill section from =30 to ¢ = 40, assuming that the cyclist does no
work during this time. '

2 [4]
21. OIN 16/P41/Q7 GO ¢

A racing car is movin

g in a straight line. The acceleration g m s—2 at time s aftg:r the car starts from
rest is given by

a=15t-3¢ for0<r<s5,

a=—6% for5<t<k,
Wwhere k is a constant, o s S
() Find the maximum acceleration of the car in the first ﬁvg seconds of its motion. g}
(if) Find the distance of the car from its starting point when f = 5. 51
(iff) The car comes to rest when t = k. Find the value of k.
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2. ON 16/P43/Q4

Aball A is released from rest at the top of a tall tower. One second later, another ball B is projected

: -1
vertically upwards from ground level near the bottom of the tower with a speed of 20ms™" . The two
balls are at the same height 1.5 s after ball B is projected.

(i) Show that the height of the tower is 50 m. (3]

(i) Find the length of time for which ball B has been in motion when ball A reaches the ground.
Hence find the total distance travelled by ball B up to the instant when ball A reaches the ground.

[5]
23. OIN 16/P43/Q5

A particle P starts from a fixed point O and move

s in a straight line. At time ¢ s after leaving O, the
velocity vms™ of P is given by v = 6¢ —

0.3£”. The particle comes to instantaneous rest at point X.
(i) Find the distance OX. [4]

A second particle Q starts from rest from O, at the same instant as P, and also travels in a straight
line. The acceleration am s™2 of Q is given b

Y @ =k —12t, where k is a constant. The displacement
of O from O is 400 m when 7 = 10,

(ii) Find the value of k. [4]
24. M/J 16/P42/Q2
A particle P moves in a straight line, startin

g from a point O. At time ¢ s after leaving O, the velocity
ofP,vms'l,isgivenbyv=412—8t+3. ‘

(i) Find the two values of ¢ at which P is at instantaneous rest.

[2]
(ii) Find the distance travelled by P between these two times. [3]
25. M/J 16/P42/Q4
v (ms™)
A
8.2 |- :
V b e e e e ——————— 1
— 1 (s)
o 2 s ©

A sprinter runs a race of 400m. His total time for running the race is 525. The diagram shows the
velocity-time graph for the motion of the sprinter. He starts from r?st and accelerates uniformly to a
Speed of 8.2ms™! in 6. The sprinter maintains a speed of 82 m_sj for 36 5, and he then decelerates
uniformly to a speed of V ms~! at the end of the race. L

W @' ¥

() Calculate the distance covered by the sprinter in the first 42 s of the race.

.\

(2]




_— o : '&l"“.‘

Mathematics A-Level P-4 Topical 62 Unit 2; Kinematics of Motio
Read & Write Publications " Straight
(ii) Show that V = 7.84. B
(iii) Calculate the deceleration of the sprinter in the last 10 s of the race. 2

26. M/J 16/P41/Q1
A lift moves upwards from rest and accelerates at 0.9ms~2 for 3s. The lift then travels for ¢, "

constant speed and finally slows down, with a constant deceleration, stopping in a further 4,

(i) Sketch a velocity-time graph for the motion. 3]

(ii) Find the total distance travelled by the lift. 2]

27. MJ 16/P41/Q7
A particle of mass 30kg is on a plane inclined at an angle of 20° to the horizontal. Starting from rest

the particle is pulled up the plane by a force of magnitude 200 N acting parallel to a line of greateg;
slope.

(1) Given that the plane is smooth, find
[2]

(2]

(a) the acceleraton of the particle,

(b) the change in kinetic energy after the particle has moved 12 m up the plane.
S 8) I

(i) Itis given instead that the plane is rough and the coeflicient of {riction between the particle and

the plane is 0.12.

(a2) Find the acceleraton of the particle, [4]

(b) The direction of the force of magnitude 200 N s changed, and the force now acts at an angle
of 10° above the line of greatest slope, Find the acceleration of the particle. [4]

28. MJ 16/P43/Q2
Alan starts walking from a point O, at a constant speed of 4ms !, along a horizontal path. Ben

walks zlong the same path, also starting from (), Ben starts from rest 5 s after Alan and accelerates at
-7 ~ - - . . .
12ms 2 for 5s. Ben then conunues o walk at a constant speed until he is at the same point, P, as

Alan.
(i) Find how far Ben has ravelled when he has been walking for 5 s and find his speed at this instant.
(2]

(i) Find the distance OP. (3]

29. M4 16/P43/Q7
A partcle P moves in a straight line. At ume 73, the displacement of P from O is sm and the

accelerationof Pisams >, wherea=6/—2. Whens =1, 5 =7 and when t = 3, s = 29.

(1) Find the set of values of 7 for which the particle is decelerating. 2
(H) Find s Im terms of 7. g
[3]

() Find the time when the velocity of the particle is 10ms=',

~
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». ile is released from rest at 2 point Hm above horizontal ground and falls vertically. The

:ﬁﬁd‘pﬂﬂ“droughapoﬁlt%m above the ground with a speed of (V — 10) ms™' and reaches the
»d with a speed of Vms™". Find

) the value of V, 3]
. om15]P4ﬂQ3

A particle P moves along a straight line for 100s. It starts at a point O and at time f seconds after
jeaving O the velocity of P is vms™', where

v =0.00004r —0.006f" ~ (0.288¢.

(i) Find the values of t at which the acceleration of P is zero. (3]
(if) Find the displacement of P from O when 1 = 100. [3]

32, O/N 15/P42/Q7

A car of mass 1600 kg moves with constant power 14 kW as it travels along a straight horizontal road.
The car takes 25 s to travel between two points A and B on the road.

(i) Find the work done by the car’s engine while the car travels from A to B. [2]

The resistance to the car’s motion is constant and equal to 235 N. The car has accelerations at A and
Bof 0.5ms™* and 0.25m s respectively. Find

(if) the gain in kinetic energy by the car in moving from A to B, [5]
(iif) the distance AB. [3]

33, OIN 15/P41/Q2

A particle of mass 0.5 kg starts from rest and slides down a line of greatest slope of a smooth plane.
The plane is inclined at an angle of 30 to the horizontal.

(i) Find the time taken for the particle to reach a speed of 2.5ms™". [3]

When the particle has travelled 3 m down the slope from its starting point, it reaches rough horizontal
ground at the bottom of the slope. The frictional force acting on the particle is 1 N.

(i) Find the distance that the particle travels along the ground before it comes to rest. V 3]

34. OIN 15/P41/Q6 *
A particle P moves in a straight line, starting from a point O. The velocity of P, measured in ms™
attime ¢ s after leaving O is given by

v = 0.6t —0.037%.

() Verify that, when z = 5, the particle is 6.25 m from O. Find the acceleration of the particle at this
time. L [4]

(i) Find the values of 7 at which the particle is travelling at half of its maximum velocity. [6]

Seretos
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35. O/N 15/P41/Q7
A cyclist starts from rest at point A and
distance of 36m. The cyclist then travel!
constant deceleration, to come to rest at poin

a straight line with acceleration 0.5 p, g~

ant speed for 25 s before slowing dowp, :{'a
] i"‘

moves in

]s at const :
t B. The distance AB 1s 210m.

m A to B.
(5)

from rest from point A, with constant acceleryg
rtakes the cyclist while the cyclist is moving i,

(i) Find the total time that the cyclist takes to travel fro

int A, a car starts

24 s after the cyclist leaves po
that the car ove

4ms2, towards B. It is given
constant speed.

i i rtakes her.
(i) Find the time that it takes from when the cyclist starts until the car overtakes her 5

36. O/N 15/P43/Q5

A cyclist and his bicycle have a total mass of 90kg. The cyclist starts to move with speed 3 ¢l

ight hi ich is inclined at an angle of sin™ 0.05 to
from the top of a straight hill, of length 500 m, whl_c : 10 t
horizontal. %he cyclist moves with constant acceleration until he reaches the bgttom of the hill wj "
speed S5m s The cyclist generates 420 W of power while moving down the hill. The resistance ,

s g? -1
the motion of the cyclist and his bicycle, RN, and the cyclist’s speed, vms ~, both vary.

420
(i) Show that R = - +43.56. 5]

(ii) Find the cyclist’s speed at the mid-point of the hill. Hence find the decrease in the value of R
when the cyclist moves from the top of the hill to the mid-point of the hill, and when the cyclist
moves from the mid-point of the hill to the bottom of the hill. 3]

37. O/IN 15/P43/Q6
A particle P starts from rest at a point O of a straight line and moves along the line. The displacement
of the particle at time ¢ s after leaving O is x m, where

x = 0.08¢ - 0.0002¢°.

(i) Find the value of # when P returns to O and find the speed of P as it passes through O on its
return
. (4]

(ii) For the motion of P until the instant it returns to O, find
(a) the total distance travelled, | S )

(b) the average speed. | 2]

38. M/J 15/P42/Q4

A particle P moves in a straight line. At tim '
' . e t seconds af i i the
line, the acceleration of P is ams™2, where g = 0.075128—a1t§rt s-ifaSmng Qe S e po o

(i) Find an expression for the displacement of P from O in terms of ¢ )

(if) Hence find the time taken for P to return to the point 0 & 3
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A particle P starts. from rest at a point O on a horizontal straight line. P moves along the line with
constant acceleratl'on and reaches a point A on the line with a speed of 30ms™". At the instant that
P leaves O, a particle Q is projected vertically upwards from the point A with a speed of 20ms.
Subsequently P and Q collide at A. Find

65
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(4]
(2]

(i) the acceleration of P,

(ii) the distance OA.

40. M/J 15/P41/Q6
Two pa:rticl_cs A and B start to move at the same instant from a point O. The particles move in tt{e
same direction along the same straight line. The acceleration of A at time s after starting to move is

ams~2, where a = 0.05 — 0.0002:.

(i) Find A’s velocity when ¢ = 200 and when ¢ = 500. (4]

B moves with constant acceleration for the first 200 s and has the same velocity as A when ¢ = 200. B
moves with constant retardation from ¢ = 200 to ¢ = 500 and has the same velocity as A when 7 = 500.

(ii) Find the distance between A and B when 7 = 500. (6]

41. M/J 15/P43/Q7

Particles A and B, of masses 0.3kg and 0.7 kg respectively, are attached to the ends of a light
inextensible string. Particle A is held at rest on a rough horizontal table with the string passing over
a smooth pulley fixed at the edge of the table. The coefficient of friction between A and the table
is 0.2. Particle B hangs vertically below the pulley at a height of 0.5 m above the floor (see diagram).
The system is released from rest and 0.25 s later the string breaks. A does not reach the pulley in the

subsequent motion. Find

(i) the speed of B immediately before it hits the floor, p LY [9]
(ii) the total distance travelled by A. [3]

2. OIN 14/P42/Q1 | WO A
int on horizontal ground.

A particle P is projected vertically upwards with speed 11 m s7! from a po
e the ground. P and Q hit the

At the same instant a particle Q is released from rest at a point 4 m abov
| .

ground at the same instant, when Q has speed Vms™. W &

[2]

@ Find the time after projection at which P hits the ground. . NS
’ & [2]

(i) Hence fing the values of h and V.
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43, OIN 1A/PAZIQ0

) : , horizontal, where sing = () 9g .

“a i line of grentent lope of wplane inclined ut ngle o “""“’ horizontal, 28 g
:‘a'»:‘,,‘j :‘,lt,'f‘. ‘I”h‘; point A Iul al the 1op ol (he plane, ‘“.“ !;”I;’”Il(ils‘:y:’;t;:l;][‘i] 2231:;’1;(;)2:1;5?36 and g,
longth of AC 210 e i oF L P " "/“V‘" ‘; enches C with a speed of 2 l{llclc"c}
S M i vough, A prticle 2 n relenned from p N clow 1 is 0.5, Find e The
coeliclent of friction hetwee J* and the part ol (he plane helo

(1) the nocelerntion ol ' while moving
(W) from A,

(M from Mo € (3]

() the distance A, .
() (e time taken o1 17 1o move from A to ¢ 5
44, OIN 14/PA2IQT
v(ima ')
A
o N 5 T T t(s)
:
|

The dingram shows the

velocity-time graph for the motion of a particle P which moves on a straight
line BAC, Tt startg ut A and travels to 1 aking 56, 10 then reverse

s direction and travels from B to
¢ taking 105, Vor the first 3 n of P'nmotion it acceleration i constant, For the remaining 12 s the
velocity of 77k v s " at tme £n after leaving A, where

Vo 027 4 M- 15 ford < 15,

() I’Im: the vilue of v when £ = 3 and the magnitude of the acceleration of P for the first 3s of its
motion, |

3]

(1) Vind the maxdmum velocity of 22 while it is moving from B to C.

| 3]
() Find the uverage speed of P,

(W) while moving from A 1o #,

(h) for the whole Journey,

[6]



M

47.

AdLovel P-4 Topical 87 Unit 2: Kinematics of Motion in Straight Line
Read & Write Publications

O 14/P41/Q4

particles P and Q move on a straight line AOB. The particles leave O simultaneously, with P moving
owands A and with Q moving towards B. The initial speed of P is 1.3ms™! and its acceleration in
the direction OA is 0.1ms™. Q moves with acceleration in the direction OB of 0.016¢m s~%, where

¢ seconds is the time clapsed since the instant that P and Q started to move from O. When f = 20,
particle P passes through A and particle Q passes through B.

(i Given that the speed of Q at B is the same as the speed of P at A, find the speed of Q at time
t= 0.

(4]
(ﬁ)' Find the distance AB. (3]
O/N 14/P41/Q6

A particle of mass 3kg falls from rest at a point 5m above the surface of a liquid which is in a
container. There is no instantaneous change in speed of the particle as it enters the liquid. The depth

of the liquid in the container is 4 m. The downward acceleration of the particle while it is moving in
the liquid is 5.5ms™2,

(i) Find the resistance to motion of the particle while it is moving in the liquid. [2]

(i) Sketch the velocity-time graph for the motion of the particle, from the time it starts to move until
the time it reaches the bottom of the container. Show on your sketch the velocity and the time
when the particle enters the liquid, and when the particle reaches the bottom of the container.

(7]
OIN 14/P43/Q1

A car of mass 1400kg moves on a horizontal straight road. The resistance to the car’s motion is

constant and equal to 800N and the power of the car’s engine is constant and equal to PW. At an
instant when the car’s speed is 18 ms™ its acceleration is 0.5 m s~2

(i) Find the value of P. [3]

The car continues and passes through another point with speed 25 ms™".

(ii) Find the car’s acceleration at this point.

[2]
OIN 14/P43/Q4

A particle P starts from rest and moves in a straight line for 18 seconds. For the first 8 seconds of the

motion P has constant acceleration 0.25 ms™2. Subsequently P’s velocity, vms™

at time ¢ seconds
after the motion started, is given by ‘

v=-0.17+24t -k,

Wwhere 8 <t < 18 and k is a constant.

() Find the value of v when ¢ = 8 and hence find the value of k.. R [2]
(@) Find the maximum velocity of P. g o [2]
(iif) Find the displacement of P from its initial position when f = 18. [3]

%
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49,

51.

52,

83.
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M/ 14/P4R/IQ2
A and B are two points which are 10 m apart on the same horizontal plane. A particle P startg y.,

q -2 : . Oy,
from reat at A, directly towards B, with constant acceleration 0.5ms™". Ano:}hcr particle Q ig "“’Vine
directly towards A with constant speed 0.75m s~!, and passes thr‘m(;gh B at the instant that p Staryy :)
move. At time 7's after this instant, particles 2 and Q collide. Fin

(D the value of 7, (4)

() the speed of P immediately before the collision. i

M/J 14/P42/Q4 _ L _
starting from rest at a point O of the line. ’Il'he time after p Startg

A particle P moves on a straight line, _ ) o .
10 move is f8, and the particle moves along the line with constant acceleration 7 ms™ unti] jt Pasge
1

2
. . -1 -
through a point A at time 1 = 8. After passing through A the velocity of Pis 37 ms™".

(1) Find the acceleration of P immediately after it passes through A. Hence show that the acceleratiOn

of P decreases by ;5 ms™ as it passes through A. "

(i) Find the distance moved by P fromt=0to 7= 27. 3

M/J 14/P42/Q6

A particle P of mass 0.2kg is released from rest at a point 7.2 m above the surface of the liquid jp
a container. P falls through the air and into the liquid. There is no air resistance and there is
instantancous change of speed as P enters the liquid. When P is at a distance of 0.8 m below the
surface of the liquid, P’s speed is 6 m s~!. The only force on P due to the liquid is a constant resistance

to motion of magnitude R N.

(i) Find the deceleration of P while it is falling through the liquid, and hence find the value of R.
(5]

The depth of the liquid in the container is 3.6m. P is taken from the container and attached to one
end of a light inextensible string. P is placed at the bottom of the container and then pulled vertically
upwards with ceastant acceleration. The resistance to motion of RN continues to act. The particle

reaches the surface 4 s after leaving the bottom of the container.

(ii) Find the tension in the string. [4]

M/J 14/P41/Q4
A particle is projected vertically upwards with speed 9 ms~! from a point 3.15m above horizontal
ground. The particle moves freely under gravity until it hits the ground. For the particle’s motion
from the instant of projection until the particle hits the ground, find the total distance travelled and

the total time taken. [6]

M/J 14/P41/Q7
d arriving

'ijo cyclists P and Q travel along a straight road ABC, starting simultaneously at A an
s:mul_tlaneously at C. Both cyclists pass through B 400 s after leaving A. Cyclist P starts with specd
3ms™ and increases this speed with constant acceleration 0.005 m s~2 until he reaches B.

() Show that the distance AB is 1600 m and find P’s speed at B. . B
Cyclist Q travels from A to B with speed vms™! at time ¢ seconds after leaving A, where

v =0.041-0.00012 + k,
and k is a constant.
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i) Find the value of k and the maximum speed of Q before he has reached B. [6] ‘

Cyclist P travels fl‘Ol’l'.l B to C, a distance of 1400m, at the speed he had reached at B. Cyclist O
rravels from B to C with constant acceleration @ m s

(iii) Find the time taken for the cyclists to travel from B to C and find the value of a. CI

54. MU 14/P43/Q6
A particle starts 1frorr.l rest at a point O and moves in a horizontal straight line. The velocity of the
particle is vmms™" at time s after leaving O. For 0 < ¢ < 60, the velocity is given by

v = 0.05¢ — 0.0005£2.

The particle hits a wall at the instant when ¢ = 60, and reverses the direction of its motion. The particle
subsequently comes to rest at the point A when ¢ = 100, and for 60 < ¢ < 100 the velocity is given by

v =0.025¢ - 2.5.

(i) Find the velocity of the particle immediately before it hits the wall, and its velocity immediately
after its hits the wall. [2]

(ii) Find the total distance travelled by the particle. [4]

(iii) Find the maximum speed of the particle and sketch the particle’s velocity-time graph for
0 < 7 £ 100, showing the value of 7 for which the speed is greatest. [4]

55. OIN 13/P42/Q5 | 5
A particle P moves in a straight line. P starts from rest at O and travels to A where it comes to rest,
taking 50 seconds. The speed of P at time ¢ seconds after leaving O is vm s™!, where v is defined as

follows.
For0<r<5, v=t-0.17,
for 5 <t <45, visconstant,
for 45 <t <50, v=9t-0.17 - 200.
(i) Find the distance travelled by P in the first 5 seconds. [3]

(i) Find the total distance from O to A, and deduce the average speed of P for the whole journey
from O to A. [6]

56. OIN 13/P41/Q7

{\ Particle P starts from rest at a point O and moves in a straight line. P has acceleration 0.6/ ms™ at
tme 7 seconds after leaving O, until ¢ = 10.

() Find the velocity and displacement from O of P when 7z = 10. [51
After 1 = 10, P has acceleration —0.4¢ ms2 until it comes to rest at a point A.

M Find the distance OA. 7. (7
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57. O/N 13/P43/Q5 | .
A car travels in a straight line from A to B, a distance of 12 km, taking 552 seconds. The cq

-1
2 reaching a speed of Vms™ . The car then contj

: n
at 1m s~2, coming to rest at B. ey

from rest at A and accelerates for T,sat0.3m s
to move at Vms~! for T,s. It then decelerates for T,s

i i T, and T, in terms of V,
(i) Sketch the velocity-ume graph for the motion and express 1 5 )

ms of V and show that 13V? - 3312V + 72009 ]

(ii) Express the total distance travelled in te .

Hence find the value of V. 15
58. O/N 13/P43/Q7 _ _ _ o
A vehicle starts from rest at a point O and moves 1n a straight line. Its speed vins™ at time ¢ Secondy
after leaving O is defined as follows.
For0<1<60, v=kt-0005,
>60, v= !
fort =260, v= 7

The distance travelled by the vehicle during the first 60 s 1s 540 m.
(i) Find the value of the constant k, and show that k, =124 (60). [5]
(ii) Find an expression in terms of ¢ for the total distance travelled when 7 > 60. 2]
(iii) Find the speed of the vehicle when it has travelled a total distance of 1260 m. 3]

59. M/J 13/P42/Q6
A particle P moves in a straight line. It starts from rest at a point O and moves towards a point Aon
the line. During the first 8 seconds P’s speed increases to 8 m s~! with constant acceleration. During
the next 12 seconds P’s speed decreases to 2ms~! with constant deceleration. P then moves with

constant acceleration for 6 seconds, reaching A with speed 6.5m s71

(i) Sketch the velocity-time graph for P’s motion. (2]
The displacement of P from O, at time ¢ seconds after P leaves O, is s metres.

(ii) Shade the region of the velocity-time graph representing s for a value of t where 20 <t € 26. |
< 1

(iii) Show that, for 20 < 7 < 26,

s = 0.375¢ — 13t + 202. R M [6]

60. M/J 13/P41/Q3

’I‘ll}i?ft(.)p of a cliff is 40 metres above the level of the sea. A man ina Bbat; close to the bottom of the
chff, is in difficulty and fires a distress signal vertically upwards'frOni sea level. Find
P, | me

® gllfff peed of projection of the signal given that it reaches a height of 5m above the toP of p

(i) the length of time for which the signal is above the level of the top of the cliff. g

- | “
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The man fires another distress signal verticall .. .
of the top of the cliff for y(17) . y upwards from sea level. This signal is above the level

(iif) Find the speed of projection of the second signal. (3]
g1. MJ 13/P41/Q7
A car d""l‘;r;"r:ke? a journey in a straight line from A to B, starting from rest. The speed of the car
increascs aximum, .thcn decreases until the car is at rest at B. The distance travelled by the car
1 seconds after leaving A is 0.000011 7(400£ - 3£*) metres.
(i) Find the distance AB. ' [3]
(ii) Find the maximum speed of the car. 4]
(iii) Find the acceleration of the car
(a) as it starts from A,
(b) as it arrives at B.
(2]
(iv) Sketch the velocity-time graph for the journey. [2]
62. M/J 13/P43/Q4
An aeroplane m0\]lcs along a straight horizontal runway before taking off. It starts from rest at O and
has speed 90ms™ at the instant it takes off. While the aeroplane is on the runway at time ¢ seconds
after leaving O, its acceleration is (1.5 + 0.012t) ms™2. Find
(i) the value of ¢ at the instant the aeroplane takes off, [4]
(ii) the distance travelled by the aeroplane on the runway. [3]
63. M/J 13/P43/Q5
A particle P is projected vertically upwards from a point on the ground with speed 17 m s™'. Another
particle Q is projected vertically upwards from the same point with speed 7ms™'. Particle Q is
projected T seconds later than particle P.
(i) Given that the particles reach the ground at the same instant, find the value of T [2]
(ii) At a certain instant when both P and Q are in motion, P is 5 m higher than Q. Find the magnitude
and direction of the velocity of each of the particles at this instant. - [6]
64. OIN 12/P42/Q2 .
Particles A and B of masses mkg and (1 —m)kg respectively are attached to the ends of a light
inextensible string which passes over a fixed smooth pulley. The system is released from rest with the
straight parts of the string vertical. A moves vertically downwards and 0.3 seconds later it has speed
0.6ms™. Find il
(i) the acceleration of A, _ e 2]
(ii) the value of m and the tension in the string. ¢ [4]
— I Sarammge cfge. @& 00
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65. OMN 12/P42/Q7
A particle P starts to move from a point O and wravels in n straight line. The velocity
k(6022 — /) ms™! at time ¢s after leaving O, where k is a constant. The maximum velogjy

is64ms'.

(1) Show that & = 0.0002.
P comes to instantaneous rest at a point A on the line. Find

(ii) the distance OA,

(iii) the magnitude of the acceleration of P at A,

(iv) the speed of P when it subsequently passes through O.

66. O/N 12/P41/Q1
An object is released from rest at a height of 125 m !
gravity, hitting a moving target P. The target P is moving on the
constant acceleration 0.8 m s~2. At the instant the object is released P passes through a point
speed Sms-!. Find the distance from O to the point where P 18 hit by the object.

ground in a straight lin

67. O/N 12/P41/Q5
Particle P travels along a straight line from A to B with constant acceleration 0.05ms™. Its s

4 is 2ms! and its speed at B is Sms™".

(i) Find the time taken for P to travel from A to B, and find also the distance AB.

Particle Q also travels alon
after leaving A, the speed of Q is kt’ms
from A to B as P does.

(ii) Find the value of k and find Q’s speed at B.

68. O/N 12/P41/Q6

s the vertical cross-section ABCD of a surface. BC is a circular arc, and
gD are tangents to BC at B and C respectively. A and D are at the same horizontal level, an
Care at heights ?.7 m and 3_.? m respectively above the level of A and D. A particle P of mass 0.2kg
is given a velocity of 8ms™' at A, in the direction of AB (see diagram). The parts of the surface

The diagram show

containing AB and BC are smooth.

(i) Find the decrease in the speed of P as P moves élohg the surface from B to C.

Unit 2; Kinamatios of Motlon i .".w
|

f p ||
y M b

[3)

[$)
)
2)

above horizontal ground and falls freely up,,

€, With
O wity
[4)

peed gt

(3]

g the same straight line from A to B, starting from rest at A. At time s
-1 where k is a constant. Q takes the same time to travel

(3]

AB and
d B and

[4]

e
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The part of the surface containin

& CD exerts 3 ¢ icti
D, and P comes to rest as jt reaches D, onstant frictional force op P, as

it moves from C to

(ii) Find the speed of P whey itis at the mid-point of Cp (5)
69. O/N 12/P43/Q2

‘:x nlljzf?dwehr:;v::g itsfi(\)i%l(l)%ltiznel.: Its ve!ocity t seconds after leaving a fixed point O on the line is

initial a;cceleration, - ) - For the instant whep the acceleration of the particle is 2.5 times jts

(1) show that 1 = 25,

(3]
(ii) find the displacement of the particle from Q. (3]
70. O/N 12/P43/Q3

A particle P is projected verti

C ! cally upwards, from a
is the highest point reached b

point O, with a velocity of 8ms™!. The point A
y P. Find
(1) 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]
. MU 12/P42/Q3
A particle P moves in a straight line, startin

g from the point O with velocity 2ms™

' The acceleration
of P at time 75 after leaving O is 2/ m s~2.

(i) Show that £ = 2 when the velocity of Pis 3ms™!,

[4]
(i) Find the distance of P from O when the velocity of P is 3ms™!

(3]
72. MIJ 12/P42/Q7

-1
3ms

X z

! e

The frictional force acting on a small block of mass 0.15 kg, while it is moving on a horizox:ltzlksurf?ci

i i i i the surface, with speed 3ms™!.

i block is set in motion from a point X on

II:Jatss I:?/gerrutjt::la(.lle\n(r)a‘ilzaT;g?nt Y on the surface 2 s later. The block rebounds tf}rlorp the \:13111 :1?111 n;(l);ce]i

i int Z (see diagram). At the instant that the

i X before coming to rest at the point . . ant {
illrtzc t:llz vtvoa\;]lairtc}f)ses 0.072 17 of its kinetic energy. The velocity of the block, m thcy\dnrechon from X to
Y,isvms™ at time 7 s after it leaves X.
it leaves alue of
(i) Find the values of v when the block arrives at Y and v'vhcn_ it le_:a_vesh Y, and find also the v. ue[9]
t when the block comes to rest at Z. Sketch the veloc1ty-n1p§ grap h

irecti i X to Y, i t time 5. Sketch the
i ' in the direction fromXtoY,issma ;
® rcll‘ihe ldlsplacc:n t?]r:at o;t:;hblgcl:llzg%rz f(;ulil graph the values of s and ¢ when the block is at Y 8[1:4(]1
splacement-time . o
when it comes to rest at Z. o AR




Aathematics A 4 i
cs A-Level P-4 Topical Read & Write Publications

73. MJ 12/P41/Q4

74,

75.

Unit 2: Kinematics of Motion in s"asm

) . - :me t seconds after leay;
A particle P starts at the point O and travels in a stgralg‘htd]me- At ime caving ¢,
velocity of P is vms™', where v = 0.75¢ - 0.0625¢". Fin

which the acceleration is zero, [3]

otion.

(i) the positive value of ¢ for
t changes its direction of m "

(i) the distance travelled by P before 1

M/J 12/P41/Q5

10 m

section OAB of a slide. The straight line AB is tangentia] ,
ned at o to the horizontal, where sin & = 0.28. The point 0 j
10 m (see diagram). The part of the slide containing the curye
gh. A particle P of mass 2 kg is released from rest g

The diagram shows the vertical cross-
the curve OA at A. The line AB is incli
10 m higher than B, and AB has length
OA is smooth and the part containing AB is rou
O and moves down the slide.

(i) Find the speed of P when it passes through A. 0]

The coefficient of friction between P and the part of the slide containing AB is 11—2 Find

(i) the acceleration of P when it is moving from A to B, 3]
(iii) the speed of P when it reaches B. 2
M/J 12/P43/Q3

:::h pamlcle-P travels ﬁom a point O along a straight line and comes to instantaneous rest at a point A
e velocity of P at time ¢ s after leaving O is vins~', where v = 0.027(10#2 — £). Find

(i) the distance OA, LT |

(i) the maximum velocity of P while moving from O to A. eRe L ()
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76, OIN 11/PA2/QT

A tractor travels in a straight line from a int A to a poi . . -1
, , poi nt B. veloci the tractor is vms ™ at
time 1 » after leaving A, point B. The velocity of

()

—> 1 (s)

The diagram shows an approximate velocity-time graph for the motion of the tractor. The graph
consists of two straight line segments. Use the graph to find an approximation for

(a) the distance AB, [2]

(b) the acceleration of the tractor for 0 < t < 400 and for 400 < t < 800. [2]

(if) The actual velocity of the tractor is given by v = 0.04¢ — 0.000 05¢ for 0 < ¢ < 800.

(a) Find the values of 1 for which the actual acceleration of the tractor is given correctly by the
approximate velocity-time graph in part (i).

[3]
For the interval 0 < 1 € 400, the approximate velocity of the tractor in part (i) is denoted by
v,ms™,
(b) Express v, in terms of 7 and hence show that v, —v = 0.00005( - 200) - 1. 2]
(¢) Deduce that-1<v,-v<1. 2]
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o/N 11/P43/Q1
. v(ms™)
A

R
1.5

30 » 1(8)

A woman walks in a straight line. The woman’s velocity ¢ seconds after passing through a fixed point |

. . -1 .
A on the hnet 1svms~. The graph of v against 7 consists of 4 straight line segments (see diagram).
The woman 1s at the point B when ¢ = 6(). Find

(i) the woman’s acceleration for 0 < ¢ < 30 ang for 30 < 1 < 40,

(ii) the distance AB,

[3]
(2]
(i) the total distance walked by the woman. 2

80. O/N 11/P43/Q5

A particle P moves in a straight line. It starts from rest at A and comes

to rest instantaneously at B.
The velocity of P at time ¢ seconds after leaving A is vm s~

! where v = 612 — kf and kis a constant.

(i) Find an expression for the displacement of P from A in terms of ¢ and k. [2]

(ii) Find an expression for ¢ in terms of k when P is at B.

(1]
Given that the distance AB is 108 m, find
(iii) the value of k, [2]

(iv) the maximum value of v when the particle is moving from A towards B. ’ [3]
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81. M/ 11/P42/Q3

v(ms™)

A
50}~

> 1(s)

|
|
. 102

[
|
|
|
|
|
|
|
|
[
|
[
|
|
|
[
|

—4—
|
|
|

5

0 12

of a parachutist falling vertically. There are foy

The velocity-time graph shown models the motion

stages in the motion:

o falling freely with the parachute closed,
decelerating at a constant rate with the parachute o
e open,

° pen,

e falling with constant speed with the parachut

e coming to rest instantaneously on hitting the ground.

(i) Show that the total distance fallen is 1048 m. ]

The weight of the parachutist is 850 N.

(ii) Find the upward force on the parachutist due to the parachute, during the second stage. (3]

82. M/J 11/P42/Q5
Two particles P and () are projected vertically upwards from horizontal ground at the same instant

T}?e sptt;,fds of prdojection of Pand Q are 12ms™" and 7ms™" respectively and the heights of P and {
abov jecti i
e the ground, ¢ seconds after projection, are hpm and h om respectively. Each particle comes to

rest on returning to the ground.

(i) Find the set of values of # for which the particles are travelling in opposite directions. 3

(ii) At a certain instant, P and h
o e , Q are above the ground and 3h,, = 8h,. Find the »velocitics of P a[r;t}

83. MU 11/P42/Q7

er travels along a straight road passing through the points A and B on the road with speeds

0.9ms™ and 1.3 ms™! i
0 0.004ms2, respectively. The walker’s acceleration between A and B is constant and eq“al

(3

Aq

() Find the t; iy
me taken by the walker to travel from A to B‘ and find the distance AB



jics A-Level P-4 Topical Read & Wri.{g Publica Unit 2: Kinematics of Motion in Straight Line
Mathem® u ons

A cyclist leaves A at the same instant ag the walker. She starts from rest and travels along the straight
road, passing through B at the same instant as

i : the walker. At time ¢s after leaving A the cyclist’s M
speed is k' ms™, where k is a constant,

e

(ii) Show that w!len_ t =64.05 the speed of the walker and the speed of the cyclist are the same, :
correct to 3 significant figures. 5]
(ii) Find the cyclist’s acceleration at the instant she passes through B, (2]
84. M/J 11/P41/Q5 :
A train starts from rest at a statjop A and I
The train moves with constant accelerat;
next 2600 s, and finally with constant de I

travels in a straight line to station B, where it comes to rest.

on 0.025 ms™2 for the first 600 s, with constant speed for the
celeration 0.0375m s2.

(i) Find the total time taken for the train to travel from A to B. (4]

(i) Sketch the velocity-time graph for the journey and find the distance AB.

Bl |,

(iii) The speed of the train 7 seconds after leaving A is 7.5ms™!. State the possible values of 2.  [1] %\ f
|

85. M/J 11/P41/Q6
A particle travels in a straight line from a

point P to a point Q. Its velocity ¢ seconds after leaving P P

isvms™, where v = 47 — 11—613. The distance PQ is 64 m. |
() Find the time taken for the particle to travel from P to Q. [5]
(i) Find the set of values of ¢ for which the acceleration of the particle is positive. [4]

86. M/J 11/P43/Q3

ums‘l/ P

A particle P is projected from the top of a smooth ramp with speed ums™, and travels down a line of
greatest slope. The ramp has length 6.4 m and is inclined at 30° to the horizontal. Another particle Q
is released from rest at a point 3.2 m vertically above the bottom of the ramp, at t‘he same instant that
P is projected (see diagram). Given that P and Q reach the bottom of the ramp simultaneously, find

(i) the value of y, [4)

(i) the speed with which P reaches the bottom of the ramp. | 2]
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= eram & o iociy-time grephs for the motion of two particles P and Q. Which
The dagram SO0% B8 = o Ene O both start at the same point X on the line, 4,

m szme dmecton 2l00E 2 srzight line. P and st S2IE | ze,
m the =< T s lzer then P. Each paricle moves Wit speed 2.5ms for the first 205 of
z o move 1§ I=EO L= O paracs 5 . - : \
gs==w@ speed of each paricle changes - omeaneously to 4ms " after it has been moving 5
motion. The speed of each parucie Coansss = ) ‘

) s zad the perticie CODNDDSS & U3 spesc.
(7 Mzk= z roush copy of the dizgral 2nd shade the region whose area represents the displacemer;
§) Mzke 2z rough copy 0F b 2gram &% = g x
start [

@fPirU::XZ:"ﬁMWheﬁQ: s.

| is given that P Bzs rzvelled 70 m at the instant when Q starts.

(i) Find the value of T.

(i) Find the distznce berween P znd Q when QO’s speed reaches 4ms™. 2
(iv) Skeich z single dizgram showing the displacement-time graphs for both P and Q, with values
shown on the 1-zxis at which the speed of either particle changes. [2]

. MUJ 11/P43/Q7

A particle travels in z strzight line from A to B in 20s. Its acceleration f seconds after leaving A 18
ams 2, vherea = ﬁt‘ - g,if;tz. It is given that the particle comes to rest at B.

(i) Show that the initial speed of the particle is zero. DR
(i) Find the maximum speed of the particle. )
(iii) Find the distance AB. : [4]

. O/N 10/P42/Q5

Parti ' ; | '
’ ‘fh?s P ofmZ‘(i) nQa :‘i;e Prgjiegted Y]emCally .upwards, from different points on horizontal ground, with
elocities and Zoms  respectively. Q is projected 0.4 s later than P. Find

(i) the ti ich P’s hei
) me for which P’s height above the ground is greater than 15 m g

(i) the velociti ' . |
Aties of P and Q at the instant when the particles are at the same height. I3

|
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The diagram shows the velocity-t

vms™ is the velocity of P at
starts from rest whep ¢ —

particle comes to rest at A when 7 = 2.5.

. 2.5 and moves towards B. The distance AB is
48 m. The particle takes 12 s to travel from A to B and comes to rest at B. For the first 2 s of this stage
P accelerates at 3ms™2, reaching a velocity of Vms™. Find

(ii) the value of V, [2]

(iii) the value of 7 at which P starts to decelerate during this stage, [3]

(2]

(iv) the deceleration of P immediately before it reaches B.

OIN 10/P42/Q7

A particle P travels in a straight line. It passes through the point O of the line with velocity 5ms™

at
time ¢ = 0, where ¢ is in seconds. P’s velocity after leaving O is given by

(0.002¢% - 0.12£2 + 1.8t + 5)ms~".

The velocity of P is increasing when 0 <7 < T, and when ¢ > T, and the velocity of P is dccreasing
whenT, <t < T,.

: _ -
(i) Find the values of T, and T, and the distance OP when t=T,. AE [

(i) Find the velocity of P when ¢ = T, and sketch the velocity-time gr aph for the motion of P.  [3]
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92. OIN 10/P41/Q1

Q move vertically under gravity. The graphs show the upwird velocity vipy!
Fand O starts from rest,

Two particles P and : .
ets, forO0<1< 4. P starts with velocity V.ms

of the particles at tim
)

(i) Find the value of V.

when 7 = 4, find

Given that Q reaches the horizontal ground

(ii) the speed with which Q reaches the ground, [

(iii) the height of Q above the ground when 7 = 0. (2]

93. O/N 10/P41/Q4
0, where 1 is in seconds, and moves with constant

A particle P starts from a fixed point O at time 7 =
acceleration in a straight line. The initial velocity of P is 1.5 ms~! and its velocity when ¢ = 101

3.5ms™\.
(i) Find the displacement of P from O when 1 = 10. (2]

Another particle Q also starts from O when 7 = 0 and moves along the same straight line as P. The

acceleration of Q at time 7 is 0.03tms™>.

(ii) Given that Q has the same velocity as P when 7 = S hat it :
- ty en 10, show that it also has the same dlsplaccm?‘;lll

94. O/N 10/P43/Q1
A particle P is released from rest at a poi i
the speed of P point on a smooth plane inclined at 30° to the horizontal. Find

(i) when it has travelled 0.9 m,

(i) 0.8 s after it is released.

(4
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/N 10/P43/Q4

A particle starts from rest at a point X and moves in a straight line until, 60 seconds later, it reaches 2
point y. At time 78 after leaving X, the acceleration of the particle is

h

0.75ms™2 for O<t< 4, )
Oms2 for 4<t< 54, ]
-0.5ms2 for 54 <1t < 60.

@) Find the velocity of the particle when ¢ = 4 and when ¢ = 60, and sketch the velocity-time grarél]-

(i) Find the distance XY . [2]

96. ON 10/P43/Q6
A particle travels along a straight line. It starts from rest at a point A on the line and comes to rest
again, 10 seconds later, at another point B on the line. The velocity ¢ seconds after leaving A is
0.72¢2 - 0.096> for 0<t<S5,

2.4t - 0247 for 5<t<10.

(i) Show that there is no instantaneous change in the acceleration of the particle when z = 5. [4]
(ii) Find the distance AB. [4]

97. M/J 10/P42/Q2

v(ms™)
A
0.18 fF——————= | \
' [
' [
| H |
ol 2 6 8 11 )t(S) |

The _diagram shows the velocity-time graph for the motion of a machine’s cutting tool. The graph
Consists of five straight line segments. The tool moves forward for 8's while cutting and then takes

$toreturn to its starting position. Find

® the acceleration of the tool during the first 2 s of the motion, . | (11 |
@) the distance the tool moves forward while cutting, ) [2] |
1) the greatest speed of the tool during the return to its starting position. 2]
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98. wWJ 10/P42/Q7 ' mamgmlinc.mvclocityvms"atﬁmetsaﬁerthevd,ick%
icle is moving '
A vehicle By,
by v=A(t-005) for0<1<15,
B
= — fOl'f?lSo
FT
The distance travelled by the vehiclebetweent_oand,= )
whcmAandgmconSm‘s‘ 151:2252

(i) Find the value of A and show that B = 3375.

d an expression in terms of ¢ for the total distance travelled by the vehicle when 1> 15
(if) Find an .

d the speed of the vehicle when it has travelled a total distance of 315 m.
(iii) Fin

99. M/J 10/P41/Q2

v(m S"’)
A
A ? \
i [
} ! o
= 5 ¢ 3 > 1)

The diagram shows the velocity-time graph for the motion of a machine’s cutting tool. The graph

consists of five straight line segments. The tool moves forward for 8 s while cutting and then takes
38 to return to its starting position. Find

() the acceleration of the tool during the first 2 s of the motion, [
(if) the distance the tool moves forward while cutting, g
(iff) the greatest speed of the tool during the return to its starting position. ' ' g

100. M/J 10/P41/Q7

: PR . L is gived
':y vehicle is moving in a straight line. The velocity vms™ at time s after the vehicle starts s &'

=A(t-0.057) for0<z<15,
- ;
v=— fort215,
t

wher &y L0 is 2251
¢Aand B are constants. The distance travelled by the vehxcle between £ = 0 and £ = 1518 2

3 5]
() Find the Value of A and show that B = 3375, |

h" P
T
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@ Fiod 30 expression in terms of ¢ for the total distance travelled by the vehicle when t > 15.  [3]

(@) Find the speed of the vehicle when it has travelled a total distance of 315 m. (3]
o1 WJ 10P43Q2 _ .
A parucie sians 2t 2 point O and moves along a straight line. Its velocity ts after leaving O is
(12:r-0.12r)ms™". Find the displacement of the particle from O when its acceleration is 0.6 ms™.
(5]
182 M 10/P43/Q5
4 bell moves on the horizontal surface of a billiards table with deceleration of constant magnitude
dms™. The ball starts at A with speed 1.4ms! ang reaches the edge of the table at B, 1.2 later,
with speed 1.1 ms™.
(i) Find the distance AB and the value of 4. [3]
AB is at right angles to the edge of the table containing B. The table has a low wall along each of its
edges and the ball rebounds from the wall at B and moves directly towards A. The ball comes to rest
zt C where the distance BC is 2 m.
(ii) Find the speed with which the ball starts to move towards A and the time taken for the ball to
travel from B to C. [3]
(iii) Sketch a velocity-time graph for the motion of the ball, from the time the ball leaves A until it
comes to rest at C, showing on the axes the values of the velocity and the time when the ball is
at A, at B and at C. [2]
102, M/J 10/P432/Q6
Particles P and O move on 4 line of greatest slope of a smooth inclined plane. P is released from rest
at 4 point O on the line and 2 s later passes through the point A with speed 3.5ms™!,
(i) Find the acceleration of P and the angle of inclination of the plane. [4]
At the ingtant that P passes through A the particle Q is released from rest at O. At time ¢s after Q is
released from O, the particles P and Q are 4.9 m apart.
(if) Find the value of 1, 5]
104-

OIN 09/P42/Q7

A motorcyclist starts from rest at A and travels in a straight line. For the first part of the inotion, the
motoreyclist’s displacement x metres from A after ¢ seconds is given by x = 0.61% — 0.0047.

() Show that the motorcyclist’s acceleration is zero when ¢ = 50 and find the speed Vms™! at this

time, [5]
For 13 50, the motorcyclist travels at constant speed Vms™.
) Fing the value of ¢ for which the motorcyclist’s average speed is 27.5ms™!, (5]

——
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105. ON 09/P41/Q7

i ' = iS i ds, and .
. t at the point A at time ? 0, where ¢ is in seconds, moves i
article P starts from res . -2 <1< 20, P contin a5ty
l?nz with constant acceleration am 3 for 1'0 s. For 10 ues to move 2lon, y ’]il:
with velocity vms ™, where v = =5~ = 2. Find
: ¢ = 10, and the value of a,
(i) the speed of P when - ) ,
i leration of P is —ams ~,
(i) the value of 7 for which the accelera :

. . = 20. ‘
(iii) the displacement of P from A when ¢ : "

106. M/J 09/P4/Q7 - .
A particle P travels in a straight line from A to D, passing through the points B and C. For the

. . Sectj
AB the velocity of the particle is (0.5 — 0.017) ms™!, where ¢s is the time after leaving A . On

(i) Given that the acceleration of P at Bis 0.1 m s72, find the time taken for P to travel from Atop
3]

The acceleration of P from B to C is constant and equal to 0.1 m 572,

(ii) Given that P reaches C with speed 14 m s"l, find the time taken for P to travel from B to C. )

P travels with constant deceleration 0.3 m s~2 from C to D. Given that the distance CD is 300 m, find

(ili) the speed with which P reaches D, n
(iv) the distance AD. [6]

107. O/N 08/P4/Q6
A train travels from A to B, a distance of 20 000 m, taking 1000s. The journey has three stages. In
the first stage the train starts from rest at A and accelerates uniformly until its speed is V ms™". In the

second stage the train travels at constant speed V ms™' for 600's. During the third stage of the journey
the train decelerates uniformly, coming to rest at B.

(i) Sketch the velocity-time graph for the train’s journey. [2]

(ii) Find the value of V. [3]

(iii) incn that the acceleration of the train during the first stage of the journey is 0.15m 57, find the
distance travelled by the train during the third stage of the journey. ‘ 4

108. O/N 08/P4/Q7

A particle P is held at rest at a fixed poi th N i il it
nt O and until !
reaches the point A which is 1.25m bé)low 0. 0 then relcased. P falls fively ynder gravity

(i) Find the speed of P at A and the time taken for P to reach A. b ‘ 3]

The particle contin . : , .
(10 - 0.3r) ms2, ues to fall, but now its downward accelergtion 1 seconds after passing through A ¥

(if) Find the total distance P hag fallen, 35 after being released from O. (7]

T T T —— -



ST & T i SRR T

-

MHMN‘N

ﬂc@mp\ A“lthvpcedls
15ms . Find

(1 e acceieration of the particle

(2]
(2]

(@ the value of a.

110, MU 0SPYQ7

)

L
O 10 30

o> ! (s)
An ochct P travels from A to B in a time of 80s. The diagram shows the graph of v against 7, whcre
vms™ is the velocity of P at time ¢ s after leaving A. The graph consists of straight line segments for

the intervals 0 <7< 10 and 30 < 7 < 80, and a curved section whose equation is v = —=0.017> + 0.5¢ — 1
for 10 < 7 < 30. Find

(i) the maximum velocity of P,

(4]
(ii) the distance AB. 9]

111. OIN 07/P4/Q2
A particle is projected vertically upwards from a point O with initial speed 12.5m s . At the same

instant another particle is released from rest at a point 10 m vertically above O. Find the helght above
O at which the particles meet.

[S]
112. o 07/PaiQs '
(i) A man walks in a straight line from A to B with constant acceleration 0 004ms . His speed at
Ais 1.8ms™! and his speed at Bis 2.2ms" i . Find the time taken for the man to walk from A to
B, and find the distance AB. [3]

(i) A woman cyclist leaves A at the same instant as the man, She starts from rest and travels in
a straight line to B, reaching B at the same instant as the man At time ¢s after leaving A the
cyclist’s speed is k(200¢ — r*) ms™", where k is a constant Fmd

(@) the value of k, [4]

(b) the cyclist’s speed at B. (1]
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(ili) Sketch, using the same axes, the velocity-time graphs for the man’s motiog and the
motion from A to B. woma”':
B
113. M/J 07/P4/Q1

A particle slides up a line of greatest slope of a smooth plane inclined at an angle ° to the hOI'iz‘o
The particle passes through the points A and B with speeds 2.5ms™! and 1.5 m ™! Tespective]y l;’h.
distance AB is 4 m (see diagram). Find * 1be

(i) the deceleration of the particle, 2

(ii) the value of a. )

114. MJ 07/P4/Q6

:
I
|
;
|
I
|
|
|
|
|
: > 1(s)

0 10

A part.icle.P starts from rest at the point A and travels in a straight line, coming to rest again after 10s.
The velocity-time graph for P consists of two straight line segments (see diagram). A particle Q starts
from rest at A at the same instant as P and travels along the same straight line as P. The velocity of

Qo is1 givcn by v=3r-0.3¢ for 0 <z < 10. The displacements from A of P and Q are the same when
t=10. |

(i) Show that the greatest velocity of P during its motion is 10ms™! . > g

(if) Find the value of ¢, in the interval 0 <1 <35, for which the acceleration of Q is the same a5 the

acceleration of P, &
15. OIN 06/P4/Q4
The velocity of a particle ¢ after it starts from rest isvms™, where v = 1.25¢ - 0.057. Find
s (2]

() the initial acceleration of the particle,
(i) the displac i i V 9
p'acement of the particle from jts starting point at the instant when its accelerat [5)

0.05ms2
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M/J 06/P4/Q2

116. .
A motorcyclist starts from rest

at A and travels jn o Straight line until he comes to rest again at B. The
econds after leaving A is vm s™!, where v = ¢ - 0.0172. Find

(i) the time taken for the motoreyclist to trave] from AtoB [2]
(ii) the distance AB. (3]

117. M/J 06/P4/Q4

> ¢
0 0.7 12 (s)

The diagram shows the velocity-time graph for the motion of a small stone which falls vertically from
rest at a point A above the surface of liquid in a container. The downward velocity of the stone ¢s

after leaving A is vms™'. The stone hits the surface of the liquid with velocity 7ms™! when 7 = 0.7.
It reaches the bottom of the container with velocity Sms™ whenz=12.

(i) Find
(a) the height of A above the surface of the liquid,

(b) the depth of liquid in the container.
[3]

(i) Find the deceleration of the stone while it is moving in the liquid. [2]

=

(iii) Given that the resistance to motion of the stone while it is moving in the liquid has magnitude
0.7N, find the mass of the stone. [3]

S S

118. My 06/P4/Q7
Two particles P and QO move on a line of greatest slope of a smooth inclined plane. The particles start
at the same instant and from the same point, each with speed 1.3 ms!. Initially P moves down the
f Plane and Q moves up the plane. The distance between the particles # seconds after they start to move
1sdm,

() Show that d = 2.61. : o [4]
When t =2 5 the difference in the vertical height of the particles 1s 1.6 m. Find

@) the acceleration of the particles down the plane, & | | (3]
/ (i) the distance travelled by P when Q is at its highest point. (3]

P—
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119. O/N05/P4 Q1
A car travels in a straight lmc with oonstant accelerauon ams™2, 1t passes the pointg A B
an

this order, with speeds 5 ms ',7ms ' and 8ms rmpectlvely The distances A g and B¢ C
andd mreSpectlvely &ed] I

(i) Write down an equation connecting

(a) d1 anda,
(b) 4, anda
(2
(ii) Hence find 4| in terms of d,. |
2
120. O/N 05/P4/Q5 |
s (m)
A
C ;D
i I
| |
! |
| }
o
L
]
|
L
! |
! |
-
L
o
L
L
' |
o
400f - bj | |
|
! ; ) L 5 1()
% 560 600

The diagram shows the displacement-time graph for a car’s journey. The graph consists of two curved
parts AB and CD, and a straight line BC. The line BC is a tangent to the curve AB at B and a tangen!
to the curve CD at C. The gradient of the curves at 7 = 0 and 7 = 600 is zero, and the acceleration of
the ggr is constant for 0 < ¢ < 80 and for 560 < ¢ < 600. The displacement of the car is 400m when
t —
(i) Sketch the velocity-time graph for the journey. &
(i) Find the velocity at 7 = 80. 2
See . . 2]
(iif) Find the total distance for the journey. |
[2]

(iv) Find the acceleration of the car for 0 < ¢ < 80.
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121.

122.

123.

Unit 2: Kinematics of Motion in Straight Line

O/N 05/P4/Q6

A article P starts from rest at o . ‘e of
P O and travels in a straight line. Its velocity vm s~ at time #8 is given

—81-2r2for0<z< 54
by v : 3’a“dv=t—2fort>3.Find

(i) the distance travelled by P in the first 3 seconds &
(i) an expression in terms of ¢ for the displacement of P from O, valid fort >3, (3]
[3]

(iii) the value of v when the displacement of P from O is 27 m

1

M/J 05/P4/Q5
P attime?sis 0.031‘2ms~ ;

A particle P moves along the x-axis in the positive direction. The velocity of
When ¢ = 5 the displacement of P from the origin O is 2.5m

(i) Find an expression, in terms of 7, for the displacement of P from O. [4]
(i) Find the velocity of P when its displacement from O is 11.25m. (3]
M/J 05/P4/Q6
v(ms™')
4
74 NSNS
o 5

The diagram shows the velocity-time graph for a lift moving between floors in a building. The graph
the lift travels downwards from the ground floor

consists of straight line segments. In the first stage
for 55, coming to rest at the basement after travelling 10 m.
(2]

peed reached during this stage.

ement. In the third stage, the lift travels upwards

asement, arriving 24.5 s after the start of the first
reaching a speed of Vms™.

(i) Find the greatest s

10 s wait at the bas

34.5 m above the b
2 for the first 3 s of the third stage,

Thtf- second stage consists of a
until it comes to rest at a floor
Stage. The lift accelerates at2ms~
Find

_ [2]

(i) the value of V,
({ii) the time during the third stage for which the lift is moving at constant speed, [3]

part of the third‘stage. [2]

@) the deceleration of the lift in the final
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124. O/N 04/P4/Q5
3ms!

s A and B respectively; at the same instant, and move towarqg
Cach |

The initial speeds of P and Q are 5m s”! and 3ms™! respectiyg,

nd equal to 4m s2and2m s~2 respectively (see diagry,
am),

1.8 times the speed of Q. [ ‘
4

Particles P and Q start from point
other in a horizontal straight line.
The accelerations of P and Q are constant a

(i) Find the speed of P at the instant when the speed of Pis

m, find the time taken from the start until P and Q meet. 4

(ii) Given that AB = 51

125. OIN 04/P4/Q7
A particle starts from rest at the point A and travels 1

velocity of the particle 7 seconds after leaving Aisvms
the velocity of the particle when it reaches B is zero, find

(i) the time taken for the particle to travel from A to B, 2]
4]

[4]

n a straight line until it reaches the point B, The
1 where v = 0.0097% — 0.00017>. Given that |

(ii) the distance AB,

(iii) the maximum velocity of the particle.

126. M/J 04/P4/Q3

y(ms)
A
7

0 10 15 50> 1) l

—4f————————————

A boy runs from a poi
1nt i
the point B, WhCI‘CI;IC St:p;o ;'EOLZ; C. He pauses at C and then walks back towards A until reachin
velocity at time # seconds afte 1 ¢ clagratii shows the graph of v against ¢, where vm -1 is the boy’s
r leaving A. The boy runs and walks in the sa;ne straight l§ t_hroughout
aight line :

(i) Find the distances AC and AB '
| ) [3]

(ii) Sketch the '
graph of x again
the values of ¢ and gainst 7, where x metres is th w’s di
x whe . e boy’s displa learly |
n the boy arrives at C, when he leaves pC, mceglwel;eﬁc;:: aArn. 'Sehso:: ; .o j

- L
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427. W

128.

129.

130.

o‘[P‘IQ5 bt
. s in a straight line that asses th 104 :
article Pmoves ina . passes through the origin 0. The vel i
'A?m(‘ where v = 201 — 1. At time =0 the pa g € velocity of P at time ¢ seconds
jsvms o

rticle is at rest at a point whose displacement from
0 is -36m-

(@) Find an expression for the displacement of p from O in terms of 1,

(3]
(ii) Find the displacement of P from O whep 7 — 4, (1]
(i) Find the values of  for which the particle js at 0. (3]
M/J 04/P4/QT7

A particle P, is projected vertically upwards, from horizont
the same instant another particle P, is projected vertically u
25m, with a speed of 10ms™!. Find

al ground, with a speed of 30ms~!. At
pwards from the top of a tower of height

(i) the time for which P1 is higher than the top of the tower,

[3]
(ii) the velocities of the particles at the instant when the particles are at the same height, [5]
(iii) the time for which P is higher than P, and is moving upwards. (3]
O/N 03/P4/Q2
A stone is released from rest and falls freely under gravity. Find
(i) the speed of the stone after 2 s, [1]
(i) the time taken for the stone to fall a distance of 45 m from its initial position, [2]
(iii) the distance fallen by the stone from the instant when its speed is 30ms™! to the instant when its
speed is 40ms~". (2]
OIN 03/P4/Q7
v(ms)
12— l
l
|
|
48— :
l l
| |
| |
| |
| |
| |
| 1
' ! » 1(8)
: 500
0 100 300

A tractor A starts from rest and travels along a straight road for 590 sefzonds. T:;t\slel;)icnl(tiy-Ume graph
or the joumcy is shown above. This graph consists of three straight line segments.

. [3]
() the distance travelled by A,

(1 [2]
(i) the initial acceleration of A.

w,

e At
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Another tractor B starts from rest at the same .mstant as ;)qboa(;llzﬂ)ve S_ii10n‘g the sam, .
500 seconds. Its velocity  seconds after starting 18 (0.06z - 0. ms °. Find %4 fy
(iif) how much greater B’s initial acceleration is than A’s,
(iv) how much further B has travelled than A, at the instant when B’s velocity reaches it [2]
Ina;{imuIrt
(6
131. M/J 03/P4/Q3
Solve the inequality |x — 2| < 3 - 2x.
. 4
132. M/J 03/P4/Q4
The polynomial x* — 2x° — 2x* + a is denoted by f(x). It is given that f (x) is divisible by 22 - brsg
(i) Find the value of a. ;
]
(ii) When a has this value, show that f(x) is never negative. 4
133. O/N 02/P4/Q2
v(ms)
A
7 |
|
|
|
|
|
|
0 : |
0 20 24 |
_8 —————————————————————————————————————————————
A man runs in a straight line. He passes through a fixed point A with constant velocity Tms™ ﬁ,me
t = 0. At time s his velocity is vms™'. The diagram shows the graph of v against  for the per
0 <t <40.
. i
(i) Show that the man runs more than 154 m in the first 24s.
33 - ’ ; o
(if) Given that the man runs 20 m in the interval 20 < ¢ < 24, find how far he is from 4 whef 0
134. OI/N 02/P4/Q4 3 st
. e
Two particles A and B are projected vertically upwards from horizontal ground at the sa™
The speeds of projection of A and B are Sms~! and 8 m s'l_respectively. Find U
(i) the difference in the heights of A and B when A is at its Amavximum height, (4
(ii) the height of A above the ground when B is 0.9 m above A. J

= ==
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(35 :ﬁcle P starts to move from a point O and travels in a straight line. At time ts after P starts to
Aopve ;ts velocity is vm s™!, where v = 0.12¢ — 0.0006£.
m
. Verify that P comes to instantaneous rest when ¢ = 200, and find the acceleration with which it
0 starts to return towards O. (3]
(i) Find the maximum speed of P for 0 < ¢ < 200. (3]
(if) Find the displacement of P from O when ¢ = 200. [3]
(iv) Find the value of ¢ when P reaches O again. [2]

(36, M 02/P4/Q5

@

(i)

A cyclist travels in a straight line from A to B with constant acceleration 0.06 ms-2. His speed at A is 3
ms™' and his speed at B is 6 ms™!. Find

(a) the time taken by the cyclist to travel from A to B, 2]
(b) the distance AB.

(2]
A car leaves A at the same instant as the cyclist. The car starts from rest and travels in a straight line to
B. The car reaches B at the same instant as the cyclist. At time t s after leaving A the speed of the car
is kr? ms~!, where k is a constant. Find
(a) the value of k, ]

(b) the speed of the car at B. [1]

g
i ¢
b
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1. O/N 17/P42/Q3
@ sp=14x5+Yax5
s_,c=14><8+‘/2a><82
[112 + 32a=2(70 + 12.50)]
a=4ms™

(i) [v=14+4x8]
Velocity =46 m s™

2. O/N 17/P42/Q4
@  [12t=Ysgr =0]

or
[0=12—gT] with r= 2T used

t=24s

’ (i)  Critical pointatt=1.2
Critical point at =2
Both moving in same direction
1<t<1.2
Both moving in same direction
2<t<24

3. OIN 17/P42/Q7

()  —0.014(F-22t+40)=0

~0.014(— 20)(t—2) = 0
t=2ort=20

(@) a=-0.037+0441-04
a is greatest (maximum) when
0.44-0.06¢=0
Max acceleration when 7= 7.33

G (-0.01t3 +0.222 ~0.4¢)ds
0.01 , 022 ; ,

s(t)=——1*+ =27 0.
(1) 2 3 21

5(20)-s(2)

Distance = 107 m

4. O/N17/P41/Q4
@

Acceleration = =—10m s>

(=25)
2

(i) V=—15+75x4
V=15ms"

96
Read & Write Publications

Y

Unit 2 An%

(i) Usingv=0atr=45andr=§
Yax (4.5+2)x10
+%x(8-4.5)x15
+¥%x(T-8)x15=100

T=135 |
4
5. O/N 17/P41/Q5
@) Acceleration = 0.4 m s>
. 1
@ 100 44 -9
e
t=10s
. . 2
@iii) Distancer=0toz=5is
“2(1.5+3.5)x5=12.5
s(r)=f(“’,° —0.1rJd/
r‘- |
1 ”
=—ﬂ—0.051*(+ C)
! |
5(10)-s(5)
Total distance = 12.5 + 6.25=18.75 m
5
6. O/N 17/P43/Q5
@ v=[k@r-121+2)dt
=k(36/3 - 1272+ 20+ C
v=k(r' =6 +2t)+C
C=04
0.1=%(1-6+2)+ 0.4 [-0.3 =-3k]
k=0.1
5
i [s=]o1(-6r+20)+04ds
=0.1(Y4 — 67°/3 + 214/2) + 0.4t + C]
5 =0.025( - 0.2F + 0.17 + 0.4¢
(iii)  Substitutes t =2 to show s =0 ;
7. O/N 17/P43/Q6
(i)  [Area=%(10+4) x 6 =42 m]
Displacement =42 m 1
@ v_6
2 4
or [gradient =1.5, v=6 + 1.5 x 6] ;
v=3ms" '
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Total distance travelled

=42+% (T-10)x3

[42+ % (T-10)x3=49.5] 7= .
T=15s

(i)

y=175x4=1 ms!

O travels [V2 (13 + 6) x 7=66.5 m]

Distance apart = [66.5 + 42 — 7.5]
Distance between P and 0 =101 m

(iv)

5. MIJ 17/P42/Q3
i)
( 5,4=20+ 10t
sp= 16t + Va(-2)t* [= 16t — 17
(il) VB=16—2t—-)VB=O,t=8
S=S84— 8B
[=20+ 10t + £ — 161 =1>— 61+ 20]
t=8,5=36(m)

i) $=2t—6
dr

or
s=tr-6t+20=(@-3)*+11
[r=3]

s=s,—8sp=11m

9. M/J 17/P41/Q5
(i) [12°=20%>-2ax 4B
6>=12%—2ax BC]
AB=128/a

BC=54/a
AB: BC=64:27

(ii) 0=202_24%x80 — a=25
BC=54/2.5
BC=21.6m

10. M 17/P41/Q6
O [g+r=4and2g+4r=4]
g=6and r=-2sov=6t—2t>
a=6— 4t
Att=0.5,a=4

@ y=gr_2s2=0
t=0and =3

97
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EITHER:

s = (61— 21%) dt
s=3t2-%+C
0=3x3¥-%x3+C
C=-9 so distance = 9 m
OR:

(iif)

3
(—-2
{)t !

-13
[3:2——2-13J
3 1
[27 - 18 =9]

Distance from Qat t=01is 9 m

11. M/J 17/P43/Q3
@) Trapezium, right-hand stccpcr than
left-hand slope 1

Deceleration 0.5 T
Constant speed 180 — 1.5 T 2

0.5[180 + (180 — 1.57)] x 25 = 3300
T=64

Distance decelerating = [0.5

x 32 x 25 =]400 m 3

(i)
(iif)

12. MIJ 17/P43/Q4
i) a=3x2x(2-5)[=54]
6(t2—5)" =54 —>1t= ...
t=1,4

(ll) - (21_5)
4x2

oo 625
8

(2t-5)"

(+0)

625

S —
Alternative method for Question 4

@  v=8~-60F+150t-125
—a=24f—1201+ 150

242 120t +150=54 >t =...

3.60t%+ 1501 — 125 dt
e S g 60 5, 130
4 3 2
£2-125¢ (+ C)
Cc=0
s=2t%-20t +75¢

s=8t

2_125¢

8 8 3

t=1,4 3

i
14

|
A
3
ad
|

s

T T R e
i et sl B



Mathematics A-Level P-4 Topical
13. M/ 17/P43/Q5
(i)  s2=20r-0.5gr
s1=12(t+2) - 0.5g(r + 2)
121+ 2) — 0.5g(¢ + 2)* = 201 — 0.5
—_ =
1
t= -,; =0.143
5
1
@) [s=20 X %_sx (7)2 =2.755...]
Height is 2.76 m
1
14. O/N 16/P42/Q1
@) 35=10a — a=0.35ms>
[10cos15 — F=2 x 0.35]
F=896N [3]
Alternative to 1(i)
s=%(0+3.5)x10=17.5m
[10cos]5 x 17.5= F x 17.5 + % 2 (3.5)%]
F=8.96N [3]
i) [R=2g-10sinl5]
[u=8.96/(2g — 10sin15)]
u=0.515 [3]
15. O/N 16/P42/Q2
) [v = 4t-40"°]
[a=4-20t]
[4 —20:°°=0]
t=25s
(i) Substitute their # into s or v
Displacement= —2083.3 m(= —2080 3sf)
and Velocity =—100ms” [2]
16. O/N 16/P42/Q4

(i) PE loss = mg x 100sin20

[Ysmv* — Yam % 5% = mg % 100sin20]
v=26.6ms™

Alternative method for 4(i)
a=gsin20[=3.42]

V[ =5"+2 x g x 100]

v =26.6ms™

08
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KE =
+(0.5m* 441 — 0.5m x 25) [= 19

[mg x 100sin20 = 8500 + 208
Mass m = 63.4kg

(ii)
8»,]

17. O/N 16/P42/Q7

(i) y=3x10=30ms”

s[=% (30+40) x30]

or equivalent complete method
Total distance = 1050 m
[Distance = 450m

Time taken = 450/15 = 30s]
Total time of motion for car = 7(g

(ii)

[Motorcycle takes 50s to travel 1500 m
1500 = Y (30 + 50) x ¥/
or 1500=30V+0.5x20V ]

V=37.5ms"
[20s is split between 5 s accelerating
and 15 s decelerating]

a=375/5=75ms™

Displacement-time graph

(iii)
(3]

18. O/N 16/P41/Q2
(i) 2=5a — a=04ms’
[0.1g sin20 — F = 0.1 x 0.4]

F=0302N AG (3]

(i) [R=0.1g cos20 (=0.9397)]

1 =0.3020/0.9397 = 0.321 2]

19. O/N 16/P41/Q3

() [0=6"-2g xs]
s=1.8
Total height = 2.3 m

Alternative for 3(i)
[6%=u?—2g % 0.5]

u* =46 .
0= 46 — 2gs — s = total height =

[2.3=0+0.5¢]

2.3m

(i)
1=0.678

Total time =2 % 0.678 = 1.36s
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]
(ii)

(iii)

Alternative for 3(ii)
[0=46 - g1 ]
46
1= Y4 6678
0
Total time = 2 x 0.678 = | 365
=0.5ms”
[Dﬁtance

=25+ ]00+5(5+ V)+30V+ IOVJ

150 + 45V AG
150 + 45V =465 — p=7mq!

V2> 80 x 7% —¥; x 80 x 52 [= 960]
20 x (5 + 7)/2 % 10 [=1200]

[80gh = 960 + 1200]
h=2.7m

21. O/N 16/P41/Q7

(@)

(i)

(iii)

[15—-6¢=0]
Max acceleration when 1 =255
Max acceleration = 18.75ms 2

[Speed = 7.5¢* — £ (+ ¢)]

[Distance = 2.5 — 0.25¢* (+ ct + d)]

=2.5%125-0.25%625 = 156.25m

v(5) =7.5%25-125=62.5ms"
K

6251
(2
t t s

5

=625__625=625_125

k 5 k
625 —125= v(k) ():—62.5
k=10

Alternative for 7(iii)
W(S) =7.5%x25-125=62.5ms"

625 625
___d =—+4cC
W(r)=! ,

oq=—62. 51
v(t)-6—3-§-62 s

v(k)_@-ézs 0
k=10
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Read & Write Publications

(3]

(3]

[4]

[3]

[3]

[5]

22. O/N 16/P43/Q4
(i) S4="1g % 2.5% (= 31.25)

[s8=20 % 1.5 150 x 1.5 (= 18.75)

/28 2.5 420 % 1.5 18 % 1.52
Height is 50m AG

(i) 50 = 0.5gt,* (t4=3.16)
t=V10-1=2.16

To top,
0 = 202 2gSB

Downwards,
[sz = Y22(0.16)*] (= 0.13)
Total distance is 20.1m

23. O/N 16/P43/Q5

(i) 61 —0.37 =0 — ¢ =20 (or 0)
s[= 6142 —0.37/3 (+C)]
s[=6(20)*/2 — 0.3(20)/3]
Distance OX is 400 m

()  [v=k—67(+C)]
s[= k72 - 61'/3]
[400 = 0.5k x 10*—
k=48

2 % 10%)]

24. M/J 16/P42/Q2

() 4> —8t+3=0
(2t-3)(2¢-1)
t=05and?t=1.5

i) 5=—f4r* -8 +3)ds

1.5
4 .
—[—P -4 + 3t}
3 0.5
Distance travelled =2/3 m

25. M/J 16/P42/Q4
(i) 2x6x82+36x82
Or2x 8.2 x (36 + 42)
Distance =319.8 m

(i) s=802
80.2 = 8'2; ¥ <10
V=184
i |
(i 8.2—7.84

[5]

== 0.036
d 10

— 55720

Totop, [0=20-gtz] —13=2

Unit 2: Answers Section

3]

(5]

[4]

[4]
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(i)

26. M/J 16/P41/Q1

(@)

(ii)

(i)

27. M/J 16/P41/Q7
(i) (a) 200—30gsin20=30a

(b)

()

(iiXa)

(b)

Alternative for 4(iii)

80.2 = 82><10+'/za><102
a= —0.036ms” ord= 0036ms

Trapezium seen

0, 3,9, 13 shown on the 7 axis
v = 2.7 soi in either part
[0.5x (6 +13) x 2.7]

Total distance = 25.65 m

[3]

(2]

Alternative method for 1(ii)

Stage 1

s;=0.5x 0.9x3°=4.05
Stage 2

§,=2.7%x6=16.2

Stage 3
$3=05x(2.7+0)x4=54

Total distance = 25.65 m 2]

a=325ms> [2]
[* =2 x 3.2465 x 12=77.9]

KE change = 0.5 x 30 x 77.9 = 11701[
2]
Alternative method for 7(i)(b)
KE change =

200 x 12 -30g x 12 sin 20

KE change =11701J

N =30g cos 20

F=0.12 x 30g cos 20 [= 33.8]
200 —30g sin 20 —33.8 =30a
a=2.12ms>

N +200 sin 10 = 30g cos 20
[N=247.2]

F=0.12N[=0.12 x 247.2 = 29.66]
200 cos 10 - 29.66 — 30g sin 20 = 30a
a=2.16ms™ [4]

[2]

[4]

29.

30.

31.

100
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28. M/J 16/P43/Q2

(@)

(i)

—_—

sp=Yix1.2x5
Distance travelled is 15 m
VB—IZXS

Speed is 6 ms” )
[4T=15+6(T—10)]

or

[4(T +5)=15+6(T-5)]

or

[4(T +10) = 15 + 6T]
T=2250r T=17.50rT=125

Distance OP =4 x 22.5=90m 3

M/J 16/P43/Q7

()

(ii)

(iii)

[6f—2<02>t<...]
0<t<1/3 )

[v=3f—2t+c]

s=f—f+ct+d

[c+d=7
3c+d=112>c=..,d=..]

s=£—1£+2t+5 5
[3F/—2t+2=10]

t=2 3

O/N 15/P42/Q2

)

(@

(ii)

[V2=(V-10)"+2g x 35]

207 = 100 + 70g

V=40 3
Alternative for 2(i)
V=V-10+10t > ¢t=1and
35=(V—10) x 1+ ¥ x10 x1or
35=(V-10+V)/2x1

V=40

[407 = 0>+ 20H]

H=280

O/N 15/P42/Q3

®

(i)

[a(f) = 0.00012F — 0.012¢ + 0.288]

[a(7) = 0.00012(¢* — 1001+ 2400)
=0.00012(z — 40)(t — 60) = 0]

a(t) =0whent—40 and 1= 60
[0.00001* — 0.0027 + 0. 1447°]
[0. 00001(100)4 0.002(100)° +

©0.144(100)7] 3

Displacement is 440m

4
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yatnomat! Read & Write Publications oz
/N 15/P42/Q7 3s,
=@ D= 1000 x 25 0 6050805
- = ‘ y .
Work done is 350kJ or 350 000 ) 2 ) ,.: 12
@)  14000/v ~235 = 1600 x 0.5 — vV = 042705 %36
va= 13,53 mg V=6
14000/ vy — 235 = 1600 x 0,25 — §=6 %25

_ -
vp = 22.05 ms remaining distance

[KE gain = _ _ag —
)5 1600(22.05% - 13,532)) 24:(62: 8)/236, ; 120=24 |
KE gain = 242.5kJ or 242 500 J 5 (=8 ;
(i) Total Time = 12 + 25 + 8 = 455 5 1
35.0000 - 24?— 500 + 235 x 4B (ii)  Distance travelled by cyclist :
Distance AB is 457 m 3 =36+ 6(1—12) |

Distance travelled by car
=0.5 74 % (1—24)*
20— 961+ 1152

33, O/IN 15/P41/Q2
(i) a=gsin30 =5

Al RO

2.5=0+5¢ =36+ 61—72
1=0.5 Time = 0.55 3 [ —51t+ 594 = 0]

i) V=04+2x5x%x3-30 (=330r1=18
~1=0.5a— a=-2 Time = 333 3 i
0=30+2x(-2) xs 36. O/N 15/P43/Q5 !
Distance = 7.5m 3 (i) a=

2 a2y _

First alternative method for 2(ii) (57=37+(2 x 500) = 0.016
\)2=()—{-2)<5>(3:‘»3() DF+90gx005—R=90x0016 :
0.5 x 0.5 x 30 = 1 x distance 420 b
R=——-90(0.016 — 0.5 i
Distance = 7.5m 3 ! v ( 0-5)] :
Second alternative method for 2(ii) R— 420 + 4356 5 %
PE lost = 0.5 x 10 x 3 sin30 = 7.5 v E
7.5 =1 x distance (i) v =37+2x0.016 x 250 —
Distance = 7.5m 3 speed at mid-point is 4.12ms™
[Decrease in R from top to mid-way (
4. OIN 15/P41/Q6 =420[(1+3) — (1+17)]

®  5=03~-0.017° or i
5(5) = 0.3 x 52— 0.01 x 5% = 6.25 [Decrease in R from midway to b’m = fi,
a=0.6-0.06f 420[(1+17) - (1+5)] f

T 5 38.1 and 17.9 NN .-
a5)=06-00x5=03ms* 4 an 3 ﬁ
()  Maximum velocity is when 37. OIN 15/P43/Q6
0.6 — 0.067 = 0 (i) Time taken
[t=10] = 008 400
g -1 0.0002
Max velocity = 3 ms i K \
v=— =0.16¢ - 0.0006¢
0.61- 0,037 = 1.5 YT
IF -201+ 50 0} e 400 + 0.0006 x 400
. = . X
Aimensre 2.93% S —c(i):t60x is 32 ms™ ]
and 17.07s 6 pee

B
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(ii)(a) Time to furthest point is 0.16/0.0006 s
[0.08(800/3) - 0.0002(800/3)*]

(x2)
Distance moved is 3790 m 3
(®) [speed =3790/400 ms™)
Average speed is 9.48 ms™' 2

38. M/ 15/P42/Q4

@ .
Wf) = 0.025£ - 0.75¢ + 5t (+0)

s(f) = 0.00625¢* = 0.2572 + 2.5 (+0) 4

(i)
[ — 407 + 4007 = 0 & 7 (r—20)" = 0]
Time taken is 20 s 3

39. M/J 15/P42/Q5

D

@) —20 =20 - 107 =» time taken is 4s
or 0 =20 — 10t =» time taken is 2%x2s = 4s
[30=0 +4a]
Acceleration of P is 7.5 ms™ 4
(i)
Either 30>=2 x 7.5 x O4 2
0+30
or OA4 = (0+30) x 4
2
or OAd=1x75x4
2
1
or OA=30x4— _x75 x 4?

2
=» Distance O4 is 60 m

40. M/J 15/P41/Q6

@) |
W7 =0.05:—-0.00017 (+0)
w200)=10-4=6ms™
W500)=25-25=0

(i)

500

[ (0.05¢-0.000172 )t

]

Distance = 0.025 x 5002 0.000] x
500%+ 3 =2083m

500
0.05¢2  0.000173 }

2 3

102
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Distance = 1 X 6% 500=
1 2 = ISOOm or
. 1 1
t = —(0+6)x200+—
distance » (0+6) - (6+0)x300

or distance = (O +%0.03 X 2002)

1
+ (6 x 300 + 5 (—002)3002

Distance between A and B is
2083 — 1500 =583 m

M/J 15/P43/Q7

() [0.0001#(z— 50)(z—100) = 0

or v(0) =0, v(50) = 0, v(100) = 0]
v(#)=0when =0, 50 & 100
[0.00037 — 0.03¢+ 0.5 = 0]

71001 +1667=0 S
- B{ww V(002 —4x1667)}J

a=0when ¢t =21.1 and when =789
v(21.1) =4.81

v(78.9) = —4.81

Convex curve from (0,0) to (50,0) with
v> 0 and has a maximum point.

The curve for (50, 0) to (100, 0) is exactly
the same as the first curve positioned by
rotating the first curve through 180 about
the point (50, 0). 7

41.

(i)

(iii)
s(7) = 0.0000257 — 0.0057 + 0.25¢* (+¢)
[156.25 — 625 + 625]

Greatest distance is 156 m 4
42. O/N 14/P42/Q1
i [-11=11-101
Time after projection is 2.2 seconds 2
(i) h=0+%gx22"=242

V=0+gx22=22

43. O/N 14/P42/Q6
()(a) (a) Acceleration is 2.8ms™
() [mg x.0.28—0.5mgx 0.96= mal ]
Acceleration is — 2 ms ™
@ O o
vi* =2 x 2.8(4B) and

22— 5.6(4B) -2 x 26-4P ) 3

4

Distance is 2.5 m



(iii)

. OIN 14/P42/Q7

()

(i)

(1ii)(2)

45. OIN 14/P41/Q4

)

(ii)

46. OIN 14/P41/Q6

(i)

(ii)

(b)

Adevel P-4 Topical

Alternative method for (ii)
[mgx S x0.28= Vam2® +
B Xmg x0.96 x BC|
14=2+48 xBC
BC=12/48=25m 3
7=2x25+0+V14)+2x25 =
(V14+2)
‘Time taken is 2.21s 3

v=—4.3

[+4.8 =3q]

Magnitude of acceleration is 1.6ms> 3

[-0.47+4 (=0 when 1= 10)]

Vopax =—0.2%100+4 x10-15 —
Maximum velocity is 5ms™ 3

Distance 0to 3s =% X3 x 4.8 (=7.2)

Distance 3 to 5s = —E(— 0.2¢% +

4-15)dt

Distance == 4.5333...m

Average speed = (7.2 + 4.533) + 5

=235ms”

Distance BC

} 1
|02 o s |
3 5

and
Av speed = (4B + BC) ~ 15 6
Av speed = (45.066 + 15) =3.00 ms™'

End speed= 1.3+ 0.1 x 20

vp(£) = 0.0087 + vp(0)

[3.3 =0.008 x 20° + v(0)]

Speed of Q when ¢ =0is 0.1 ms”

Distance 40 = (3.32-1.3%) = (2 x0.1) or
20x % (1.3+3.3) [=46]

Distance OB = 0.008 x 20° =3 + 0.1 % 20

[=70/3=23.3] 3

Distance AB is 69.3 m

[3g—R=3x5.5] .
Resistance is 13.5N

Graph consists of two line segments; the
first starts at the origin and has a positive
gradient.
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47.

48.

49,

Unit 2: Answers Section

The second starts where first one ends and
has positive but less steep gradient. 2

(i) [v?=2x10%x5=100 or
vg' = v +2 % 5.5 % 4]
vs=10 ms’ at surface and
ve = 12 ms”' at bottom
— both shown on sketch
[10=0+104 or
12=10+ 55(12 - tl)]
f1 =1 s at surface and shown on sketch

t,=1.36 s at bottom and shown on sketché .

O/N 14/P43/Q1

® DF =P+ 18
[P+ 18 — 800 = 1400 x 0.5]
P =27000 3

(i) [1080 — 800 = 14004] ;
Acceleration is 0.2ms > 2

O/N 14/P43/Q4

() v(8)=0.25x8=2
2=-64+192-k=> k=10.8 2

()  [dvdr=-02¢+2.4 (=0 when t=12)
Viax =—0.1 x 144+ 2.4 x 12 -10.8]
Maximum speed is 3.6ms™ 2

(iii)  Displacement s; =% 0.25 x 8% (= 8)
[Displacement ]
5= [0.1£/3 + 1.27 - 10.87]s'* (=26.7)] |
Displacement is 34.7m 3 {

M/J 14/P42/Q2 |

®
¥ 0.5T*+ 0.75T = 10
[T*+3T-40=0=(T+8) (T-75)]
T =15 only 4

Alternative mark scheme for 2(i)
(i) x=%%T> 10-x=%T

Eliminate T
x = Y% [4/3(10-x)]*

x=625 |
10-6.25=%Tor 6.25 = % T

S

(i) Speed is 2.5ms™ 1 :
&
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M/J 14/P42/Q4
@

50.

a) =r" /3
[0.25 - (1/2) / 3 = 1/4 - 1/6]

Decrease is 1/12ms™ 4
(i)
Sy = 2]._!_]2’3‘]’: O 3 5/3 o
- s2 [ %) ]n
3

Distance is 71.3m
Alternative method for the final two marks

s= jL“dr =03t +¢
2

s(8) =8 givesc = -1.6
527 =0327"" -1.6="71.3

51. M/J 14/P42/Q6
@ =2xgx72
- speed at surface is 12 ms”’

[6°=12%+2a % 0.8]

Deceleration is 67.5 ms ™’

[0.2g—R=-0.2X 67.5]

R=155 5

[3.6="ax4]

a=045ms™

[T-R-0.2g=0.2x 0.45]

Tension is 17.6 N (17.59 exact)
Alternative Energy Method

(i)

@
‘ 0.2g x 8 =R(0.8) + %2 (0.2) 6
R=15.5
0.2g-155=0.2a
a=-615 5
(i)

3.6=v/2%x4 v=1.8

T(3.6) = R(3.6) + 0.2¢(3.6) + /4(0.2)] 8?

T=17.6N 4

52. M/J 14/P41/Q4

Fors=4.05

Total distance = 4.05 + (3.15 + 4.05)
=11.25m

tupwards = 0.9

For downwards motion
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(3.15 + 4.05) = %gt’—-n= 1.2

Time taken is 2.18
Alternative Mark Scheme for final 3 p,, h[‘:]
r

[-3.15=9T + % () T

[100* — 180t — 63 = 0]
(10T - 21)(10T +3) =0

53. M/J 14/P41/Q7
1
AB=3 %400+ — ‘ _
> 0.005 % 400? = 16001,

(1)

(AG)

or

vp =3+ 0.005 ¥ 400 = 5ms™

vg =3 +0.005 % 400 = 5ms™

or

AB =3 %400 + % 0.005 » 400” = 1600m

(AG) [3]
(i)

[0.022 — 0.0001t/3 + kt]o** = 1600

400k = 1600 — 0.02 x 400° +

0.0001 x 400° +3 —>

k=4-8+16/3=4/3

[dv/dt = 0.04 —0.0002t

(= 0 when t = 200)

Vi = 0.04 x 200 — 0.0001 x 200% +4/3

Maximum speed is 5.33ms” [6]
(i)

Time taken is 280's

[1400 = 4/3 x 280 + -;- 280%a]

a = 0.0262 [4

54. M/J 14/P43/Q6 ; }
()  Velocity immediately before is 1.2m8
‘ -1

Velocity immediately after is—1ms )

(i) o 2
Distance OW = 0.025 x 60" —
0.0005 x 60° +3
Distance WA =

—(0:0125 x 1002 — 2.5 % 100)~

(0.0125 x 60° 2.5 % 60] 0

Distance is 54 +20 = 74m

N
Unit 2. Ay,
bt
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(iii)

55. OIN 13/P42/Q5

@

(if)

36. OIN 13/P41/Q7

()
(if)

(1)

(iv)

AdLevel P-4 Topical
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[dv/dt=0.05-0.001t=0 or
0.0005¢(100 =t) =0 > t=0Q or 100]
Maximum speed

(=0.05 x 50— 0.0005 x 50?) is 1 25 ms"!

Plausible quadratic curve starting at (0,0),

with max. at (50, 1.25) and terminating at
(60, 1.2)

Straight line segment from (60,-1)

4
to (100,0) 4]

[s=1t/2—0.1£/3]

[s1=25/2-0.1 x 125/3]

s; = 8.33

s,=2.5x 40

[s =9t%/2 — 0.1t*/3 — 200t

for 45 < t = 50]

s3=[9(50)°/ 2~ 0.1(50)* / 3 — 200(50)]
—[9(45)*/ 2 - 0.1(45)*/ 3 — 200(45)]

[=8.33]

Alternative mark scheme for previous
2 marks

Recognising the symmetry of the velocity
distribution due to the correspondence of
the points

(0,0) — (50,0) and (5,2.5) — (45,2.5)
Complete the idea of symmetry with one
further property and hence

State s; =s; = 8.33

Distance from O to A is 117m

Average speed is 2.33 ms™

[s=%5%x04+19%x04+%4x04]
Distance = 9.4

Acceleration is 0.08 ms™
Deceleration is 0.1ms™

[T - (800 + 100) g = (800 +100)a]
T -900g = 900a

T=9072 N in 1* stage

T =9000 N in 2" stage

T = 8910 N in 3™ stage

[R - 100g = 100a]

R=1008N

R= 990N

2

57. OIN 13/P43/Q5

(i
T\ =V+03,T,=V 3
() [S=%TV+T,V+%T,V]
S =552V -V {0.5(T; + T3)}
=552V - 13V¥/6
13V% - 3312V + 72000=0
V=24 5
58. O/N 13/P43/Q7
(i) [s=k;t*/2 — 0.005t*/3+(C)]
[k1(60%/2) — 0.005(60°/3) = 540]
k;=0.5
0.5 x 60 — 0.005 x 60% =k, ~\60
k; = 12760 5
(i)
[s = 540 + 12760(2\t — 2V60) =]
24N(60t) =900 2
(i)  [24Y(60t) — 900 = 1260]

t=135
v =12V60 + V135 speed is § ms™' 3

59. M/J 13/P42/Q6

@

(i)

(iii)

For sketch of single valued, continuous
graph consisting of 3 straight line
segments with +"°, then —, then +*
slope

Sketch appears to show v(0) =0

and v(8) > v(26) >v(20) 2]

For shading the triangle from t = 0 to

t = 8, the trapezium from t=8 tot =20
and the trapezium from t = 20 to a value
of t seen to be between 20 and 26

(1]
$(20) = '2(8 x 8) + 2(8 + 2) x 12 (= 92)
a=(6.5-2)/6 (=0.75)
[s(t) = 92 + 2(t — 20) + 0.375(t — 20)*
Displacement is" |
0.375t%— 13t + 202 metres [6]
Alternative Marking' Scheme for final 2
marks of Q6 ‘
[v(t) =2 +0.75(t — 20)
s(t) = 0.375¢" — 13t + A where
92 =0.375 x 400 - 13 x 20 + A]

Displacement is
0.375t>— 13t + 202 metres

Unit 2; Answers Section




Mathematics A-Level P-4 Topical

€0.

61.

First Alternative Marking Scheme for
part (iii) of Q6

a=(6.5—2)/(26—-20)=0.75

(i)
v =0.75t (+ C1)
v=0.75t-13
M/J 13/P41/Q3
(@) ]
u?=2 x 10 x 45; speed is 30ms” [2]
@) [40=30t-5¢Dt=24]

[5=%10 D t=1]
Time above the ground is 2 s
Special Ruling for candidates who assume,

without justification, that the length of time
required is that of the upward movement only.

(maximum mark 1).
@) 5= 10" > t=1, the length of time
requiredis 1 s
Max. height above top of cliff = /2 g(17
+4) (=21.25)
[0=V*—2g(40 + 21.25)
Speed 1s 35 ms™ [3]

Alternative Marking Scheme for (iii)

(2]

(iii)

17=V*25-32
Speed is 35 ms

(iii)
[3]

M/J 13/P41/Q7
()  [0.0000117(1200f — 12t%)
= O]
1200 =128 =& t =0, 100
Distance AB=1170m

2400t - 36t =0 <& t =0, 200/3

[Vamax = 0.0000117{1200(200/3)>
- 12(200/3)*}]

Maximum speed is 20.8 ms™
AtAa(t)=0

AtBa(t) =

0.0000117(2400 x 100 — 36 x 100%) =
~1.40 ms™ (~1.404 exact)

Sketch has v increasing

(f)ro:; tg to m:aximum and decreasing to

t 2 4 maximum closer to t = 100 than
’Sketcl.l has zero gradient at ¢ = 0 and
inflexion closer to t = 0 than t = 100, [2]

[3]
(i)

- [4]
(i)

) (2]
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@

(i)

)

(i)

Q)

(ii)

" Leaves the ground when t = 50

Uni 2 A"‘War,

62. M/J 13/P43/Q4

V () = 1.5 t+0.006
[0.006 %+ 1.51-90=0
{2 + 250t — 15000 = 0] >
(t— 50) (t +300) = 0]

[4]
s=0.75 t* +0.002 £
Distance is2125 m

(3]

63. M/J 13/P43/Q5

[T=2x17-2x0.7]
[forP17t-5 =0
and
forQ7t=5t"=0]
T=2 (2]
17(t+2) = 5(t+2)° = (7t=5t) =5 or
17t = 52— 7(t-2) + 5(t—2)*=5
t=09o0rt=29
vp=17-10(0.9 +2),
vg=7-10x0.9 2>
Magnitudes are 12m s & 2 ms™
The direction for both is vertically
downwards

[6]

64. O/N 12/P42/Q2

[0.6 =0+ 0.3a]
Acceleration is 2 ms™
[mg—T=2m, T—(1-m)g
=2(1 —m)]

[m=T/8 =» T—(10-1.25T) =2-025T
or

T=28m=>» 8m— (10— 10m) =2 —2m]

T +1.25T+025T=10+2

or
m=0.6and T= 8m
m = 0.6 and tension is 4.8 N

Alternative for part (ii)
[{m+(1-m)} x2={m—(1-m)} * €]
m=0.6 "

[mg~T=2mor T—(1—m)g=2(1-m)

Tension is 4.8 N

—————
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g5, ON 12/P42/Q7
@  dvdr= k(1201 - 37%) 69. O/N 12/P43/Q2
[W40) = K(60 x 407 — 40°) = g 41 B [a=02+00129
k = 0.0002 ; 5%22-5* 0.0121=2.5 % 0.2]]
- . = 3
@ 8 ; ' , (i)  [s=0.17+0.0027 (+C)]
()= 0.0002207 - £14) (+ ¢y [s = 0.1 x 625 + 0,002 x 15625
[04 = 0.0002 x (20 » 60° - ()04/4)] Displacement is 93.75 (accept 93.70or 3 i
Distance is 216 m 5 93.8) |

@iy [dvidr =0.0002(120 ¥ 60 -3 » 602)]  |70. OIN 12/P43/Q3
Magnitude of acceleration is 0,72 g2 (i) [0 =8 - 2gs]
0=28"—2gs

2 . L
(iv) lz("1 ~0257 0, Maximum height is 3.2 m
v = 0.0002(60 x 807 - 80)] [V =8 —2g % 1.6]
Speed is 25.6 ms ! o) Speed is 5.66 ms™ 4
(i)  [5.65685...=8—101]
66. O/N 12/P41IQ1 Time is 0.234 s 2
[125= % 107
(-5 71. MIJ 12/P42/Q3
s=5%x5%08x5 (i)
lg. : ’ | v=120"+2
Distance 18 35 m 4
£ =5/6 [4]
67. O/N 12/P41/Q5 (i)  s=0.45""+2t
()  [5=2+0.0500r 25 442 x0.0548)] Distance is 2.13 m [3]

Time taken is 60 s (or Distance 1s 210 m)

Distance is 210 m (or Time taken is 60 s) 72. MIJ12/P42iQ7

3 (i  [-0.12=0.154]
(iif) s = ki'/4 (+C) a=-0.8ms” ;%
C = 0 (may be implicd by its absence) [v=3-0.8x2] 'i

Vapproach =1.4

[210 = k x 60"/4] N
[V50.15(1.4* = v?)]

b o s e

k = 7/108000 or 0.0000648 T
Speed of Q at Bis 14 ms”' 5 Vrotum ™ — ‘
t = 3.25 s when block comes to rest
63. OIN 12/P41/Q6 For correct sketch [
O % "’}“2 e ’",",A: - mgx LT 4 G) [XY=%@+14)x2,YZ=%125x1] |
and Ya v = 72 mva = W8T s=44aYand3.775at Z statedoron |
[\.\Bz = 81 - 20 X 2_7! ve' = 8 —20 x 3] graph ' ;N

Loss of speed = 10 * -2 = 1.16 ms”' Curve starts at origin, s increases, slope

4 decreases (convex upwards) for 0 <7<2,

(i Tork =14 02x2%+02xgx3 value of s(2) shown
) ork done = %0 ? ¢ Curve starts at (2, 4.4), s decreases,

(=6.4) . magnitude of slope decreases to zero at
% (0.4 +6) = %020 +02g* 15 (3.25, 3.775) [4]
Speed at midpoint is 1.41 ms™ 3 Y
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73. M 12/P41/Q4
@  [a=1.5:-0.18757]
[0.1875¢8 - 1) = 0]
Acceleration is zero when =8 [3]
(i) Changes direction when ¢ =12

s=0.25¢-0.0625(' +4 (+C)
[s=0.25 x 1728 - 0.0625 x 20736 + 4]
Distance is 108 m [5]

74. M/J 12/P41/Q5
® PE loss =2g(10 - 10 x 0.28)
[ %27 = 144]
Speed is 12 ms™ [3]
) (ii) R=2gx0.96
[2g x 0.28 —2g x 0.96 + 12 = 24]
Acceleration is 2 ms™ [3]
i) [*=122+2x2x10]
Speed is 13.6 ms™ [2]

75. M/J 12/P43/Q3
@
s=0.027(10£/3 - £/4)  (+C)
s = 0.027[10 000/3 — 10000/4]
Distance is 22.5 m (4]

@)  [0.027Q20r—37) =0 r=20/3]]
Vmax = 0.027(4000/9 — 8000/27)
Maximum speed is 4 ms™ [3]

76. OIN 11/P42/Q7
@@ [2x%(1+9)400]
Approximation is 4000 m 2
(b) Accelerations are 0.02 ms™

and — 0.02 ms™ 2

(ii}a) 0.04 —0.0001t==0.02
Values of t are 200 and 600 3

(b) vi-v=0.02t+ 1 - 0.04t + 0.00005¢

V1=V =[0.00005t" - 0.02t +2 — 1]
= 0.00005(t* — 400t + 40000) — 1
=0.00005(t —200)* - 1 2

(¢) For using (v; — V)i, occurs when
t=200—>-1 <v,-v

For using (V) — V), occurs when t = 0
and

whent=400 - v,-v < | 2
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77.

78.

79.

80.

81.

Unit 2 Ansyg

OIN 11/P41/Q4

0 1.76 = 0.8u + 0.32a
(0.8 +0.6)%a or
2.16 = (u + 0.8a)0.6 + %40.6%]
3.92=14u+0.98a0r2.16 = ( ¢, +(

66
u=14anda=2 e
6
(i) [2 = 10sind]
0=11.5
2
O/N 11/P41/Q7

@  v(100)=0.16 x 1000~ 0.016 x 10009

1
() a=15x0.16t" —0.032

[1%=0.24/0.032 D 1=5625 S
Vmar = 0.16 421875~ 0.016 x 31640625

Maximum speed is 16.9 ms™ (or16% ms™)

4
(i) s=2/5x% 0.16:%-0.0167%/3
Distance is 1070 m 3
(iv) ;—t%(0.192 - 0.016 V1) =0
Value of t is 144 2
O/N 11/P43/Q1
()]
Acceleration is 0.02 ms™
Acceleration is — 0.21 ms™ 3
(i) [A(1.5+2.1)x30+%2.1x 10 %
2.2 % 20]
Distance AB is 42.5 m 2
(ili)  Total distance walked is 86.5 m 1
O/N 11/P43/Q5
i)
( 2

Displacement is 2t> — kt*/4
@  t=6k ‘ 1

i) [2x 216/~ k x 1296/4K' = 108
— 2 % 216 - 1296/4 = 108k’]

2
k=1 X
(v)  dv/dt=12t- 3k
=0 whent=(0), 4 3
maximum value is 32
M/J 11/P42/Q3°
@ 0 [ %5 x 50 + 1% 7(8 + 50) + 90 % 8] "

.. Distance is 1048 m
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P-4 Topical

a=(8-50)/(12-5) ord= (50 - 8)
(12-5)

850 — F = 85a (or —85d)

Upward force is 1360 N [5]

g2. MIJ 11/P42/Q5

@)

(i)

Times to max. height are 1.2s and 0.7s

Range of values 1s 0.7 <t< 1.2 [3]

36t — 1.5gt> = 56t — 4gt?

t=28/g

Velocities are 4m™ and —1ms™ [5]
Alternative for part 5(ii)

For using 3hp = 8hg — 3(vp’ — 144) +

(=20) = 8(vg® — 49)+(-20) — 3vp — 8v¢’

=40

For using vp =12 — 10t and vqo=7—-10t
g Vp—VQ = 5

For eliminating vq (or vp) and solving for

vp (0T VQ).

vpr—16vp +48 =0 — vp =4 (or 4, 12)

Upward velocities are 4 ms™ and —1 ms™

[5]

83. M/ 11/P42/Q7

(¥

(i)

(i)

[1.3=0.9 +0.004T,
1.32=0.9*+2 x 0.004S]

Time is 100 s (or distance is 110 m)
Distance is 110 m (or time is 100 s) [3]

[it>dt=vaxe’
[k( % 100* - 0) = 110]
k=44x10"°

[vw = 0.9 +0.004 x 64.05,
Ve =4.4 x 107 x 64.05°]

Both are equal to 1.16 ms™ ! correct to 3 sf.
[5]

Acceleration = 3kt*

Acceleration at B is 0.132 ms™ [2]
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84. M/J 11/P41/Q5

85.

86.

®

(ii)

(i)

v(600) = 0.025 x 600
0=15-0.0375t;
Total time is 3600 s (4]

For correct graph

[d = % (2600 + 3600) x 15 or
d =1 0.025 x 600*+ 2600 x 15 +
15 0.0375 x 400%]

Distance is 46500 Bl

Values of t are 300 and 3400 [1]

M/J 11/P41/Q6

@

(i)

s =2t* —t/64 (+ C)

[t* — 128t* + 647 = 0]

(- 64)>=0

Time taken is & s [5]

a=4-3t"16
8
a is positive for 0 <t < " 7= or [4]

0<t<4.62

M/J 11/P43/Q3

®

(ii)

ap= gsin30°

32=Yagt

[6.4 =1(0.8) + % 5 x (0.8)*]

u==6 [4]
[v=6+5x 0.8 or v = 36 + 2x5%6.4]
Speed of P is 10 ms™ [2]

Alternative for Parts (i) and (u) when a
is not used:

Part (i

32="Ys gt

For using KE gain = PE loss to obtain an
equation in u and v ,

[ % (V¢ —u?) = 6.4gsin30°]

For using s = %2 (u + V)t to obtain a
second equation in u and v
[6.4=%(u+V)x0.8]

u==6 [4]

Part (ii

Substitutes for u to find v
Speed is 10 ms™ [2]

T
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§7. W/J 11/P43/Q4

®

(i)

(i)

@v)

’ 88. M/J 11/P43/Q7

(@)

(i)

For correct shading composite figure [1]
consisting of 2 rectangles: 1* has
boundm‘iest=0&t=20.v=0and

v = 2.5: 2° has boundaries t =20 & t =T,

v=0andv=4
[50 + 4(T — 20) = 70 or 4T — 30 =70]
T=25 2]

[Distance = 70 + (4 —2.5)20 or
50 + 4[(T — 20) + 20] - 50]
Distance between P and Q is 100 m [2]

For 2 straight line segments s
representing P, 1% with +ve slope and 2°
with steeper slope, t =20 indicated
appropriately

For Q, 1% & 2™ segments parallel to P’s
and displaced to the right, t =25 and

t = 45 indicated appropriately [2]

Lyl ey

v= -

160 3200
[0 = 8000/160 — 160000/3200 + C;
e d Cl = 0]

Initial speed is zero [4]
[£/800(15 —t) = 0]
Vo= V(15) = 5.27 ms™ 2]
1 4 5
=%’ 1000’ O
[250 — 200]
Distance AB is 50 m [4]

89. O/N 10/P42/Q5

()

(if)

[15=20t— 5 = 5( —4t+3) = 0]
t=1,3
Duration is 2 s (accept 1 <t < 3) [3]

20t — 5t =25(t— 0.4) — 5(t— 0.4)> (or

20(t+0.4) — 5(t + 4)* =25t - 5t* or

(20x0.4-5x0.4%) + 16t— 5" =

25t - 5¢%)

t=12 (or t=0.8)

[(VP =20-10x1.2; vq=25-10x(1.2 - 0.4)
or

Vp =20 - 10x(0.8 + 0.4); vo= 25 — 10x0.8)]

Velocities are 8ms™ and 17 ms™ [5]

90. O/N 10/P42/Q6

91.

92.

93.

0] [ 2.5(speedmax) = 4]
Greatest speed is 3.2ms™

SR (max. 1/2) for candidates wh,

(implicitly) make the u
occurs when t = 1.25

Greatest speed is 3.2 ms™ from
2 x ¥ 1.25(speedmax)v = 4

@ [V=3x2]
V=6

i) 26(12+T)=48  or
1, 6x2+ 6T+ % 6(10-T)=48
2 6x2+6(10—17)+%267=48
t=28.5

(iv)  Deceleration 1s 1 ms™

OIN 10/P42/Q7
(i) a(t) = 0.006t" — 0.24t + 1.8

[0.006(t* — 40t + 300) = 0]
T, =10, T,=30

)

2]

or

&
1)

s(t) = 0.0005t*— 0.04t> + 0.9t + 5t + (C)

[405— 1080 + 810 + 150]

Distance is 285 m
1

(ii) Velocity is 5 ms~

7]

For curve with v increasing from a +ve

value at t = 0 to a maximum

Then decreases to a +ve minimum and

thereafter increases

O/N 10/P41/Q1

@ v=20
(ii) Speed is 40 ms ™'
(iii) Height is 80 m

O/N 10/P41/Q4

(i) (1.5+3.5)/2=5/10
Displacement is 25 m

(i) v=0.015¢ (+C)
[3.5=0.015 x 100+ C > C=2]
[s = 0.005t° + 2t + (0)]
Displacement is 25 m, same as P.

3]

,|
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10/P43/Q1
O g0 o
(@ - HEsind00.9
or Y% mv,> = mg(0.9sin30%)
or (i) V2= (gsm‘OWO 8]
) Spefd 183 ms or (ii) Speed 1s dms ! (iii)

(i) Speed 1s 4ms™ or (i) Speed is 3 ms"! 4]

0. ON"NPW

®

(ii)

v(4) =0.75x4
v(54) = v(4) and V(60) = v(54) - 0.5
(60 — 54)
Velocity is 3ms™ when t = 4 and 0 when
t=60

> segment has zero slope; end points of
segments are seen to be correct {(0,0),

(4,3),(54.3). (60,0} 5]
XY = (60 + 50)x3

or )

XY =% x0.75x4 + 3x50 — ¥ x0.5x6°]
Distance 1s 165m 2]

96. O/N 10/P43/Q6

(@)

(i)

a;(t) = 1.44t — 0.288t%, a,(t) = 2.4 — 0.48t

[a; = 1.44x5 — 0.288x25, a;

=2.4-0.48x5]

a; = a; (= 0) = no instantaneous change
[4]

s;=0.248 —0.024t", 5, = 1.20 - 0.080

[{(0.24x5° - 0.024x5%) — (0~ 0)} +

{(1.2x10° - 0.08x10°)

—(1.2x5%-0.08x5°)}]

Distance is 35m [4]

7. M/J 10/P42/Q2

(@
(if)

(if)

Acceleration is 0.09 ms™ (1]
[D=1% (8 +4)0.18 or

D=(0+%0.09 x 2% +(0.18 x4~
%0 % 4%) +(0.18 x 2 — % 0.09 x 2°)]

Distance is 1.08 m (2]
[% 3V = 1.08]
Greatest speed is 0.72ms”™’ (2]

. MU 10pg2/q7

(i

15
Lvldt =225
A[(15%2 - 0.05 x 15°/3) — (0 - 0)] = 225
A=4

[4(15-0.05 x 15%) = B/15%]
B=3375 (51

89. M/J 10/P41/Q2

100.

(i)
(ii)

(i)

(1)

(i)

(i)

Unit 22 Answers SecSon

4N =BC'(-1)(+ )

[-3375/15 + C = 225]

Distance travelled is [450 - 33754] m
(fort=19) 3]

[450 - 33751 = 315]
[v=337525"]
Speed is S4ms™ 31

Alternative for 7(ii)

s | .

s= |3375¢ "dt =-3375(———)
t 15

=225-33751
Distance travelled = 225 = (225 - 33751)
Distance travelled is [450 — 33754] m
AOTT = :)
Acceleration is 0.09ms™ 1]

D=(0-'%009x2)-(0.18 x4~

10 x 4°
~(0.18 x 2 -2 0.09 x 2°)
Distance 1s 1.08 m 2]
$3V=1.08]

reatest speed is 0.72ms”™ 2]
'l'\ dt=223>
A[(13-2-0.05x15°3)-(0-0)] = 225
A=4

(/12 - 2 _ <2
[415-0.05x15)=B13)

B=3375 5]

. |
s>(n)=Bt (-1 (=O)

[-3375/15 + C =225)
Distance travelled is [430 - 33731] m
(fort = 13) I3]
[450 —33751=315)

[v=337525"

Speed is S.4ms™ 131
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Alternative for 7(if)

' 11
= =2 - — - e
s= [33757 a1 3375(: - 1)

1§

=225 - 3375/t
Distance travelled = 225 + (225 — 3375/t)

Distance travelled is [450 — 3375/t] m
(fort = 15)

101. MM 10/P43/Q2
[1.2-0.24t = 0.6]

t=25

[s = 0.6t* — 0.04%]
s=(0.6 x2.57~0.04 x 2.5%) - (0 - 0)
Displacement is 3.125 m [5]

102. M/J 10/P43/Q5

®

(ii)

(iif)

[s="%(14+11)x1.2; 1.1 = 1.4+ (-d)

x 1.2]

AB=15mord=0.25

d=0250rAB=15m [3]

[0=u’+2(—0.25)2;
2=0-%(-0.25)t]

Speed is 1 ms™ or time is 4 s

Time is 4 s or speed is 1 ms™ [3]

For line joining (0, 1.4) and (1.2, 1.1)

For line joining (1.2, -1) and (5.2, 0) [2]

103. M/J 10/P43/Q6

@

(ii)

[2a=3.5]

Acceleration is 1.75 ms™

[1.75=gsin a] or

[0.5x3.5%=gh; s=0.5 x3.5 x 2 and
sina = h/s]

Angle is 10.1° or 0.176° [4]
[sp =2 a2% + {(a2)t + % at?}]

or [sp="%a (t+2)?

[sp—sq="a2%+ (a2)t+ Yy at® — 1 at’]
2x1.75+2x 1,75t

[4.9 =2a + 2at]

t=04 [5)

112
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104. OIN 09/P42/Q7
@ v=12t-0.012¢
[a(50) = 1.2 - 0.024 x 50]
a=10
V=30
(i) s=0.6x50"-0.004 x 50% (=

1 1000 + s, — 27 5
50 + ¢,

]000)

[1000 + 30t, = 27.5(50 + 1,)]
tz =150 )
t=200

(Alternative for part (ii))

51= 0.6 x 50” — 0.004 x 50 (= 1000)

[(1000 + s,)/t = 27.5]
(1000 + 30(t — 50))/t = 27.5

[27.5t = 1000 + 30(t — 50)]
t=200

105. O/N 09/P41/Q7

(i) Speed is 6ms”
a=0.6

(i)  a(t) =-1600/t’ (second stage)
[0.6 = 1600/t = £ = (1600/0.6)]
t=13.9

(iii) s; =30m
s =(800t™)/(-1) -2t (+C)

1

—40+ 130
Displacement from A is 50m

106. M/J 09/P4/Q7

H a=05-0.02t
[0.5-0.02t=0.1]
Time taken is 20 s

()  u=05x20-0.01x20% (=6)
[14=6+0.11] -
Time taken is 80 s

(i)  [v*=14*-2x0.3x300] -
Speedis4ms™

(v)  5=0.25¢-0.018/3 (+ C)
AB =0.25%20> - 0.01x20%3 (= 73.3)

or (14’ — 6%)/(2x0.1) (= 800)
_Distance AD is 1170 m

BC=% (6 + 14) x80 or 6x80 + ¥ 0.180

Unit 2; Angy,
Brg s’%

$2 = (—40 — 40) — (~80 — 20) or s =—40

6

(3]
(3]
[2]
2

[6]
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Read & wri

o7 ON 08/P4/Q6
@ *

v is single valued contin
s ' uou
positive for 0 < t < 1000, Hand

o 1" segment has +ve slope
And two or more of

v(0)=0
v(1000) =0
2" segment has zero slope

3" segment has -ve slope
Correct sketch

(i) 2 (600 + 1000)V =20 000 .
V=25 [3]
SR for candidates who assume 1 ang 3™
timeintervals are each 200 s (max 2/3)
72 Vx200 + Vx600 + ¥4 Vx200 = 20000
V=25

@) [VA&=01531t=1666.. ]
t,=2333...

[s3 =% 233.3..x25]

Distance is 2920m [4]

108. O/N 08/P4/Q7

@)  [v*=2x10x1.25 or % mv® = mg(1.25),
1.25 =% 10t*]
Speed of P is Sms™
Time taken is 0.5s [3]
i) v=10t—0.15% (+C)

v=10t—0.15+5

x = 5% = 0.05¢ + 5t
[x = 5x2.5% — 0.05x2.5° + 5x2.5 (= 42.97)]

Distance OP is 44.2m [7]
109, M/J 08/P4/Q1
@ [45=1.5+1.2a] ,
Acceleration is 2.5 ms’ [2]
i a=145 [2]
0. M/ 08/P4/Q7
()  (dv/dt)=-0.02t + 0.5 or
v=-0.01[(t— F)- 100V] where
T =25 and V = 5.25 (or equivalent)
t=25 B
Maximum velocity is 5.25ms [4]

113

te Publicationg

111.

113.

114.

(i)

Unit 2: Answers Section

82=-0.01t%3 + 0.5t%2 - ¢

82=(-90 + 225 - 30) — (-10/3 + 25 — 10)
(=93.3m) |

v(10) =3 and v(30) = 5

$;="23x10 and s, = % 5x50

. , 9]
Distance is 233m
O/N 07/P4/Q2
$1=12.5t- Y gf,5,= + Yo g  or
(12.5 — gty = 12.5* — 2gs, and
(gt)’ = 2gs,
[12.5t— Y, gt* + % gf = 10]
t=0.8s or
251=25./2_02s5, - (20 —2s,)
(or better)
Height is 6.8m 5
112. O/N 07/P4/Q6
(@) [2.2=1.8 +0.004t]
Time taken is 100s
(or Distance is 200 m)
Distance is 200 m 3
(or Time taken is 100s)
(ii)(a)
s = k(1002 — £/3) (+C)
[k(100x100* — 100°/3) = 200]
k=0.0003 4
(b) Speed is 3 ms™ 1
(iii) Parabolic segment has decreasing 3
slope; sketches correct relative to each
other (line crosses curve once)
M/J 07/P4/Q1
(i) [1.5°=25+2ax4]
Deceleration is 0.5 ms™ 2
(ii) a=29 2
M/J 07/P4/Q6
(i) so= 1.5t 0.1 (+ C)
8q (10) = 50 (or so(5) = 25) |
Greatest velocity is 10 ms™ 6 |
(ii) ap=10/5 f
[3- 0.6; =2] E
t=1.67 (or 1°/3) 3 g
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Mathematics A-Level P4 Topical
115. ON 06/P4/Q4
@) a(t) = 1.25-0.1t 2
Initial acceleration is 1.25ms™
(i) [t=12]
1.25¢/2 - 0.05¢/3 (+C)
[1.25 X 1222 - 0.05 - 123/3=90- 28.8]
Displacement is 61.2m
116. MJ 06/P4/Q2

@ Time taken is 100

il t2/2 - /300
@ (1666 2/3)

Distance AB 1s 1670 m

117. M/J 06/P4/Q4
()(a) Height is2.45m
(b) Depthis3m
(i) Deceleration is 4 ms’ 2
@i) 0.7-mg=4m
Mass is 0.05 kg

118. M/J 06/P4/Q7
@ Acceleration down (or up) the plane

is the same for both particles

d=(13t+%att) - (-13t+ Y5 at?)
d=2.6t

(ii) sin o = 1.6/(2.6 x 2.5)
a=132/13 ms (2.46)

(iii) 0=-1.3+2.46t (0.528125)
d,=1.3(0.528.) + 2.46(0.528..)°
or s, = 2.6(0.528..) — 0.343..

=1.373...-0.343...

Distance travelled is 1.03 m

119. OIN 05/P4/Q1
() (@ 7-5=2ad,
(b) 82—7"=2ad,

15 d,
dl = 1.6d2

120. O/N 05/P4/Q5
® v

(i) Y2 80v = 400
Velocity is 10 mg"!

Read & Write Publications

w

80 560 gt

|
Um'lz. |
8\\

p =% (600 +480)10
Total distance is 5400 m

_ OIN 05/P4/Q6

. M/J 05/P4/Q5

. M/J 05/P4/Q6

Acceleration is 0.125 ms~? for 2
0<1<80

2
s=4af-2r/3 +C)
s=4x9-(2/3)27
Distance is 18 m
5 =-54/t (+0) 4
18=-54/3+C
Displacement is 36 — 54/t
36— 54/1=27 P 1=6 3
y=54/36
v=1.5 3
x= 001t (+C)
25=001 x5°+C
x=001t+1.25 4
001t +125=11.25
t=10
Velocity is 3ms” 3
Vs 5 Ve = £ 10
Greatest speed is 4 ms™ 2
V/3=2o0r V=0+2 X3
V=6 2
Yo (T +9.5)6=34.5 or

“o(t— 18 +9.5)6 =34.5
Timeis 2 s
d = 6
24 .5 — (18 +2)
2

Deceleration is 4/3 ms™

. OIN 04/P4/Q5

. 5+4t=18(3+2t)or

« 18vo=5+4tand
vQ=3+2tor

« vp=5+4tand
(5/9)vp=3+2t

t:=1'0r‘\‘rq=5

.or correct equation in Ve only
© [eg (109-1) vp=6-15] 4
.“'Speed of P =9ms™



A.Level P-4 Topical

@ 5t+‘/z4t2+3t+l/2 2¢=5)
32+ 8t-51=0
- (Bt+17)(t-3)
Timeis 3 s

(5. ON 04/P4/Q7

@ f0009-00001 9=0
Time is 90 s

@  s=0003 £ - 0.000025 t* (+C)
(2187 - 1640.25) - (0 - 0)
Distance is 547 m

@)  0.018 t—0.0003 t*=0 -

t(0.018 — 0.0003 t)=0
t=60 (may be implied)
324-21.6
Maximum speed is 10.8 ms’

126. MIJ 04/P4/Q3

)

(i)

Distance AC is 70 m

7%x10-4 X15

Distance ABis 10 m
x(m)

N

70

10

127. M/J 04/P4/Q5

)

(i)
(ii)

10£-025t"  (+O)

Expression is 10 > -0.25 f-36
Displacement is 60 m

(& -36)(1-025 t)=0

Roots of quadratic are 4, 36
t=2,6

128. M1 04/P4/Q7

@

25—30t_5¢ > 2—6t+5=0 >

t-1)(t-5)=0

or

—302-500; typ =(20-0)/10
t=1,50r t“,,—2
Time=5-1=4sor

Time=2 X2=4s or 1< t<5

129.

115
Read & Wirite Publications

(i)

(ii)

(iii)

(iii)

Unit 2: Answers Section

=30t-5t"and s,=10t-5¢
30t-10t=25
t=125

=30-10 X1.250r
v2=10-10 X125
or
vi? =302-2 ¥ 10(29.6875) or
v,? =10%-2 X 10(4.6875)

Velocities 17.5ms” and — 2.5ms” 5
OR
v;=30-10t v,=10-10t
> v, - v, =20
(30% - v,%)+20=

(10 2—vz) 20 +25
vi — vo =20, v1 -V 2=300

Velocities are 17.5 ms”' and 5
-25ms”

tp =3

3-1.25

Timeis 1.75sor1.25< t<3 3

OR
0=17.5-10t
Timeis 1.75 s or 1.25 < t<3

OIN 03/P4/Q2

@
(i)

(iii)

Speed is 20 ms” 1
For using s = ¥ g** =14 107
Time taken is 3 s 2
For using V' = u* +2gs

(40% = 30% +2x10s)
Distance fallen is 35 m 2




Mathematics A-Level P-4 Topical 116
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130. O/N 03/P4/Q7
() For using the idea that area represents the distance travelled.

For any two of % x100x 4.8, %2 % 200(4.8 +7.2),
va x200% 7.2 (240, 1200, 720)
Distance is 2160 m

(i) For using the idea that the initial acceleration is the gradient of
the first line segment or for using v =af (4.8 = 100a) or

V! = 2as (4.8” = 2ax 240)
Acceleration is 0.048 ms?
(iii) a=0.06 — 0.00024¢
Acceleration is greater by 0.012 ms™ [ for 0.06 — ans(ii)

(must be +ve) and/or wrong coefficient of 7 in a(f)]
[Accept ‘acceleration is 1.25 times greater’]

@iv) B’s velocity is a maximum when 0.06 — 0.000247 =0
' [\ wrong coefficient of in a(?)]

For the method of finding the area representing $ 4 (250)

240 + ¥ (4.8 + 6.6)150 or
240 + (4.8 X150 + ¥4 0.012x150%) (1095)

For using the idea that s, 1s obtained from integration

0.037# — 0.000047

Required distance is 155 m
(\ dependent on both M marks)

131. M/J 03/P4/Q3

@) Region under v=2tfromt=0to t= T indicated
(ii) For attempting to set up and solve an equation using
area A=16 or forusing s =72 t’
For16=%2 T’
T=4

SR (for candidates who find the height of the A but do
not score M1) (Max 1 out of 3)
For h/T=2or h=2Torv=38

(iii) For using distance = 10 X ans (11) or
for using the idea that the distance is represented by the
area of the relevant parallelogram or

by the area of the trapezium (with parallel sides 9 and 4
and height 10) minus the area of the triangle

(with base 5 and heigh<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>