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Unit-1: Forces and Equilibrium

1. M/J 22/P42/Q2

A GON
14N
50° 60°
I6 N
20N
Coplanar forces of magnitudes 60N, 20N, 16 N and 14 N act at a point in the directions shown in the
diagram.
Find the magnitude and direction of the resultant force. [6]

2. M/J 22/P41/Q4

20N

100N

are shown in the diagram. % »
Given that the three forces are in equilibrium, find F ag@o. [6]
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3. M/J 22/P43/Q4

10kg
The diagram shows a block of mass 10kg suspended below a horizontal ceiling by two strings AC and
BC, of lengths 0.8 m and 0.6 m respectively, attached to fixed points on the ceiling. Angle ACB =90°.

There is a horizontal force of magnitude F N acting on the block. The block is in equilibrium.
(a) In the case where F = 20, find the tensions in each of the strings. [5]
(b) Find the greatest value of F for which the block remains in equilibrium in the position shown.

3]
4. O/N 21/P42/Q6
60°
XN

Skg
60°

A block of mass 5 kg is held in equilibrium near a vertical wall by two light strings and a horizontal
force of magnitude X N, as shown in the diagram. The two strings are both inclined at 60° to the

vertical.
(a) Given that X = 100, find the tension in the lower string. (4]

(b) Find the least value of X for which the block remains in equilibrium in the position shown. [4]
5. O/N 21/P41/Q3

24N
a
39
4
36 N

Coplanar forces of magnitudes 24 N, PN, 20N and 36 a oint in the directions shown in the
diagram. The system is in equilibrium. > ,
Given that sina = %, find the values of P and 0. @ [6]

6. O/N 21/P43/Q2
A particle of mass 8kg is suspended in equilibrium by two light inextensible strings which make

angles of 60° and 45° above the horizontal.
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(a) Draw a diagram showing the forces acting on the particle. [1]
(b) Find the tensions in the strings. [6]
7. M/J 21/P42/Q2
34N
6
u > 30N
o
26N

Coplanar forces of magnitudes 34 N, 30N and 26 N act at a point in the directions shown in the

diagram.
Given that sina = % and sin 8 = %, find the magnitude and direction of the resultant of the three
forces. [6]

8. MM 21/P42/Q4
A particle of mass 12 kg is stationary on a rough plane inclined at an angle of 25° to the horizontal. A
pulling force of magnitude P N acts at an angle of 8° above a line of greatest slope of the plane. This
force is used to keep the particle in equilibrium. The coefficient of friction between the particle and
the plane is 0.3.
Find the greatest possible value of P. [6]

9. M/J 21/P41/Q6

20N

the diagram. @

(a) Given that the component of the resultant force inghe x-direction is zero, find «, and hence find
the magnitude of the resultant force. (4]

(b) Given instead that o = 45, find the magnitude and direction of the resultant of the three forces.
[5]
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10. M/J 21/P43/Q3

11.

12.

13.

20N

30N

40N
Four coplanar forces act at a point. The magnitudes of the forces are 20N, 30N, 40N and F N. The

directions of the forces are as shown in the diagram, where sin a° = 0.28 and sin §° = 0.6.
Given that the forces are in equilibrium, find F and 6. [6]

MAR 21/P42/Q3

A particle Q of mass 0.2 kg is held in equilibrium by two light inextensible strings PQ and QR. P is
a fixed point on a vertical wall and R is a fixed point on a horizontal floor. The angles which strings
PQ and QR make with the horizontal are 60° and 30° respectively (see diagram).

Find the tensions in the two strings. [5]

OI/N 20/P42/Q3

450 600 o

N
TN 20N %@fﬁb

A block of mass m kg is held in equilibrium below a horiz 5 g by two strings, as shown in the
diagram. One of the strings is inclined at 45° to the h.
The other string is inclined at 60° to the horizontal

Find T and m.

O/N 20/P42/Q6

A block of mass 5kg is placed on a plane inclined at 30° to the horizontal. The coefficient of friction
between the block and the plane is p.

sion in this string is 20 N,

(5]
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(a)

Fig. 6.1

When a force of magnitude 40 N is applied to the block, acting up the plane parallel to a line of
greatest slope, the block begins to slide up the plane (see Fig. 6.1).

Show that y < V3. [4]
(b)

Fig.6.2
When a force of magnitude 40N is applied horizontally, in a vertical plane containing a line of
greatest slope, the block does not move (see Fig. 6.2).

Show that, correct to 3 decimal places, the least possible value of p is 0.152. [4]

14. OIN 20/P41/Q3

10N

diagram. The system is in equilibrium.
Find P and 6.

15. O/N 20/P43/Q3
A string is attached to a block of mass 4 kg which rests ingi
table. The string makes an angle of 24° above the horiz
(a) Draw a diagram showing all the forces acting o
(b) Find the coefficient of friction between the bloc

(1]
(5]
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16. M/J 20/P42/Q2

17.

18.

A4PN

20N

Coplanar forces of magnitudes 20N, PN, 3P N and 4P N act at a point in the directions shown in the
diagram. The system is in equilibrium.

Find P and 6. [6]

M/J 20/P41/Q1
S0N

100N € ——————— - fmmmmmmmmm
50N
Three coplanar forces of magnitudes 100 N, SON and SON act at a point A, as shown in the diagram.
The value of cos & is ,%.
Find the magnitude of the resultant of the three forces and state its direction. [3]
M/J 20/P41/Q4

30°

TN
The diagram shows a ring of mass 0.1 kg threaded on a fixed horizonta ‘(

coefficient of friction between the ring and the rod is 0.8. A force of ggapni
in a direction at 30° to the rod, downwards in the vertical planc‘@@‘

,@-’ is rough and the
de TN acts on the ring

ni e rod. Initially the ring
is at rest, i"\'@
(a) Find the greatest value of T for which the ring remain S é(‘y [4]
(b) Find the acceleration of the ring when T = 3. i3]
@
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19. M/J 20/P43/Q3

40N

20N

50N
Four coplanar forces of magnitudes 40N, 20N, 50N and F N act at a pomt in the directions shown in
the diagram. The four forces are in equilibrium.
Find F and a. [6]

20. MAR 20/P42/Q5

21.

FN
4N

6N
Coplanar forces, of magnitudes FN, 3N, 6N and 4N, act at a point P, as shown in the diagram.

(a) Given that a = 60, and that the resultant of the four forces is in the direction of the 3 N force,
find F, (3]

7
(b) Given instead that the four forces are in equilibrium, find the values of F and o);@g ® {5]
O/N 19/P42/Q3 §’>

A ”
A particle P of mass 0.3 kg is held in equilibrium gpa¥e adrizontal plane by a force of magnitude
5N, acting vertically upwards. The particle is attached o strings PA and PB of lengths 0.9 m and

1.2 m respectively. The points A and B lie on the plane and angle APB = 90° (see diagram). Find the
tension in each of the strings. [5]
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22. O/N 19/P41/Q3
A block of mass 3 kg is at rest on a rough plane inclined at 60° to the horizontal. A force of magnitude

15 N acting up a line of greatest slope of the plane is just sufficient to prevent the block from sliding

down the plane.
(i) Find the coefficient of friction between the block and the plane. [5]
The force of magnitude 15 N is now replaced by a force of magnitude X N acting up the line of greatest

slope.
(ii) Find the greatest value of X for which the block does not move. [2]

23. O/N 19/P41/Q5
FN

7.5N
A smallring P is threaded on a fixed smooth horizontal rod AB. Three horizontal forces of magnitudes
4.5N,7.5N and FN act on P (see diagram).

(i) Given that these three forces are in equilibrium, find the values of F and 6. [6]

(ii) It is given instead that the values of F and 6 are 9.5 and 30 respectively, and the acceleration of

the ring is 1.5m s2. Find the mass of the ring. [2]

24. O/N 19/P43/Q1
A crate of mass 500 kg is being pulled along rough horizontal ground by a horizontal rope attached to

a winch. The winch produces a constant pulling force of 2500 N and the crate is moving at constant

speed. Find the coefficient of friction between the crate and the ground. o@ S (31
Q
25. O/N 19/P43/Q3 @ A

Three coplanar forces of magnitudes 50N, 60N an !G"‘D act at a point. The resultant of the forces
has magnitude R N. The directions of these forces are shown in the diagram. Find the values of R
and a. (6]
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26. M/J 19/P42/Q1
A4ON

17N

20°
32N
PN
Coplanar forces of magnitudes 40N, 32 N,PN and 17 N act at a point in the directions shown in the
diagram. The system is in equilibrium. Find the values of P and 6. [6]

27. M/J 19/P41/Q1
78N

V112N
Given that tano = 152 and tan 6 = %, show that the coplanar forces shown in the -5-‘)- are in
equilibrium. ) @C @ (3]
28. M/J 19/P43/Q2
12N
Coplanar forces of magnitudes 12N, 24N and 30N act at a point in the directions shown in the

diagram.

Study copy distributed by EduResource ZA | eduresourcza.com


https://eduresourcza.com

Mathematics A Level P-4 Topical 15

Unit 1: Forces and equilibrium
Read and Write Publications ’

(i) Find the components of the resultant of the three forces in the x-direction and in the y-direction.
Component in x-direction (4]
Component in y-direction

(ii) Hence find the direction of the resultant.
29. MAR 19/P42/Q1

[2]

25N

A small ring P of mass 0.03 kg is threaded on a rough vertical rod. A light inextensible string is
attached to the ring and is pulled upwards at an angle of 15° to the horizontal. The tension in the
string is 2.5 N (see diagram). The ring is in limiting equilibrium and on the point of sliding up the
rod. Find the coefficient of friction between the ring and the rod. (4]

30. MAR 19/P42/Q3

FN
PAY
15N
V25N

31. O/N 18/P42/Q1

B
A smooth ring R of mass mkg is threaded on a lightin

are attached to fixed points A and B with A vertically abe B. The string is taut and angle ARB = 90°.
The angle between the part AR of the string and the vertical is 45°. The ring is held in equilibrium
in this position by a force of magnitude 2.5 N, acting on the ring in the direction BR (see diagram).
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Calculate the tension in the string and the mass of the ring. [4]

O/N 18/P42/Q2

A block of mass 5kg is being pulled by a rope up a rough plane inclined at 6° to the horizontal. The
rope is parallel to a line of greatest slope of the plane and the block is moving at constant speed. The
coefficient of friction between the block and the plane is 0.3. Find the tension in the rope. [4]

O/N 18/P41/Q5
25N 15N

30N

Coplanar forces, of magnitudes 15 N, 25 N and 30 N, act at a point B on the line ABC in the directions

shown in the diagram.

(i) Find the magnitude and direction of the resultant force. [6]

(ii) The force of magnitude 15N is now replaced by a force of magnitude F' N acting in the same
direction. The new resultant force has zero component in the direction BC. Find the value of F,
and find also the magnitude and direction of the new resultant force. [3]

O/N 18/P43/Q1

A

),
& AR
45° X S
A small smooth ring R of mass 0.2 kg is threaded onto a light inextensible stQEAR he two ends
of the string are attached to points A and B on a sloping roof inclined at e horizontal. A

g. The section BR
nclined at 70° to the
he string and the value

of P. (4]

O/N 17/P42/Q1

<\
A particle of mass 0.2kg is resting in equilibrium on a roi{gh plaii€ inclined at 20° to the horizontal.
(i) Show that the friction force acting on the partic : 18 o, N, correct to 3 significant figures. [1]
The coeflicient of friction between the particle and pane is 0.6. A force of magnitude 0.9N is

applied to the particle down a line of greatest slope o he plane. The particle accelerates down the

plane.
(ii) Find this acceleration. (4]
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36. O/N 17/P42/Q2

45° 6

120N T'N

A block of mass 15kg hangs in equilibrium below a horizontal ceiling attached to two strings as

" shown in the diagram. One of the strings is inclined at 45° to the horizontal and the tension in this

37.

38.

39.

40.

string is 120 N. The other string is inclined at 6° to the horizontal and the tension in this string is TN,
Find the values of 7" and 6. [6]

O/N 17/P41/Q1
A block of mass 3 kg 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 distance travelled by the block in
the first 5 seconds of its motion. [4]

O/N 17/P41/Q6
SON

L]
N\

50°

FN

3FN

Coplanar forces, of magnitudes F'N, 3F N, GN and 50N, act at a point P, as shown in the diagram.
(i) Giventhat F =0, G =75 and a = 60°, find the magnitude and direction of the resultant force. [4]
(ii) Given instead that G = 0 and the forces are in equilibrium, find the values of F and a. (5]
O/N 17/P43/Q1 D,

20N S
g»’\
R

@D 4
30N &

Three coplanar forces of magnitudes F N, 20N and 30N a

The resultant of the three forces acts in a direction perpen 5 the force of magnitude F'N. Find

the value of F. % [3]
D &

OIN 17/P43/Q3 %
A particle is released from rest and slides down a y;) greatest slope of a rough plane which is
10N between the particle and the plane is 0.4.

inclined at 25° to the horizontal. The coefficient of fric
(i) Find the acceleration of the particle. (4]
(ii) Find the distance travelled by the particle in the first 3 s after it is released. [2]
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41. M/J 17/P41/Q3

42,

43.

44.

30%, 40°

25N
AN BN

Two light inextensible strings are attached to a particle of weight 25 N. The strings pass over two

smooth fixed pulleys and have particles of weights A N and BN hanging vertically at their ends. 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]

M/J 17/P43/Q2

3PN

20N
The four coplanar forces shown in the diagram are in equilibrium. Find the values of P and 0. [5]

O/N 16/P42/Q3
60N

50N Qéé@ @

of the river and the other person walks along a path on the opposite si er. The first person
exerts a horizontal force of 60N at an angle of 25° to the direction jver. The second person

(2]
(4]

(i) Find the total force exerted by the two people in the directi
(ii) Find the magnitude and direction of the resultant force e@

O/N 16/P42/Q5
A particle of mass mkg is resting on a rough plaps @ili s at 30° to the horizontal. A force of

magnitude 10 N applied to the particle up a line of teggxlope of the plane is just sufficient to stop
the particle sliding down the plane. When a force of 75 s 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 of
friction between the particle and the plane. (6]

&
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45. O/N 16/P41/Q4
FN

ISN

Three coplanar forces of magnitudes F'N, 2F N and 15N act at a point P, as shown in the diagram.

Given that the forces are in equilibrium, find the values of F and c. (6]
46. O/N 16/P43/Q2

B

The diagram shows a small object P of mass 20 kg held in equilibrium by light ropes attached to
fixed points A and B. The rope PA is inclined at an angle of 50° above the horizontal, the rope PB is
inclined at an angle of 10° below the horizontal, and both ropes are in the same vertical plane. Find
the tension in the rope PA and the tension in the rope PB. [5]

47. M/J 16/P42/Q1
8N

6N
Coplanar forces of magnitudes 7N, 6 N and 8 N act at a point in the directions shown irktite @agram.
Given that sina = % find the magnitude and direction of the resultant of the three S @ [5]
48. M/J 16/P42/Q5 @ &

The tension in the string is 7' N, as shown in the diagrami. 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. (7]
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49. M/J 16/P41/Q4

S0N

48N
PN
Coplanar forces of magnitudes SON, 48 N, 14 N and PN act at a point in the directions shown in the
diagram. The system is in equilibrium. Given that tana = :2%, find the values of P and 6. [6]
50. M/J 16/P43/Q3 18N
12N
75°
GO
sV PN
The coplanar forces shown in the diagram are in equilibrium. Find the values of P and 6. [6]

51. 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 pg 'ble value
of X. @ [71
52. O/N 15/P42/Q1 FN @\,\ @@0)

60°
I5N

GN, 15N and F N, and the forces act in directions as sifown in the diagram.
(i) Show that F = 41.0, correct to 3 significant figures. [3]
(ii) Find the value of G. [2]
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53. O/N 15/P42/Q6

54.

55.

0.195 N
A

Fig. 1 Fig. 2

A small ring of mass 0.024 kg is threaded on a fixed rough horizontal rod. A light inextensible string
is attached to the ring and the string is pulled with a force of magnitude 0.195 N at an angle of 6 with

the horizontal, where sin 6 = -1—55 When the angle 6 is below the horizontal (see Fig. 1) the ring is in
limiting equilibrium.

(i) Find the coefficient of friction between the ring and the rod. [6]
When the angle 0 is above the horizontal (see Fig. 2) the ring moves.

(ii) Find the acceleration of the ring. [4]
OIN 15/P41/Q5

FN
70° \20 N
A 30° Q \\\\\\\ 'L]; §o [ B
RN

10N

A small bead Q can move freely along a smooth horizontal straight wire AB of length 3m. Three
horizontal forces of magnitudes FN, 10N and 20N act on the bead in the directions shown in the
diagram. The magnitude of the resultant of the three forces is RN in the direction shown in the
diagram.

(i) Find the values of F and R. 5]
(ii) Initially the bead is at rest at A. It reaches B with a speed of 11.7ms"!. Find the mass of the
bead. [3]

O/N 15/P43/Q1

inclined to the horizontal at an angle of &, where cos a = 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]
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O/N 15/P43/Q2

0.2 kg
A ring of mass 0.2kg is threaded on a fixed rough horizental rod and a light inextensible string is
attached to the ring at an angle a above the horizontal, where cosa = 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 T. [5]

O/N 15/P43/Q3

Resultant N PN
\

\
\
\

\[ g°
150 N< ) > 100N
Three horizontal forces of magnitudes 150 N, 100N and P N have directions as shown in the diagram.
The resultant of the three forces is shown by the broken line in the diagram. This resultant has

magnitude 120 N and makes an angle 75° with the 150N force. Find the values of P and 6. (7]
M/J 15/P42/Q7

A
30 cm
7 5.6 N
40 cm
R 2
\@c 4P
©®
. \\

vertical wire passes through the ring. The other end of the string is attache t A on the wire,
vertically above R. A horizontal force of magnitude 5.6 N is applied to of the string 30cm
from A and 40 cm from R. The system is in equilibrium with ez;t:%%&@ p :4} AJ and JR of the string

A small ring R is attached to one end of a light inextensible string of len fixed rough
n

taut and angle AJR equal to 90° (see diagram). -
(i) Find the tension in the part AJ of the string, and find the % ni )-)q

2
e part JR of the string. [5]
The ring R has mass 0.2kg and is in limiting equilibrium, ; i

0@' is 0.341, correct to 3 significant
figures (4]
A particle of mass mkg is attached to R and R is no@%n igfliting equilibrium, on the point of moving
down the wire.
(iii) Given that the coefficient of friction is unchanged, find the value of m. 3]

(ii) Show that the coefficient of friction between R an @--
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59. M/J 15/P41/Q2

e
|
Z

N
9}
B
§ =z
;/
~]
9]
[ >)

————— —_————x

63 N

Three horizontal forces of magnitudes 7 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 makes 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. [5]

60. M/J 15/P41/Q3

11
A block of weight 6.1 N slides down a slope inclined at tan™" (35) to the horizontal. The coefficient of

friction between the block and the slope is %. The block passes through a point A with speed 2m s

Find how far the block moves from A before it comes to rest. [5]
61. M/J 15/P43/Q5 16 N
N
12N
8N
©
300 < Q
30° 4N

Fig. 1 Qg) @QP

Four coplanar forces of magnitudes 4N, 8N, 12N and 16 N act at a p@lt ”@e directions in which

the forces act are shown in Fig. 1. éQ
(i) Find the magnitude and direction of the resultant of the fm&g&s o [5]
8N
4N
0,
E
30 f
302 &
307 > 16N
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The forces of magnitudes 4 N and 16 N exchange their directions and the forces of magnitudes 8 N
and 12 N also exchange their directions (see Fig. 2).
(ii) State the magnitude and direction of the resultant of the four forces in Fig. 2. [2]

M/J 15/P43/Q6
A small box of mass 5Skg is pulled at a constant speed of 2.5ms™! down a line of greatest slope

of a rough plane inclined at 10° to the horizontal. The pulling force has magnitude 20N and acts

downwards parallel to a line of greatest slope of the plane.

(i) Find the coefficient of friction between the box and the plane. (5]
The pulling force is removed while the box is moving at 2.5ms™,

(i) Find the distance moved by the box after the instant at which the pulling force is removed. [4]

O/N 14/P42/Q2

30N

<

< —— e = P

l
|
IR
|
|
I

. l
|
|
|
I
\
=

20N

Three coplanar forces act at a point. The magnitudes of the forces are 20N, 25N and 30N, and the
directions in which the forces act are as shown in the diagram, where sin & = 0.28 and cos o = 0.96,

and sin 8 = 0.6 and cos § = 0.8.
(i) Show that the resultant of the three forces has a zero component in the x-direction. [2]

(ii) Find the magnitude and direction of the resultant of the three forces. [2]

(iii) The force of magnitude 20 N is replaced by another force. The effect is that the res¢fitant force
. A
'45)?\\ of the

(1]

replacement force.

40N

Forces of magnitude X N and 40 N act on a block B of srass 15 kg, which is in equilibrium in contact
with a horizontal surface between points A and C on the surface. The forces act in the same vertical
plane and in the directions shown in the diagram.
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(i) Given that the surface is smooth, find the value of X. [2]

(ii) It is given instead that the surface is rough and that the block is in limiting equilibrium. The
frictional force acting on the block has magnitude 10N in the direction towards A. Find the
coefficient of friction between the block and the surface. [5]

65. O/N 14/P41/Q2

Small blocks A and B are held at rest on a smooth plane inclined at 30° to the horizontal. Each is
held in equilibrium by a force of magnitude 18 N. The force on A acts upwards parallel to a line of
greatest slope of the plane, and the force on B acts horizontally in the vertical plane containing a line
of greatest slope (see diagram). Find the weight of A and the weight of B. (4]

66. 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
tan o = —273. The coefficient of friction between the block and the plane is u. A force of magnitude
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 that u > %. (4]
When the force acts down the plane (see Fig. 2) the block slides downwards.
(ii) Show that pu < 31. [2]

67. O/N 14/P43/Q3
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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 = 0.8 and cos = 0.6.

(i) Show that W cos & = 3.8 and find the value of Wsinc. {3]
(ii) Hence find the values of W and «. (3]

68. M/J 14/P42/Q3

10N

B

A and B are fixed points of a vertical wall with A vertically above B. A particle P of mass 0.7kg is
attached to A by a light inextensible string of length 3m. 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]

69. 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 o, [2]
(i) the least possible value of the coefficient of friction. [2]
70. M/J 14/P41/Q3 .\@‘C A9

. S

@

¥,
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]
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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. [2]
(i) 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]
M/J 14/P43/Q2
A car of mass 1250kg travels up a straight hill inclined at an angle « to the horizontal, where
sina = 0.02. The power provided by the car’s engine is 23 kW. The resistance to motion is constant

and equal to 600 N. Find the speed of the car at an instant when its acceleration is 0.5 m s72. 5]
M/J 14/P43/Q3

09 m

0.5m

@@%ﬁ@ :
A particle P of weight 1.4 N is attached to one end of a light ine sibig tring S, of length 1.5m, and

to one end of another light inextensible string S, of lengt
wall at the point 0.9 m vertically above a point O of the . 05* ¢ other end of S, is attached to the
wall at the point 0.5 m vertically below O. The parti :

level as O, by a horizontal force of magnitude 2.23%0 82 away from the wall and perpendicular to

(6]

it (see diagram). Find the tensions in the strings.
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74. O/N 13/P42/Q1

75.

76.

17.

A small block of weight 5.1 N rests on a smooth plane inclined at an angle « to the horizontal, where
sina = 17 The block is held in equilibrium by means of a light inextensible string. The string makes

an angle B above the line of greatest slope on which the block rests, where sin f§ = 25 (see diagram).
Find the tension in the string. [3]

O/N 13/P42/Q4

PN

A rough plane is inclined at an angle « to the horizontal, where tana = 2.4. A small block of mass
0.6 kg 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 0.4. 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]

O/N 13/P41/Q1
X

|
Ia
|
|
|

P

> FN
A particle P of mass 0.3 kg is attached to one end of a light 1nexten31ble strin :,

string is attached to a fixed point X. A horizontal force of magnitude F
which is in equilibrium when the string is at an angle « to the vertical,
Find the tension in the string and the value of F.

O/N 13/P43/Q3

4\? er end of the

p to the particle,
t@@: % (see diagram).

4
o 141

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
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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]

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

sin o = 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 40N is removed.
(ii) Determine, giving a reason, whether or not the box remains in equilibrium. [2]

M/J 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. [4]
M/J 13/P42/Q3

A particle P of mass 2.1 kg is attached to one end of each of two light inextensible strings. The other
ends of the strings are attached to points 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 the strings PA and PB have lengths
50 cm and 104 cm respectively (see diagram). Show that the tension in the string PA is 20N, and find
the tension in the string PB. (5]

M/J 13/P42/Q4
A particle P is released from rest at the top of a smooth plane which is inclined at an a0€

horizontal, where sin o = 18. The distance travelled by P from the top to the bottqys 0’,‘ s, and
65° o > @2
the speed of P at the bottom is 8 ms™. © O
\

(i) Find the value of S and hence find the speed of P when it has travelled 1 '\.,(" iy [5]
The time taken by P to travel from the top to the bottom of the plane i 1s
(ii) Find the distance travelled by P at the instant when it has been mo fig f T seconds (2]

M/J 13/P41/Q1 § }’

A block is at rest on a rough horizontal plane. The coefﬁme i _\i?'.‘- between the block and the
plane is 1.25.

(i) State, giving a reason for your answer, whether thu 35

; ertlcal force required to move the
eqmred to move the block. [21

2,

block is greater or less than the minimum honz forgé

A horizontal force of continuously increasing mag -_;-)" N 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. [2]
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83.

84.

85.

M/J 13/P41/Q6

26N

A particle P of mass 0.5 kg lies on a smooth horizontal plane. Horizontal forces of magnitudes F N,

2.5N and 2.6 N act on P. The directions of the forces are as shown in the diagram, where tana = %

and tanf§ = 57;.

(i) Given that P is in equilibrium, find the values of F and tan 6. (6]
(if) The force of magnitude F N is removed. Find the magnitude and direction of the acceleration
with which P starts to move. [3]

M/J 13/P43/Q1
A straight ice track of length 50 m is inclined at 14° to the horizontal. A man starts at the top of
the track, on a sledge, with speed 8ms™'. He travels on the sledge to the bottom of the track. The
coefficient of friction between the sledge and the track is 0.02. Find the speed of the sledge and the
man when they reach the bottom of the track. [4]
M/J 13/P43/Q6

100N

@
120@
A small box of mass 40 kg is moved along a rough horizo oordy three men. Two of the men
apply horizontal forces of magnitudes 100N and 120N,
with the positive x-direction. The third man applies a
angle of a° with the negative x-direction (see diag esultant of the three horizontal forces
acting on the box is in the positive x-direction and h lsﬁude 136 N.

(1) Find the values of F and c. [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]

force of magnitude F N making an
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O/N 12/P42/Q4

-

ATSN

—————————————————————————————————— > X
0
68 N t 100N
|

Three coplanar forces of magnitudes 68 N, 75 N and 100 N act at an origin O, as shown in the diagram.
The components of the three forces in the positive x-direction are —60 N, O N and 96 N, respectively.
Find

(i) the components of the three forces in the positive y-direction, [3]
(ii) the magnitude and direction of the resultant of the three forces. (4]

O/N 12/P41/Q4
12N

Three coplanar forces of magnitudes 8 N, 12N and 2 N 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 . (7]
O/N 12/P43/Q4

A particle P of weight 21 N is attached to one end of ea ght inextensible strings, S, and S,
of lengths 0.52 m and 0.25 m respectively. The ot ' ‘, is attached to a fixed point A, and the

other end of §, is attached to a fixed point B at the sa -,y‘ orizontal level as A. The particle P hangs
in equilibrium at a point 0.2 m below the level of AB with both strings taut (see diagram). Find the

tension in §, and the tension in S, [6]
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89. 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]
90. M/J 12/P42/Q2
12N ]
FN
<P
//ao
VI5SN

91.

92,

Three coplanar forces of magnitudes F N, 12N and 15N are in equilibrium acting at a point P in the
directions shown in the diagram. Find o and F. [4]

M/J 12/P42/Q4

TN

A ring of mass 4 kg is attached to one end of a light string. The ring is threaded on a fixed horizontal
rod and the string is pulled at an angle of 25° below the horizontal (see diagram). With a tension in
the string of T'N the ring is in equilibrium.

(@S
(i) Find, in terms of T, the horizontal and vertical components of the force exer R\()@ ©nng by

the rod. ® [4]
The coefficient of friction between the ring and the rod is 0.4. NS
(if) Given that the equilibrium is limiting, find the value of T. ¥ ©§? 3]
M/IJ 12/P41/Q2 9 ©

13N )

Forces of magnitudes 13N and 14 N act at a poi jgthe directions shown in the diagram. The
resultant of these forces has magnitude 15 N. Find
(i) the value of 6, (3]

(ii) the component of the resultant in the direction of the force of magnitude 14 N. 2]
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93. M/J 12/P41/Q7

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 8N 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).

() 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.

(if) Find the coefficient of friction between the ring and the rod. [5]

94. 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 11.2N 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 8° with the horizontal (see diagram). The @ -@ in the
string is TN.

(i) Find two simultaneous equations involving 7 sin 8 and T cos 6.
(ii) Hence find T and 6.

95. O/N 11/P42/Q4

Y 5
S 3]
2
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A particle P has weight 10N and is in limiting equilibrium on a rough horizontal table. The forces
shown in the diagram represent the weight of P, an applied force of magnitude 4 N acting on P in a
direction at 30° above the horizontal, and the contact force exerted on P by the table (the resultant of
the frictional and normal components) of magnitude C N.

(i) Find the value of C. [3]
(i) Find the coefficient of friction between P and the table. 2]
O/N 11/P41/Q3 15N

12N

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) perpendiéular to AB. [3]
(ii) Hence find the magnitude and direction of the resultant of the three forces. [3]
O/N 11/P41/Q5

I2ZN

Fig. 1 Fig. 2
A block of mass 2 kg is at rest on a horizontal floor. The coefficient of friction between the block and
the floor is y. A force of magnitude 12N acts on the block at an angle «a to the horizontal, where
tan o = %. When the applied force acts downwards as in Fig. 1 the block remains at rest.

(i) Show thatu > . &~ o [5]
When the applied force acts upwards as in Fig. 2 the block slides along the floor.
Q
&

(ii) Find another inequality for pt. [3]

O/N 11/P43/Q2 A 58 N
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Coplanar forces of magnitudes S8 N, 31N and 26 N act at a point in the directions shown in the
diagram. Given that tan @ = —1% find the magnitude and direction of the resultant of the three forces.
’ (6]

99. O/N 11/P43/Q6

100. M/J 11/P42/Q4 12N

101.

TN

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 T'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]

V10N .
The three coplanar forces shown in the diagram act at a point P and are in equilibrium.
(i) Find the values of F and 0, [6]
(ii) State the magnitude and direction of the resultant force at P when the force of magnitude 12N

is removed.
M/J 11/P42/Q6

One end of the string is attached to a fixed point A. A's

other end of the string, and is threaded on a fixed roug rizgtal rod which passes through A. The

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

(i) Find the tension in the string. [3]

(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. 2]

Study copy distributed by EduResource ZA | eduresourcza.com


https://eduresourcza.com

Mathematics A Level P-4 Topical 36 Unit 1: Forces and equilibrium

102.

103.

104.

Read and Write Publications

M/J 11/P41/Q3

I55N

A small smooth ring R of weight 8.5N is threaded on a light inextensible string. The ends of the
string are attached to fixed points A and B, with A vertically above B. A horizontal force of magnitude
15.5N acts on R so that the ring is in equilibrium with angle ARB = 90°. The part AR of the string
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 T'sin @ = 12 and 7 cos 8 = 3.5 and hence find 6. [6]
M/J 11/P41/Q4

A block of mass 11 kg is at rest on a rough plane inclined at 30° to the horizontal. A force acts on the
block in a direction up the plane parallel to a line of greatest slope. When the magnitude of the force
is 2X N the block is on the point of sliding down the plane, and when the magnitude of the force is
9X N the block is on the point of sliding up the plane. Find

(i) the value of X, (3]
(ii) the coefficient of friction between the block and the plane. [4]
M/J 11/P43/Q5

N 48N

61N < L. CR

A small block of mass 1.25kg is on a horizontal surface, reg
and directions as shown in the diagram, are applied to 4 The angle 0 is such that cos 6 = 0.28

and sin 8 = 0.96. A horizontal frictional force also ong#e block, and the block is in equilibrium.
(i) Show that the magnitude of the frictional force is 7% 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]
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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.

(iii) Find the magnitude and direction of the acceleration of the block. [3]

105. O/N 10/P42/Q1
A block of mass 400 kg 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]

106. O/N 10/P42/Q3

FN

A

VvV FN

A particle P is in equilibrium on a smooth horizontal table under the action of four horizontal forces
of magnitudes 6 N, 5N, F' N and F N acting in the directions shown. Find the values of ¢ and F. [6]

107. O/N 10/P41/Q3
P 1)

@4 €t
B D &
\'

of A, Band C are 5.5N, 7.3 N and W N respective
angle AP, X and the value of W,

e angle P, XP, is a right angle. Find the

2
strings carrying A and C pass over smooth fixed horiz 28 P, and P, respectively. The weights
ﬁ
[5]
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108.

109.

110.

O/N 10/P43/Q3

A small smooth pulley is fixed at the highest point A of a cross-section ABC of a triangular prism.
Angle ABC = 90° and angle BCA = 30°. The prism is fixed with the face containing BC in contact
with a horizontal surface. Particles P and Q are attached to opposite ends of a light inextensible
string, which passes over the pulley. The particles are in equilibrium with P hanging vertically below
the pulley and Q in contact with AC. The resultant force exerted on the pulley by the string is 3v/3 N
(see diagram).

(i) Show that the tension in the string is 3 N. 2]
The coefficient of friction between Q and the prism is 0.75.

(ii) Given that Q is in limiting equilibrium and on the point of moving upwards, find its mass.  [5]
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 «° below the x-axis.

(i) Find the values of F and a. [4]
A second force, of magnitude 87.6 N, acts in the same plane at 90° anticlockwise from the force of
magnitude F N, The resultant of the two forces has magnitude R N and makes an angle of 6° with the
positive x-axis.

(i) Find the values of R and 6. [3]

M/J 10/P42/Q3
7

WS
o

\

A small ring of mass 0.8 kg is threaded on a rough rod which is ﬁ)@ c@ontaily The ring is

in equilibrium, acted on by a force of magnitude 7N pulling g@%@ " to the horizontal (see
Q>

diagram).

(i) Show that the normal component of the contact force a@i@lg gwihe ring has magnitude 3.05N,
correct to 3 significant figures. : & [2]

btriction between the ring and the rod.

(3]

(ii) The ring is in limiting equilibrium. Find the cog

Study copy distributed by EduResource ZA | eduresourcza.com


https://eduresourcza.com

Mathematics A Level P-4 Topical 39 Unit 1: Forces and equilibrium
Read and Write Publications

111. M/J 10/P42/Q4

Y
A
, |
A 370N
160N
T T
250N

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 o = 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.[7]

112. M/J 10/P41/Q3
TN

45°

A small ring of mass 0.8 kg 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).

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

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

113. M/J 10/P41/Q4

P

\ 370 N

>~
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Coplanar forces of magnitudes 250 N, 160 N and 370 N act at a point O in the directions shown in the

diagram, where the angle « is such that sin & = 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.
114, MIJ 10/P43/Q1 (71
ASSN

T
A =)

73N

Three coplanar forces act at a point. The magnitudes of the forces are 5.5N, 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 « and the magnitude
of the resultant. [4]

115. O/N 09/P42/Q1

PN

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,
(i) the force is horizontal as in Fig. 2.

116. O/N 09/P41/Q3
PN
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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]

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

30 cm 40 cm

P
A particle P of weight SN 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 W N 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 S, [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]

118. O/N 09/P41/Q5
A particle P of mass 0.6 kg moves upwards along a line of greatest slope of a plane 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 significant 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. [2]

119. M/J 09/P04/Q3

(a) in the x-direction,
(b) in the y-direction. [3_]
(i) Hence find the direction of the resultant. [2]
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120. M/J 09/P04/Q4

121.

122,

123.

A block of mass 8kg 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).

(i) 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.
(ii) Find the coefficient of friction between the block and the plane. [2]
O/N 08/P04/Q1

> 10N
7
Forces of magnitudes 10N and 8 N act in directions as shown in the diagram.

(i) Write down in terms of 6 the component of the resultant of the two forces

(a) parallel to the force of magnitude 10N, (1]

(b) perpendicular to the force of magnitude 10N. 1]
(ii) The resultant of the two forces has magnitude 8 N. Show that cos 6 = %. [3]
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 gjp the block
parallel to a line of greatest slope of the plane. The coefficient of friction between the og\@nd the
plane is 0.32. Find the least magnitude of the force necessary to move the block, ®

o ©
(i) given that the force acts up the plane, %g ,6\\\,0
(ii) given instead that the force acts down the plane. o 4
© (6]

M/J 08/P04/Q3

ION €<—
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125.

126.
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Three horizontal forces of magnitudes F'N, 13 N and 10 N act at a fixed point O and are in equilibrium.
The directions of the forces are as shown in the diagram. Find, in either order, the value of € and the

value of F. (5]

O/N 07/P04/Q3
4N

7N

v

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

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

of the remaining two forces. [2]
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 ring,
and is pulled with a force of magnitude T N acting at an angle of 60° to the downward vertical (see
diagram). The ring is in equilibrium. ‘

(i) The normal and frictional components of the contact force exerted on the ring 9 e RN

and F N respectively. Find R and F in terms of T'. O 0 [4]
(ii) The coefficient of friction between the rod and the ring is 0.7. Find the v Jor which the
» [3]
2

ring is about to slip. Qg@ &

M/J 07/P04/Q2 ©
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Two forces, each of magnitude 8 N, act at a point in the directions OA and OB. The angle between
the forces is 8° (see diagram). The resultant of the two forces has component 9 N in the direction OA.

Find
(i) the value of 9, [2]
(ii) the magnitude of the resultant of the two forces. [3]

127. M/J 07/P04/Q7 N

75N

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 in the strings are T N and 75 N respectively (see diagram).

(i) Given that the surface is smooth, find the value of 7" and the magnitude of the contact force acting
on the block. [5]

(ii) 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]

128. O/N 06/P04/Q2

A small ring of mass 0.6kg is threaded on a rough rod pixed vertically. The ring is in
equilibrium, acted on by a force of magnitude 5 N pulling 30° to the vertical (see diagram).
(i) Show that the frictional force acting on the ring og#fude 1.67 N, correct to 3 significant

figures.

[2]
(ii) The ring is on the point of sliding down the rod. Fi e coefficient of friction between the ring
and the rod. [3]
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129. O/N 06/P04/Q6

25N

----------- » X
Forces of magnitudes PN and 25N act at right angles to each other. The resultant of the two forces
has magnitude RN and makes an angle of 6° with the x-axis (see diagram). The force of magnitude
PN has components —2.8 N and 9.6 N in the x-direction and the y-direction respectively, and makes
an angle of a° with the negative x-axis.
(i) Find the values of P and R. [3]
(ii) Find the value of «, and hence find the components of the force of magnitude 25 N in

(a) the x-direction,

(b) the y-direction. [4]
(iii) Find the value of 6. [3]

130. M/J 06/P04/Q3
Q FN

20°
FN

12N

131. O/N 05/P04/Q3

40°
60°
A
[} [
W, N 5N ‘
Each of three light strings has a particle attached tg @ ':‘( ends. The other ends of the strings are
tied together at a point A. The strings are in equilib 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 W,. [6]
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133.

134,

135.

136. O/N 04/P04/Q6
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O/N 05/P04/Q4
XN

>

A stone slab of mass 320Kkg rests in equilibrium on rough horizontal ground. A force of magnitude
X N acts upwards on the slab at an angle of 6 to the vertical, where tan 6 = % (see diagram).

(i) Find, in terms of X, the normal component of the force exerted on the slab by the ground. [3]
(ii) Given that the coefficient of friction between the slab and the ground is 3. find the value of X for
which the slab is about to slip. [3]

M/J 05/P04/Q2
SN

50°

v
Z

30°

6N

Three coplanar forces act at a point. The magnitudes of the forces are SN, 6 N 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 three forces. [6]
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]

O/N 04/P04/Q2

force of magnitude P N. Find
(i) the value of P when the force is parallel to the plane, as in P@Q 2]

(ii) the value of P when the force is horizontal, as in Fig. 2. [3]

7
&
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Two identical boxes, each of mass 400 kg, are at rest, with one on top of the other, 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.

(i) Show that the boxes will remain at rest if P < 6000. 2]

The boxes start to move with acceleration ams™>.

(ii) Given that no sliding takes place between the boxes, show that a < 4 and deduce the maximum
possible value of P. [7]

M/J 04/P04/Q1

I / |
I3N

A ring of mass 1.1kg is threaded on a fixed rough horizontal rod. A light string is attached to the
ring and the string is pulled with a force of magnitude 13 N at an angle & below the horizontal, where

tan o = % (see diagram). The ring is in equilibrium.

(i) Find the frictional component of the contact force on the ring. [2]
(ii) Find the normal component of the contact force on the ring. 2]
(iii) Given that the equilibrium of the ring is limiting, find the coefficient of friction between the ring
and the rod. [1]
138. M/J 04/P04/Q2
A 300N
100N

139. O/N 03/P04/Q3

250N é]b
Coplanar forces of magnitudes 250 N, 100N and 300 N act at a point @ i ions shown in the
diagram. The resultant of the three forces has magnitude RN, and ac gle o° anticlockwise
from the force of magnitude 100 N. Find R and a. [6]

A crate of mass 3kg is pulled at constant speed Qé?%nzontal floor. The pulling force has
magnitude 25 N and acts at an angle of 15° to the horizantal, as shown in the diagram. Find

(i) the work done by the pulling force in moving the crate a distance of 2m, 2]
(ii) the normal component of the contact force on the crate. {3]
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140. O/N 03/P04/Q6

SN

Bs

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 0.2kg, 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 5N. [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 m kg 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]

141. M/J 03/P04/Q2 0
10N

10N

(i) Find the component of the resultant of the three forces
(a) in the direction of PQ,
(b) in the direction perpendicular to PQ.

(ii) Find the magnitude of the resultant of the three forces.

142. O/N 02/P04/Q3
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A light inextensible string has its ends attached to two fixed points A and B, with A vertically above
B. A smooth ring R, of mass 0.8 kg, is threaded on the string and is pulled by a horizontal force of
magnitude X newtons. The sections AR and BR of the string make angles of 50° and 20° respectively
with the horizontal, as shown in the diagram. The ring rests in equilibrium with the string taut. Find

(i) the tension in the string, [3]
(ii) the value of X. [3]
O/N 02/P04/Q5

Fig. 1

A force, whose direction is upwards parallel to a line of greatest slope of a plane inclined at 35° to
the horizontal, acts on a box of mass 15 kg which is at rest on the plane. The normal component of
the contact force on the box has magnitude R newtons (see Fig. 1).

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

XN

about to move down about to move up
Fig. 2

When the force parallel to the plane acting on the box has magnitude X newtons the box is about to
move down the plane, and when this force has magnitude 5X newtons the box is about to move up
the plane (see Fig. 2).

(ii) Find the value of X and the coefficient of friction between the box and the plane.
M/J 02/P04/Q3

(7]

-
o
-

ION

diagram. The angle between the forces is 0. The result
(i) Find 6. [3]
(i) Find the component of the resultant force in the direc 59 of OA. [2]
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M/J 22/P42/Q2
Resolving either direction

(X =) +( 20c0s60 —14 —16c0s50 )
[: T14.2846......... ]
(Y =)£(60-20sin 60— 165in 50)

[= +30.42278......... ]

R= \/(14.2846...)2 +(30.42278...)"

0 tan- ( 30.42278...)
14.2846...

[ = tan(2.1297.....)]

14.2846... J

OR a= tan"(
30.42278...

R=336N
Direction is 64.8° above the 14 N force
or 25.2° above the negative x-axis

or 25.2° left of the 60 N force
or bearing 335°

or 115° anticlockwise from the positive

X -axis 6
M/J 22/P41/Q4

Attempt to resolve in any direction
Fcoso—20cos40—100sin20=0
[Fcosa=15320...+34.202...

=49.5229...]

Fsina+20sin40 - 100 cos 20 =0
[Fsina=93.969... —12.855...

=81.1135...]

F =1(49.5229..) +(81.1135...)
_1(81‘1 135...)
o =tan -
49.5229. .
F=95(.0), a=58.6 6

Alternative mark scheme for question 4: For
candidates who use cosine and/or sine rule

Attempt at cosine rule from triangle of forces

F?=100% +20% = 2x100x20co0s 70

F=95[.0]

95.0364 _ 20 R95'0364— 100
sin70  sinf sin70 siny

a=58.6

Alternative mark scheme for question 4: For
candidates who resolve in other directions
Attempt to resolve (e.g. parallel

or perpendicular to 100 N)
Fsin(a + 20)+20sin20-100=0

[F sin(ar+20)= 93.159...]
Fcos(a+20)—20c0s20=0
[F cos(a+20)=18.793...]

F=+93.159..2+18.79%°

a=tan™ 9—3—12— -20
18.793...
F=95[0],a=58.6 6
M/J 22/P43/Q4
(@) Tax08-Tsx0.6-20=0 or Tx
x06+Tpx0.8—10g=0
Tax08=Tx06-20=0

0.8

To=76N, TB=6@(§5@> 5
() Tax0.6- 10§50 s = 220

3
7 :
Ta X:ﬁi .05{049

zontal: 100 — Ty sin 60 —
Trsin60=0

Vertical: Tycos 60 — Ty cos 60 — 5g =0

Perpto Ty Ticos 30 + 5¢g
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cos 30 =100 cos 60
Solve for either 71 or Ty
using equation(s) with no missing term.

I. =774N 4
(b) Horizontal: X -— T,,sin60=0

Vertical: T,,c0s60-5¢=0

Perpto 7,  5gcos30=Xcos60

Eliminate 7, and/or solve for X

Least value of X = 86.6 4

5. O/IN 21/P41/Q3
Attempt at resolving in any direction

Pcosf=(36-24)cos36.9
or

Pcos@=(36-24)x0.8

Psin@+20=(24+36)sin36.9=14.4+21.6
or
Psin@+20=60x0.6=36

Pcos8=9.6,Psinf=16 P=+16*+9.6

6 =tan™ (—l—é—)
9.6

P=187
6=59[.0] 6

6. O/N 21/P43/Q2

(a) Correct 3 force diagram, including
angles shown

(b) T; cos60 =T, cos45
T;sin60+T, sin45=8g
T, cos60 =T, cos45 and
T;sin60+7T, sin45=8g
Attempting to solve for either T} or 7>
T1=58.6 N
In=414N 6

7. MM 21/P42/Q2
Resolve either horizontally or vertically

with correzt number of terms. 1
8 5
X =[30-34x—-26x—[=4
[ ] ><17 ><13[ ] 1
15 12
Y =|34x% -——26 —|=6
v <J3ex 2 - 26x2[=6] 1

[R=]Nx?+¥? 1
[B=]tan™ (%J or [#=]tan™ (i;,-) 1
R=52=2J13=721Nand £=563

above 30N force or anticlockwise from
30N force 1

8. M/J 21/P42/Q4
For resolving either parallel to

or perpendicular to the plane 1
Pcos8=F+12gsin25 1
12gcos25= R+ Psin8 1
F=03R 1
Pcos8=0.3(12gcos25 — Psin8)+12gsin25 1
P=80.8 1
9. M/J 21/P41/Q6
(8) 20co0s30=25c0s60+10cosax 1
[17.32=12.5+10cose, — cosa=0.4821]
a=61.2 1
Resultant =20sin30+10sin61.2 —25sin 60
1

[=10+8.761-21.651]

Magnitude of resultant force=2.80N 1

X =25c0s60+10cos45—-20cos30 1
=12.5+7.07107-17.32051=2.25056

Y =20sin30+10sin45—25sin 60
=10+7.07107-21.65064 =-4.57957 1

R=JX?+Y? 1

a= tan“'—): &@) 1
o S
Resultant =5.10 N, @ ® 1
Direction = 63.8°b
10. M/J 21/P43/Q3 y
F'sin 8+ 20sin 60@0&@: 40sinf=0 1

Vertical: F'si 2 -.. O 30 x 0.28 —

()

€ x-axis

1
F=41507949..2 +6.8 1
6=657,F=16.5 1
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MAR 21/P42/Q3
For attempting to resolve forces in

either direction.
Tpcos 60 =Trcos 30
Tpsin 60 = Tgsin 30 + 0.2¢g 1
Attempt to solve simultaneously for
either tension.
Tp=3.46NaIldTR=2N

O/N 20/P42/Q3
20cos 60 = Tcos 45
T=10V2or T=14.1
20sin60 + T'sin45=mgor W
20sin60 + Tsin 45 =mg
m=273[=V3+1] 5
O/N 20/P42/Q6
(a) R=5gcos30 [=25V3]
40 - 5gsin30-F>0
F = pux 5gcos30

p< %\/3 4
(b) Attempt to resolve forces parallel

to or perpendicular to the inclined

plane, 3 relevant terms in either

direction
R=5gcos30 + 40sin30 [= 20 + 25V3

bk

[Ey—y

=63.3]
F = 40cos30 — 5g sin30 [= 20V3 - 25
= 9.64]
H > 0.162 4
O/N 20/P41/Q3

Resolve forces either horizontally or vertically
Pcos0=12+8 cos30—10cos45[=11.857]

Psin = 10sin45— 8 sin 30 [=3.071]
P=\/(11.8572+3.0712)

e—tan-‘( 3.071 )
11.857

P=122and0 =145 6
O/N 20/P43/Q3
(@ R

30N

Fr

16.

17.

18.

19.

(b) For resolving horizontally or vertically

W0cos24=F  (F=27406..)
R+30cos24=40 (R=27.797...)
_ 30cos24
H= 40 30sin24
4 =0.986 (0.9859...) 5
M/J 20/P42/Q2

Resolving forces in either direction
20cos8 =4 Pcos30
4P +2Psin30=20siné

V3

cos@=—P
10

P
in9=—
sin 2

ipz +_1_p2 =1

100 16

P=329

8=553 6

M/J 20/P41/Q1
Resultant= 100— 2 x50cos «
20N

Direction is to the left (or equivalent)
M/J 20/P41/Q4
(a) Resolving forces in either direction
R=Tsin30+0.1g, F=Tcos30
Tcos30=0.8(Tsin30+0.1g)
r'=1.72(1.7166...) 4
(b) R=3sin30+0.1g
3¢0s30~0.8(3sin30+ 0.1g) =0.1a
a=1598 ms?(5.9807...) 3

M/J 20/P43/Q3

w

correct number of terms
Fcosa=40sin30 + 20sin60

(=1.965...) N
Fsina =50c0s45 + 20cp§6¢

Method for eith ®
F= . )’} =109(10.893)
a= /1.965..)="79.6 (79.606...)
6
M .
@: 4 68730 + Fsin 60 — 6 = 0]
Shirect equation

P F=462 3

(b) Resolve forces either
vertically or horizontally

Fsina+4sin30-6=0
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and
Fcosa+3—-4cos30=0

[F*=4%+0.464%
or

4 _ 0.464
sin83.4 cos83.4

a =tan™! -—-i-—
0.464

or

i ._1( 4 ) _1(0.454
& =Ssin — | =CO08 ——
i 4.03 4.03

F=403anda=283.4 5
O/N 19/P42/Q3

4 3
T, x—=+Tpx—+03g=5
4%y g

3 4
T, x==T,x—
4% 5= X

T4=16N and Ts=12N 5

O/N 19/P41/Q3
(i) R=3gcos60
Use F=pR
[3gsin 60 = u3gcos60= 15 = 0]
u=0.732 5
(i) [Maximum force = 3gsin60 + F
=3 sin60 + ,u3g00560]2

X=137(.0)

O/N 19/P41/Q5
(i) Resolve forces either horizontally

or vertically
7.5¢c0860 + 4.5c0s20 = FcosO[= 7.97861]

7.55in60— 4.5sin20 = Fsind [= 4.95609]
(7 982 +4.96° )

= tan” ( 7.98

F 9.39 and 6= 31.8 6
(i) 9.5c0s30-7.5c0560-4.5c0520=m x1.5

m = 0.166kg 2
O/N 19/P43/Q1
F=ux500g
[2500=u%500g]
1=0.5 3

O/N 19/P43/Q3

Resolving horizontally or vertically
50cos20 + 60 — 100sin30
(=56.984...)

100cos30 — 50sin20

(=69.501...)

R =4/(56.984..7 +69.501...

o1 56.984..
o=tan" | ————
69.501...
R=89.9 (89.876...)
a=39.3 (39.348...) k 6

26. M/J 19/P42/Q1
[P cos 6 =32 cos 20 — 17 sin 55]

[P sin 8=40 + 17 cos 55 — 32 sin 20]

2y or

P=(17c0s55 ~325in20 +40 }' +(2c0520 ~17cos35 }

0 = tar! (17cos55-325in20+40)
B (32c0s20 —17cos 35)
P=42(.0) and 8=674 6

27. M/J 19/P41/Q1
(X=) 78x5/13 — 50 x 3/5="78 cos 67.4
— 50 cos 53.1

(Y=)78 x 12/13 +50 x 4/5-112
=78 sin 67.4 + 50 sin 53.1 - 112
X=30-30=0Y=72+40-112=0]
X=0and Y=0
112~ 50 78
sin59.5 sinl57.4 sinl43.1
112 50 78
56/65 5/13 3/5
28. M/J 19/P43/Q2

(i) [24c0s25°—12c0s65°]

16.7N
[30 — 24sin25 °— 12s5in65°]

8.98 N 4

ot 898,
) ftan 16.67...)

28.3° (anticlockwise) froR

29. MAR 19/P42/Q1 \\" N
R=2.5cos 15 5@ 6@
[F=pnx2.5 cosl ©
[2.5sin 15 = +(5>@

p=0.1 1N 4
30. MAR €gIP424§
Fc = 1805 20— 5 (= 9.095...)
o A5 sin 20 + 25 (=30.13....)

@Fgﬁfgceszo —5)* +(15sin20+25)"
(15sin 20 +25)
(15c0s20—5)

o=73.2and F=31.5 6
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31. O/N 18/P42/Q1

[T cos 45+ T cos 45 =2.5 cos 45]
T=125N

[2.5 sin 45 = mg]

Mass of ring =0.177 kg

O/N 18/P42/Q2

R=75g cos 6

[F=0.3 x 5g cos 6]
[T=5gsin6+F]

T=20.1N (20.14425...)

O/N 18/P41/Q5
() 25cos30-15cos 40 (=10.1599...)

32.

33.

25sin30+155in40-30 (=-7.8581..

Magnitude = \/(10.15...2 +7.858..%)

=12.8N
Angle 37.7° below the horizontal
in the direction B4
(ii) Fcos40=25cos30
F=283
New resultant force = 28.26..

+255in30-30 =0.667N
upwards

O/N 18/P43/Q1

[Tsin70 + T'sin45 = 0.2 g]

T=121N(1.21447..)

[P + Tcos70 = Tcos45]

P=0.443 (0.443389...)

O/N 17/P42/Q1

(i) F=0.2gsin20=0.684 N

(ii) R=0.2g cos 20
F=uR[=0.6 x0.2g cos 20]
[0.9 + 0.2g sin 20 — F=0.24]
a =228 ms?

O/N 17/P42/Q2
EITHER:

T'sin 8+ 120 sin 45 = 15g

T cos =120 cos 45

(15g —120sin45)
(120cos45)

or T =+65.15% +84.85% ]

6=1375

T=107

ORI:

120 T I5g
sin(90+6) sin135 sin(135-6)

.sin 40

34.

35.

36.

[tan 8=

)

(1]

[4]

=375
T=107
OR2:
T 15g 120
sind5  sin(45+6) sin(90-6)
=375
T=107
OR3:
[72 = 1507 + 1207 — 2(150)(120) cos 45]
T=107
120/5in(90 — 8) = 106.97/sin 45
9=375 [61

37. O/N 17/P41/Q1
[12 cos 25 =3 4]
a=4cos 25 =3.625
[s =% x 4cos 25 x 5]
Distance =45.3 m
38. O/N 17/P41/Q6
(i) X=75+50cos 60 (=100)
Y= 50 sin 60 (= 43.3)

Resultant = V(100*+43.3%) = 109 N

[4]

Angle = arctan (—4-—31—?—) =234° (4]
100

(i) 50 cosa—F cos 50=0
50sinag—-3F-Fsin50=0
(3F + Fsin50)

tan q =
(F cos50)
=803
F=13.1
39. O/N 17/P43/Q1
(X=) 20 cos 60 + 30 cos 60

[ = 20 cos 60 + 30 cosey’

N
F=25 ¥ ©4§W
40. OIN 17/P43/Q3 &~ @
(i) R=mgc
o
‘ mg cos 25 = ma]

(4]

(2]

Acos30+ Bcos40=25
Asin30=Bsin 40
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17.1
133

4 B

sin70  sinl140 sinl150

A:
B=
M/J

17.1
13.3 6
17/P43/Q2

EITHER:
3Psin55+Psinf=20+Psinf
or3Psin 55=20

P=

8.14

3Pcos 55=2Pcos @

Ccos
6=

f=15cos55—0=...
30.6

OR:
3P 20

sin90  sin125

P=

8.14

3P _ 2Pcos @

sin90 B sinl45

Ccos
8=

f=15s5in145—6=...
30.6 5

OIN 16/P42/Q3

(i)
(ii)

[X= 60co0s25 + 50cos15]

=103N [2]
Y = 60sin25 — 50sinl5 [= 12.4]
[R*=X*+ V]

or

[o.= arctan(Y/ X))

Magnitude is 103N

(or a = 6.9° with direction specified
unambiguously)

a = 6.9° with direction specified
unambiguously

(or Magnitude = 103N) [4]

O/N 16/P42/Q5

F =
[10
[75
[85
or

[10

umgcos30
+ F — mgsin30 = 0]

— F—mgsin30 = 0]

= 2mgsin30]

+ umgcos30 — mgsin30 =0

75 — umgcos30 — mgsin30 = 0]

45,

46.

47.

48.

49,

m = 8.5kg or u=0.442
1n=0.442 orm=8.5kg

O/N 16/P41/Q4
2F + Fcos60 = 15cosa

Fsin60 = 15sina
F=567anda=19.1

O/N 16/P43/Q2
T,c0550°—Tycos10° =0 and

T,sin50°~Tpsin10°—20g=0
Tension in PA is 306 N

Tension in PB is 200N

M/J 16/P42/Q1

[X=7-8cos a—6sina=-3]
X=7-8x%x(4/5)~-6x (3/5)=-3
[Y=8sina—6cos a=0]
Y=8x(3/5)-6x(4/5)=0
Resultant force is 3N to the left

M/J 16/P42/Q5
R + T'sin 20 =2.5g cos 30

F=025xR

T cos 20 = F + 2.5g sin 30

T=175

Alternative scheme

F=025xR

T cos 50 = F cos 30 + R sin 30

Rcos 30+ Tsin50=Fsin30+2.5g
T=175

M/J 16/P41/Q4

Pcos@=48 cosa—14sina
and/or

Psin §=50-48 sina—14cos a

[ \y'

189n65° + 12sin75° = 15 + Psind°®
[P* = (18sin65° + 12sin75° — 15)* +
(18c0s65° — 12c0s75°)’]
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or F=190NandR=124N [5]
— -1 : o + : o__
[0=tan E185m65 01251n75 15)/ (i) 11.72=0+2a x 3
P=13.70r0=170.8 RcoslS=mx 22815
6=7080rP=13.7 [6] Mass of bead = 0.526 kg [3]
51. M/J 16/P43/Q4 55. O/N 15/P43/Q1
R = 15gc0s20° Tension is 30 N
F=puR=0.2 x 15gcos20° [R = (4g - 30) x 0.8]
X+0.2 x 15gcos20° = Normal component is 8 N [3]
15gsin20° 56. O/N 15/P43/Q2
Least value of X'is 23.1 F=Tcosa=0.96T
[X=15gsin20° + R=0.2g-Tsina=2-0.28T
0.2 x 15gc0s20°] [0.96 T = 0.25(2 — 0.287)]
Greatest value of X'is 79.5 [7] [(0.96+0.07) T=0.5—>T=..]
52. O/N 15/P42/Q1 T'=0.485 [5]
(i) 15 + F'CC)SGOo = F'C()S3O0 57 O/N 15[P43/Q3
F=41.0 [3] 120c0s75° = 150 — 100 — Pcos®
* (ii) [G = F (sin30° + 5in60°)] 120sin75° = Psinf°
G =560 [2] [P* = 14400 — 12000c0s75° +2500]
53. O/N 15/P42/Q6 or
(i) [0.195 cos 8 = F] tand = [120sin75°/ (50 — 120c0s75%)]
_ 12 P=1170r 6=380.7
F 0195c059226 0.195 x T 0=807orP =117 7]
=0.18= 0 58. M/J 15/P42/Q7
i . + 0. =),
[R =0.24 +0.195 sin 6] ® gi;”_g;’TT” 36
R =0.24+0.195sin 22.6 = A4 ERIR
5 Tension in AJ is 448 N
0.24+0.195 x 13 0315 and tension in RJis 3.36 N [5]
= 56636 First Alternative Methn@
Coefficient p=4/7 or 0.571 [6] ) 56 T, _ T
(i) R =0.24—0.195sin 22.6 sin90 sina sin@@-
5
=0.24—-0.195 x — 56 T, 45@«
13 : == Q)
sin90 0.8
=0.165= 33
200 (5]
12 4 oxk tlve Method for (i)
Ol95><———) 0.165
13
= 0.024a
Acceleration is 3.57 ms™ (4] 4]
54. O/N 15/P41/Q5
(i) Fcos70+20-10 cos 30
= Reosl5 0.2g+mg = 0.341 x2.016 +3.36 x 0.8
10sin30 — F'sin70 = R sinl5 m=10.137 or 0.138 [3]
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59. M/J 15/P41/Q2
Fy=Fcosf=25x0.8=20,
F,=Fsinf=63-25x0.6=48
F=52Nortand=24
tangd=240or F=52N [5]

60. MIJ 15/P41/Q3
F= 0.25(6.lx—6—(—)-) [=1.5]
61

[Wsina — F = ma)

11 60
6.1 x| —|-=0.25]6.1x— |=0.
(61) ( xél) 0.6la

or
6.1 sin 10.4—0.25 x 6.1 cos 10.4=0.61q4

Distance is 4 + (2 X f—(-)—)
61

=305m [5]
Alternative method
60

F= 0.25(6.1x—) [=1.5]
61

KE loss = - x 0.61 x 22
2

11
PE loss = 0.61 x 10 x x(a-)

[1.5x=122+1.1x]
0.4x=1.22 — distance =3.05m (5]

61. M/J 15/P43/Q5
(i) x-component = 4+8cos30°+12cos60°

[= 10 + 4V3]
y-component = 8sin30°+12s5in60°+16
[=20 + 6V3]
R =34.8 or 6= 60.9° with the 4N force
6 = 60.9° with the 4N force or R = 34.8[5]
(i) R =348
6 =29.1° with the 16N force [2]
62. M/J 15/P43/Q6
(i) 20+ 5gsinl0°—F=0
R=5gcos10°
[ #=(20 + 8.6824)+49.24]
Coefficient of friction is 0.582 (5]
(i) 5gsin10°—0.582x49.24 =5a
[0=2.5%-2x4s]
Distance is 0.781 m [4]
63. O/N 14/P42/Q2
() [X =25%0.96-30%0.8=0]
Component in x-direction is zero [2]

v

(i) [Y=25x0.28 - 20 + 30 x 0.6 = §]
Resultant has magnitude 5N
and acts in the positive y direction [2]
(iii) Replacement has magnitude 30N
and acts in the —ve y-direction [1]

64. O/N 14/P42/Q4
(i) [Xcos30° = 40co0s60°)

X=23.1(=40/3) (2]
(i) [Xcos30°— 10 = 40cos60°]

X=60+3or34.6

[R + Xsin30°+ 40sin60° = 15g]

[t =10+ (150 — 30//3 — 203)]

Coefficient is 0.102 [5]

65. O/N 14/P41/Q2
For A4: right angle between 18 and R and

30° opposite 18 or
W4sin30° = 18 or
For B: right angle between 18 and W and
30° opposite 18 or

Wpsin30° = 18cos 30°

For B: right angle between 18 and W and
30° opposite 18 or
Wpsin30° = 18cos 30° or
For A: right angle between 18 and R and

30° opposite 18 or
W,sin30°= 18
Weight of 4 is 36N
and weight of Bis 31.2N (4]
66. O/N 14/P41/Q3
(i) F+Wsina=7.2
[ux 7.5cosa= 7.2 - 7.©
[n> 17/24 > 1
(ii) [7.2 +7.5 % (7/25)=3% %&/25) > 0]
p <3124 (2]
67. O/N 14IP43/Q@ @
® [Wcos 0.65% 8]
%0)
(i) 8 =
n) @ 55.
@ =§58 or W=6.77 [3]

KT, +0.96T,= 10 or
Ty cos 369+ T,cos 16.3=10
0.6T,- 0.28T,=0.7g or
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69.

70.

71.

72,

73.

74.

75.

Read and Write Publications

Ty sin 36.9 - T, sin 16.3=0.7¢g 6(12/13) - P(5/13) =
T,=119 and T,=05 (6] 2.4(5/13) + 0.4P(12/13)
M/J 14/P41/Q2 P=6.12 (8]
(M 2.4=0.25gcosa 76. O/N 13/P41/Q1
_a= 16.3 [2] [Tcoso = mg]
(i) [p = 0.28+0.96] Tension is 3.4 N
Least possible value of p e
is 7/24 or 0.292 2] ;Fz 1T651n“] .
M/J 14/P41/Q3 : 4
X =5-"Tcos 60°~-3cos 30° (= — 1.098) 77. O/N 13/P43/Q3
Y = 7sin 60°-3sin 30°-4 (= 0.5622) Ta(1/2.6) + Tp(1/1.25) = 10.5
Resultant is 1.23 N and Ta(2.4/2.6) = T(0.75/1.25)
Direction is 152.9° anticlockwise from Tension in AP is 6.5 N and tension in BP
+ve x-axis oe [6] is 10 N. 6
First Alternative
M/J 14/P43/Q1 _ 75.7(5)° opposite to 10.5 N
(i) [N+ component of X = Weight of B] 36.8(7)° opposite to Tx
Normal component is (70 — Xcos15°) N 67.3(8)° opposite to Ty
(ii) F = Xsinl5° 2] Ta* sin36.8(7)=10.5 +5in75.7(5) and
[Xsinlso = 0'4(70 _ XCOS]SO)] TB"-' Sln67.3(8) = 10.5 = Sln75.7(5)

Tension in AP is 6.5 N and tension in

BPis 10 N. 6
Second Alternative
104.2(5)° opposite to 10.5 N

Value of X is 43.4 [3]

M/J 14/P43/Q2
DF - 600 - 1250 x 0.02g = 1250 x 0.5

v = 23000 + (625 + 600 + 250) 1431(3)0 opposite to Ty

Speed of car is 15.6ms™ [5] 112.6(2)° opposite to T

M/J 14/P43/Q3 T A +sinl43.1(3)=10.5 + sin104.2(5)&
0.8T, +12T,/13 =2.24 Tp +sin112.6(2)= 10.5 + sin104.2(5)
0.6T, —5T/13 = 1.4 Tension in AP is 6.5 N and tension in

6] BPis 10 N. 6

78. O/N 13/P43/Q4
(i) [Wsina + F = 40]

Ty=25and T,=0.26
O/N 13/P42/Q1

Applying F=40-300x0.1 ©
Tcosp=Wsina
VP R =300V(1-0.1%) (=298 95N (5]
Tension is 2.5 N [3] Coeffi 0.033 O
First Alternative Marking Scheme oefficient is \0
. (ii) [The component ok ox g}g ON) is
Applying
. greater thanthe fxtetion rce (10 N)]

Rcosa+Tsin(a+p)=W and -
Rsina=Tcos(a+p) Box does noéé

@" equilibrium  [2]
Tension is 2.5 N B | 78 mu 13/1;@ e
Second Alternative Marking Scheme &

Applying C@@flci 8:) 0.8 [2]
T/sina=5.1/sin(90+p) ii } 0 O—-25$in30°) (=14)
Tension is 2.5 N [3] o

O/N 13/P42/Q4
0.6gsina=F+Pcosa

R=0.6gcosa+Psina 80. !
0.6g sin o — P cos & — T x (40/50) + Tp x (40/104) =21 or

0.4 (0.6g cos o + P sin o) Tax (30/50) =T x (96/104)

\y‘ . . 2
))\)., cceleration is 2.55 ms™ [4]
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81.

82.

83.

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

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

Solve for T and Tp

Tension in AP is 20 N and tension in BP
is 13N [51
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) =

Ty/sin 36.9 (or Ta/sin 67.4)

or Ty/sin 36.9 = 20/sin 67.4

Solve for T4 and Ty

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

Second Alternative Marking Scheme
21/sin 104.3 =Ta/sin 112.6
(or Tg/sin 143.1)
21/sin 104.3 = Tp/sin 143.1
(or Ta/sin 112.6)

or Tg/sin 143.1 = 20/sin 112.6
or Ta/sin 112.6 = 13/sin 143.1
Solve for T4 and Ty
Tension in AP is 20 N and tension in
BPis 13N [5]
M/J 13/P42/Q4
(i) a=(16+65)g

[82=2(16 + 65)gS]

S=13

[vV*=2(16 + 65)g x 6.5

or v+ 8%=14]

Speed is 5.66 ms™ [5]
(ii) [s=Y:a x (64 + 4a’)

ors=+ 13 = (%)
Distance is 3.25 m [2]

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

F=125Wso W<F 2]
(if) [P—60 x 1.25 =6 x 4]
P=99 2]

M/J 13/P41/Q6
(1) Fcos0=25%x24+25+2.6%x5+13
Fsin6=2,6x12+13-2.5%x7+25
For F=3.80 N or tanf = 0.5
Fortanb=050rF=3.80 N [6]
(ii) [3.80=10.5a]
Acceleration is 7.60 ms™

Direction is 26.6° clockwise from +ve
x-axis. [3]

59

Unit 1; Answers Section

Read and Write Publications

84. 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 =82+2x2225 ... x 50]
Speed is 16.9 m s™ [4]

85. M/J 13/P43/Q6
( 100 cos 30° + 120 cos 60° — F cosa =

136 (F cos o = 10.6025 ...)

or

100 sin 30° — 120 sin 60° + F sin a =0
(F sin @=53.9230...)

100 sin 30°- 120 sin 60° + F sina =0
(F sin 0 =53.9230...)

or

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

F=5500ra=789 (6]
a=78.90orF=55.0
(i) Magnitude is 136 N
R=40g
Coefficient is 0.34 [3]
86. O/N 12/P42/Q4
(i) [Y.*>=68"—(-60), Ys2=100%- 96>
Y, = 68sin 28.1°, Y3 = 100sin16.3°]
For correct magnitudes (32, 75, 28)
Components are =32, 75 and -28  [3]
(i) [R*=(—60 + 0 + 96)* + (=32 + 75 — 28)* |
Magnitude is 39 N
[6= tan™' {(-32 + 75 - 28)+(—60 + 0 +

96)}]
Direction is 22.6° (or 0.395rad!
anticlockwise from +ve x. & (4]
87. OIN 12/P41/Q4 \"0

\
X = 12c0s25 > 8cos 2.9972....)

Y= 12sm25°+8s (—-44606 )
R =537

0=133.9 < [7]
88. OIN 12/

@L13)T, + (20+25)T, =21 or
T,c0s67.4° + T,c0836.9° =21
Tension in 8} is13 N, tension in S, is 20 N [6]
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89.

90.

Unit 1: Answers Section

Read and Write Publications

Alternative solution using Lami’s Theorem
[Ty/sin(180 — BPN) = 21/sin(APN + BPN)]
Ty/sin (180 — cos™(20/25))=
21/sin(cos™'(20/25) + cos™(20/52))

or

Ty/sin(180 — 36.9) = 21/sin(36.9 + 67.4)
[Ty/sin(180 — APN) =21/sin(4PN + BPN)]
To/sin(180 — cos™(20/52)) =
21/sin(cos™'(20/25) + cos™ (20/52))

or

T/sin(180-67.4)=21/sin(36.9 + 67.4)
Tension in S; is 13 N, tension in S, is 20 N[6]
O/N 12/P43/Q6

[P=+F + 0.6gsin25°]

Ppax =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 =0.6gcos25°

[F = 0.36 x 0.6g c0s25°]

[ Prmax = 0.36 % 0.6gc0s25° + 0.6gsin25°,
Prin=~0.36 x 0.6gc0s25° + 0.6gsin25°]
P =449, P in = 0.578 (accept 0.58)

Set of values is {P; 0.578 < P < 449} [9]
M/J 12/P42/Q2
[12=15sinx ]
a=53.1
[F=15cos]
F=9N [4]
ALTERNATIVE 1
[Fsin @ = 12cosa and Fcosa + 12sina
=15=»sina +cosa =
12cosa + 15— 12sinx
15sin@ — 12 sin*a = 12cos’ @ 2 15sine
=12=» a =53.1
F=9N [4]
ALTERNATIVE 2
[sin a=12/15]
a=53.1
[F2=15"-12"] F=9N
ALTERNATIVE 3
[12 + sin(180 — @ ) = 15 + 5in90
212 =15sina ]
a=153.1

[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 Bl for F=9
following correct work relative to

the cos/sin interchange error.

91. M/J 12/P42/Q4
() Horizontal component is Tcos25° (0.906T)

Vertical component is 4g + Tsin 25°

(40 + 0.423T) [4]
(ii) 0.906T =16 + 0.169T
T=21.7N (3]

92. M/J 12/P41/Q2
(1) X=14-13cosf and Y =13sind or triangle
with sides 13, 14, 15 and € opposite 15
[14*+13* =2 x 13 x 14cos 6= 15%]
0=0674 [3]
(i) Component is 9 N [2]
93. M/J 12/P41/Q7
(i) Tcx(2/2.5)-Tax(1.5/2.5)=0
Tex (1.5/2.5) + Ta x (2/2.5)=8
[0.6 Tc+0.8 (4Tc/3)=8 > (5/3) Tc =8or
0.6(0.75T5) + 0.8To =8 = 1.25T, =8 ]

Tension in AB is 6.4 N; tension in
BCis4.8N [5]

(i) F+0.2g=Tsx(1.5/2.5)
N =T, x (2/2.5)
[#=(3.84-2)/5.12]
Coefficient is 0.359 [5]

94. M/J 12/P43/Q2
(i) Tcos@ +Tsinfd =11.2

(or—Tcos @ + Tsind = 7 )
—Tcosd +Tsin8 = 0.16g4@° A

[4T*(cos’ @ + g
(11.2-1.6)

S
or ZTZiﬁzT =
xa

or 0-'-3‘ sinf) + (- Tcos @ + Tsin6)

28 0=>53.1)
';' or fad .
<} 3.lorT=8 3]
95. QIN 11/P42/Q4

(i) For triangle of forces with 60° shown
correctly, or
Ccos¢g = 4cos30 and Csing =10- 4sin30,0r
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F =4co0s30 and R = 10 — 4sin30 [sin B=265in95.5/73; 8=61.9- p]
[C*=4%+10%~2 x 4 x 10c0s60 or Direction is at 41.1° to i direction [6]
C*= (4cos30)* + (10— 4sin30)2] 99. O/N 11/P43/Q6
C=8.72 3] R = Tcos30
(ii) [z =4cos30/(10 —4sin30)] F = Tsin30 - 2g
Coefficient is 0.433 (accept 0.43)  [2] -F="Tsin30-2g
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 100. M/J 11/P42/Q4
4 = sin(90° + ¢) = 10 + sin(150° - ¢) (i) Fcos@ = 12c0s30° (=10.932)
For using C N and (4 N or 10 N) in Lami’s Fsin€ =10- 12sin30° (= 4)
theorem to find C F=11.1or 8 =21.1 (accept 21.0)
[C = sin120° = (4 + 5in156.6° or 10+sin83.4%)] 6 =211 (accept 21.0) or F=11.1  [6]
C=872 [3] (i) M.agni‘tudc? is 1;2N _
(i) [1£="3+ 4 or ;1= c0566.6° + 5in66.6°] Direction is 30" clockwise from +ve -
Coefficient is 0.433 (accept 0.43)  [2] alternative for 4(i) 2]
96. O/N 11/P41/Q3 For triangle of forces with sides 12, F and
() (a) [2 % 12c0s40 — 15c0550] 10 and at least one of the angles
Component is 8.74 N (90° - @) or 60° or (8 + 30°)
(b) Component is 11.5 N 3] F? =122+ 102 2 x 12 x 10c0s60° or
(ii) Magnitude is 14.4 N or direction is 52.7° (12c0s30°)sin & = (10 — 125in30°)cos &

(or 0.920°) anticlockwise from i dir’n

Direction is 52.7° (or 0.920°) anticlockwise
from i dir’n or magnitude is 14.4 N [3]

97. O/N 11/P41/Q5

F=11.10or =21.1 (accept 21.0)
6 =21.1 (accept 21.0) orF=11.1  [6]
second alternative for 4(i)

(i) F=12cosa For using Lami’s theorem with 12 N and
R, =2g+ 12sina ION .
[12 % 0.8 < z(2g + 12 x 0.6)] 12/sin(90 + €)= 10/sin(150 - )
1>9.6/272=6/17 [5] 12/cos @ =20 + (cos @ +3 " sin8)

(ii) 12cosa > ﬂRz —12%x3 I/’sinﬁ = 8cos &
R,=2g—12%0.6 —tanf =2+ (3 x3%) o
1 <9.6/12.8 = 3/4 3] —~0=211 P

For using Lami’s theore : and
98. O/N 11/P43/Q2 (12Nor 10N) %
X =31+ 26cosa, Y = 58 — 26sina F/sin]20° = 12/sm 1© 10/sin128. 9°)
Resultant is 73N or 101, MIJ 11",42,

Direction is at 41.1° to i direction
Direction is at 41.1° to i direction or

Resultant is 73N B3]
Alternative solution for Q2

[tan 6y, = 58/31, Ryp’= 312+ 58]

612 =61.9°and Ry, = 65.76 [4]
[Incl. angle = (180 — 8, a)°, 2]

R?=26%+R,?-2 x 26Rzc0s (incl. angle)]
Incl. angle = 95.5°, Resultant is 73 N
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102. M/J 11/P41/Q3
Tcosf + Tsinf = 15.5
~Tcos@ + Tsind = 8.5
Tsind = 12 and Tcosf8 = 3.5
6=713.7° (or 1.29% [6]
M/J 11/P41/Q4
(i) 2X+F=11gsin30°and
9X —F = 11gsin30°
X=10 [3]
(ii) F=35
R = l1gcos30°
Coefficient is 0.367 [4]

M/J 11/P43/Q5

(i) Fy—-6.1-5%x0.28=0and
Fy+48-5%x096=0
Frictional force acts parallel to x axis and
to the right
Fy=0—->F=F
— Frictional force has magnitude 7.5 N [4]
@) [u=7.5/(1.25x10)]
Coefficient is 0.6 [2]
(iii) [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 [31
O/N 10/P42/Q1
R +2000cos15° =
F = 2000sin 15°
[2000sin15° = 4 (400 g — 2000co0s15°)]
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 = 2000c0s15°
[2000co0s15° = 1 (400 g — 2000sin15°)]

Coefficient is 0.55

O/N 10/P42/Q3

6cosa® + 5co0s(90°— a®) =F
6sina® - 5sin(90° - a°) =F
[6cosa® +5sina® = 6sina® — 5cosa’
> 11cosa’=sina”]

a=84.8

[F = 6c0s84.8° + 55in84.8%; F = 65in84.8° —
5c0s84.8°]

F=5.52 [6]

103.

104.

105.
400¢g

106.
and

107. O/N 10/P41/Q3
For correct A or resolve XP,
and cosa = 5.5/7.3;
or 5.5/s5in(90° + &) = 7.3/5in90° (Lami);
or 5.5cosa + Wsino = 7.3
and 5.5sina = Wcosa.

Angle AP;X=41.1° 0or 0.718°

For correct triangle and W?=1732-55%
or W/sin(180° —41.1°) = 7.3/sin90°;
or Wsin41.1°=7.3 — 5.5cos41.1°

or Wcos41.1° = 5.5sin41.1°

W=438 [5]
108. O/N 10/P43/Q3
@) [2T cos30°=3+3
or T/sin30° = 3 +/3 /sin120°
or T2 = T? + (33 )* = 2T(3 /3 )cos30°
or V{(Tcos30°) + (T + Tcos60°)?} =3+/3 ]

Tension is 3N 2]
(ii) [T=F + mgsin30]

R = mg cos30

3 =0.75(10c0s30°ym + 10m sin 30°

Mass is 0.261kg [5]

109. O/N 10/P43/Q5
M [F?=27.5"+ (=24
F=36.5
[tana® =—(-24/27.5)]
a=41.1 [4]
(i) R=94.9
[+ 6°=tan™'(87.6/36.5);

or (a°+ 8° = cos™ (36.5/94.9) %
or 6°=tan™'(87.6sin48. 9%@+
87.6¢0548.9%)]
6=1263 @ i3]
110. M/J 10/P42/Q3 \ o>

(i) [R+7sind5°=0, @?
€ t'&SN (2]

Normal com
(i) F=7cos ‘@ (
Coeffigy \' £ [3]
111. M/J 10/P :;9
7

Trlangle has sides 403, 250 and R
Triangle has angle opposite R equal to 97.1°
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14.

15.

16.
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[R? =403 +250° - 2 x 403 x 250c0597.1°]
Magnitude is 500 N

[sin(66.6° —z) + 250 =sin97.1° + R]
Required angle is 36.9°

M/J 10/P41/Q3
(D [R+ 7sind5°= 0.8g]

Normal component is 3.05N
(i) F=7cosd5® 2]
Coefficient is 1.62 (3]

M/J 10/P41/Q4

X =160+ 250cos

Y =370 - 250sin

Magnitude is 500N

Required angle is 36.9° (or 0.644 rads)
Alternative for 4 [71
Triangle has sides 403, 250 and R

Triangle has angle opposite R equal to 97.1°
[R?=403% +250° - 2 x 403 x 250c0597.1°]
Magnitude is 500 N

[sin(66.6° - z) +250 =sin97.1° + R]
Required angle is 36.9°

M/J 10/P43/Q1

[7.3 sina = 5.5]

a=48.9

[R=6.8-7.3 cos48.9°)

Magnitude of resultant is 2 N [4]

O/N 09/P42/Q1
(i) [P = Wsind0°]
P=771 2]
(i) [Pcos40° = Wsin40°
P=10.1 2]
O/N 09/P41/Q3
Q —Pcos60° = 12c0s80° and Psin60° = 12sin80°
Qcos80° + Pcos40° = 12 and Psin40° = Qsin80°
[Q - 125in80°c0s60°/5in60° = 12c0s80°
Qcos80° + Qsin80°cos40°%/sind0° = 12]
Q=891 [4]
(First alternative)
Qcos30° = 12c0s50°
Q=28.91 [4]
(Second alternative)
Angles opposite Q and 12 are 40° and 60°
respectively
Q/sin40° = 12/5in60°
Q=891 4]

(Third alternative)
Angle between P and Q is 120° and between
P and
—R is 140°
[Q/sin140° = 12/sin120°]
Q=891 (4]
117. O/N 09/P41/Q4
(i) For angle between AP and vertical =
36.9°(or sin10.6) or for angle between
PS and vertical = 53.1°
(or sir'0.8)
[Tes+ (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°

[O.6TPA = 0.8Tps and O.STPA + O.6Tps =5<>
{0.8(0.8/0.6) + 0.6} Tpg = 5]
(Second alternative)

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

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

[Tps = 55in36.9°]

(Third alternative)

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

angles between Tyg and T,,, and between 5 and
Tpa being shown as 90° and 143.1°

[Tes /sin143.1° = 5/5in90°

Tension is 3N [3]
(i) [F = T cos(sin™0.6)]
Frictional force is 2.4N 2]
(ili) R=2.4/0.75 _ P
[W + T sin(sin 0.6)=R] 4\(@
W=14 AN ®<o 3]
118. O/N 09/P41/Q5 @ <O

() —F-0.6gsin 18°
Frictional co

[6]

121
{1 =7+ 10c0s50° — 15¢0s80°,
Y = 10sin50° + 15sin80°]
(a) x-component is 10.8
(b) y-component is 22.4 [3]
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(ii) [9=tan™'(22.4/10.8)]
Direction 64.2° anticlockwise from x—a)zcis

120. M/J 09/P04/Q4
(i) [F+T=_8x10sin20°]
Frictional component is 14.4 N
[R = 80c0s20°]
Normal component is 75.2N
(ii) F=8x10sin20° or p = tan20°
Coefficient is 0.364 (accept 0.36)
121. O/N 08/P04/Q1
(i) (a) 10—8cosd
(b) 8sind
(ii) (10 — 8cos§)2 + (8sin§)* = 82

10 + 8% — 2x10x8cos 8 = 8’
cosf =5/8
First alternative for (ii)
[cosg = (10 - 8cos 8 )/8 and sing = 8sin §/8]
~ 8cosp=(10—8cosf)and ¢=0
cosd =5/8
Second alternative for (ii)
[5, v/39 , 64]
8=R
=» assumption correct
SR for (ii) (max 2/3)

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

122. O/N 08/P04/Q2

[R =197, F=63.0]

(i) P=F+20gsin10°
Least magnitude is 97.8N

(ii) P= F-20gsin 10 °
Least magnitude is 28.3N [6]
SR (for candidates who omit g) (max 3/6)
For P =F + 20sin 10° in (i) and
P =F —20sin 10%in (ii)
Least magnitude is 9.78N in

(i) and 2.83 in (ii)

123. M/J 08/P04/Q3

A”

10
[Fcos8°® = 10, Fsin 6° = 13;]

[tand° = 13/10, 4269 siné° = 13]
6=524

4]

2]

(2]

or

B3]

[F? =10 + 13% Fcos52.4° = 10]
F=164 [5]

Alternative scheme for candidates who use scale
drawing:
0=524
F=164

124. O/N 07/P04/Q3

(i [7=Fcosf and 4 =Fsind >
F?=72+4* (ortan & = 4/7)]
F=8.06
[7=8.06c0s @ or 4 =8.06sinf]
(or 7 ="Fco0s29.7° or 4 = Fsin29.7°)
0=29.7

(i) Magnitude 7N

Direction opposite to that of the force
of magnitude 7N

125. O/N 07/P04/Q5
(i) R=Tsin60°
[F =W + Tcos 60°]
F = 40 + Tcos 60°
(ii) 40+ 0.5T = 0.7x0.866T
T=377
126. M/J 07/P04/Q2
(M [8+8cosd=9]
0=282.8
(ii) For showing 6 or (180°— @) or
/2, in a triangle representing the
two forces and the resultant, or for
using Y = 8sind in R? = X*> +Y?
[R? = 8%+ 87 — 2x8x8cos(180 - 6),
R%= 8% + 8% + 2x8x8cos),

cos(6/2) = (R/2) + 8,

Reos(6/2) =9, 9
N
NI

S

151

[4]

2]

4]

131

2]

Rsin(6/2) = 8siné,
R?=9?+ (8sind )?,
R%=(8 + 8cosh)’ +

Magnitude is 12 @ é§‘§ 3]
127. M/J 07/P04/Q7 ©
() Teos60° = 750063028 T =130
[51
(1= 25/93.3]
Coefficient is 0.268 (= 2 -3 ) [6]
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128. O/N 06/P04/Q2
(i) [F+5c0s30°=0.6 g]

Frictional force is 1.67 N
(ii) R =5sin30° [=2.5]
Coefficient is 0.668
129. O/N 06/P04/Q6
@ P=10 -
R=26.9
(i) =737
(@) 24N
(b) 7N
(iii) cosd = (24-2.8)26.9 ... or
sin@ =(7+9.6)/26.9 ... or
tan@ = (7 +9.6)/24 - 2.8)
8 =38.1

130. M/J 06/P04/Q3
Fsin50° = Fsin20° + 12
F=283
G = Fcos50° + Fcos20°
G=448

131. O/N 05/P04/Q3
Either Or

W;sin40° =

5N W,sin60°

Wicos40° +
WoN Woc0s60°=5

Wicos40° +
W, sin40° cos60°
sin 60°
=5
W, =4.40
W,=4.40sin 40°
sin 60°

w5
sin60°  sin80°

Wl = 440

W, 5
sin40° sin80°
W,=3.26

132. O/N 05/P04/Q4
(i) N+XcosO=mg
N+ X(24/25)=320X 10
N=13200-(24/25)X
(i) F=JXsind
T x-= -3-(3200 - ﬂX)
25 8 25
X=1875
133. M/J 05/P04/Q2
X =7 + 5c0850° — 6c0s30°

Y = 5sin50° — 6sin30°

W,=3.26

65
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[2]

[3]

131

(4]

13

[6]

[6]

31

13

134.

135.

136.

R?=5.01.%+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 [6]

10.9N and 20.6° anticlockwise OR
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
OR [6]
6
R 5
7

R =5.09 (A2) (or some value

such that 4.9<R<5.3 (A1)) (or
9.4° (A2) (or some value such
that 9°< 6 <9.8° (A1))
anticlockwise from the x-axis
M/J 05/P04/Q3

2.25 = %5 a(1.5%)

a=2

R = mgcos30°

mgsin30° - 4 mgcos30° = 2m
Coefficient of friction is 0.346 [6]

(or [61

KE gain = % m3?
R = mgcos30°
2.25 ;1 mgcos30° = P

mg(2.25sin30°) Y
Coefficient of fricti
O/N 04/P04/Q2
(i) P=18c

(6]

;@c 0°=P/18
[2]

3]

%
O/N 04/P04/Q6
() R=8000N
For obtaining P < 6000 2]
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(ii) F < 0.4 x 4000 or
Fmax = 0.4 x 4000
400a < 1600 or 400amax =
as<4
Prax — 6000 = 800 x 4 or
P —6000=2800a < 800x4
Maximum possible value of P is
9200

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

M/J 04/P04/Q2
X =100 + 250c0s70°
Y = 300 — 250sin70°
R? = 185.52+ 65.1%
R =197
tana = 65.1/185.5
a=19.3

316(.227766..) or 107(.4528..) or
299(.3343..)
71.565 ...° or 37.2743 .. ° or
—51.7039 .. °
R?=316.27 + 250° -
2x316.2% 250c0s38.4°
R? = 107.5° + 100° -
2% 107.5% 100cos142.7°
R? = 299.3° + 300° -
2x%299.3% 300c0s38.3°
R=197
sin(71.6 -a ) = 250sin38.4 =+ 197
sin(37.3 -« ) = 100sin142.7 + 197
sin(51.7 +a ) = 300sin38.3 + 197
a =19.3°
O/N 03/P04/Q3
(i) For using the idea of work as a force
times a distance
(25x2c0s15%)
Work done is 48.3 J
(i) For resolving forces vertically
(3 terms needed)
N +25sin15° =3x10
(¥ cos instead of sin following sin instead
of cos in (i))
Component is 23.5 N

1600

(71

2]

(2]
1

or [0l

(2]

(31

140. O/N 03/P04/Q6
(i) Tam= Tam or Tpmcos30° = Tapmcos30°
For resolving forces at M horizontally
(2T sin300 = 5)
or for using the sine rule in the triangle
of forces
(T+5in60° = 5 +sin60°)
or for using Lami’s theorem
(T+sinl120° = 5 +sin120°)
Tensionis 5N [3]
(ii) For resolving forces on B horizontally
(N =Tsin30) or
from symmetry (N = 5/2) or for using
Lami’s theorem
(N=+sin150° = 5 +sin90%)
For resolving forces on B vertically
(3 terms needed) or for using Lami’s
theorem
0.2x10+ F =Tcos30° or
(0.2g + F) +sin120° = T+5in90°
Forusing F'= uR (233=2.5u)
Coefficient is 0.932 [5]
(iii) (0.2 + m)g —2.33 = 5co0s30° or
mg =2(2.33) m = 0.466

141. M/J 03/P04/Q2
(i) (a) Forresolving in the direction PQ

Component is2x10cos30°~ 6cos60°
or 14.3Nor 1043 -3 N [2]
(b) Componentis +6cos30° - 600560°

or £5.20N or + 3\/’— @[1]
SR(forcandidates why % parallel
force of

to and perpendic
q%z out of 3)

magnitude 6 J?
For resolyj @ directions
ForX— s 30%r -2.66 N

(2]

Osm 30°0r15N
rg %dldates who give a
C@m ;z‘" answer for(a)and (b)

(@ oéb solving in both directions
27 FBr (6cos30°)i + (2 x10c0s30° -
6cos60°)j or any vector

equivalent
(i) For using Magnitude

=Jans(i)2 + ans(ii)*
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Magnitude is 15.2 N (2]
ft only following sin/cos mix and
for answer 5.66 N

142. O/N 02/P04/Q3

(i) For resolving forces on R vertically
(3 terms needed)
T'sin50° = Tsin20° + 0.8¢
Tension is 189N
(18.5 from g =9.81 or g =9.8) [3]
(i) For resolving forces on R horizontally
X =Tcos50° + Tcos20°
X=129.9 (8tan75°)
(29.3 from g=9.81 or g=9.8) [3]
Alternatively (by scale drawing):
Correct quadrilateral drawn to scale

184<T<194
29.4< X<30.4
T=189and X=29.9

143. O/N 02/P04/Q5

(i) R=15%10%cos35° =123 [1]
(ii) 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 fromg=9.81 org=9.8)
F or uR = 10gsin 35° or equivalent
(may be implied) (57.36)
Forusing F = pR [57.36 = 122.9
or 100 sin 35° = 150 c0s35°]
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' < uR and 5X - 150sin35°
< UR

For eliminating X (it is not possible
to eliminate #R)
MI uR >100sin 35° or equivalent

144. M/J 02/P04/Q3

RN

(may be implied)

(i) orrecognising that resultant acts
along bisector
or 12cos f= 10 +10 cos8

and 12sin = 10sind
or X=10-10cos
and Y=10sin o
Complete method for o

[a=2sin™! i% or 122 =102+ 10%

2 x 102 cos a]
or resolving forces along the bisector

[2 x 10 cos —(21= 12]

or squaring and adding and using
c2f+sf=land? 0+s°6 =1

[144 =100 + 200cos £+ 100]

6 =106.3° or 1.85rads [3]

(i) Forusing component =12 cos % [12 x 0.6]

or 10 - 10 cos a

Component is 7.2 N (ft only when B1

in part (i) is scored) [2]
SR for candidates whose diagrap#(j
(actual or implied) has tria t@g@es
10, 10, 12 and angle 8 o 12

] é Q)
(max 1 out o@&
&a@ho draw a

Alternative: For ca
scale diagram.@ )

As for firs gg@neme above.
Value t nge 105° to 107° obtained
o205

n

@

@i‘ or drawing relevant perpendicular and
measuring appropriate length
Component is 7.2 N
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M/J 22/P42/Q4
A particle A, moving along a straight horizontal track with constant speed 8ms~!, passes a fixed

point O. Four seconds later, another particle B passes O, moving along a parallel track in the same
direction as A. Particle B has speed 20ms~' when it passes O and has a constant deceleration of
2ms~2. B comes to rest when it returns to O.

(a) Find expressions, in terms of ¢, for the displacement from O of each particle t seconds after B

passes O. (3]
(b) Find the values of t when the particles are the same distance from O. [3]
(¢) On the given axes, sketch the displacement-time graphs for both particles, for values of  from 0
to 20. [3]
s (m)
A
200 4
100
0 T T » 1 ()
0 10 20

2. M/J 22/P42/Q7

- where k is a constant.

A particle P moves in a straight line. The velocity vins~ I at time ¢ seconds is given by g{ﬁ .

v =10.5¢ for 0<r< 10, (0 SN
b I Q(\\’ .«<

v =10.25t" -8t + 60 for 10 £ £ 20. /\v e
(a) Show that there is an instantaneous change in the acceleration of the par‘” le(ﬁat% t’\\ . [3]
(b) Find the total distance covered by P in the interval 0 < r € 20. g«), (é‘;},} (6]

f?\,ro/
M/J 22/P41/Q1 ”\ N
A car starts from rest and moves in a straight line with constant ac,cel,f;}\ﬁox} %0)1 a distance of 200 m,
rcaching a spced of 25 ms™". The car then travels at this speed for 40%11 be(tb‘rc decelerating uniformly
to rest over a period of 5. od W @
(a) Find the time for which the car is accelerating. @ o "} (2]
(b) Sketch the velocity—time graph for the motion of the gar; Sho§1m0 the key points. (2]
(¢) Find the average speed of the car during its motlon(o ((p 2]
A

M/J 22/P41/Q6 D
A particle starts from a point O and moves in a st\ughtﬁl;me The velocity vms™' of the particle at

time ts after leaving O is given by
v = k(32 =2r%),

(a) Verify that the particle returns to O when t = 2. (4]
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(b) Itis given that the acceleration of the particle is —13.5 ms™2 for the positive value of t at which
v=0.
Find k and hence find the total distance travelled in the first two seconds of motion. [6]
5. M/J 22/P43/Q2
A particle P is orojected vertically upwards from horizontal ground. P reaches a maximum height
of 45m. After reaching the ground, P comes to rest without rebounding.
(a) Find the speed at which P was projected. [2]
(b) Find the total time for which the speed of P is at least 10m s!, [3]

6. M/J 22/P43/Q3
s (m)

A

240

200 —

160

4
]

120 v

80 v

Bl
40 //

/
044 E ot
0 5 10 15 20

The displacement of a particle moving in a straight line is s metres at time ¢ seconds after leaving a
fixed point O. The particle starts from rest and passes through points P, Q and R, at times 7 =5, £ = 10
and r = 15 respectively, and returns to O at time ¢ = 20. "The distances OP, OQ and OR are 50m,
150 m and 200 m respectively.

The diagram shows a displacement-time graph which models the motion of the particle f; t=0to
t = 20. The graph consists of two curved segments AB and CD and two straightgﬁg’rA ts BC
and DE.
. ‘ . B B & O
(a) Find the speed of the particle between ¢t = 5 and ¢ = 10. ,\0 4 [1]
(b) Find the acceleration of the particle between t = 0 and t = 5, given tha;@ ant. 2]
(¢) Find the average speed of the particle during its motion. @ @© [2]
7. M/J 22/P43/Q7 @

A particle P moves in a straight line through a point O. The ty y&s~! of P, at time rs after

passing O, is given by

where b and c are positive constants. Atf =5, the veip & of Bis zero and its acceleration is —13 ms~2,

12
(a) Show that b = 9 and find the value of c. [5]
(b) Given that the velocity of P is zero only at # = 5, find the distance travelled in the first 10 seconds
of motion. (5]
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O/N 21/P42/Q1
v (ms™)

A

20

| 1 I -y
S 25 30 T 50 AR

The diagram shows a velocity-time graph which models the motion of a car. The graph consists of
six straight line segments. The car accelerates from rest to a speed of 20ms™! over a period of 5s,
and then travels at this speed for a further 20s. The car then decelerates to a speed of 6ms™ over a
period of 5s. This speed is maintained for a further (T - 30)s. The car then accelerates again to a
speed of 20ms™! over a period of (50 — T) s, before decelerating to rest over a period of 10s.

(a) Given that during the two stages of the motion when the car is accelerating, the accelerations are

equal, find the value of T'. 21
(b) Find the total distance travelled by the car during the motion. [2]
O/N 21/P42/Q4

A cyclist starts from rest at a point A and travels along a straight road AB, coming to rest at B. The
displacement of the cyclist from A at time ¢ s after the start is s m, where

s = 0.004(75:2- 1)

(a) Show that the distance AB is 250m. [4]
(b) Find the maximum velocity of the cyclist. [31]
O/N 21/P41/Q1

A bus moves from rest with constant acceleration for 12 s. It then moves with constant speed for 30's
before decelerating uniformly to rest in a further 6 s. The total distance travelled is 585 m.

(a) Find the constant speed of the bus. (2]
(b) Find the magnitude of the deceleration. 1]
O/N 21/P41/Q6 ),
A particle P moves in a straight line starting from a point O and comes to rest 14 s Ia ime s
after leaving O, the velocity vm sl of Pis given by 3 ©<’)
v=pt?-gt 0<r<6,
v =63-4.5¢ 6<t<14, 4§§
where p and g are positive constants. y ©
The acceleration of P is zero when t = 2. @ ®
(a) Given that there are no instantaneous changes in velocity,gﬁgﬁd @v [3]
(b) Sketch the velocity-time graph. @’ [3]

(¢) Find the total distance travelled by P during the 14s.
O/N 21/P43/Q5
A particle P moves in a straight line, starting from re goint O on the line. At time #s after
leaving O the acceleration of Pis k(16 — t*) ms™2,
from O is sm. The velocity of P is 8ms™! when ¢ >

[5]

(a) Show that s = &;r2(96 - 12). [5]
(b) Find the speed of P at the instant that it returns to O . T [3]
{c) Find the maximum displacement of the particle from O. [3]
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M/J 21/P42/Q7
A particle P moving in a straight line starts from rest at a point O and comes to rest 16 s later. At time

t s after leaving O, the acceleration a ms™ of P is given by
a=6+4t 0<
a=14 2
a=16-2t 4
There is no sudden change in velocity at any instant.
(a) Find the values of # when the velocity of P is 55m sL, [5]
(b) Complete the sketch of the velocity-time diagram. [2]
v (ms™)

A

» 1 (S)

0 2 4 16
(¢) Find the distance travelled by P when it is decelerating. [3]

M/J 21/P41/Q4

Two cyclists, Isabella and Maria, are having a race. They both travel along a straight road with
constant acceleration, starting from rest at point A.

Isabella accelerates for 5s at a constant rate ams 2. She then travels at the constant speed she has
reached for 10 s, before decelerating to rest at a constant rate over a period of 5s.

Maria accelerates at a constant rate, reaching a speed of 5 ms~! in a distance of 27.5m. She then
maintains this speed for a period of 10s, before decelerating to rest at a constant rate over a period
of 5s.

(a) Given that @ = 1.1, find which cyclist travels further. [5]
(b) Find the value of a for which the two cyclists trave] the same distance. 21
M/J 21/P41/Q5
A particle moving in a straight line starts from rest at a point A and comes instantaneousl§to rest at a
point B. The acceleration of the particle at time ¢ s after leaving A is ams™2, where_ @(‘ @
1 N
a=6t-2t é\' o

(a) Find the value of ¢ at point B. -\0 [3]
(b) Find the distance travelled from A to the point at which the accelerat I gl particle is again

zZero. @ [5]
M/J 21/P43/Q4 ®
A particle is projected vertically upwards with speed um s~! from t (eg@)rizontal ground. After

2 seconds, the height of the particle above the ground is 24 m. N
(a) Show that u = 22.
(b) The height of the particle above the ground is more tha Q, F8t"a period of 3.6s.

Find A.
M/J 21/P43/Q6 @

(2]
(4]

A particle moves in a straight line and passes thro
particle at time ¢ s after leaving A is vim s, where

2
v =2t -5t +3.
(a) Find the times at which the particle is instantaneously at rest. Hence or otherwise find the

minimum velocity of the particle. (4]
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(b) Sketch the velocity-time graph for the first 3 seconds of motion. [3]
(¢) Find the distance travelled between the two times when the particle is instantaneously at rest. [3]

18. MAR 21/P42/Q4

19.

20.

v(ms™)
A

-V

An elevator moves vertically, supported by a cable. The diagram shows a velocity-time graph which
models the motion of the elevator. The graph consists of 7 straight line segments.

The elevator accelerates upwards from rest to a speed of 2 m s~! over a period of 1.5 s and then travels

at this speed for 4.5 s, before decelerating to rest over a period of 1.

The elevator then remains at rest for 6 s, before accelerating to a speed of Vms™! downwards over a

period of 2s. The elevator travels at this speed for a period of 5 s, before decelerating to rest over a

period of 1.5s.

(a) Find the acceleration of the elevator during the first 1.5, [1]

(b) Given that the elevator starts and finishes its journey on the ground floor, find V. 2]

(¢) The combined weight of the elevator and passengers on its upward journey is 1500 kg. Assuming
that there is no resistance to motion, find the tension in the elevator cable on its upward journey
when the elevator is decelerating. [3]

MAR 21/P42/Q6

A particle moves in a straight lme It starts from rest from a fixed point O on the line. Its velocity at

time ¢ s after leaving O is vins™!, where v = 2~ 81‘2 + 10t

(a) Find the displacement of the particle from O when ¢ = 1. [4]
(b) Show that the minimum velocity of the particle is =125 m sL. &Q [7]
O/N 20/P42/Q4 | 54)%)
v(ms™)
] &
451/
20 ©
©
\%
P | (S
0 5 T (s)

The diagram shows a velocity-time graph which models the motion of a car. The graph consists of
four straight line segments. The car accelerates at a constant rate of 2m s™2 from rest to a speed of
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20ms™! over a period of T's. It then decelerates at a constant rate for 5 seconds before travelling at a

constant speed of Vms™! for 27.5s. The car then decelerates to rest at a constant rate over a period
of 5s.

(a) Find T [1]
(b) Given that the distance travelled up to the point at which the car begins to move with constant
speed is one third of the total distance travelled, find V' . (4]

O/N 20/P42/Q5
A particle is projected vertically upwards with speed 40 m s~! alongside a building of height 4 m.

(a) Given that the particle is above the level of the top of the building for 4, find /. [4]
(b) One second after the first particle is projected, a second particle is projected vertically upwards
from the top of the building with speed 20m s~
Denoting the time after projection of the first particle by s, find the value of 7 for which the two
particles are at the same height above the ground. [4]
O/N 20/P42/Q7
A partlcle P moves in a straight line, starting from a point O w1th velocity 1.72ms™" . The acceleration
ams™ of the particle, ¢ s after leaving O, is given by a 0. lt2
(a) Find the value of t when the velocity of Pis3ms™ . (4]
(b) Find the displacement of P from O when ¢ = 2, giving your answer correct to 2 decimal places.[

O/N 20/P41/Q4
A particle P moves in a straight line. It starts from rest at a point O on the line and at time ¢ s after

leaving O it has acceleration am s~2, where a = 61— 18.
Find the distance P moves before it comes to instantaneous rest. [6]
O/N 20/P41/Q7 0.2kg

released from rest at A and slides down the plane. The part of the plane from A mooth. The
part of the plane from B to C is rough, with coefficient of friction y between

(a) Given that u = %\/3-, find the speed of the particle at C. @Q [8]
(b) Given instead that the particle comes to rest at C, find the exact ygue @%@. [4]
O/N 20/P43/Q1 § o°

A particle P is projected vertically upwards with speed vm s>! {9 a@oint on the ground. P reaches
its greatest height after 3 s

0,
(a) Find v. © e 7 [1]
S
(b) Find the greatest height of P above the ground@ 2]

O/N 20/P43/Q5 %y
A particle P moves in a straight line. It starts at a point O on the line and at time ¢ s after leaving O it

has velocity vm 7! , where v = 41 - 20t +21.

. (a) Find the values of ¢ for which P is at instantaneous rest. 2]
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(b) Find the initial acceleration of P. 2]
(¢) Find the minimum velocity of P. 21
(d) Find the distance travelled by P during the time when its velocity is negative. [4]
M/J 20/P42/Q1

A tram starts from rest and moves with uniform acceleration for 20 s. The tram then travels at a constant
speed, Vms™!, for 170 s before being brought to rest with a uniform deceleration of magnitude twice
that of the acceleration. The total distance travelled by the tram is 2.775 km.

(a) Sketch a velocity-time graph for the motion, stating the total time for which the tram is moving.

[2]

(b) Find V. [2]
(¢) Find the magnitude of the acceleration. 2]
M/J 20/P42/Q6
A particle P moves in a straight line. The velocity v ms~! at time 7 s is given by

v=2t+1 for0<t<35,

v=36-¢ for5<t<7,

v=2t-27 for7<t<13.5.
(a) Sketch the velocity-time graph for 0 << 13.5. [3]
(b) Find the acceleration at the instant when ¢ = 6. [2]
(¢) Find the total distance travelled by P in the interval 0 < £ < 13.5. [5]
M/J 20/P41/Q3

A particle P is projected vertically upwards with speed 5m s~! from a point A which is 2.8 m above
horizontal ground.

(a) Find the greatest height above the ground reached by P. [3]
(b) Find the length of time for which P is at a height of more than 3.6 m above the ground. [4]
M/J 20/P41/Q6 »

A particle moves in a straight line AB. The velocity vins ~ of the particle ¢ s after leaving A is given
by v = k(1> — 10t + 21), where k is a constant. The displacement of the particle from 4, in the direction
towards B, is 2.85 m when t = 3 and is 2.4 m when ¢ = 6.

(a) Find the value of k. Hence find an expression, in terms of ¢, for the displacement of the particle

from A. (7]
(b) Find the displacement of the particle from A when its velocity is a minimum. © 4]
M/J 20/P43/Q4 A

A car starts from rest and moves in a straight line with constant acceleration am > @istance of
& celerating to

(a) Sketch the velocity-time graph for the motion of the car. [1]
v (ms™)
A

rest. The magnitude of this deceleration is 2ams™2. @

1 (8)
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(b) Find the value of a. [31
(¢) Find the total time for which the car is in motion. [31]
M/J 20/P43/Q6

A particle travels in a straight line PQ. The velocity of the particle #s after leaving P is vm s!, where
v =4.5+4t- 0.5

(a) Find the velocity of the particle at the instant when its acceleration is zero. 3]
The particle comes to instantaneous rest at Q.

(b) Find the distance PQ. [6]
MAR 20/P42/Q2

A particle P of mass 0.4kg is on a rough horizontal floor. The coefficient of friction between P and
the floor is u. A force of magnitude 3 N is applied to P upwards at an angle a above the horizontal,

where tan o = %. The particle is initially at rest and accelerates at 2m 572,
(a) Find the time it takes for P to travel a distance of 1.44 m from its starting point. [2]
(b) Find p. [4]

MAR 20/P42/Q4
A cyclist travels along a straight road with constant acceleration. He passes through points A, B and

C. The cyclist takes 2 seconds to travel along each of the sections AB and BC and passes through B
with speed 4.5 ms™!. The distance AB is £ of the distance BC.

(a) Find the acceleration of the cyclist. : 5]
(b) Find AC. [2]
MAR 20/P42/Q7 '
A particle moves in a straight line through the point O. The displacement of the particle from O at
time ¢s is s m, where s=12=3t+2 for0< <6,

24 12

§=———+25 fort26.
t 4

(a) Find the value of t when the particle is instantaneously at rest during the first 6 seconds of its
motion. [2]

At t = 6, the particle hits a barrier at a point P and rebounds.

(b) Find the velocity with which the particle arrives at P and also the velocity with which the particle
leaves P. [3]

(c) Find the total distance travelled by the particle in the first 10 seconds of its motion. [5]

O/N 19/P42/Q1

A particle moves in a straight line. The displacement of the particle at time ¢ is s m, g r&@
_ 3 29,
s=1-62+4t. > §?
Find the velocity of the particle at the instant when its acceleration is zero. 0@‘ ,\\Q [4]
O/N 19/P42/Q2 49‘\0
v(ms™1)
A
12f—-—mmmmmm oo

1 (S)
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The diagram shows a velocity-time graph which models the motion of a tractor. The graph consists of

four straight line segments. The tractor passes a point O at time ¢ = 0 with speed U ms™!. The tractor
accelerates to a speed of Vms™! over a period of 5, and then travels at this speed for a further 25s.
The tractor then accelerates to a speed of 12ms~! over a period of 5s. The tractor then decelerates to
rest over a period of 15s.

(i) Given that the acceleration of the tractor between ¢ = 30 and ¢ = 35 is 0.8 ms2, find the value

of V. [2]
(ii) Given also that the total distance covered by the tractor in the 50 seconds of motion is 375 m,
find the value of U. 3]

O/N 19/P42/Q5
Two particles A and B move in the same vertical line. Particle A is projected vertically upwards from

the ground with speed 20ms~'. One second later particle B is dropped from rest from a height of

40 m.

(i) Find the height above the ground at which the two particles collide. [4]
(ii) Find the difference in the speeds of the two particles at the instant when the collision occurs. [3]
O/N 19/P41/Q6

A particle of mass 0.4 kg is released from rest at a height of 1.8 m above the surface of the water in a
tank. There is no instantaneous change of speed when the particle enters the water. The water exerts
an upward force of 5.6 N on the particle when it is in the water.

(i) Find the velocity of the particle at the instant when it reaches the surface of the water. 2]

(ii) Find the time that it takes from the instant when the particle enters the water until it comes to
instantaneous rest in the water. You may assume that the tank is deep enough so that the particle
does not reach the bottom of the tank. [4]

(iii) Sketch a velocity-time graph for the motion of the particle from the instant at which it is released
until it comes to instantaneous rest in the water. [3]

O/N 19/P41/Q7
A particle moves in a straight line, starting from rest at a point O, and comes to instantaneous rest at
a point P. The velocity of the particle at time ¢ s after leaving O is vims™', where

v=0.6/*-0.127.

(i) Show that the distance OP is 6.25 m. o é@ (5]
On another occasion, the particle also moves in the same straight line. (jé%l ésééb%%sion, the

displacement of the particle at time ¢ s after leaving O is s m, where <

= L3 5 &
o . o S=krter o Q/w@
It is given that the particle passes point P with velocity 1.25ms™" at tlf@t =5

7
(ii) Find the values of the constants k and c. @é@g& @53@ (5]
(2]

(iii) Find the acceleration of the particle at time ¢ = 5.

"passes through points P, O, R and

nd R to S are each equal to 10s. The

peed of the caris 20ms™!.

OIN 19/P43/Q4 )

A car travels along a straight road with constant accele n.

S. The times taken for the car to travel from P to % 0
t

distance QR is 1.5 times the distance PQ. At poin

-

(i) Show that the acceleration of the car is 0.8 ms™2. [3]

(ii) Find the distance QS and hence find the average speed of the car between Q and S. 3]
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O/N 19/P43/Q6
Particle P travels in a straight line from A to B. The velocity of P at time ¢ s after leaving A is denoted

by vm s“l, where
Y v =0.0482 + cf® + k.

P takes 5 s to travel from A to B and it reaches B with speed 10ms™!. The distance AB is 25 m.
(i) Find the values of the constants ¢ and k. [6]

(ii) Show that the acceleration of P is a minimum when t = 2.5. 3]

M/J 19/P42/Q2
A car moves in a straight line with initial speed #ms™' and constant acceleration ams™2. The car
takes 5 s to travel the first 80 m and it takes 8 s to travel the first 160 m. Find a and u. [6]

M/J 19/P42/Q7
Particles P and Q leave a fixed point A at the same time and travel in the same straight line. The

velocity of P after ¢ seconds is 6¢(f — 3)ms~! and the velocity of Q after ¢ seconds is (10— 2f) ms™!.

(i) Sketch, on the same axes, velocity-time graphs for P and Q for0 < <5. [3]
(ii) Verify that P and Q meet after 5 seconds. [4]
(iii) Find the greatest distance between P and Q for 0 €< 5. (4]

M/J 19/P41/Q2

A particle P is projected vertically upwards with speed 25ms~' from a point 3 m above horizontal
ground.

(i) Find the time taken for P to reach its greatest height. (2]
(ii) Find the length of time for which P is higher than 23 m above the ground. {31
(iii) P is higher than A m above the ground for 1 second. Find A. 2]

M/J 19/P41/Q5
A particle P moves in a straight line from a fixed point O. The velocity vms™' of P at time 75 is given

b
Y v=r—8r+12 for0<r<S8.

(i) Find the minimum velocity of P. [3]
(ii) Find the total distance travelled by P in the interval 0 < £ < 8. (71

M/J 19/P43/Q1

A bus moves in a straight line between two bus stops. The bus starts from rest and ré rates at

2.1 ms™2 for 5s. The bus then travels for 24 s at constant speed and finally slows do t bnstant
deceleration, stopping in a further 6 s. Sketch a velocity-time graph for the motio e find the
distance between the two bus stops. o [5]

M/J 19/P43/Q6 ( e

A particle P moves in a straight line. The acceleration ams™2 of P at t' ' js@?@en by a=6t-12.

The displacement of P from a fixed point O on the line is sm. Itis %/57 e éZBQS =5 whent =1 and
2,

s=1whent=3.
() Show thats = B_6r+ pt + g, where p and g are constantﬁ e EQ.?’ d. [4]
[2]

(ii) Find the values of t when P is at instantaneous rest

(iii) Find the total distance travelled by P in the mterval [4]
MAR 19/P42/Q2

A particle is projected vertically upwards with spe ! from a point on horizontal ground.

(i) Show that the maximum height above the ground reached by the particle is 45 m. [2]

(if) Find the time that it takes for the particle to reach a height of 33.75 m above the ground for the
first time. Find also the speed of the particle at this time. (4]
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50. MAR 19/P42/Q5

51.

52. OIN 18/P42/Q3

v (msh)
A

» 1 (S)

Wher e
[, P

Vhoermmr e e e e e e - T

The velocity of a particle moving in a straight line is vms~! at time ¢ seconds after leaving a fixed
point O. The diagram shows a velocity-time graph which models the motion of the particle from ¢ = 0
to t = 16. The graph consists of five straight line segments. The acceleration of the particle from 7 =0
to ¢t = 3 is 3ms~2. The velocity of the particle at # = 5 is 7ms~! and it comes to instantaneous rest at
t = 8. The particle then comes to rest again at # = 16. The minimum velocity of the particle is Vms™!.

(i) Find the distance travelled by the particle in the first 8 s of its motion. (3]
(ii) Given that when the particle comes to rest at £ = 16 its displacement from O is 32 m, find the

value of V. (4]
MAR 19/P42/Q6

A particle moves in a straight line. It starts from rest at a fixed point O on the line. Its acceleration at

time ¢ s after leaving O is ams™2, where a = 0.413 - 4.8t%.

(i) Show that, in the subsequent motion, the acceleration of the particle when it comes to
instantaneous rest is 16 ms™2. [6]

(ii) Find the displacement of the particle from O att = 5. [3]

v(ms!)
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The velocity of a particle moving in a straight line is vms™! at time t seconds. The diagram shows a
velocity-time graph which models the motion of the particle from # = 0 to t = 7. The graph consists
of four straight line segments. The particle reaches its maximum velocity Vms™ at r = 10.

(i) Find the acceleration of the particle during the first 2 seconds. (1]
(ii) Find the value of V. (21

At t = 6, the particle is instantaneously at rest at the point A. At¢= T, the particle comes to rest at the
point B. At = 0 the particle starts from rest at a point one third of the way from A to B,

(iii) Find the distance AB and hence find the value of 7. (4]

O/N 18/P42/Q5
A particle moves in a straight line starting from a point O with initial velocity 1 ms™'. The acceleration
of the particle at time ¢ s after leaving O is ams™2, where

1
a=1212-0.61.
(i) Attime T s after leaving O the particle reaches its maximum velocity. Find the value of 7. [2]

(i) Find the velocity of the particle when its acceleration is maximum (you do not need to verify that
the acceleration is a maximum rather than a minimum). [6]

O/N 18/P41/Q6

A particle is projected from a point P with initial speed ums™! up a line of greatest slope POR of a
rough inclined plane. The distances PQ and QR are both equal to 0.8 m. The particle takes 0.6s to
travel from P to Q and 1 s to travel from Q to R.

(i) Show that the deceleration of the particle is %ms‘2 and hence find u, giving your answer as an
exact fraction, [6]

(ii) Given that the plane 1s inclined at 3° to the horizontal, find the value of the coefficient of friction
between the particle and the plane. [4]
O/N 18/P41/Q7

A particle moves in a straight line starting from rest from a point O. The acceleration of the particle
at time ¢ s after leaving O is am s‘z, where

a=54-1.62.
() Find the positive value of r at which the velocity of the particle is zero, giving your angwer as an
exact fraction. (4]
(if) Find the velocity of the particle at t = 10 and sketch the velocity-time graphg @st ten
seconds of the motion. éo)\’ o [3]
(iif) Find the total distance travelled during the first ten seconds of the moti @oﬁi [5]
OIN 18/P43/Q4 @r ©
A runner sets off from a point P at time ¢ = 0, where ¢ is in secon@ nner starts from rest
and accelerates at 1.2ms™2 for 5s. For the next 12s the run ovegrat constant speed before
decelerating uniformly over a period of 3s, coming to rest a A olist sets off from P at time
t = 10 and accelerates uniformly for 10s, before immediat glerating uniformly to rest at Q at

time ¢ = 30.
(i) Sketch the velocity-time graph for the runner and Sh@¥ ths (4]
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v (ms™)
A
1 T T B 1 (S)
0 10 20 30
(ii) Find the magnitude of the acceleration of the cyclist. [3]

O/N 18/P43/Q7
A particle moves in a straight line. The partlcle is initially at rest at a point 0 on the line. At time s

after leaving O, the acceleration ams™ 2 of the particle is given by a = 25 - > for0<t<9.
(i) Find the maximum velocity of the particle in this time period. [4]

(ii) Find the total distance travelled until the maximum veloc}ty is reached. [2]

The acceleration of the particle for ¢ > 9 is given by a = =3¢ 2.
(iii) Find the velocity of the particle when ¢ = 25. [4]

OIN 17/P42/Q3
A car travels along a straight road with constant acceleration. It passes through points A, B and C.

The car passes point A with velocity 14m s”'. The two sections AB and BC are of equal length. The
times taken to travel along AB and BC are 5s and 3 s respectively.

(i) Write down an expression for the distance AB in terms of the acceleration of the car te down
a similar expression for the distance AC. Hence show that the acceleration of the 0§ §2[4]

(ii) Find the speed of the car as it passes point C [2]

OIN 17/P42/Q4 '

A particle P is projected vertically upwards from horizontal ground w1th

(i) Find the time taken for P to return to the ground. [2]

The time in seconds after P is projected is denoted by t. When ¢ = e 2% partxcle Q is projected

vertically upwards with speed 10m s~! from a point which is 5 vepshe ground. Particles P and

QO move in different vertical lines. 0)‘\

(ii) Find the set of values of ¢ for which the two particles E};- mox in the same direction. [4]

(2
OIN 17/P42/Q7 & &
A particle starts from rest and moves in a straight 1 T locity of the particle at time ¢ s after the

: -1
startis yms ™, Where y=-0013+0222Z0.4t.
(i) Find the two positive values of ¢ for which the particle is instantaneously at rest. [2]
(ii) Find the time at which the acceleration of the particle is greatest. 3]
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(iii) Find the distance travelled by the particle while its velocity is positive. [4]

O/N 17/P41/Q4
v(ms)
A

Vv
10

»1(S)

-15

The diagram shows the velocity-time graph of a particle which moves in a straight line. The graph
consists of 5 straight line segments. The particle starts from rest at a point A at time ¢ = 0, and initially
travels towards point B on the line.

(i) Show that the acceleration of the particle between ¢t = 3.5 and t = 6 is =10 ms™2, [1]

(ii) The acceleration of the particle between ¢ = 6 and ¢ = 10 is 7.5ms™. When ¢ = 10 the velocity
of the particle is Vm s™!. Find the value of V. [2]

(iii) The particle comes to rest at B at time 7's. Given that the total distance travelled by the particle
between ¢t = 0 and ¢t = T is 100 m, find the value of T. (4]

O/N 17/P41/Q5
A particle starts from a point O and moves in a straight line. The velocity of the particle at time ¢s

after leaving O is vm s"l, where
v=15+04t for0<z<35,

V= 192—9—0.11‘ fort =5.
t
(i) Find the acceleration of the particle during the first 5 seconds of motion. [1]
(if) Find the value of ¢ when the particle is instantaneously at rest. (2]
(iif) Find the total distance travelled by the particle in the first 10 seconds of motion. (5]

O/N 17/P43/Q5
A particle starts from a fixed origin with velocity 0.4ms™ and moves ig
acceleration ams~2 of the particle ¢ s after it leaves the origin is given by &%

HRht line. The
12t + 2), where

k is a constant. When ¢ = 1, the velocity of P is 0.1 ms™'. @ @

(i) Show that the value of k is 0.1. @ g [5]

(ii) Find an expression for the displacement of the particle fror@&i irffn terms of . (2]
? (1]

(iii)Hence verify that the particle is again at the origin at 7 = é&
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O/N 17/P43/Q6

v (ms™)
A
|4 It A 2
7/ i\
// i N\
Q// N
/ , \\
e \
' B 1 (5)
0 2 6 10 12 T
-6 >

The diagram shows the velocity-time graphs for two particles, P and O, which are moving in the same
straight line. The graph for P consists of four straight line segments. The 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 Q is Vm s7h.

(i) Find the displacement of P from O at ¢ = 10. [1]
(ii) Find the velocity of P at t = 12. [2]
(iii) 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]
(iv) Given also that the acceleration of Q fromt =2 to t = 6 is 1.75ms™2, find the value of V and
hence find the distance between the two particles when they both come torestat = T. [3]

M/J 17/P42/Q3

A particle A moves in a straight line with constant speed 10 m s™!. Two seconds after A passes a point
O on the line, a particle B passes through O, moving along the line in the same direction as A. Particle
B has speed 16 ms™! at O and has a constant deceleration of 2m 572

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

\

2
M/J 17/P41/Q5 2 §g§
A particle P moves in a straight line ABCD with constant deceleration. Th& Of?/ﬁ sof PatA, B

through O. [3]
(ii) Find the distance between the particles when B comes to instantaneous rest. /g_@') (3]
(iif)Find the minimum distance between the particles. é%© 131

and C are 20ms™!, 12ms™" and 6 ms™' respectively. & @?@

(i) Find the ratio of distances AB : BC. Qo [4)
7

(ii) The particle comes to rest at D. Given that the distance AD @%}g’ f@o;t\he distance BC. (3]

M/J 17/P41/Q6

A particle P moves in a straight line passing through a poi t% e ts, the velocity of P, vms™!,

is given by v = gt + rt?, where g and r are constants. Th tick@as velocity 4ms™! when 7 = 1 and

when t = 2, 7 <

(i) Show that, when t = 0.5, the acceleration of P i 5 [4]

(ii) Find the values of f when P is at instantaneous res [2]

(iii) The particle is at O when ¢ = 3. Find the distance of P from O when ¢ = 0. 4]
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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 magnitude 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™)
A
0 B (8)
(ii) 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]

M/J 17/P43/Q4
A partlcle P moves in a straight line starting from a point O. At time ¢s after leaving O, the velocity,

vms~!, of Pis given by v = (2t - 5).
(i) Fmd the values of ¢ when the acceleration of P is 54 ms™2- [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 particle is projected vertically upwards from O with a speed of 20ms™'. At time ts after the
second particle is projected, the two particles collide.

(i) Findt. [5]
(ii) Hence find the height above O at which the particles collide. [1]
O/N 16/P42/Q2

A particle moves in a straight line. Its displacement 7 s after leaving a fixed point O 9 J@ is s m,
where s = 212 — 8012 &> 0

(i) Find the time at which the acceleration of the particle is zero. %o [4]
(ii) Find the displacement and velocity of the particle at this instant. y @g%f? [2]
O/N 16/P42/Q7 ¥ ®

acceleration 3 ms~2 for

A car starts from rest and moves in a straight line from point A wit qonstant)
10s. The car then travels at constant speed for 30's before dece &
point B. The distance AB is 1.5km. \

(i) Find the total distance travelled in the first 40 s of motim{@ (‘0)
When the car has been moving for 20 s, a motorcycle st
straight line from point A to a speed V ms™!. It then

uniformly to rest at point B. The motorcycle come e the same time as the car.

[3]

(i) Given that the magnitude of the acceleration a m s™8%f the motorcycle is three times the magnitude

of its deceleration, find the value of a. [6]
(iii) Sketch the displacement-time graph for the motion of the car. (3]

&
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O/N 16/P41/Q3
A particle P is projected vertically upwards from a point O. When the particle is at a height of 0.5 m,

its speed is 6 m s~!, Find

(i) the greatest height reached by the particle above O, [3]
(ii) the time after projection at which the particle returns to O. [3]
O/N 16/P41/Q5
v (ms™)
A

1%

5

0 10 30 40 70 90 >1(s)

The diagram shows a velocity-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 Sm s~! over a period of
10s, and then travels at this speed for a further 20s. The cyclist then descends a hill, accelerating
to speed Vms™! over a period of 10s. This speed is maintained for a further 30s. The cyclist then
decelerates to rest over a period of 20s.

(i) Find the acceleration of the cyclist during the first 10 seconds. [1]

(ii) Show that the total distance travelled by the cyclist in the 90 seconds of motion may be expressed
as (45V + 150) m. Hence find V, given that the total distance travelled by the cyclist is 465 m.
(3]
(iii) The combined mass of the cyclist and the bicycle is 80kg. 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 7 = 30 to ¢t = 40, assuming that the cyclist does no
work during this time. [4]

O/N 16/P41/Q7
A racing car is moving in a straight line. The acceleration am s72 at time ¢ after th g@s from
rest is given by <’)

a=15t-3¢7 for0<t<5,

625 § %o
a=-— for5<t<k,

t @

where k is a constant.
(i) Find the maximum acceleration of the car in the first five secon s é)o 100. (3]
(ii) Find the distance of the car from its starting point when ¢t = 5 ( 3]
(iii)The car comes to rest when ¢ = k. Find the value of k. (5]

O/N 16/P43/Q4
A ball A is released from rest at the top of a tall tower. O

vertically upwards from ground level near the bottom
balls are at the same height 1.5 s after ball B is proj

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

d later, another ball B is projected
e togrer with a speed of 20m s}, The two

(3]

. (ii) 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]
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78.

79.

80.

81.

A particle P starts from a fixed point O and moves in a straight line. At time s after leaving O, the
velocity vms™" of P is given by v = 6¢ — 0.37%. 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 ams™2 of Q is given by a = k — 12¢, where k is a constant. The displacement
of Q from O is 400 m when ¢ = 10.

(ii) Find the value of k. [4]

M/J 16/P42/Q2
A particle P moves in a straight line, starting from a point O. At time s after leaving O, the velocity
of P, vmsl, is givenbyv = 472 — 8t + 3.

(i) Find the two values of ¢ at which P is at instantaneous rest. 2]
(i) Find the distance travelled by P between these two times. [3]
M/J 16/P42/Q4
v (ms™!)
A
8.2
%4
P |
0 6 22 s e

A sprinter runs a race of 400 m. His total time for running the race is 52s. The diagram shows the
velocity-time graph for the motion of the sprinter. He starts from rest and accelerates uniformly to a
speed of 8.2ms™! in 65. The sprinter maintains a speed of 8.2m s”! for 36 s, and he then decelerates

uniformly to a speed of Vms™! at the end of the race.

(i) Calculate the distance covered by the sprinter in the first 42 s of the race.
(ii) Show that V = 7.84.

(iii) Calculate the deceleration of the sprinter in the last 10 s of the race.

M/J 16/P41/Q1 )
A lift moves upwards from rest and accelerates at 0.9ms™ for 3s. The li M
constant speed and finally slows down, with a constant deceleration, stoppi{$]

(i) Sketch a velocity-time graph for the motion.
(ii) Find the total distance travelled by the lift. @
M/J 16/P43/Q2 o

Alan starts walking from a point O, at a constant speed og T ong a horizontal path. Ben

walks along the same path, also starting from O. Ben st 0 %
1.2ms™? for 5s. Ben then continues to walk at a con;% %
s

Alan.
(i) Find how far Ben has travelled when he has been'wa &"\) for 5 s and find his speed at this instant.

[2]

% (i) Find the distance OP. (3]
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82. M/ 16/P43/Q7
A particle P moves in a straight line. At time ¢s, the displacement of P from O is sm and the

accelerationof Pis am s“z, where a = 6t —2. Whent=1,s5 =7 and whent =3, s = 29.

(i) Find the set of values of  for which the particle is decelerating. [2]
(ii) Find s in terms of ¢. [5]
(iii) Find the time when the velocity of the particle is 10m st [3]

83. OJN 15/P42/Q2
A particle is released from rest at a point H m above horizontal ground and falls vertically. The

particle passes through a point 35 m above the ground with a speed of (V — 10)ms™! and reaches the
ground with a speed of Vms™. Find

(i) the value of V, [3]
(ii) the value of H. [2]

84. OJIN 15/P42/Q3
A particle P moves along a straight line for 100s. It starts at a point O and at time ¢ seconds after

leaving O the velocity of P is vms~™!, where

v = 0.000 041> — 0.006¢% + 0.288r.
(i) Find the values of ¢ at which the acceleration of P is zero. (3]
(ii) Find the displacement of P from O when ¢ = 100. [31

85. O/N 15/P42/Q4

The diagram shows a vertical cross-section ABC of a surface. The part of the surfac @ing AB

is at 45° to the horlzontal The distance BC is 4m (see diagram). A partlcl
released from rest at A and moves in contact with the curve AB and then X

with which P reaches C. @ @ [6]

86. OIN 15/P41/Q2 @
A particle of mass 0.5 kg starts from rest and slides down a lin@& sl

The plane is inclined at an angle of 30° to the horizontal.
(i) Find the time taken for the particle to reach a speed o
When the particle has travelled 3 m down the slope from/
ground at the bottom of the slope. The frictional f% ingson the partu,le is I N.

(ii) Find the distance that the particle travels along »-3 before it comes to rest. [3]
87. O/N 15/P41/Q6
A particle P moves in a straight line, starting from a point O. The velocity of P, measured in ms™',

“--at time ¢ s after leaving O is given by
v = 0.6 — 0.03£.
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(i) Verify that, when ¢ = 5, the particle is 6.25 m from O. Find the acceleration of the particle at this
time. [4]
(ii) Find the values of ¢ at which the particle is travelling at half of its maximum velocity. [6]

O/N 15/P41/Q7

A cyclist starts from rest at point A and moves in a straight line with acceleration 0.5ms™2 for a
distance of 36 m. The cyclist then travels at constant speed for 25s before slowing down, with
constant deceleration, to come to rest at point B. The distance AB is 210 m.

(i) Find the total time that the cyclist takes to travel from A to B. [5]
24 s after the cyclist leaves point A, a car starts from rest from point A, with constant acceleration
4ms™2, towards B. It is given that the car overtakes the cyclist while the cyclist is moving with
constant speed.

(ii) Find the time that it takes from when the cyclist starts until the car overtakes her. [5]
O/N 15/P43/Q5

A cyclist and his bicycle have a total mass of 90kg. The cyclist starts to move with speed 3ms™
from the top of a straight hill, of length 500 m, which is inclined at an angle of sin™! 0.05 to the
horizontal. The cyclist moves with constant acceleration until he reaches the bottom of the hill with
speed Sms™'. The cyclist generates 420 W of power while moving down the hill. The resistance to
the motion of the cyclist and his bicycle, RN, and the cyclist’s speed, vms™, both vary.

(i) Show thatR = 4—30- +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]

O/N 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 f 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 7
(a) the total distance travelled, (3]

(b) the average speed.
M/J 15/P42/Q4
A particle P moves in a straight line. At time ¢ seconds after starting from rest
line, the acceleration of P is ams™2, where a = 0.075¢2 — 1.5¢ + 5. 0
(i) Find an expression for the displacement of P from O in terms of 7. y
(ii) Hence find the time taken for P to return to the point O. @ @ [3]

M/J 15/P42/Q5
A particle P starts from rest at a point O on a horizontal straight

constant acceleration and reaches a point A on the line with R
P leaves O, a particle Q is projected vertically upwards fr RE) nt A w1th a speed of 20ms~
Subsequently P and Q collide at A. Find
(i) the acceleration of P’

(ii) the distance OA. @

M/J 15/P41/Q6

Two particles A and B start to move at the same instant from a point O. The particles move in the
same dlrectlon 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.

(2]

(4]
(2]
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(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 ¢ = 500.
(ii) Find the distance between A and B when 7 = 500. [6]

M/J 15/P43/1Q7
A particle P moves on a straight line. It starts at a point O on the line and returns to O 100s later.
The velocity of P is vms™! at time ¢s after leaving O, where

v = 0.00012 - 0.0152 + 0.5¢.

(i) Show that P is instantaneously at rest when ¢ = 0, t = 50 and ¢ = 100. [2]
(ii) Find the values of v at the times for which the acceleration of P is zero, and sketch the velocity-
time graph for P’s motion for 0 < ¢ < 100. [7]

(iii) Find the greatest distance of P from O for 0 < ¢ < 100. [4]

OIN 14/P42/Q1

A particle P is projected vertically upwards with speed 11 ms~! from a point on horizontal ground.
At the same instant a particle Q is released from rest at a point A m above the ground. P and Q hit the
ground at the same instant, when Q has speed Vms™.

(i) Find the time after projection at which P hits the ground. 2]
(i) Hence find the values of A and V. [2]
O/N 14/P42/Q6

ABC is a line of greatest slope of a plane inclined at angle o to the horizontal, where sin a = 0.28 and
cos a = 0.96. The point A is at the top of the plane, the point C is at the bottom of the plane and the
length of AC is 5m. The part of the plane above the-level of B is smooth and the part below the level
of B is rough. A particle P is released from rest at A and reaches C with a speed of 2ms~!. The
coefficient of friction between P and the part of the plane below B is 0.5. Find

(i) the acceleration of P while moving
(a) from A to B,

(b) from B to C, (3]
(ii) the distance AB, 3]
(iii)the time taken for P to move from A to C. 3]
O/N 14/P42/Q7 ¢
v(ms™!) o ‘@C &©
A > §?
G®
o 3 B 1(S)
l
I

o

It the

S

Ation is constant. For the remaining 12 s the

The diagram shows the velocity-time graph for the
line BAC. It starts at A and travels to B taking 5s.
C taking 10s. For the first 3s of P’s motion its accele
velocity of Pis vim s™! at time ts after leaving A, where

=—-0.2 +4t-15 for3 <r<15.
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(i) Find the value of v when ¢ = 3 and the magnitude of the acceleration of P for the first 3 s of its
motion. [3]

(ii) Find the maximum velocity of P while it is moving from B to C. [3]

(iii) Find the average speed of P,

(a) while moving from A to B,

(b) for the whole journey. [6]
O/N 14/P41/Q4
Particles P and Q move on a straight line AOB. The particles leave O simultaneously, with P moving
towards A and with Q moving towards B. The initial speed of P is 1.3 ms™! and its acceleration in
the direction OA is 0.1 ms™2. Q moves with acceleration in the direction OB of 0.016¢ ms™2, where
t seconds is the time elapsed since the instant that P and Q started to move from O. When ¢ = 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]
(ii) 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 5.5 ms™2,

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

(ii) 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.

O/N 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, vm s”! at time ¢ seconds

after the motion started, is given by
v=-0.1+24t-k,
where 8 < ¢ < 18 and k is a constant.

(i) Find the value of v when ¢ = 8 and hence find the value of k. . [2]

(i) Find the maximum velocity of P. @(‘ O

(iii) Find the displacement of P from its initial position when #=18. [3]
©

M/J 14/P42/Q2 Q@@%

A and B are two points which are 10 m apart on the same horizontal plane. P starts to move

from rest at A, directly towards B, with constant acceleration 0.5 m s,

directly towards A with constant speed 0.75ms™", and passes throug

D

erparticle Q is moving
\(Q
3¢ 1nstant that P starts to

move. At time T s after this instant, particles P and Q collide. Fj

(i) the value of T,

3 [4]
(ii) the speed of P immediately before the collision. % 7

(1]

M/J 14/P42/Q4 4
A particle P moves on a straight line, starting from pgx€4t a gint O of the line. The time after P starts
to move is 78, and the particle moves along the line witliyonstant acceleration ;11-rns’2 until it passes

through a point A at time ¢ = 8. After passing through A the velocity of P is %t% ms~'.
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(i) Find the acceleration of P immediately after it passes through A. Hence show that the acceleration
of P decreases by Tli m s as it passes through A. [4]
(ii) Find the distance moved by P from ¢ =0 to ¢t = 27. [3]

M/J 14/P41/Q4 ,
A particle is projected vertically upwards with speed 9ms™! from a point 3.15 m 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
Two cyclists P and Q travel along a straight road ABC, starting simultaneously at A and arriving
simultaneously at C. Both cyclists pass through B 400 after leaving A. Cyclist P starts with speed
3ms™" and increases this speed with constant acceleration 0.005 ms~2 until he reaches B.

(i) Show that the distance AB is 1600 m and find P’s speed at B. [3]

Cyclist Q travels from A to B with speed vims™

v = 0.047 — 0.0001 + k,

at time r seconds after leaving A, where

and k is a constant.
(ii) Find the value of k and the maximum speed of Q before he has reached B. [6]
Cyclist P travels from B to C, a distance of 1400 m, at the speed he had reached at B. Cyclist Q

travels from B to C with constant acceleration ams™2.

(iii) Find the time taken for the cyclists to travel from B to C and find the value of a. (4]

M/J 14/P43/Q6
A particle starts from rest at a point O and moves in a horizontal straight line. The velocity of the

particle is vms™' at time ¢ s after leaving O. For 0 < ¢ < 60, the velocity is given by
v = 0.05¢ - 0.0005¢.
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 =0.025t-2.5.

(i) Find the velocity of the particle immediately before it hits the wall, and its velocity igfinediately
after its hits the wall, & A 2

(ii) Find the total distance travelled by the particle. 5 Q (4]
(iii) Find the maximum speed of the particle and sketch the particle’s ve graph for
0 < 7 £ 100, showing the value of 7 for which the speed is greatest. ng) @&% [4]

OIN 13/P42/Q5 &
A particle P moves in a straight line. P starts from rest at O and s twhere it comes to rest,

taking 50 seconds. The speed of P at time ¢ seconds after leav'Q .:éf} s, where v is defined as

follows. @

ForO0<t<5, v=t-0.1¢
for 5 <1 <45, viscot,
£

for45<t<50, v= 07— 200.
(i) Find the distance travelled by P in the first 5 seconds. [3]
(ii) Find the total distance from O to A, and deduce the average speed of P for the whole journey
from O to A. (6]
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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.
(iif) 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. . [3]

O/N 13/P41/Q3

A cyclist exerts a constant driving force of magnitude F'N while moving up a straight hill inclined

at an angle « to the horizontal, where sina = 33—265. A constant resistance to motion of 32 N acts on
the cyclist. The total weight of the cyclist and his bicycle is 780 N. The cyclist’s acceleration is

-2

-0.2ms™",

(i) Find the value of F.. 4]
The cyclist’s speed is 7ms™" at the bottom of the hill.
(ii) Find how far up the hill the cyclist travels before coming to rest. [2]

O/N 13/P41/Q7

A particle P starts from rest at a point O and moves in a straight line. P has acceleration 0.6/ m s at
time ¢ seconds after leaving O, until r = 10.
(i) Find the velocity and displacement from O of P when ¢ = 10. [5]

After ¢ = 10, P has acceleration —0.4rm¢ until it comes to rest at a point A. @(" QC@
N
O/N 13/P43/Q1
A particle moves up a line of greatest slope of a rough plane inclined at an,
(i) Show that the acceleration of the particle is ~6 m 572, @ 3]
<

(i) Find the distance OA. X §§@ [7]
Q
where sin a = 0.28. The coefficient of friction between the particle and
EXhe particle travels up the

(ii) Given that the particle’s initial speed is 5.4 ms™, find the disg

plane. [2]
O/N 13/P43/Q5
A car travels in a straight line from A to B, a distance 7 taking 552 seconds. The car starts
from rest at A and accelerates for T} s at 0.3 m s, 1 aspeed of Vms™'. The car then continues
to move at Vms™! for T, s. It then decelerates for T9s aJ , coming to rest at B.
(i) Sketch the velocity-time graph for the motion and express T, and T in terms of V. (3]
(ii) Express the total distance travelled in terms of V and show that 13V2 = 3312V + 72000 = 0.
Hence find the value of V. (5]

/
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[

O/N 13/P43/Q7

A vehicle starts from rest at a point O and moves in a straight line. Its speed vins™
after leaving O is defined as follows.

For0<r<60, v=k;t-0.0057

! at time f seconds

k
fort> 60, v=-2.

vt
The distance travelled by the vehicle during the first 60 s is 540 m.
(i) Find the value of the constant k, and show that k, = 12+/(60). [5]
(ii) Find an expression in terms of ¢ for the total distance travelled when ¢ > 60. (2]
(iif) Find the speed of the vehicle when it has travelled a total distance of 1260 m. [3]

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 A on

the line. During the first 8 seconds P’s speed increases to 8 ms™! 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 6.5ms™!.

(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 < 1 < 26.

(iii) Show that, for 20 < f < 26, (1]

s = 0.375¢% - 13t + 202. (6]

M/J 13/P41/Q3

The top of a cliff is 40 metres above the level of the sea. A man in a boat, close to the bottom of the

cliff, is in difficulty and fires a distress signal vertically upwards from sea level. Find

(i) the speed of projection of the signal given that it reaches a height of Sm above the top of the
cliff, (21

(ii) the length of time for which the signal is above the level of the top of the cliff. [2]

The man fires another distress signal vertically upwards from sea level. This signal is above the level

of the top of the cliff for /(17) s. ‘

(iii) Find the speed of projection of the second signal. : ~ 3]

M/J 13/P41/1Q7

A car driver makes a journey in a straight line from A to B, starting from rest. The s r« -c the car
increases to a maximum, then decreases until the car is at rest at B. The distance 2\ @ <5\\ the car
t 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. 21
(iv) Sketch the velocity-time graph for the journey. [2]

M/J 13/P43/Q4
An aeroplane moves along a straight horizontal runway;j5 akmg off. It starts from rest at O and

has speed 90ms™' at the instant it takes off. Whil G ane is on the runway at time ¢ seconds
after leaving O, its acceleration is 1.5 +0.012¢ ms™. §

(i) the value of ¢ at the instant the aeroplane takes off, (4]
(ii) the distance travelled by the aeroplane on the runway. [3]
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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 7. 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]

O/N 12/P42/Q7

A particle P starts to move from a point O and travels in a straight line. The velocity of P is
k(607% — t3) ms~! at time ¢s after leaving O, where k is a constant. The maximum velocity of P
is 6.4ms™!

(i) Show that k£ = 0.0002. [3]
P comes to instantaneous rest at a point A on the line. Find

(ii) the distance OA, [5]
(iii) the magnitude of the acceleration of P at A, [2]
(iv) the speed of P when it subsequently passes through O. 2]

O/N 12/P41/Q1

An object is released from rest at a height of 125 m above horizontal ground and falls freely under
gravity, hitting a moving target P. The target P is moving on the ground in a straight line, with
constant acceleration 0.8 ms™2. At the instant the object is released P passes through a point O with
speed Sms~!. Find the distance from O to the point where P is hit by the object. [4]
O/N 12/P41/Q5

Particle P travels along a straight line from A to B with constant acceleration 0.05 m s72. Its speed at
Ais 2ms™! and its speed at B is 5ms™".

(i) Find the time taken for P to travel from A to B, and find also the distance AB. 3]

Particle Q also travels along the same straight line from A to B, starting from rest at A. At time 7s
after leaving A, the speed of Q is k£ ms™!, where k is a constant. Q takes the same time to travel
from A to B as P does.

(ii) Find the value of k and find Q’s speed at B. [5]
O/N 12/P41/Q6

8ms

The diagram shows the vertical cross-section ABCD of a suri;:@@ rcular arc, and AB and
CD are tangents to BC at B and C respectively. A and D are \‘.‘ horizontal level, and B and
C are at heights 2.7 m and 3.0 m respectively above the leye A :-gh\ D. A particle P of mass 0.2kg
is given a velocity of 8ms™

«
@ agram). The parts of the surface
containing AB and BC are smooth.

at A, in the direction of segsf
> &
<
(i) Find the decrease in the speed of P as P moves%lil%@? surface from B to C. [4]
The part of the surface containing CD exerts a constanfrictional force on P, as it moves from C to

D, and P comes to rest as it reaches D.
(if) Find the speed of P when it is at the mid-point of CD- . [5]

Study copy distributed by EduResource ZA | eduresourcza.com


https://eduresourcza.com

‘Mathematics A Level P-4 Topical 96 Unit 2: Kinematics of motion in straight line

122.

123.

124,

125.

126.

127.

Read and Wirite Publications

O/N 12/P43/Q2
A particle moves in a straight line. Its velocity ¢ seconds after leaving a fixed point O on the line is
vms~', where v = 0.2¢ + 0.006¢%. For the instant when the acceleration of the particle is 2.5 times its
initial acceleration, ‘
(i) show thatt =25, [3]
(ii) find the displacement of the particle from O. (3]
O/N 12/P43/Q3
A particle P is projected vertically upwards, from a point O, with a velocity of 8 ms™!. The point A
is the highest point reached by P. Find
(i) the speed of P when it is at the mid-point of OA, (4]
(ii) the time taken for P to reach the mid-point of OA while moving upwards. 2]
M/J 12/P42/Q3
A particle P moves in a straight line, starting from the point O with velocity 2ms~'. The acceleration
of P at time s after leaving O is 28 ms™2,
(i) Show that tg' = % when the velocity of P is 3ms™. [4]
(if) Find the distance of P from O when the velocity of P is 3ms™. l [3]
M/J 12/P42/Q7 o
3ms
[
X Z Y
The frictional force acting on a small block of mass 0.15 kg, while it is moving on a horizontal surface,
has magnitude 0.12 N. The block is set in motion from a point X on the surface, with speed 3ms™!. It
hits a vertical wall at a point ¥ on the surface 2 s later. The block rebounds from the wall and moves
directly towards X before coming to rest at the point Z (see diagram). At the instant that the block
hits the wall it loses 0.072 J of its kinetic energy. The velocity of the block, in the direction from X to
Y,is vms™' at time ¢ s after it leaves X.
(i) Find the values of v when the block arrives at ¥ and when it leaves ¥, and find also the value of
¢ when the block comes to rest at Z. Sketch the velocity-time graph. [9]
(ii) The displacement of the block from X, in the direction from X to Y, is s m at time ¢s. Sketch the
displacement-time graph. Show on your graph the values of s and ¢ when the block is at ¥ and
when it comes to rest at Z. (4]
M/J 12/P41/Q4 &(@
A particle P starts at the point O and travels in a straight line. At time ¢ seconds §ift é@mg O the
velocity of P is vins™, where v = 0.75 — 0.0625¢. Find W @05
(i) the positive value of ¢ for which the acceleration is zero, &% (3]
(ii) the distance travelled by P before it changes its direction of motion@Q§> © [5]
M/J 12/P41/Q5

10m
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The diagram shows the vertical cross-section OAB of a slide. The straight line AB is tangential to
the curve OA at A. The line AB is inclined at ¢ to the horizontal, where sin o = 0.28. The point O is
10 m higher than B, and AB has length 10 m (see diagram). The part of the slide containing the curve
OA is smooth and the part containing AB is rough. A particle P of mass 2kg is released from rest at
O and moves down the slide.

(i) Find the speed of P when it passes through A. [3]
The coefficient of friction between P and the part of the slide containing AB is 1—12 Find

(ii) 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
A particle P travels from a point O along a straight line and comes to instantaneous rest at a point A.

The velocity of P at time ¢ after leaving O is vms™, where v = 0.027(10¢% - £). Find

(i) the distance OA, [4]
(i) the maximum velocity of P while moving from O to A. [3]
O/N 11/P42/Q3

A particle P moves in a straight line. It starts from a point O on the line with velocity 1.8 ms™. The
acceleration of P at time ¢ s after leaving O is 0.8¢°7 ms™2, Find the displacement of P from O when
t=16. [6]
O/N 11/P42/Q7

A tractor travels in a straight line from a point A to a point B. The velocity of the tractor is vis™ at
time ¢ s after leaving A.

(i)
v(ms™)
A
I ]
i
i
[
|
|
|
[
|
|
|
{
, |
|
I
i
] o
| | »
0 400 800
. . . . N
The diagram shows an approximate velocity-time graph for the motion of azgk The graph
consists of two straight line segments. Use the graph to find an approxi 0,
(a) the distance I‘AB, @ [2]
(b) the acceleration of the tractor for 0 < ¢ < 400 and for 400 < O 2]
(if) The actual velocity of the tractor is given by v = 0.04¢ —0.080 0 ))"'3“ 0 <1< 800.

(a) Find the values of ¢ for which the actual acceleratig t b(\ actor is given correctly by the
approximate velocity-time graph in part (i). @0 0_@ [3]
For the interval 0 < ¢ < 400, the approximatci \;)s the tractor in part (i) is denoted by

_1. \))

v, ms s
(b) Express v, in terms of ¢ and hence show that v, = v =0.00005(z — 200)> - 1. [2]
(¢) Deduce that -1 v, -v< 1. [2]
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O/N 11/P41/Q4
am s2

176 1,

A, B and C are three points on a line of greatest slope of a smooth plane inclined at an angle of 6° to
the horizontal. A is higher than B and B is higher than C, and the distances AB and BC are 1.76 m and
2.16 m respectively. A particle slides down the plane with constant acceleration am s2. The speed
of the particle at A is ums™' (see diagram). The particle takes 0.8 s to travel from A to B and takes

1.4 s to travel from A to C. Find
(i) the values of 1 and a, [6]
(ii) the value of 6. (2]

OIN 11/P41/Q7
A particle P starts from a point O and moves along a straight line. P’s velocity s after leaving O is

vms~!, where 3
v =0.162 - 0.016£2.

P comes to rest instantaneously at the point A.

(i) Verify that the value of f when P is at A is 100. [1]
(ii) Find the maximum speed of P in the interval 0 < ¢ < 100. [4]
(iii) Find the distance OA. [3]
(iv) Find the value of f when P passes through O on returning from A. 2]
O/N 11/P43/Q1

v(ms™)

2.2

after passing through a fixed point

A woman walks in a straight line. The woman’s velocity £g2co
of @ straight line segments (see diagram).

A on the line is vimns™'. The graph of v against ¢ cong;
The woman is at the point B when ¢ = 60. Find

(i) the woman’s acceleration for 0 < ¢ < 30 and for 308’ < 40, [3]
(ii) the distance AB, (2]
(iii) the total distance walked by the woman. [1]
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135.

136.

137.

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 vms™, where v = 672 — k7> and & is a constant.

(1) 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 £, (2]
(iv) the maximum value of v when the particle is moving from A towards B. [3]
M/J 11/P42/Q3

v(ms™)

A
50

» £ (8)

05 102
The velocity-time graph shown models the motion of a parachutist falling vertically. There are four
stages in the motion:

* falling freely with the parachute closed,
* decelerating at a constant rate with the parachute open,

* falling with constant speed with the parachute open,
* 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.
(i) Find the upward force on the parachutist due to the parachute, during the sec

.é

M/J 11/P42/Q5 SN

Two particles P and Q are projected vertically upwards from horizontal @ e same instant.
d

The speeds of projection of P and Q are 12ms™! and 7ms™ respectiv@ heights of P and 0
above the ground, ¢ seconds after projection, are s, m and hQ m respegtivel % ach particle comes to
)
&,

rest on returning to the ground.

(i) Find the set of values of ¢ for which the particles are travel gposite directions. [3]

(ii) At a certain instant, P and Q are above the ground and
O at this instant.

M/J 11/P42/Q7

A walker travels along a straight road passing thr

0.9ms™! and 1.3 ms™! respectively. The walker’s acce
to 0.004 ms2
(i) Find the time taken by the walker to travel from A to B, and find the distance AB. (3]

N
1

2 [2]
S A
- 5]

S

gpiition between A and B is constant and equal
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A cyclist leaves A at the same instant as the walker. She starts from rest and travels along the straight

road, passing through B at the same instant as the walker. At time ¢s after leaving A the cyclist’s

speed is k> ms™!, where k is a constant.

(ii) Show that when ¢ = 64.05 the speed of the walker and the speed of the cyclist are the same,
correct to 3 significant figures. [5]

(iii)Find the cyclist’s acceleration at the instant she passes through B. 2]

M/J 11/P41/Q5
A train starts from rest at a station A and travels in a straight line to station B, where it comes to rest.

The train moves with constant acceleration 0.025 ms™2 for the first 600 s, with constant speed for the
next 2600s, and finally with constant deceleration 0.0375 ms™2.

(i) Find the total time taken for the train to travel from A to B. [4]
(ii) Sketch the velocity-time graph for the journey and find the distance AB. [3]

(iii) The speed of the train ¢ seconds after leaving A is 7.5m s~!. State the possible values of ¢. (1]

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

is vins™!, where v = 4¢ — T1'6't3 . The distance PQ is 64 m.

(i) Find the time taken for the particle to travel from P to Q. [5]
(ii) Find the set of values of ¢ for which the acceleration of the particle is positive. [4]

M/J 11/P43/Q3
'Q ums! / P

32m

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 @
is released from rest at a point 3.2 m vertically above the bottom of the ramp, at the same jnstant that

(i) the value of u,
(ii) the speed with which P reaches the bottom of the ramp.

M/J 11/P43/Q4
v(ms™)

© 25
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The diagram shows the velocity-time graphs for the motion of two particles P and Q, which travel
in the same direction along a straight line. P and Q both start at the same point X on the line, but
Q starts to move T's later than P. Each particle moves with speed 2.5ms™! for the first 20's of its
motion. The speed of each particle changes instantaneously to 4ms™ after it has been moving for
20 s and the particle continues at this speed.

(i) Make a rough copy of the diagram and shade the region whose area represents the displacement

of P from X at the instant when Q starts. [1]
It is given that P has travelled 70 m at the instant when Q starts.
(ii) Find the value of 7. [2]
(iii) Find the distance between P and Q when Q’s speed reaches 4ms™'. [2]
(iv) Sketch a single diagram showing the displacement-time graphs for both P and Q, with values
shown on the #-axis at which the speed of either particle changes. 2]

M/J 11/P43/Q7
A particle travels in a straight line from A to B in 20s. Its acceleration ¢ seconds after leaving A is

ams™, where a = 35¢* — gb=£>. It is given that the particle comes to rest at B.

(i) Show that the initial speed of the particle is zero. [4]
(ii) Find the maximum speed of the particle. [2]
(iii) Find the distance AB. [4]

O/N 10/P42/Q5
Particles P and Q are projected vertically upwards, from different points on horizontal ground, with
velocities of 20ms™' and 25 m s~ respectively. Q is projected 0.4 s later than P. Find

(i) the time for which P’s height above the ground is greater than 15 m, [3]
(ii) the velocities of P and Q at the instant when the particles are at the same height. [5]
O/N 10/P42/Q6
v(ms)
A
V _________________

0 / 2.5 4.5

vms~! is the velocity of P at time ¢s. The graph consists of five e segments. The particle

starts from rest when ¢ = 0 at a point X on the line betwee

particle comes to rest at A when ¢ = 2.5. @

(i) Given that the distance XA is 4 m, find the greatest d 1
motion. $ [2]

In the second stage, P starts from rest at A when @2 \Q moves towards B. The distance AB is

48 m. The particle takes 12 s to travel from A to B and eDfnes to rest at B. For the first 2 s of this stage

P accelerates at 3 ms™2, reaching a velocity of Vms™. Find

(ii) the value of V, (2]

The diagram shows the velocity-time graph for a particle P whi;:%&& Wmﬁght line AB, where
(
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(iii) the value of ¢ at which P starts to decelerate during this stage, [3]
(iv) the deceleration of P immediately before it reaches B. 2]

O/N 10/P42/Q7
A particle P travels in a straight line. It passes through the point O of the line with velocity Sm s™!at

time ¢ = 0, where 7 is in seconds. P’s velocity after leaving O is given by

(0.002£ —0.12¢% + 1.8t + S) ms™".
The velocity of P is increasing when O < ¢ < T, and when ¢ > T,, and the velocity of P is decreasing
when T, < t<T,.
(i) Find the values of T, and T, and the distance OP whent=T,. [71
(ii) Find the velocity of P when ¢ = T, and sketch the velocity-time graph for the motion of P.  [3]

O/N 10/P41/Q1

y(ms™)
A

\ %

» £ (S)

Two particles P and Q move vertically under gravity. The graphs show the upward velocity vms™!

of the particles at time s, for 0 < ¢ < 4. P starts with velocity Vm s™! and Q starts from rest.

(i) Find the value of V. [2]
Given that Q reaches the horizontal ground when ¢ = 4, find

(ii) the speed with which Q reaches the ground, [1}]
(iii) the height of Q above the ground when ¢ = 0. [2]

OIN 10/P41/Q4 ©
A particle P starts from a fixed point O at time ¢ = 0, where # is in seconds, and wglpconstant
acceleration in a straight line. The initial velocity of P is 1.5 ms~! and its velg€ly ﬁ t=101is
3.5ms™l. NN
(i) Find the displacement of P from O when ¢ = 10. é%w (2]
Another particle Q also starts from O when ¢ = 0 and moves along the@raight line as P. The
acceleration of Q at time ¢ is 0.03¢ms™2, @ &

(i) Given that Q has the same velocity as P when ¢ = 10, show al g}‘@ the same displacement
from O as P when ¢t = 10. (@ {51

O/N 10/P43/Q1 D> 4

A particle P is released from rest at a point on a smoogi$lane@clined at 30° to the horizontal. Find
7

the speed of P @: S

(i) when it has travelled 0.9 m, S

(i) 0.8 s after it is released. [4]
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O/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 a

point Y. At time ¢s after leaving X, the acceleration of the particle is

0.75ms™? for O<t<4,
Oms? for 4<t<54,
-0.5ms™2 for 54 <t<60.

(i) Find the velocity of the particle when # = 4 and when ¢ = 60, and sketch the velocity-time graph.

[5]
(ii) Find the distance XY . [2]

O/N 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
0.722 - 0.0962 for 0<t<5,
2.4t-0247 for 5<t<10.

(i) Show that there is no instantaneous change in the acceleration of the particle when # = 5. [4]
(ii) Find the distance AB. [4]
M/J 10/P42/Q2, M/J 10/P41/Q2
v(ms™)
A
0.18}———- |
I
l 5
%) ) 6 3 TS

3 s to return to its starting position. Find

(i) the acceleration of the tool during the first 2 s of the motion, N

(i) the distance the tool moves forward while cutting, ﬁ

(iiii) the greatest speed of the tool during the return to its starting positit@ ®© [2]
M/J 10/P42/Q7, MIJ 10/P41/Q7 @

A vehicle is moving in a straight line. The velocity vm statti after the vehicle starts is given

by v=A(t-0052) for0< ¢S,

v= -Bl fort = 15, (
? @ §
\9.

where A and B are constants. The distance travelle@? \&vehicle between ¢ = Oandr=15is225m.
(i) Find the value of A and show that B = 3375. [5]
(ii) Find an expression in terms of ¢ for the total distance travelled by the vehicle when ¢ > 15.  [3]
(iii) Find the speed of the vehicle when it has travelled a total distance of 315 m. [3]
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M/J 10/P43/Q2
A particle starts at a point O and moves along a straight line. Its velocity ¢s after leaving O is

(1.2t - 0.12¢2) ms™!. Find the displacement of the particle from O when its acceleration is 0.6 ms2.

M/J 10/P43/Q5 b
A ball moves on the horizontal surface of a billiards table with deceleration of constant magnitude
dms™2. The ball starts at A with speed 1.4ms™' and reaches the edge of the table at B, 1.2 later,
with speed 1.1ms™'.
(i) Find the distance AB and the value of d. [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
at C where the distance BC is 2m.
(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 Band at C. [2]

M/J 10/P43/Q6

Particles P and Q move on a line of greatest slope of a smooth inclined plane. P is released from rest
at a 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 instant 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.

(ii) Find the value of ¢. (5]

O/N 09/P42/Q7
A motorcyclist starts from rest at A and travels in a straight line. For the first part of the motion, the

motorcyclist’s displacement x metres from A after ¢ seconds is given by x = 0.61* — 0.0047°-
(i) Show that the motorcyclist’s acceleration is zero when ¢ = 50 and find the speed V m s”! at this

time. [5]
For ¢ = 50, the motorcyclist travels at constant speed Vms™1.
(ii) Find the value of ¢ for which the motorcyclist’s average speed is 27.5m s7L, [5]
O/N 09/P41/Q7
A particle P starts from rest at the point A at time ¢ = 0, where ¢ is in seconds, and movga traight
line with constant acceleration ams~2 for 10s. For 10 < ¢ < 20, P continues to me&/a 'g;\; the line

with velocity vms™', where v = it(-)—(-)- -~ 2. Find

2 o
S
(i) the speed of P when 7 = 10, and the value of a, Qy\ &ﬁ [2]
@ ©

(ii) the value of ¢ for which the acceleration of P is —am s'2, [4]
(iii)the displacement of P from A when ¢ = 20,

®
@ (6l
M/J 09/P4/Q7 >

A particle P travels in a straight line from A to D, passing thr, [
AB the velocity of the particle is (0.5¢ - 0.0172) ms™, wh; s ¢ time after leaving A.

(i) Given that the acceleration of P at B is 0.1 ms™2, fin ti taken for P to travel from A to B.

The acceleration of P from B to C is constant and e% b ) (3]
(ii) Given that P reaches C with speed 14 m s~!, fin h e taken for P to travel from Bto C. [3]

P travels with constant deceleration 0.3 ms™2 from C to D. Given that the distance CD is 300 m, find
(iii) the speed with which P reaches D, (2]
(iv) the distance AD. (6]
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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' m s”!. In the
second stage the train travels at constant speed Vm s~! 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) Given that the acceleration of the train during the first stage of the journey is 0.15m s~2 | find the

distance travelled by the train during the third stage of the journey. [4]

O/N 08/P4/Q7

A particle P is held at rest at a fixed point O and then released. P falls freely under gravity until it
reaches the point A which is 1.25 m below O.

(i) Find the speed of P at A and the time taken for P to reach A. [3]
The particle continues to fall, but now its downward acceleration ¢ seconds after passing through A is
(10 - 0.3r) ms™2.

(ii) Find the total distance P has fallen, 3 s after being released from O. 7]

M/J 08/P4/Q1
A particle slides down a smooth plane inclined at an angle of a° to the horizontal. The particle passes

through the point A with speed 1.5ms™}, and 1.2s later it passes through the point B with speed
4.5ms™!, Find

(i) the acceleration of the particle, [2]
(ii) the value of a. [2]
M/J 08/P4/Q7

v (ms™)

A

0 10 30

An object P travels from A to B in a time of 80s. The diagra
vms™! is the velocity of P at time ¢ s after leaving A. The g
the intervals 0 < r < 10 and 30 € ¢ < 80, and a curved sw
for 10 < ¢ £ 30. Find C; '

(i) the maximum velocity of P, @ % [4]
(i) the distance AB. Vg [9]
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O/N 07/P4/Q2

A particle is projected vertically upwards from a point O with initial speed 12.5 ms~!. At the same
instant another particle is released from rest at a point 10 m vertically above O. Find the height above
O at which the particles meet. [5]

O/N 07/P4/Q6
(i) A man walks in a straight line from A to B with constant acceleration 0.004 ms™2. His speed at

Ais 1.8ms™! and his speed at B is 2.2m s”!. Find the time taken for the man to walk from A to

B, and find the distance AB. (3]
(ii) 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(2007 — *)m s”!, where k is a constant. Find

(a) the value of k, [4]

(b) the cyclist’s speed at B. [1]
(iii) Sketch, using the same axes, the velocity-time graphs for the man’s motion and the woman’s

motion from A to B. [3]

M/J 07/P4/Q1

A particle slides up a line of greatest slope of a smooth plane inclined at an angle «° to the horizontal.
The particle passes through the points A and B with speeds 2.5 m s™! and 1.5 ms™! respectively. The
distance AB is 4 m (see diagram). Find

(i) the deceleration of the particle, [2]
(ii) the value of o. 2]

M/J 07/P4/Q6
v(ms~1)
A

Tmb————

@ &
o 1 @%& ( ‘.
A particle P starts from rest at the point A and travels in a str@ight lingcoming to rest again after 10s.
The velocity-time graph for P consists of two straight line see diagram). A particle Q starts
from rest at A at the same instant as P and travels alon ] straight line as P. The velocity of
Q is given by v = 3t - 0.3¢% for 0 < ¢ < 10. The dis@ from A of P and Q are the same when
t=10.

a

(i) Show that the greatest velocity of P during its motion is 10m s7L [6]
(ii) Find the value of ¢, in the interval 0 < ¢ < 5, for which the acceleration of Q is the same as the
acceleration of P. (3]
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OI/N 06/P4/Q4
The velocity of a particle ¢ s after it starts from rest is vmm s7!, where v = 1.25¢ — 0.057. Find

(i) the initial acceleration of the particle, [2]
(ii) the displacement of the particle from its starting point at the instant when its acceleration is
0.05ms™2. [5]

M/J 06/P4/Q2
A motorcyclist starts from rest at A and travels in a straight line until he comes to rest again at B. The

velocity of the motorcyclist ¢ seconds after leaving A is vm s”!, where v = £ — 0.01¢2. Find

(i) the time taken for the motorcyclist to travel from A to B, [2]
(ii) the distance AB., (3]
M/J 06/P4/Q4
v(ms™h
A
7 ______________________
i
|
|
|
] P i
i
I
|
|
|
1
|
I
0 0.7 7 >0

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 7m s whent=0.7.
It reaches the bottom of the container with velocity 5m s™ whent=1.2.

(i) Find
(a) the height of A above the surface of the liquid,
(b) the depth of liquid in the container. [3]
(ii) 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 liqu S nitude
0.7 N, find the mass of the stone. @Q') [3]
N

A
M/J 06/P4/Q7 0 i
Two particles P and Q move on a line of greatest slope of a smooth incljngd) he particles start
Init@iy P moves down the

at the same instant and from the same point, each with speed 1.3ms’

plane and Q moves up the plane. The distance between the particl coafter they start to move
is dm. &

(i) Show that d = 2.6¢. [4]
When ¢ = 2.5 the difference in the vertical height of the paytéi€s {’ .6m. Find

(ii) the acceleration of the particles down the plane, (& 3]
(iii) the distance travelled by P when Q is at its highgak$oi (3]
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O/N 05/P4/Q1
A car travels in a straight line with constant acceleration ams™2. It passes the points 4, B and C, in

this order, with speeds 5ms™!, 7ms™! and 8ms™! respectively. The distances AB and BC are d, m
and d, m respectively.

(i) Write down an equation connecting

(a) d1 and a,

(b) d, and a. [2]
(ii) Hence find d1 in terms of d2. [2]
O/N 05/P4/Q5

s (m)
A

o

400 -
A

|
|
L
80 560 600
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 tangent
to the curve CD at C. The gradient of the curves at ¢t = 0 and ¢ = 600 is zero, and the eration of

> 1(S)

the car is constant for O < ¢ < 80 and for 560 < ¢ < 600. The displacement of the when
t = 80. 0
(i) Sketch the velocity-time graph for the journey. 0 g 3]
(ii) Find the velocity at ¢ = 80. &Q) égy [2]
(iii)Find the total distance for the journey. @ © 2]
(iv)Find the acceleration of the car for 0 < £ < 80. @ [2]
O/N 05/P4/Q6 IS 2
A particle P starts from rest at O and travels in a straight li%lts 5&‘% city vms™! at time s is given
byv=8t—-2t2for0<t<3,andv=%fort>3.Fin @,g,f‘

A,
(i) the distance travelled by P in the first 3 secondsg\@ [4]

(ii) an expression in terms of ¢ for the displacement 95;‘5 O, valid for t > 3, [3]
%27 m. [3]

Study copy distributed by EduResource ZA | eduresourcza.com


https://eduresourcza.com

Mathematics A Level P-4 Topical 109 Unit 2: Kinematics of motion in straight line

174.

175.

176.

Read and Write Publications

M/J 05/P4/Q5
A particle P moves along the x-axis in the positive direction. The velocity of P at time ¢ s is 0.032 ms™,
When ¢ = 5 the displacement of P from the origin O is 2.5 m.

(i) Find an expression, in terms of ¢, for the displacement of P from O. (4]
(ii) Find the velocity of P when its displacement from O is 11.25 m. [3]
M/J 05/P4/Q6
v(msh)
A
V e —
0 5 15 18 24.5 > 1)

The diagram shows the velocity-time graph for a lift moving between floors in a building. The graph
consists of straight line segments. In the first stage the lift travels downwards from the ground floor
for 5 s, coming to rest at the basement after travelling 10 m.

(i) Find the greatest speed reached during this stage. [2]
The second stage consists of a 10 s wait at the basement. In the third stage, the lift travels upwards
until it comes to rest at a floor 34.5 m above the basement, arriving 24.5 s after the start of the first
stage. The lift accelerates at 2m s~2 for the first 3 s of the third stage, reaching a speed of Vms™.
Find

(ii) the value of V, [2]
(iii) the time during the third stage for which the lift is moving at constant speed, [3]
(iv) the deceleration of the lift in the final part of the third stage. [2]

O/N 04/P4/Q5
4ms? 2ms2 5@ 65»

other in a horizontal straight line. The initial speeds of P azeBms™! and 3ms~! respectively.
The accelerations of P and Q are constant and equal to 4 -2 respectively (see diagram).

(i) Find the speed of P at the instant when the spee is X times the speed of Q. (4]
(ii) Given that AB = 51 m, find the time taken from stap) ntil P and Q meet. 4]
O
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O/N 04/P4/Q7
A particle starts from rest at the point A and travels in a straight line until it reaches the point B. The

velocity of the particle ¢ seconds after leaving A is vms™!, where v = 0.0097% — 0.0001£3. Given that
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]
(ii) the distance AB, (4]
(iii) the maximum velocity of the particle. 4]

M/J 04/P4/Q3
v(msh
A

7

» 1(s)

—4—

A boy runs from a point A to a point C. He pauses at C and then walks back towards A until reaching
the point B, where he stops. The diagram shows the graph of v against ¢, where vms~! is the boy’s
velocity at time # seconds after leaving A. The boy runs and walks in the same straight line throughout.
(i) Find the distances AC and AB. : [3]

(ii) Sketch the graph of x against ¢, where x metres is the boy’s displacement from A. Show clearly
the values of r and x when the boy arrives at C, when he leaves C, and when he arrivesat B.  [3]

M/J 04/P4/Q5

is vims~!, where v = 20f — 2. At time ¢ = O the particle is at rest at a point whose ..,_,\@; pfh
0 is -36m. >

(i) Find an expression for the displacement of P from O in terms of ¢. 9 [3]
(ii) Find the displacement of P from O when ¢t = 4. ﬁ & [1] -
(iii) Find the values of ¢ for which the particle is at O. @ ®© (31

LbYS

MIJ 04/P4/QT @ o
A particle P, is projected vertically upwards, from horizontal nd@ith a speed of 30ms~!. At
the same instant another particle P, is projected vertically ards 0;‘\ the top of a tower of height

25 m, with a speed of 10ms™!. Find bo

(i) the time for which P1 is higher than the top of the tq®¥Tt, (@0 [3]
(ii) the velocities of the particles at the instant whe @@ D es are at the same height, [5]
(iii) the time for which P1 is higher than P2 and is mo @ﬁards. [3]
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181.

182.

183.

Read and Write Publications

O/N 03/P4/Q2
A stone is released from rest and falls freely under gravity. Find

(i) the speed of the stone after 2s, [1]
(ii) 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 30 m s7! to the instant when its
speed is 40m s7h [2]
O/N 03/P4/Q7
v(ms™h
A
] o
48 f-—-——--—
|
|
|
|
|
|
1
|
|
|
' » 1(s)
0 100 300 500

A tractor A starts from rest and travels along a straight road for 500 seconds. The velocity-time graph
for the journey is shown above. This graph consists of three straight line segments. Find

(i) the distance travelled by A, (3]
(ii) the initial acceleration of A. 2]
Another tractor B starts from rest at the same instant as A, and travels along the same road for
500 seconds. Its velocity ¢ seconds after starting is (0.067 — 0.00012) ms™!. Find

(iii) how much greater B’s initial acceleration is than A’s, (2]
(iv) how much further B has travelled than A, at the instant when B’s velocity reaches its rnaxirnunt.6

O/N 02/P4/Q2

v(ms™h

A

7 :
5 2
I > &2

0 i POF

0 20 24 ““
_8 —————————————————————————

A man runs in a straight line. He passes through a fixed po'x@
¢ = 0. At time ts his velocity is vms™!. The diagram s 02’
0 < r=<40. <

(i) Show that the man runs more than 154 m in th ‘~v (2]
(ii) Given that the man runs 20 m in the interval 20 < 1 24, find how far he is from A when t = 4(%.2 ]
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Read and Write Publications

184. O/N 02/P4/Q4

185.

186.

Two particles A and B are projected vertically upwards from horizontal ground at the same instant. -
The speeds of projection of A and B are 5ms™! and 8ms™! respectively. Find

(i) the difference in the heights of A and B when A is at its maximum height, [4]
(ii) the height of A above the ground when B is 0.9 m above A. (4]
O/N 02/P4/Q7

A particle P starts to move from a point O and travels in a straight line. At time ¢s after P starts to
move its velocity is vm s_l, where v = 0.12¢ — 0.0006¢2.
(i) Verify that P comes to instantaneous rest when ¢ = 200, and find the acceleration with which it

starts to return towards O. [3]
(ii) Find the maximum speed of P for 0 < ¢ < 200. [3]
(iii) Find the displacement of P from O when ¢ = 200. (31
(iv) Find the value of ¢t when P reaches O again. [2]
M/J 02/P4/Q5

(i) A cyclist traves in a straight line from A to B with constant acceleration 0.06 ms~2. His speed
at A is 3ms™! and his speed at B is 6ms™'. Find

(a) the time taken by the c¢yclist to travel from A to B, (21
{(b) the distance AB. _ (2]

(ii) A carleaves A at the same instant as the cyelist. The car starts from rest and travels in a straight
line to B. The car rcaches & at the samc instant as the cyclist. At time ¢3 after leaving A the
speed of the car is k2 ms™!, where k is a constant. Find

(a) the value of k, [4]
(b) the speed of the car at B. [1]
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Answers Se:cti”o,'n

1. M/J 22/P42/Q4 850 ( 800
(@) Use suvat to find expressions for 1 s =[ 25+ 288 ry -—(—3— - 288) = 1
24 0 14 ( 64
(s, =)8(4+i)[:32+8t] 1 2&3—(—3)}—51m
(55 =)20t—=x2x¢’ | 1 | 3. M 22/P41/Q1
2 (0+25)
1 5 (@ 200=-———=¢ 1
(b) 8(4+1)=20r—=x2x¢ 1 2
2 t=16s
Attempt to solve a 3-term quadratic to (b) Trapezium 1
find at least one ¢ value 1 All correct through
t=4 and8 1 (0, 0), (16, 25), (32, 25), (37, 0) 1
(c) Straight line 1 (c) Total distance =
Inverted quadratic, passing through origin. 1
1 200+ 400+ —x 25x 5 [= 662.5] 1
All correct, line through (0, 32), quadratic 2
through (20, 0), intersections indicated at Average speed = 662.5 _ =17.9ms™ 3sf) 1
t=4and t=8. 1 37
4. M/J 22/P41/Q6
; (a) For attempt at integration 1
4"# 5
k(ﬁ L )[+C] 1
% 2
l'i *
! , i
2. M/J 22/P42/Q7 k(S ) xmj[—o] 1
dv
(a) (a=) =05 1 ’ ‘
! & (®) v=0when k(3£ -2¢ )= 1
Differentiate to get(a Z)Ft =2x0.25¢t -8 Leading to = 1.5 [or ¢ = 0] I
[=0.5:-8] 1 a=k(6—6¢) @ :
5 C§\ /‘\Q
a[=0.5x10-8]=-3 1 [-13.5= k(6x15 6x1.5° § ﬂ?)
(b) Get distance in first 10 seconds as 251 = —13.5=k(9-13.5); %QS 1
A,
v=0 whent=12 andt =20 1 18 1
Attempt to integrate v 1
= [10.25¢~8+60 ) |
5‘-0—25t3 82+60t(+c) 1
B 3 2
13 2 }
=—1 —4¢t° + 60t +c
12 (+<) ! I
Attempt to evaluate their o 1
14 i60r| for1=10t0r=121 | ® 10=30-gt leadingto ¢=2 !
12 2x2s 1
andt=12tor =20 Total time =45 1
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6. M/J 22/P43/Q3
(&) Speed =20ms™

(b) 20=0+ax5 2
a=4ms™
(©) 50+100+50+200 2
20
Average speed = 20 ms™
7. M/J 22/P43/Q7
(8 0=2+—2 —cx5? 1
4 (5+1)
a=-2 - —2ct 1
(t+1)
13=--2 b 7 —2cx5 1
12 (5+1)
_11__250=_2 and —i-—loc_—._l:’i
36 4 108 12
leadingto b=...orc=... 1
b=9and c=0.1 1
o 1|2+ 012t = ... 1
4 (t+1)
9, 9 1.,
=t ————*[+K 1
4 (t+1) 30 [+
1
2 - ? ——l- 3 = 2 _ 9 __L 3
{4’ (t+1) 30 ]5 [[4x (10+1) 30)(10)
%y % _1.e
(4" (5+1) 30 SH 1
9.« 9 1 al_(
= [(4x5 (5+1) 30 ] ( 9)]
- 2‘><10—-—-—9————1--><1()3 - gxs___g___le
4 (10+1) 30 4 7 (5+1) 30
1
=5.583+9+11.65145.583 or L1421
12 132

=318m

114

Unit 2: Answers Section

Read and Write Publications

8. OIN 21/P42/Q1

@ 20-6_20 o5 6420
S0-T 5 5(50—T)
2
T=46.5

(b) Distance = 1 x 5 x 20 +20 x 20+ L
x 5 x (20 + 6) +
+6x(T-30)+ 4 x(50-T) x (20 +6) +
1 x10x20
[= 50 + 400 + 65 + 99 +45.5 + 100]
OR
Distance = 1 x 20 x (60 +45) - +
x 14 x (25 + T 30)
[= 1050 —290.5]

Total distance travelled = 759.5 m 2

9. O/N 21/P42/Q4
(a) For differentiation of s
v=0.004(150t - 3/%) [ = 0.6t — 0.012£]
v=0 when ¢t = 50. At £ =50,

5 =0.004(75 x 50% — 50°) = 0.3 x 50°
~0.004 x50°

Distance 4B =250 m 4
(b) Attempt to determine stationary points for v
by differentiation or by use
of symmetry [a = 0.004(150 — 6¢) %

= 0.6 — 0.024f]
or using symmetry attemp
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10. OIN 21/P41/Q1 v=6t+2¢* and v=14t-8 1
(8) 6V +30V +3V =585 or
0.5(30+48)V =585 v(t=2)=20
Speed of the bus = 15 ms™ 2 v(t=4)=20+14x2=48
(b) Magnitude of deceleration = 2.5 1 v=161—1*[+c] 1
11. O/N 21/P41/Q6 55=16t-1* 1
(8 a=2pt-q t=5and¢=11 only 1
36p—6g=36 Positive quadratic for 0 < ¢ <2 through
®)
4p-g=0 (0,0) joining to the bottom of the given line
p= 3,q =12 3 1
. B 3 or
(®) OC;)rrect quadratic from ¢ =0to £=6 Negative quadratic for 4 < t < 16 going
Correct straight line from 6 to 14 throx}g_h 'the point (16,0) ) i
Both quadratic and straight line correct and joining tl?e top of the glv.en line
All correct and key points shown 3 All correct with correct gradients (approx)
i 1
(c) Atte;npt6tc2> Integrate v © s =I(16t-—t2)dt [: 8 _§t3 (+C)] 1
s=t -0t
s(quadratic) =| |¢* - 6t2u4 +[£ -6t T 1.7
° . 4 s=[8t2-——t3] 1
s(triangle) = [63t -2.25¢2 ]6 =144 3
1 2
or area of triangle =144 s =|i2048—1365—3—} —-[512—1705]
Total distance travelled in 145 =208m 5
12. O/N 21/P43/Q5 1 s =3413 1
= : 3
(@) a=16k-k", v=16kt-2k 14. MIJ 21/P41/Q4
8= 16kx4—L kx4 leadingto k=... () Isabella v=>5x1.1 [=5.5] 1
) Use of s = ut + Yar* or use of v ¢ graph to
v= 16kt — I_d__ and & :-1% find total distance 1
g8 L Jeading tos = 2412 - s 5, =%x1.1x52+10x5.5+-;-x1.1x52 [=82.5]
12 16 192 1
1 2 2
s=—1"(96—t 5
64 ( )
() s=0,2=96,t= 46 1
y = 16X [0 X2 x4/96
16 16 3 1
Speed is 29.4 ms! 3
(€) v=0,=48,t= 43 ®b) —a N Ph 4 = 1
s =—1—x48><(96—48)
64 &
s=36m 3 @:’ 5T, 1
13. M/J 21/P42/Q7 15.NM/&21/P41/Q5
(@ v=6t+2[+c] 1 1
or (@) v=]|6t2—2t|dt 1
v=14f[+c]
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3
v =42 —t?( +c) 1

v=0leadingtot=0ort¢=4
leadingtot=16 1

1
) 6r2-2t=0 1
1
Jdt 1

t=9
3
s=J{4t2—t2
82 1
=—=t2 = (+
1, 1

—-=t
3

Distance = 145.8 m 1

M/J 21/P43/Q4
(@ 24=u><2——;-g x 22 1

Nl—-‘

N |

8
s=—t
5
16.

u=22 1
(b) At maximum height 0 = 222 -2gs 1
Maximum heights = 24.2m 1
Height down = 0.5g x 1.82(=16.2) 1
h=8 1

M/J 21/P43/Q6
(@ (2t-3)t-1)=0 leadingtot=..... 1

t=1ort=1.5 1
Minimum velocity whert = 1.25
leading tov = ..... 1

5=0t=1.25

17.

dv
—=A4t -
or at

leading tov = .....

5\ 25
orv=2/{t-2| - 22|43
Y {( 4) 16]+

leadingto v=.....

Minimum velocity is —0.125m s 1

Quadratic curve (two roots and v(3) > w0)) 1

Goes through (1.25, -0.125), (0, 3), (1, 0),

(1.5, 0), (3,6) 1

All five points shown on a totally correct graph
1

(®)

© s=2p
[:;:-(1.5)3 --%(1.5)2 +3(1.5)] -

BNy 1
2

2,3 5,2
—(1) —=(1) +3(1 1
20 -207 0]
Distance = 0.0417 m 1
18. MAR 21/P42/Q4 4
(@ Acceleration = 3 ms™ 1
®) %(7+4.5)><2 =-12-(8.5+5)><V 1
V=1.7[0] (3sf) 1
(c) Acceleration =—2ms™ 1
T-1500g = 1500% (-2) 1
T=12000N 1
19. MAR 21/P42/Q6
3
@ s -_-]J'(t2 -8+ 10z}1z 1
[s =]lt3 - ﬁt% + 52 [+C] 1
3 5
For correct use of correct limits. 1
Displacement = 2.13 m (3sf) 1
For attempting to differentiate v. 1
®) pting
1
[a=]2t-1272 +10 1
1
a=0=2t-1212+10=0 1
1 /1
Z[ti - SJLti - IJ =0 leading to
=lort= 25 1
da
—=2-6¢ 2
ar 1
Uset—25mfd—q-—2 6% 1
dt
Evaluating 34
dt
: 1
20.
a
(a) ]
e
0@ {étance travelled before constant speed =
@ yo Ex 10X 20+ %X (20 + V) X 5
& ax10xX20+%LX20-V)X5+5V

[=150+2.57)
Distance travelled after constant speed
=27.5V+ % x5V [=30V]
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21.

22,

23.

24,

Unit 2: Answers Section

Read and Write Publications

“x10x20+%%x 20+ V) x5

=W[hx10x20+%x 20+ V)

X5+27.5V+Y%%x5V]

V=12 4
O/N 20/P42/Q5
(@ —40gt=0 [t=4]

Time to top of building =4 — Y2(4) =2

h=40x2-%x10x2?

h=40x6—"%x 10X 6

h =60 4
(b) Height of first particle above ground

=40t - % x 10£2

Height of second particle above top of

building

=20(t-1) - x10x (t-1)

60 +20(t—1)—=Yax 10 x (t—1)°

=40t - Y2 X 107

t=3.5 seconds 4

O/N 20/P42/Q7
(@ [0.1:*%dt

v=0.04"2+1.72

0.04:2 +1.72=3

t=4 4
(b) [(0.04r° +1.72)dt

2 712
=—t" "+ 1.72¢e(+C!
[$=175 (+¢]

For using correct limits correctly
Displacement when t =2 is 3.57m 3
O/N 20/P41/Q4
[v=3~2-18¢(+ C)]
[s=£-92(+O)]
v=3~-18t
s=p£-9¢
v=0,32-18t=0 [t=6]
s=6"-9x6°-[0]
s=108m 6
O/N 20/P41/Q7

(a) O.2><10><0.5=~;—><0.2><v12,
vi =10

Alternative method for the first 3 marks
02%x10xsin30=0.2a,a=35

vi =07 +2x5x1

vi =10

THEN, either this method for the next 5

marks
R=02x10xcos30=13
V3 NE)

F=—x02x—x10=1.5
2 2

PEloss=0.2x10x05=1
WD against F=1.5x 1

%0.2x10+0.2><10><0.5=1.5x1+~;—0.2v§
ve= /5 =224 ms™ 8

(b) 0=10+2a [a=-5]
0.2% 10X sin30 - F=0.2 X -5

2=p3
-2
n= 5 4
25. OJ/N 20/P43/Q1
(@) v=30 1
(b) [0=30%+2(-10)s]
Greatest height is 45 m 2

26. O/N 20/P43/Q5
(@) 42-20t+21=(2t-3)2t-7)=0—¢t=...

t=15and¢t=3.5 2
) a=8t-20,a(0)=...
a=-20 2

(c) 8¢t-20=0,t=25—-v=...0r
v=(2t-=57—4, voin=..
Vmin = —4 ms™ 2
(d) s=J(42-20t+21) dt

&
28. M/J 20/P42/Q6
(a) Correctfor 0<t<5

Correct for 5<¢t<7
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‘ Read and Write Publications

Correct for 7<1<13.5 3
(b) a=-2¢ by differentiating
a=-12 2

5 6
(© s=[@+Dde+ [@6-r)dr+
0 5

7 13.5

j(36—t2)dt+ j(2:-27)dr‘

° 5 76

s=j(2t+1)dt+j(36—t2)dt+
0 5

13.5

,
j(36-t2)dz+ j (2t-27)dt
6 7

3
s=[f +t]+[36t—53-]+t2 —271
5=84.25 5

29. M/J 20/P41/Q3
(a) 0=5%-2gs
s=125
[Height above ground =] 4.05 m 3

() Useof s =ut+Y%af
0.8=5t-5¢
t=020r0.8
Length of time=0.6 s 4

30. M/J 20/P41/Q6
(2) jk(t2-10t+21)dt

s=th3 +5¢2 +21t)+C

2.85=k(%x33—5x32+21x3)+c or

2.4=ka63 —5%6° +21x6)+C
2.85=27k+C,24=18k+C

(A1 for both)

Solving for k&

k=0.05
s=0.05(§t3—5t2+21t)+1.5 7

(b) Differentiating vor completing the square for

\Y

a=0.05(2:-10)

Min value of visat¢=S5.

Displacement at #=15 is 2.58 m (2.5833...) 4

31. M/J 20/P43/Q4
(a) Trapezium shape with gradient of right-hand

side approximately 2 times left side 1
(b) Constant velocity = 500/25 =20 ms™

20*=0+2a x50 ‘

a=4 3
(c) Time to accelerate =20/4=35s

Deceleration time=2.5s

So total time=5+25+2.5=325s 3

32. M/J 20/P43/Q6
(@) a=4-t
(M1 for differentiation)
When a=0,t=4
Att=4,v=125 3
(b) Velocity =0 when 4.5 +4r—0.57=0

t=9 (reject t =-1)

j (4.5+4t—0.5%)dt

4.5t +21* - é—ﬂ [+c]

Apply limits (0 and 9)

Distance=81 m 6

33. MAR 20/P42/Q2
(a) [1.44 =0+ % x 2]

t=12s 2
(b) R=04g-3x3 =0.4g—3sin36.9 [=22]
[3x35 —F=3¢0s36.9~F=04Xx2]

F=16]

{ﬂ:L_

1=0.727
34. MAR 20/P42/Q4

obtain an e
either s

=24 (2x45+%hax2Y)
2 5
A -"
(B 545 =2%4.5-%x0.5x2%=8 1
<’ OR
SBC=2X4.5+’/2X0.5X22=10
sAc=8+5/4><8=18m 1
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OR
SiCc = 10+4/5 X10=18m
35. MAR 20/P42/Q7

(@ [v=2r-3] 2
t=1.5
(b) Velocity at arrival = 9 ms™
v= —%zi —0.5¢
Velocity when leaves = -3.67 ms™ 3

(c) Att=0,s=2oratt=6,5=20
Att=15,5s=-0.25
Atr=10,5s=24
[Total distance =2 + 0.25 + 0.25 + 20 +
(20-2.4)] 5
So total distance travelled =40.1 m

O/N 19/P42/Q1

(v=)3F-12t+4

(a=)6t-12

[Whena=0,t=2]

v=-8ms™ 4

O/N 19/P42/Q2

N (12-

® —(———I-/—)-=O.8 or 12=V+0.8x%x5
(35—30)
V=28 2

36.

37.

(ii)[25x8+5x10+15x6+—;-x(U+8)x5=375]

U=6 3
O/N 19/P42/Q5
Q) h, =20t——;—x10t2 or hy =:t-;—x10(t-1)2

38.

[Meet when20t—--;—x10t2 +%x10(t—1)2 =40]
10t-35=0
t = 3.5 so height at collision=8.75 m 4
(i) v4=20-gt=-15 or vi=202+2(-g)(8.75)
va=—g(t—1)=-25 or vs&*= 2(g)(40 —8.75)
Difference = 10 ms™ 3
39. OIN 19/P41/Q6
() 0.4gx1.8= 32- X 0.4%V?
v=6ms™ 2
0.49-5.6=0.4a
a=—4ms™

0=6-4t
t=1.5s 4

(ii)

119
Read and Write Publications

Unit 2: Answers Section

(iii) Straight line starting at (0,0) with positive
gradient

Second straight line starting at end of
the first line with negative
gradient and ending withv=0

All correct,start at (0, 0) with max velocity
v=6at t=0.6
i.e. (0.6, 6) and finishing at (2.1, 0)
40. OIN 19/P41/Q7
(i) 0.6t2-0.1283=0
(t=0ort=5
oe vdt =0.2t3-0.03t*
OP=[0.2 x5°-0.03x 5% —[0]
Distance=6.25m
kx53+cx5°=6.25
v=3kt*+5ct*
1.25= 3k x 5%+ 5¢ x 5
125k +3125¢c=6.25
75k +3125¢=1.25
k=0.1,c=-0.002
a=0.6t-0.04t°
Att=5a=-2 Acceleration=-2ms

(ii)

(i)

41, O/N 19/P43/Q4
() s5,, =20x10-0.5ax10" or
Sz =20%10+0.5a %107
s =200-50a and 1.55=200+ 50a
1.5(200 — 50a) = 200 + 50a > 100 = 125a
2 a=0.8 ms™

(i) Distance QS =20%20+ —;— x 0. 20?
Distance=560 m Q>
Average speed betweenpfAd @

©
=380 _ g ms! A\

20

(125c+—2§-k =18.75)
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Solving forc or for &
c=-0.3 and k=25

a=0.12¢>-0.6t+2.5
a'=024t-06=0—>t=... or

a=0.12(¢ =5t +..) = 0.12[ (£ =2.5)" +...]
Minimum when ¢t = 2.5

43. M/J 19/P42/Q2
Possible equations include:

t=0tot=5 — 80=5u+12.5a
t=0tot=8 — 160=8u+32q
t=5tot=8 — 80=3(u+S5a)+4.5a
ie. 80 =3u+19.5q
80=5u+Yxax5 — Su+12.5a=80
160=8u+05ax8 — 8u+32a=160

(i)

8

a = e
3

28
u= —3—' 6
44. M/J 19/P42/Q7

(i) Straight line, reaching positive v-axis and
Positive t-axis (negative
gradient)
Quadratic (U shape, through (0,0) and
cutting f-axis at ¢ < 5)
Fully correct graphs with correct labelling
with t=3,¢=5, v=10, v= 60 seen 3

(i) s=[(10-2¢)dt =10t 1> (+¢)
or use area of a triangle %2 x 10 x 5 [= 25]

s=(6* =18t)dt =26 - 9¢* (+c)
_[93_927 =
s(P)=[2¢ -9 | =25
or solve
10t £ =28 -9 4
(iii) Distance PQ = |sp—sg| =+(2t> - 8t2 - 101)

Maximum s if  6£2—16t—10=0
t=3.19

Maximum Distance PQ = (-)48.4 m
45. M/J 19/P41/Q2
(i) [0=25-101]
t=25
(i) [20=25t-"% gt*]

[t=1and t=4]
Required time =4 — 1 = 3 seconds 3

(iii) Max height reached at 2.5 s, hence reaches &
after 2 s
h—-3=25.2-5.2?
h=33m

4
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46. M/J 19/P41/Q5

(i) a=2t-8
a=0—-t=4
Minimum v = -4 ms™!
v=0when (t-2)(t-6)=0
t=2ort=6
[s =Y £ -4+ 12t (+¢)]
0<t<2 s51=8/3-16+24=32/3
2<5t<65=(216/3-144 +72) -
(8/3—-16 + 24)=-32/3
6<r<8
s3=(512/3-4. 82 +12. 8)—
(216/3 - 144 + 72)=32/3
Total distance = 32 m

(i)

47. M/J 19/P43/Q1
Trapezium
(t=0)t=351=29 t=35
Vimax = 2.1 x §=10.5 ms™
[ x (24 + 35) x 10.5] or
[V2 x5 x10.5+24 x 10.5 + 2 x 6 x 10.5]
309.75m or 310m 5
48. M/J 19/P43/Q6
() v=6£2-12t+C] v=3-12t+C
[s =3£/3 - 124/2 + Ct + D]
s=£—-62+Ct+D
[5=1-6+C+D C+D=10
1=27-54+3C+D 3C+D=28
— C=..,D=..]
s=t2—6t2+9t+1 or p=9,q=1 4
() [v=0,32-12t+9=00@-1)(t-3)=0
— t=...]
txl or3t 34 . &(@ 2
(itl) [ |vde+|vdr+|vdt] S
[rae e ot @
[For0<t< 1, 52XP< 6389+ 1) - 1=4]
<< Ls=D¥6@9+1)-1=4
11<€1<3, 55¥27 @4+27+1)-
5 =-1§§§4,64-96 +36+1)-1=4]
Tota an 012m 4
49. MAKS9/PAYIQ2
j +2(-g)s]

aximum height =900/20=45m 2
33.75 =30t - Y4 gt*]
[5£ —30¢+33.75 =0 or 4 — 24t + 27 = 0]
t= 1.5 (reject t = 4.5)

y=30-15g=15 4
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50. MAR 19/P42/Q5
(i) Velocityatt=3is3x3=9
[a%x3%x9+%(9+T)x2+Yx3x7]
Distance =40 m 3

(ii) [32 =40 + area of triangle]
Area of triangle or displacement/distance =
(-)8
[Distance = %2 x 8 X V'= (—)8]
V=-2 4
51. MAR 19/P42/Q6

1
@ J [0.4t3 - 4.8th dr]

3
v=0.17~32¢2 (+¢)
3
[v=0—0.1¢£-3.2¢2 =0]
5

[£2 =32]

t=4

a=16ms> , 6
(i) [s=J0.1r* =3.2¢2 df]

5 5
Displacement = [0.0215 —1.28¢2 }
0

Displacement =-9.05 m (-9.05417...) 3
52. O/N 18/P42/Q3

(i) Acceleration =—1 ms™ 1
(i) [V/Ad=1or(V+2)6=1]
V=4 2

(iii) [Distance = Area =Y (6 +2) x 2 = 8]
Distance AB=3 x 8 =24m
[Va x (T—6) x 4 =24]
T=18 4
53. O/N 18/P42/Q5
@ [1.2T"-0.6T=0]

T?=2—-T=4 2
(i) [da/dt=0.6:"*-0.6]
t=1
[v=08¢-037 (+ O)]
[C=1]
Velocity when acceleration is max is 1.5 ms™
6

54. O/N 18/P41/Q6

(i) For PQ 0.8=0.6u+0.18a
For PR 1.6=1.6u+1.28a

Deceleration = -3- ms™

23
U=—
15
R=mgcos3
F=pmgcos3
: 2
—-mgsin3— uxmgcos3=mx __:)

(i)

#=0.0144 (0.014350...) ’ 4
55. O/N 18/P41/Q7
(i) v=[(54-1.62t)dr
v=5.4t-0.81r* (+C)
5.4t-0.817 =0
t= 6Z = —%—O-s 4
3 3
v(10)==27 ms™
Inverted parabola
v=0at¢t=0, negative at =10 and 3

through (6% , O)

(if)

(iii) s=[(5.4t-0.81¢)at
s=2.72=0.270 (+C)
At t= 6—?— , displacement =40
At t=10 displacement =0
Total distance = 80 m 5
56. O/N 18/P43/Q4
() v=6ms ", t=5sand¢=17s
[Yax6x (12 +20)] or
[X5%x6+12%6+%x3x6]
Total distance = 96 m 4

(i) [V %20 xv=296]
v=96ms ord8=%a &©
Acceleration =9.6/ 10 . s? 3

57. O/N 18/P43/Q7 9
(i) Acceleration = OXgHe
t=5 from 25 gy

[v=25t %] @

o 2 3

55— ¥x 5]

%
ffice = 260 m (260.4166...) 2
=9, v=25x9-Y%x9=_18

[s=2f(-3t'%Jdt = [—&ﬂ]
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[Change in velocity fromt=9tot=25= T=135 4

1
[—&2} =6 x5+6x3=-12]

Velocity at =25 is =18 = 12=-30ms™

58. OI/N 17/P42/Q3
(@) s5=14x5+Ya x5
Sqc=14 x 8 + Yha x 8*
[112 +32a=2(70 + 12.5a)]
a=4ms>
(i) [v=14+4x8]
Velocity =46 m s™
59. OIN 17/P42/Q4
@) [12t—Yagt* =0]
or
[0= 12— gT] with t=2T used
t=24s
(ii) Critical pointatz=1.2
Critical point at ¢ =2
Both moving in same direction
1<t<12

Both moving in same direction
2<t<24

60. O/N 17/P42/Q7
@) -0.01z(#-22t+40)=0
-0.01:(z-20)z-2)=0
t=2o0rt=20
() a=-0.037+044r-04

a is greatest (maximum) when
0.44 -0.06t=0
Max acceleration when ¢ = 7.33

(i) [(~0.01£ +0.22¢ -0. 4t)de

s(t)= 0016 0225 450
4 3
5(20)-s(2)

Distance = 107 m

61. O/N 17/P41/Q4 55
(i) Acceleration = ——2—3—)- =-10ms™

() V=-15+7.5x4
¥=15ms"
(iii) Usingv=0atr=4.5and¢=8
Y“x(4.5+2)x10
+1x (8—4.5) %15
¢ +Yx (T—8)x15=100

62. O/N 17/P41/Q5
() Acceleration=0.4 ms™

@) 100
't—z"
t=10s

-0.1t =0

(iii) Distance t=0tot=S5is
Y (1.5+3.5) x 5=12.5

s(1)= I(m—ou)dt

=—¥—O 05¢* (+C)
5(10)-s(5)

Total distance = 12.5+ 6.25 =18.75m

63. O/N 17/P43/Q5

@) v=[k@F-12t+2)dt
=k(3P/3 - 12712+ 26)+ C

v=k( £ —6t2 +2t)+C

C=04

0.1 = k(1 — 6 +2) + 0.4 [-0.3 = ~34]
k=0.1

@) [s=/0.1(F-62+20)+ 0.4 dt
=0.1(4 - 6213 + 2712) + 0.4t + C]

5 =0.025f - 0.2F + 0.1/ + 0.4¢
(iii) Substitutes =2 to show s =0

64. OIN 17/P43/Q6

() [Area=%(10+4)x 6=42m] (P
Displacement =42 m @C 4%@
) S
i v_6 0 &

2 4

or [gradient ﬂ‘\" é& x 6]
v=3ms" Q
(iii) Total dist tra(ﬁ(@d

=42 Jx3

Distance apart = [66.5 + 42 — 7.5]
Distance betweenP and 0 =101 m
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65. M/J 17/P42/Q3

() s4=20+10¢
sp= 161 + Ya(=2)t* [= 16t -t %]

(ll) VE=16—2t—)VB=O,t=8
§= 84— Sp
[=20+ 10t + £ — 16t =12~ 6¢+ 20]
t=8,5=36(m)

(ii)) ds
—=2t-6
d
or
s=t2=6t+20=(-3)2+11
[£=3]
s=s4—sz=1lm

66. M/J 17/P41/Q5

(i) [12*=20%-2ax 4B
62=12%-2ax BC]
AB=128/a
BC=54/a
AB: BC=64:27

(i) 0=20"-2ax80 — a=25
BC=54/2.5
BC=21.6m

67. M/ 17/P41/Q6
(@) [g+r=4and2g+4r=4]
g=6andr=-2sov=>6t—2t?
a=6-4t
Att=0.5 a=4
(i) v=6t-26"=0
t=0andt=3
(iii) EITHER:
s =[6t-2tHdt
s=3t2-%t+C
0=3x3-%x3+C
C=-9 sodistance =9 m
OR: 3
5= jez 2%
0

3
-
3 o
[27—18 =9]

Distance from Oat¢t=0is9m

4

68. M/J 17/P43/Q3
(i) Trapezium, right-hand steeper than
left-hand slope

(ii) Deceleration 0.5 T
Constant speed 180-1.5T

(iii) 0.5[180 + (180 — 1.57)] x 25 = 3300
T=64
Distance decelerating = [0.5
x32x25=]400m
69. M/J 17/P43/Q4
(@) a=3x2x@t-5)[=54]
6(2t—5)7=54 —¢=..,
t=1,4

4
@ =22 g

(2¢-5)" 625

s:

70. M/J 17/P43/Q5
() s,=20¢-0.5g¢
s1=12(t+2) - 0.5g(t + 2)
12(t+2) - 0.5g(t + 2 = 20t — 0.5g1>
—t=.
_1
7
@ [s=20x = -5 x (%)
7 7
Heightis 2.76 m
71. OIN 16/P42/Q2
(@) [v=4t-40]
[a=4-20t"7]

=0.143

=2.755...]

N
4-205=0p N &P
t=25s Q‘) @©
inf®)s or v

72. O/

dPequivalent complete method
Total distance = 1050m
(ii) [Distance =450m
Time taken = 450/15 = 30s]
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Total time of motion for car = 70s
[Motorcycle takes 50s to travel 1500 m
1500=% (30+50) x V
or 1500=30V+0.5x20V ]
V=375ms™
[205 is split between 5 s accelerating
and 15 s decelerating]

a=37.5/5=7.5ms>
(iii) Displacement-time graph [3]
73. O/N 16/P41/Q3

@) [0=6-2gxs] [3]
s=138
Total height=2.3 m
Alternative for 3(i)
[6%=u* —2g x 0.5]
u* =46
0%=46-2gs > 5=

(i) [2.3=0+0.5g7]

total height =2.3m

t=0.678
Total time =2 x 0.678 = 1.365s [3]
74. OJ/N 16/P41/Q5
(i) a=05ms™ 1

(ii) [Distance
=25+100+5(5+ ) + 30V + 10¥]

150 + 45V AG

150+ 45V =465 — V=7Tms" [3]
(i) 1% x 80 x 72— ¥4 x 80 x 5% [= 960]

20 x (5 + 7)/2 x 10 [=1200]

[80gh = 960 + 1200]

h=27m [4]

75. OIN 16/P41/Q7

@) [15-6t=0]

Max acceleration when ¢=2.5s

Max acceleration = 18.75ms™ [3]
(ii) [Speed=7.5-7F (+¢)]

[Distance = 2.5¢° — 0.25¢' (+ ct + d)]

=2.5%125-0.25%625 = 156.25m  [3]
(i) v(5) =7.5x25 - 125 = 62.5ms"

j'—@dt [625}

5

625 625 625
=—————=="-125

ko5 ok

124 .
Read and Write Publications

_6_]7;_5-125- (k)-v(5)=—62.5

k=10 [5]
76. OIN 16/P43/Q4 :

(i) s4=Y%g*2.5 (=31.25)
=[20 x 1.5— Y2 g x 1.5%] (= 18.75)
g% 2.5+ 20 % 1.5 - Yhg x 1.5
Height is 50m AG [3]
(i) 50=0.5gt" (t4=3.16)
t5=V10-1=2.16
To top,
0% =20> - 2gs; — 5520
Totop, [0=20—-gf] —t3=2
Downwards,
[s5 = %g(0.16)*] (= 0.13)
Total distance is 20.1m [5]

77. O/N 16/P43/Q5
(@) 6t-0.37=0—¢=20 (or0)
s=[6£42 —0.37/3 (+C)]
s=[6(20)*/2 = 0.3(20)*/3]
Distance OX is 400m [4]
(i) [v=ki—6F(+C)]
s=[kt*12 - 67/3]
[400 = 0.5k x 10>=2 x 10%]
k=48 [4]
78. M/J 16/P42/Q2
@) 42-8t+3=0

2t~-3)(2¢-1 2
t=05andt=15 AN 0 2
(i) s=-!(4z ——8t+3) >
&
- t —4r?
DlstWIe 3‘@ m 3
MIJ 16/ g\&
A 36><8.2
)‘ x(36+42)
ce=319.8m 2
x10
V=184 3
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8.2-7.84
10
80. M/J 16/P4i/Q1
() Trapezium seen

(i) d= =0.036

0, 3,9, 13 shown on the ¢ axis
v=2.7 soi in either part
(i) [0.5x (6+13)x2.7]
Total distance = 25.65 m
81. M/J 16/P43/Q2

() sp=%x1.2x5
Distance travelled is 15 m
vg=12x5
Speed is 6 ms™
(i) [4T=15+6(T~10)]
or
[4(T +5) =15+ 6(T - 5)]
or
[4(T + 10) = 15 + 6T]
T'=2250r T=1750orT=125
Distance OP =4 x 22.5=90m
82. M/J 16/P43/Q7
() [61-2<0>t<...]
0<t<1/3
(i) [v=3F-2t+c]
s=f—P+c+d
[c+d=7
3c+d=11>¢c=..,d=..]
s=r—~2+2+5
(iii) [3/4-2¢+2=10]
t=2
83. OI/N 15/P42/Q2
@) [V*=(V-10)"+2g x 35]
20V =100 + 70g
V=40
(i) [40% =0+ 20H]
H=80
84. OI/N 15/P42/Q3

(i) [a(f) =0.000127—0.012¢ + 0.288]

[a(f) = 0.00012(7* - 100¢ + 2400)
= 0.00012(z — 40)(t — 60) = 0]

a(t) =0 when t=40and =60
(ii) [0.00001#*—0.0027 + 0.1447]
[0.00001(100)* — 0.002(100)* +

125

Unit 2: Answers Section
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[3]

[2]

85.

86.

87.

88.

0.144(100)]
Displacement is 440m
O/N 15/P42/Q4

Frictional force =0.4 x 2 cos 45

=0.4+2
KE gain= }/ x0.2 x Ve and
PE loss =02 x g x (2.5 +24/2)
0.1V3E=(5+442)-04+2 x4
Speed at Cis 9.16ms™
O/N 15/P41/Q2
(i) a=gsin30=35
25=0+5¢
t=0.5 Time=0.5s
@) V=0+2x5%x3=30
-1=05a—a=-2
0=30+2x(-2)xs
Distance = 7.5m
O/N 15/P41/Q6
(i) s=0.32-0.017
5(5)=0.3x5%2-0.01 x5*=6.25
a=0.6-0.06¢
a(5)=0.6-0.0x 5=0.3 ms™
(i) Maximum velocity is when
0.6-0.06:=0
[t=10]
Max velocity = 3 ms™
0.6t—0.037 = 1.5
[ —20t+ 50 =0]
Times are 2.93s
and 17.07s
O/N 15/P41/Q7

@) 36=0+0.5x0.57
t=12

V2= 0+2 %0 @x

v=6

=36+ 6(t—12)
Distance travelled by car
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=0.5 x 4 x (t-24)* 92. M/J 15/P42/Q5
21— 961+ 1152 (i) —20=20- 10t =¥ time taken is 4s
=36+6f—72 or 0 =20 — 10 =» time taken is 2x2s = 4s
[ —51t+594=0] [30 =0 +44]
r=33ort=18 Acceleration of P is 7.5 ms™ 4
Time = 33 s 5 (ii) Either 30°=2x7.5x 04 2
89. OIN 15/P43/Q5 or  Od=F9 4
@ a= 2
(5% —39)+(2 x 500) = 0.016 or  Od=lx75x4
2
F +90g x 0.05—R =90 x 0.016
DE=+90g : or  04=30x4-1x75x4
420 2
[R = —=-90(0.016-0.5)] > Distance 04 is 60 m
5 93. M/J 15/P41/Q6
r=220 L4356 (i) W#) =0.05t—0.00017 (+0)
v W200)=10-4=6ms™
(ii) vyP=3%+2x0.016 x 250 — W500)=25-25=0 4
speed at mid-point is 4.12ms™
e in R from - @ [*(0.05t-0.0001¢)ai
[Decrease in R from top to mid-way o V05 =0.000L" jar
=420[(1+3) - (1+ 00
" [(1+3) - (1+417)] 0052 _0.0001°
[Decrease in R from midway to b’m = 2 3,
420[(1+417) - (1+5)] Distance = 0.025 x 500%— 0.0001
38.1and 17.9 3 500°+3 =2083m
90. OIN 15/P43/Q6 Distance = ~ x 6 x 500 = 1500 m or
(i) Time taken 2
0.08 . 1 1
= =400 s distance = — (0+6)x200+—(6+0)*x300
0.0002 2 2
d
v= _d—)ti = 0.16¢ — 0.0006¢* or distance = (O +-;—0.03 X 2002)
[speed 1
=_0.16 x 400 + 0.0006 x 400°] +(6x 300 +—(—
Speed at O is 32 ms™ 4 . 2 '
(ii) (a) Time to furthest point is 0.16/0.0006 s Distance between A4 and(#
2 ; 2083 — 1500 =§8%mee 6
[0.08(800/3) — 0.0002(800/3)*] ) g}
(x2) 94. MIJ 15/P43/Q7 ,
Distance moved is 3790 m 3
(b) [speed =3790/400 ms™]
Average speed is 9.48 ms™’ 2 2

91. M/J 15/P42/Q4
() wr)=0.0257-0.752+5¢ (+0)

s(r) =0.00625¢* - 0.25¢7 + 2.5¢ 4
(+0)
(i) [F-407 + 4007 =0 > £(r-20)* = 0] a=0when ¢ =21.1 and when 1= 78.9
Time taken is 20 s 3 v(21.1)=4.81

¥(78.9) = —4.81
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Convex curve from (0,0) to (50,0) with (b) Distance BC

v> 0 and has a maximum point. 027 15

The curve for (50, 0) to (100, 0) is exactly ‘[ - 15{' 5

the same as the first curve positionfd by and

rotating the first curve through 180 about Av speed = (4B + BC) + 15

the point (50, 0). 7 Av speed = (45.066 + 15) = 3.00 ms™ 6

(iii) s(¢) = 0.000025¢*=0.0057 + 0.25¢* (+ ¢)
[156.25 — 625 + 625]
Greatest distance is 156 m 4

98. O/N 14/P41/Q4
(i) Endspeed=1.3+0.1x20
vp(?) = 0.0087 + vp(0)

@ -1 =t§t1 - 107 d ) Speed of Q when ¢ =0is 0.1 ms™ 4
Ti jection is 2.2
| me ATCTProjet’ion 1B .2 SEE0nE (il) Distance 40 =(3.32—13)+ (2 x 0.1) or
(i) h=0+"%gx22°=242 20 x % (1.3 +3.3) [ = 46]
V=0+gx22=22 2 Distance OB = 0.008 x 20° + 3+ 0.1 x 20
96. O/N 14/P42/Q6 g‘, 703 = j;'j”]@ ; 3
() (a) (a) Acceleration is 2.8ms™ istance AT 1s 65.5 m
(b) [mg x 0.28 —0.5mg x 0.96 = ma] 99. O/N 14/P41/Q6
Acceleration is — 2 ms™ 3 (@) [Bg-R=3x55]
(ii) Resistance is 13.5N 2
v =2x2, 8(AB) and (i) Graph consists of two line segments; the
=5.6(4B)—2 x 2(5 —AB) first starts at the origin and has a positive
ient.
Distance is 2.5 m 3 gradien
Alternative method for (ii) The second starts where first one ends and
[mgx 5% 028="Ym2 + has positive but less steep gradient. 2
u x mg x 0.96 x BC] [v=2x10%5=100 or
14=2+4.8xBC veh=viA+2 %55 x4]
BC=12/48=25m 3 vs=10ms" at surface and

vg =12 ms at bottom

(i) 7=2x25+(0+V14)+2x25+ — both shown on sketch 2,
(V14+2) [10=0+10% or @(‘ ©
Time taken is 2.21s 3 12=10+5.5(t, - 11)] > 0)
97. OJ/N 14/P42/Q7 t1 = | s at surface angh u,o D sketch
i) v=-438 =1.36sat bott %vn on sketch. 5
[+4.8=3dq] 100. O/N 14IP43IQ4 Qo ©
Magnitude of acceleration is 1.6ms> 3 i) v8)=0.2
(i) [-0.4¢+4 (=0 when ¢=10)] 9= @ _é?)k—log 2
Vmax ==0.2 x 100+ 4 x 10 - 15 — | (i) [d 24(—Owhent"12)
Maximum velocity is 5ms™ 3 0 (. 1 44 +2.4 % 12 ~10.8]

(iii)(a) Distance O0to3s=12x3 x4.8(=17.2)
Distance 3 to 5s = —E(— 0.2 +

4t — 15)dt ‘7)l 1sp1acement

Distance = + 4.5333...m 5= [-0.17/3 + 1.27 - 10.81]5"® (=26.7)]
Average speed = (7.2 +4.533) + 5 Displacement is 34.7m 3
=2.35ms™
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101. M/J 14/P42/Q2
(i %0.5T*+0.75T =10
[T*+3T-40=0=(T+8)(T-5)]
T =5 only 4
(i) Speedis2.5ms™
102. M/J 14/P42/Q4
@ a@®)=r"73
[0.25-(1/2) /3 =1/4-1/6]
Decrease is 1/12 ms™ 4

(i) s= J%tﬂsdt =[O_315/3]:7

Distance is 71.3m 3

103. M/J 14/P41/Q4
Fors=4.05
Total distance = 4.05 + (3.15 + 4.05)
=11.25m

tupwards = 0.9
For downwards motion

(3.15 + 4.05) = %gtz —>t=12

Time takenis 2.1s [6]
104. M/J 14/P41/Q7
() AB=3x400+ —;— 0.005 x 400> = 1600m

(AG)
or
vg =3 +0.005 x 400 = 5ms™

vg =3 +0.005 x 400 = 5ms™
or

AB =3 x 400+ % 0.005 x 400* = 1600m

(AG) [3]
(i) [0.02t*—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)

Vimax = 0.04 % 200 — 0.0001 x 200 + 4/3
Maximum speed is 5.33 ms™ [6]

(iii) Time taken is 280s
[1400 = 4/3 x 280 + % 280%]

a=0.0262 [4]

105. M/J 14/P43/Q6
(1) Velocity immediately before is 1.2ms™

Velocity immediately afteris— 1 ms™ [2]

(i) Distance OW = 0.025 x 60° —
0.0005 x 60° =+ 3
Distance WA =
—[(0.0125 x 100% = 2.5 x 100) —
(0.0125 x 60> — 2.5 x 60]

Distance is 54 + 20 =74m [4]

(iii) [dv/dt=0.05-0.001t=0 or
0.0005t(100 —t) = 0 — t =0 or 100]
Maximum speed
(=0.05 x 50— 0.0005 x 50%) is 1.25ms™

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)
106. O/N 13/P42/Q5
@) [s=t42-0.1/3]
[s1=25/2-0.1 x 125/3]
$1 = 8.33 3
(i) s;=2.5x40
[s =9t%/2 — 0.1t/3 - 200t
for45 st < 50]
s3=[9(50)*/ 2 - 0.1(50)*/ 3 — 200(50)]
—[9(45)*/ 2 - 0.1(45)*/ 3 — 200(45)]
[=8.33] [6]

107. O/N 13/P42/Q7

H[s="%5x04+ 19x04@%@ 1
Distance = 9.4 @<’) 1
(ii) Acceleration is 0.08 gf @ 1
Deceleration is 0. % 1
(iii) [T . (800 +<§ 0 +100)a] 3
9009 Oa @

ge

dstage

3"‘stage
1
1
Z, 1

8 eiN13Patiaa
') F-780 x (36+325)— 32 2
=78x(=02) 1
F =103

(102.8 exact) 1
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»

@) [0=7*+ 2(-0.2)s] 2 (i) For shading the triangle from t =0 to
Distance is 122.5m t =8, the trapezium from t=8 tot =20
(accept 122 or 123) and the trapezium from t =20 to a value
109. O/N 13/P41/Q7 of t seen to be between 20 and 26 [1]
. — 2
@ v(= 0-3t3 (i) s(20) = Y4(8 x 8) + Y4(8 +2) x 12 (= 92)
s(t) = 0.1t a=(6.5-2)/6 (=0.75)
Velocity is 30ms™ and displacement is [s(t) = 92 + 2(t — 20) + 0.375(t — 20)*
100m > Displacement is
s - 2 P €
(if) /V\(t/); —0022§ +5500 03— 250 0.375t— 13t + 202 metres [6]
=02t + = t=
A 115 501 1000/ 114, MIJ 13/P41/Q3
s(t) =~ t- () u’=2 x 10 x 45; speed is 30ms™ 2]

Distance OA is 194m 7

be _ 2 _
110. O/N 13/P43/Q1 (ii) [40=30t-5t">t=2,4]

() [(1+3)(Wcosa)— Wsina = (W/g)a] 1 [5="%108 D> t=1]
(-032-0.28)g=a 1 Time above the ground is 2 s [2]
a=-0. | Special Ruling for candidates who assume,
(i) [0=5.4°+2(-6)s] or 1 without justification, that the length of time
[mgs(0.28) = % m(5.4)? -mgs(0.96) /3] required is that of the upward movement only
. . . 1
Distance is 2.43 m ! (i) (sma)l(/mllgzn -r;atr 1) the length of ti
i) S5=% = 1, the leng ime
111. (Oi)IN 13£P4§IQ5 ) required is 1 s
) Ti=V+03,Ty=V 3 (iii) Max. height above top of cliff = ¥ g(17
[S=%T\V+TV+%T;V] +4) (=21.25)
S =552V =V {0.5(T; + T3)} [0 = V?—2g(40 + 21.25)
=552V~ 13V%/6 Speed is 35 ms™! [3]
(i) 13V2-3312V + 72000=0
V=24 s | 115. M/J 13/P41/Q7
112. OIN 13/P43/Q7 () [0.0000117(1200t" - 12¢%)
. = O]

() [s=kit?/2 - 0.005t*/3+(C)]

) , 12006 =12t > t=0, 100
[ki(60°/2) — 0.005(60°/3) = 540]

Distance AB=1170 m

ki=0.5 S (i) 2400t-36£=0>t=0 AR
0.5 x 60 - 0.005 x 60 =k, +V60 [Varae = 0.0000117{120 2
= 12760 5
009y} ]
(i) [s = 540 + 12V60(2+t - 2V60) =] Maximum spe @@o (gg‘g.! 4]
24(60t) —900 2
(i) AtAa(t)= & ©
(iii) [24V(601) — 900 = 1260] < ¥
t=135 : 2466 % 100 - 36 x 100%) =
v=12V60 + V135 speed is 8 ms™ 3 ;. 1.404 exact) [2]
113. M/J 13/P42/Q6 (@iv) pas v increasing
. : : e,
(i) For sketch of single valued, continuous 220 to maximum and decreasing to
graph consisting of 3 straight line @@ lQ’ ith maximum closer to t = 100 than
segments with +*°, then —*¢, then +*
slope Sketch has zero gradient at t = 0 and
Sketch appears to show v(0) =0 inflexion closer to t = 0 than t = 100. [2]
and v(8) > v(26) >v(20) [2]
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116. M/J 13/P43/Q4

(@

(i)

V ()= 1.5 t + 0.006 £

[0.006 * + 1.5t-90=0 >

t2 + 250t — 15000 = 0] >

(t— 50) (t + 300) = 0]

Leaves the ground when t = 50
s=0.75t2+0.002 £

Distance is 2125 m

117. M/J 13/P43/Q5

@

(i)

[T=2x17- 2x07]

[forPl7t—5t—O

and

forQ7t=5t=0]

T=2

17(t +2) - 5(t +2)" - (7t—5t) 5 or

17t-5¢ = 7(t-2) + 5(t—2)*=5

t=09%0rt=29

vp=17-10(0.9 + 2),
vg=7-10x09 >

Magnitudes are 12 m s'&2ms!

The direction for both is vertically
downwards

118. OIN 12/P42/Q7

®

(i)

(iii)

(iv)

dv/de = k(1201 - 37)

[V(40) = k(60 x 40° — 40%) = 6.4]
k=10.0002

t=60at4

s(f) = 0.0002(20¢ - £/4) (+C)

[04 = 0.0002 x (20 x 60° — 60%/4)]
Distance is 216 m

[dv/dr =0.0002(120 x 60 — 3 x 60%)]
Magnitude of acceleration is 0.72 ms™

[20£ - 0.25 ' =0,
v = 0.0002(60 X 802 80%)]

Speed is 25.6 ms™

119. OIN 12/P41/Q1

120.

[125 =

Y, 104

t=5s
[s=5%51%0.8x 5%
Distance is 35 m
O/N 12/P41/Q5

@

[5=2+0.05t0or25=4+2 x 0.05(4B)]
Time taken is 60 s (or Distance is 210 m)
Distance is 210 m (or Time taken is 60 s)

[4]

(3]

[2]

(6]

3

121.

122,

123.

124.

125. MIJ

(i) s=k4 (+C)
C = 0 (may be implied by its absence)
[210 = k x 60%/4]
k= 7/108000 or 0.0000648
Speed of Q at B is 14 ms™

OIN 12/P41IQ6

(i) Yamvg® =Yamva' - mg><27

and Vo mvs = Yomvpa®— mg x3
e = 82 =20 x 2.7, vo> = 82 =20 x 3]
Loss of speed =10" —2=1.16 ms™
Work done =% 02x2%+02xgx3
(=6.4)

% (0.4 +6) = % 02w +0.2gx 1.5
Speed at midpoint is 1.41 ms™

O/N 12/P43/Q2

@ [a=02+0.0127]

[0.2+0.012¢=2.5 x 0.2]]

t=25

[s= 0.1 +0.002¢ (+ C)]

[s=0.1x 625+ 0.002 x 15625]

(i)

@iD)

Displacement is 93.75 (accept 93.7 or

93.8)
O/N 12/P43/Q3

() [0=8"-2gs]

Maximum height is 3.2 m
[V =82-2g x 1.6]

Speed is 5.66 ms™
[5.65685... = 8 — 10/]

Time is 0.234 s
g@@ 5
J

M/J 12/P42/Q3

(i)

i v=12"+2
3 =5/6
s = 0.4580

Dist: n@ls 2
% 0.154]

(i)

Vapproach =

Q¥
ﬁ [% 0.15(1.42 -v)]

Vreturn =—- 1
t=13.25 s when block comes to rest
For correct sketch
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(i) [XY=%@B+14)x2,YZ=%125x%1]
s=4.4atY and 3.775 at Z, stated or on
graph
Curve starts at origin, s increases, slope
decreases (convex upwards) for0 <t <2,
value of s(2) shown
Curve starts at (2, 4.4), s decreases,
magnitude of slope decreases to zero at

(3.25,3.775) [4]
126. M/J 12/P41/Q4
(i) [a=15¢-0.1875¢]
[0.1875¢(8 — 1) = 0]
Acceleration is zero when 7 = 8 [3]

(i) Changes direction when ¢ = 12
§=025-0.0625"+4 (+C)
[s =025 x 1728 —0.0625 x 20736 + 4]
Distance is 108 m
127. M/J 12/P41/Q5
() PE loss =2g(10—10 x 0.28)
[ V2 2v* = 144]
Speed is 12 ms™
(i) R=2gx0.96
[2g x 0.28 —2g x 0.96 + 12 = 24a]
Acceleration is 2 ms™
(i) [V=122+2x2x10]
Speed is 13.6 ms™
128. M/J 12/P43/Q3
(i) s=0.02700°3-114)  (+C)
s =0.027[10 000/3 — 10000/4]
Distance is 22.5 m

(i) [0.027(20t -3/ =0=> r=20/3]]
Vmax = 0.027(4000/9 — 8000/27)
Maximum speed is 4 ms™

129. O/N 11/P42/Q3
v =(0.8/0.25) *¥+ (C)
C=18
s =(3.2/1.25)t"% + 1.8t + (K)
Distanceis 111 m 6

O/N 11/P42/Q7
) [2x'%(+9400]
Approximation is 4000 m 2
(b) Accelerations are 0.02 ms™
and — 0.02 ms™ 2

[5]

[3]

[3]
(2]

(4]

130.

0.04 - 0.0001t=%0.02

Values of t are 200 and 600 3
—v=0.02t + 1 — 0.04t + 0.00005t>
—v =[0.00005t - 0.02t + 2 — 1]
= 0.00005(t* — 400t + 40000) — 1
=0.00005(t —200)* -1 2

(c) For using (v — V)min OCcurs when
t=200— -1 < v; -
For using (V| — V)max 0ccurs whent =0
and

whent=400 — v, —-v < 1 2

131. O/N 11/P41/Q4
i 1.76=0.8u+0.32a
[1.76 +2.16 = (0.8 + 0.6)u + ¥
(0.8 +0.6)’a or
2.16 = (u + 0.84)0.6 + 140.6%a]
3.92=1.4u+ 0.98a or 2.16 = 0.6u + 0.66a

(ii)(a)

(b) v,

u=1l4anda=2 6
@ii)) [2=10sind]
g=11.5 2

132. O/N 11/P41/Q7
() v(100)=0.16 x 1000 — 0.016 x 10000 = 0
1
() a=1.5x0.16:% -0.032¢

[+%=0.24/0.032 > 1= 56.25 >
Vanae = 0.16 X 421.875 - 0.016 x 3164.0625]

Maximum speed is 16.9 ms™ (or16Z ms™)

4
(i) s=2/5x% 0.16t%-0.016¢°/3 Q
Dlstance 1s 1070 m @{ 3
. )@
(iv) x/(o 192 - 0.016 V1)@ S
2

Value oftis 144 \
gf@/
133. O/N 11/P43/Q1 O

©
(M  Acceler jeis “ s~
Accel @ 0.21 ms™ 3
() [%E5T 2B x30+1%2.1x 10— 1%
O
istaée AB is 42.5 m 2
") @ . .
@ ¥ \y‘ distance walked is 86.5 m ]

134.50/§11/P43/Q5
Displacement is 2t

t=6/k

~kt*/4 2
(ii)
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[2 x 216/k* — k x 1296/4k* = 108

(iii)
— 2 %216 - 1296/4 = 108k’]

k=1 2

dv/dt = 12t — 3kt?
=0 whent=(0), 4
maximum value is 32 3

135. M/J 11/P42/Q3
() [%5x50+%7(8+50)+90 x 8]

Distance is 1048 m
(ii) a=(8~-350)/(12—-5)ord=(50-8)/
(12-5)
850 — F = 85a (or —85d)
Upward force is 1360 N
136. M/J 11/P42/Q5
(i) Times to max. height are 1.2s and 0.7s
Range of values is 0.7 <t <1.2
(i) 36t—1.5gt* =56t —4gt®
t=_8/g
Velocities are 4m
137. M/J 11/P42/Q7

(i [1.3=0.9+0.004T,
1.32=0.9% + 2 % 0.004S]

Time is 100 s (or distance is 110 m)

(iv)

(2]

(51
131

[5]

! and ~1ms™

Distance is 110 m (or time is 100 s)
[kt dt = v ke

[k( ¥% 100% = 0) = 110]
k=4.4x10"°

[vw = 0.9 +0.004 x 64.05,
ve=4.4 x 107 x 64.05%]

3]
(i)

Both are equal to 1.16 ms™ correct to 3 sf. [5]

(iii) Acceleration = 3kt
Acceleration at B is 0.132 ms™
138. M/J 11/P41/Q5
(i) v(600)=0.025 x 600

0=15-0.03754;
Total time is 3600 s
For correct graph
[d= % (2600 + 3600) x i5 or
d =% 0.025 x 600> + 2600 x 15 +
Y% 0.0375 x 4007]
Distance is 46500
(iii) Values of t are 300 and 3400

(i)

1
1

[4]

3]
(1]

139. M/J 11/P41/Q6

0 s=20-tY64(+C)
[t'— 128t + 64* = 0]
(—64)*=0
Time taken is 8 s
a=4-3t16
a is positive for 0 <t < S or
0<t<4.62
140. M/J 11/P43/Q3

(i) ap=gsin30°
32=Ygt’
[6.4 =u(0.8) + % 5 x (0.8)*]
u=6
[v=6+5x08o0rv:=236+2x5%x6.4]
Speed of P is 10 ms™

M/J 11/P43/Q4

(i) For correct shading composite figure
consisting of 2 rectangles: 1** has
boundaries t =0 & t =20, v=0 and

v =2.5; 2" has boundaries t =20 & t = T,

(i)

(i)

141.

v=0andv=4
(i) [50+4(T—-20)=700r4T-30=70]
T=25 2]
(iii) [Distance =70+ (4 -2.5)20 or

50 + 4[(T — 20) + 20] — 50]
Distance between P and Q is 100 m

For 2 straight line segments
representing P, 1% with +ve slope and 2
with steeper slope, t = 20 md
appropriately

For Q, 1* & 2™ segme

toP S
5 and

and displaced to t
t = 45 indicated
142. M/J 11/P43IQ

0 v=—nZ & “ +C)
o
=80004860 — 160000/3200 + C,
1Y
(ip g'peed is zero
(4ii) 800(15 —t) =0]
Vmax = V(15) =5.27 ms™!

see 1 4
= 1 -
@ =0

(2]
(i)

[4]

(2]

£ (+C)

16000
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[250 —200]
Distance AB is 50 m [4]

143. O/N 10/P42/Q5

(H [15=20t—58 = 5 — 4t +3)=0]
t=1,3
Duration is 2 s (accept 1 <t <3) [3]

(ii)
20t — 5t = 25(t— 0.4) — 5(t — 0.4)> (or
20(t+0.4) - 5(t + 4)* =25t - 5t> or
(20x 0.4-5x04%) + 16t—5t* =

25t— 5t%)

t=12 (or t=0.8)

[vp=20-10x1.2; vg=25-10x(1.2 - 0.4)
(or

vp = 20— 10x(0.8 + 0.4); vq=25 — 10x0.8)]
Velocities are 8ms™ and 17 ms™ [5]

144. O/N 10/P42/Q6
@ [%2.5(speednx) = 4]
Greatest speed is 3.2ms™ [2]

SR (max. 1/2) for candidates who
(implicitly) make the u

occurs whent= 1,25

Greatest speed is 3.2 ms™ from
2 x Y2 1.25(speedny)v = 4
() [V =3x2]
V=6 2]
Giy %6(12+T)=48 or
26x2+6T+%6(10-T)=48 or
Yy 6x2 + 6(10 — 7) + V5 67= 48
t=8.5 3]

(iv) Deceleration is 1 ms™ [2]
145. OIN 10/P42/Q7
@) a(t)=0.006t* - 0.24t + 1.8
[0.006(* — 40t + 300) = 0]
T, =10, T, =30

s(t) = 0.0005t* - 0.04 + 0.9 + 5t + (C)

[405 — 1080 + 810 + 150]

Distance is 285 m [7]
(i) Velocity is 5 ms™

For curve with v increasing from a +ve
value at t = 0 to a maximum

Then decreases to a +ve minimum and
thereafter increases [3]

146. O/N 10/P41/Q1

(i V=20 [2]
(i) Speedis 40 ms™ [1]
(iii) Heightis 80m (2]

147. O/N 10/P41/Q4
(i) (1.5+3.5)/2=s/10
Displacement is 25 m [2]
(i) v=0.015t(+C)
[3.5=0.015%x100+C—> C=2]
[s = 0.005 + 2t + (0)]
Displacement is 25 m, same as P. [5]
148. O/N 10/P43/Q1
a=gsin30°
[ vi* = 2(gsin30)0.9
or ¥ mv,*> = mg(0.9sin30°)
or (i) v = (gsin30%0.8]
(i) Speedis3 ms™ or (ii) Speed is 4ms™
(i) Speed is 4ms™ or (i) Speed is 3 ms™  [4]
149. O/N 10/P43/Q4
(i) 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
2™ segment has zero slope; end points of
segments are seen to be correct{(0,0),
(4,3),(54,3), (60,0)} (3]
(i) [XY =% (60+ 50)x3
or
XY =% x0.75x4* + 3x50 - ¥
Distance is 165m

150. O/N 10/P43/Q6
@) a)(t)=1.44t—0.288t>
[a, = 1.44x5 — 0.28%
=24- O.48x5
a; = a, (= 0)§ no@stantaneous change

4]

$35m [4]

(1) Acceleration is 0.09 ms™ {1]

(ii) [D=%(8+4)0.18or
D=(0+%009x2)+(018x4+
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1,0 x 4%) + (0.18 x 2= 1 0,09 x 2?)]

Distance is 1.08 m
(i) [% 3V =1.08]
Greatest speed is 0.72ms™
152. M/J 10/P42/Q7, M/J 10/P41/Q7

Q) J.(;izldt ~2259
A[(15%/2 = 0.05 x 15%/3) — (0 - 0)]
A=4
[4(15 - 0.05 x 15%) = B/15%)
B=3375

(i) sy(f) =Bt/ (+ O
[-3375/15 + C = 225]
Distance travelled is [450 —3375/t] m
(fort = 15)

(iii) [450—3375/t=315]
[v=23375/25%]
Speed is 5.4 ms™
153. M/J 10/P43/Q2

[1.2-0.24t = 0.6]

t=25

[s = 0.6t — 0.04t’]

s = (0.6 x 2.5~ 0.04 x 2.5%) - (0—0)

Displacement is 3.125 m

M/J 10/P43/Q5

() [s=%14+11)x1.2; 1.1 = 1.4+ (=)
x 1.2]
AB=1.5mord=0.25

(2]

2]

=225

(5

3]

(31

[5]
154.

d=0250rAB=1.5m [3]
(i) [0=u®+2(-0.25)2;
2=0-%(-0.25t]
Speed is 1 ms™ or time is 4 s
Time is 4 s or speed is 1 ms™ [3]
(iii) For line joining (0, 1.4) and (1.2, 1.1)
For line joining (1.2,-1) and (5.2, 0)  [2]

155. M/J 10/P43/Q6
(i) [2a=3.5]
Acceleration is 1.75 ms™
[1.75=gsina] or
[0.5x 3.57=gh;s=0.5 x3.5 x 2 and
sina = h/s]

Angle is 10.1° or 0.176° [4]

[sp= 1% a2% + {(aQ)t + Y at’}]
or [sp=Yea (t+2)]

(ii)

[sp— Sq = Y4 a2% + (a2)t + Y at’ — Y at’]
2x1.75+2 x 1,75t
[4.9 = 2a + 2at]
t=04 [5]
156. O/IN 09/P42/Q7
@) v=12t-0012¢
[a(50) = 1.2 — 0.024 x 50]
a=0
V=30 5
(i) s =0.6 x 50> —0.004 x 50° (= 1000)
[&9.0__ . ‘5]
50 +1¢,
[1000 + 30ty = 27.5(50 + t,)]
th = 150
t=200 5
157. OIN 09/P41/Q7
(i) Speedis 6ms™
a=10.6 2
(i) a(t) =-1600/t> (second stage)
[0.6 = 1600/t = £ = (1600/0.6)]
t=13.9 4
(iii)) s,=30m

s = (800t )/(-1)-2t (+C)
5, = (40 - 40) — (~80 ~ 20) or 5 =40
—40+130

Displacement from A is 50m 6
158. M/J 09/P4/Q7
(i) a=0.5-0.02t ©
[0.5—0.02t=0.1] i@ggﬁ
Time taken is 205, 2 § [3]
(i) u=0.5%x20-0. 6\@ ; %)
[14=6+ 0@%
Time take 0 ® [3]
i) [V =q @@300]
'f ! 2]
5

— 6%)/(2x0.1) (= 800)
Distance AD is 1170 m
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159. O/N 08/P4/Q6

(i) e vis single valued, continuous and
positive for 0 <t < 1000.
e 1% segment has +ve slope
And two or more of
e v(0)=0
o v(1000)=0
o 2" segment has zero slope
e 3" segment has -ve slope
Correct sketch [2]
% (600 + 1000)V =20 000
V=25 [3]

SR for candidates who assume 1 and 3™
time intervals are each 200 s (max 2/3)

1% Vx200 + VX600 + % Vx200 = 20000
V=25
[V/t;=0.15 D t, = 166.6...]
t;=2333...
[s; =% 233.3..x25]
Distance is 2920m [4]
160. O/N 08/P4/Q7
(i) [v*=2x10x1.25 or % mv* = mg(1.25),

(i)

(iif)

1.25 =% 10t
Speed of P is Sms™
Time taken is 0.5s [3]
(i) v=10t—-0.15t* (+C)
=10t—0.158" + 5
X =5t~ 0.05t* + 5t
[x= 5%2.5% - 0.05x2.5> + 5x2.5 (=42.97)]
Distance OP is 44.2m [7]
161. M/J 08/P4/Q1
(i) [4.5=1.5+1.2a]
Acceleration is 2.5 ms™ [2]
(i) a=145 2]

162. M/J 08/P4/Q7
(i) (dv/dt)=-0.02t+ 0.5 or

v =-0.01[(t = T?- 100V] where

T =25 and V = 5.25 (or equivalent)
t=25
Maximum velocity is 5.25ms™
s, =-0.01t/3 + 0.5t%2 - t
s2=(-90 + 225 -30)—(-10/3 + 25 - 10)

(=93.3m)

. v(10)=3 and v(30) =5

[4]
(i)

s;= % 3x10 and s; = 2 5x50

Distance is 233m

163. O/N 07/P4/Q2

s1=125t—Ygl, 5= £ Yhgt or
(12.5 — gty = 12.5% ~ 2gs, and

(gt)° = 2gs,
[12.5t=Yagt’ + Vo gf = 10]
t=0.8s
251=25./220.25, — (20 ~2s,)
(or better)
Height is 6.8m
164. OJ/N 07/P4/Q6
6} [2.2 = 1.8 + 0.004t]

Time taken is 100s
(or Distance is 200 m)
Distance is 200 m
(or Time taken is 100s)
(i) (@) s=Kk(100€ —t*/3) (+C)
[k(100x1007 — 100°*/3) = 200]
k = 0.0003
Speed is 3 ms™

Parabolic segment has decreasing
slope; sketches correct relative to each
other (line crosses curve once)

M/J 07/P4/Q1

@) [1.5°=25"+2ax4]
Deceleration is 0.5 ms™

() «a=29

M/J 07/P4/Q6

(i) sq=1.5t"=0.1¢ (+ C)
s (10) = 50 (or s¢(5) = 25)
Greatest velocity is 10 ms™!

(i) ap=10/5 @@@@4@
<
N

[3-0.6t=2]
is i@ms‘2
@(

(b)
(iii)

165.

166.

t=1.67 (or 1%/3)
O/N 06/P4/Q4
@ a(t)=125-0.
Initial acceler@

167.

+#C)
%} 12243 o 0.05 - 1293 =90 - 28. 8]
placggient is 61.2m
168, 06/P4/Q2
@iﬁ takenis 100 s
(ii /2 — £3/300
Distance ABis 1670 m (1666 2/3)
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169.

170.

171.

172.

M/J 06/P4/Q4

(i)(a) Heightis245m
(b) Depthis3m

(ii) Deceleration is 4 ms™2

(iii) 0.7-mg=4m

Mass is 0.05 kg

M/J 06/P4/Q7

(i) Acceleration down (or up) the plane
is the same for both particles
d=(13t+%at?)~ (- 1.3t + Y at?)
d=2.6t

(ii) sino =1.6/(2.6 x 2.5)
a=32/13 ms2 (2.46)

(iii) 0=-1.3+2.46t (0.528125)
dp=1.3(0.528..) + ¥4 2.46(0.528..)*
ors,=2.6(0.528..) - 0.343..

=1.373...-0.343...
Distance travelled is 1.03 m

O/N 05/P4/Q1
() (@) 7°-5%=2ad,
(b) 8 —7*=2ad,

@ 24,
15 d,
d, = 1.6d
O/N 05/P4/Q5
)] v
N\
i /ot
80 560 600

) 280v=400
Velocity is 10 ms™

(i) D=1 (600 +480)10
Total distance is 5400 m

(iv)
Acceleration is 0.125 ms™ for
0<r<80

173. O/N 05/P4/Q6

B s=47-273 +0)
§=4%9-(2/3)27
Distanceis 18 m

() s =-54/t (+C)
18=-54/3+C
Displacement is 36 — 54/t

(iii) 36-54/t=27=t=6
v =54/36
v=1.5

136
Read and Write Publications

174. M/J 05/P4/Q5
@ x=001Y +0C)
25=0.01 x5°+C
x=001£+125
(i) 001t +125=11.25
t=10
Velocity is 3ms™
175. M/J 05/P4/Q6
() %5Vgy =10
Greatest speed is 4 ms™
() VA3=2or V=0+2 x3
V=6
(iii) % (T+9.56=345 or
“a(t—18+9.56=1345
Timeis2s
Gv) 4-__ 6
24.5 -(18 +2)
Deceleration is 4/3 ms™

176. O/N 04/P4/Q5
@ * 5+4t=183B+2 tor
*+ 18vgp=5+4tand
vo=3+2tor
* vp=5+4tand
(5/9)vp=3+2t
t=1lor =35
or correct equation in vp only
[eg (10/9—1) vp=6-35]
Speed of P =9ms™!
() 5t+%4+3t+% 2¢=51

3¢ +8t—51=0
- (3t+17)(t=3) X
Timeis 3 s & @)
177. OIN 04/P4/Q7 A
(i) £(0.009-0.0001 1) i&@;@
Time is 90 s NN

(i) s=0.003 -0

&
232.4d21 .6

7
@ imum speed is 10.8 ms™
178. M{J04/P4/Q3

(i). Distance ACis 70 m
7X10-4 X15
Distance ABis 10 m
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(i)  x(m)
/N

‘ N (s
10 15 30 4 ©
179. M/J 04/P4/Q5
() 10£-025t" (+C) 3
Expression is 10 t*—0.25 t* - 36
(ii) Displacement is 60 m 1

(i) (£ —36)1-0.25 })=0
Roots of quadratic are 4, 36
t=2,6 3
180. M/J 04/P4/Q7
() 25=30t-5D>?—6t+5=0 >

(t—1)(t=5)=0
or
v =307 -500; t,, =(20—0)/10
t=1,50r ty,=2
Time=5—-1=4sor

Time=2 X2=4s or 1< t<5 3
(i) s;=30t—5¢and s,=10t-5¢

30t—10t=25

t=125

vi=30-10 X1250r
va=10—10 X1.25

or

vi* =302-2 X 10(29.6875) or
v," =10%-2 X 10(4.6875)

Velocities 17.5ms™ and —2.5ms™ 5
OR
@) v=30-10t, v,=10-101t
4 Vi—- V= 20
(30°—v,})+20=

(10 2= v,)+20+25
vy — vy =20, vlz— vz2 =300

Velocities are 17.5 ms™  and 5
—2.5ms’!

(i) t,=3
3-1.25
Timeis 1.75s0r1.25< t<3 3

181. O/N 03/P4/Q2
(i) Speedis 20 ms’ 1

(ii) Forusing s=1% g 45 =1 107

Time takenis 3 s 2

(i) For using v* = 4/* +2gs

(40% =30% +2x10s)
Distance fallen is 35 m 2
182. OIN 03/P4/Q7
(1) For using the idea that area represents
the distance travelled.

For any two of
2 x100x 4.8, % x 200(4.8 +7.2),

¥ x200x7.2 (240, 1200, 720)
Distance is 2160 m 3

(ii) For using the idea that the initial

acceleration is the gradient of

the first line segment

or for using v =at (4.8 = 100a) or

V! = 2as (4.82 = 2ax 240)

Acceleration is 0.048 ms™ 2
(iii) a=0.06 - 0.00024¢

Acceleration is greater by 0.012 ms?

[V for 0.06 — ans(ii)

(must be +ve) and/or wrong coefficient

of ¢in a(f)] 2

[Accept ‘acceleration is 1.25 times greater’]
(iv) B’s velocity is a maximum when

0.06 — 0.00024¢ =0

[V wrong coefficient of ¢ in a(n]

For the method of finding the area

representing s ,(250)

240 + % (4.8 + 6.6)150 or

240 + (4.8 x 150 + %5 0.012x 150%)

from integration

0.037 - 0.000047
Required distance i

(¥ dependent ony

183. OIN 02/P4/Q2 @3
(i) For20x7o@1 andy24 x 7 or 14
Van:@'ﬁ}@mn@@g 52> 154 2
Alé&) vel

9\
Jifance is 20 x 7+4 x 7k

A

ii) S¥or using area property with correct signs
[140+20~ Y2 10 x 8]

Distance is 120 m 2
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(b) Speed is 13.5ms™!

Unit 2: Answers Section

185.

186.

(i) Forusingv=u-gt, withv=20,tofindt
[5-10t=0]
Time to maximum height of A is 5/g
For using h = ut - % gt? and evaluating hs
(0.5)-ha(0.5)
Difference in heights is 1.5m
(1.53 from g =9.81 or g =9.8) 4
SR for difference in maximum heights
(max 1 out of 4)

1.95m (1.99) from g = 9.81 or 9.8)
(i) For attempting to solve hg —ha=0.9 for t

[8t— 5t=0.9]

t=0.3

For using h = ut — % gt? with the value of t found

[h=5x%x03-%10x0.09]

Height of Ais 1.05 m

(1.06 from g =9.81 or g=9.8) 4
O/N 02/P4/Q7
(i) v(200)=0.12 x 200 ~ 0.0006 x 40 000 =0

For using a = dv/dt and evaluating a(200)

or a(200 -+ ) for suitably small &

[a=0.12 -0.0012 = 200]
Acceleration is 0.12ms™
(must be from & = 0) 3
(ii) For attempting to solve dv/dt = 0 or using
t = ¥ 200 (may be implied)
t=100 (ft incorrect 2-term dv/dt in (i))
Maximum speed is 6m™ 3
(iii) For integrating v
s = 0.06t2 - 0.0002t> (+C)
Displacement is 800m 3
(iv) For attempting to solve s =0
t =300 2
M/J 02/P4/Q5
(i) (a) Forusingv=u+at[6=3+(0.06)t]
Time taken is 50s
(b) For using v? = u? + 2as [36 =9 + 2(0.06)s]
Ors=ut+ % at? [s = 3(50) + ¥2 (0.06)2500]

Ors= “:Vt[s=‘/z(3+6)50]

(accepta=-0.12)

Distance is 225m 2
(i) (a) For attempting to integrate kt*

s =kt}/3

For finding k by substituting for s and t

in the expression for s obtained by

integration or

using appropriate limits in the integration

[k503/3 = 225]

k = 0.0054 or 27/5000

fi for 3 x (ans i(b)/(ans i(a))? 4

ft for (ans ii(a) x (ans i(a))2
SR (for candidates who use constant
acceleration formulae in part (ii)

{max 1 out of 5)
For k = 0.0036 and speed at B is

9ms™ (in either order) 1

&
G
bl
G ©
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Unit 3: Newton's Laws of Motion

1. M/J 22/P42/Q3
Two particles A and B, of masses 2.4 kg and 1.2 kg respectively, are connected by a light inextensible

string which passes over a fixed smooth pulley. A is held at a distance of 2.1 m above a horizontal

plane and B is 1.5 m above the plane. The particles hang vertically and are released from rest. In the

subsequent motion A reaches the plane and does not rebound and B does not reach the pulley.

(a) Show that the tension in the string before A reaches the plane is 16 N and find the magnitude of
the acceleration of the particles before A reaches the plane. (4]

(b) Find the greatest height of B above the plane. 3]

2. M/J 22/P42/Q5
65N

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

Find p. (6]

3. M/J 22/P41/Q2
Two particles P and Q, of masses 0.5kg and 0.3 kg respectively, are connected by a light inextensible

string. The string is taut and P is vertically above (. A force of magnitude 10N 15, bhcd to P

,w\

vertically upwards. g (\C; ‘ A
Find the acceleration of the particles and the tension in the string connecting ther&p> 7/; & / (3]

4. MIJ 22/P41/Q3 NN ,a\\

u)J

A crate of mass 300kg is at rest on rough horizontal ground. The coeﬁlckgm Of3 frffctlon between the
crate and the ground is 0.5. A force of magnitude X N, acting at an @n\ﬂfe o, %\gove the horizontal, is

applied to the crate, where sina = 0.28. ’i;’{)\ @ d@
Find the greatest value of X for which the crate remains at reste:t ‘;\*\ “»@ [5]
((?’8/) ;&?js
O 38
e ,{
\f"@f ?S/() 5
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5. M/J 22/P43/Q6

A [

Two particles P and @, of masses 0.3kg and 0.2kg respectively, are attached to the ends of a light
inextensible string. The string passes over a fixed smooth pulley at B which is attached to two inclined
planes. P lies on a smooth plane AB which is inclined at 60° to the horizontal. Q lies on a plane BC
which is inclined at 30° to the horizontal. The string is taut and the particles can move on lines of
greatest slope of the two planes (see diagram).
(a) Itis given that the plane BC is smooth and that the particles are released from rest.
Find the tension in the string and the magnitude of the acceleration of the particles. [5]
(b) Itis given instead that the plane BC is rough. A force of magnitude 3N is applied to Q directly
up the plane along a line of greatest slope of the plane.
Find the least value of the coefficient of friction between Q and the plane BC for which the
particles remain at rest. [5]

6. O/N 21/P41/Q4
A particle of mass 12 kg is stationary on a rough plane inclined at an angle of 25° to the horizontal.
A force of magnitude P N acting parallel to a line of greatest slope of the plane is used to prevent the
particle sliding down the plane. The coefficient of friction between the particle and the plane is 0.35.
(a) Draw a sketch showing the forces acting on the particle. @«) [1]
{(b) Find the least possible value of P. OQg\ PO [5]

7. OIN 21/P41/Q7 ;y’@ S
e

o)
@ @
%‘&&’ 0.45m
oy & |
)

o

Two particles A and B of masses 2kg and 3 kg respectj \51/ »connected by a light inextensible
string. Particle B is on a smooth fixed plane which is; Qan Q( le of 18° to horizontal ground. The
string passes over a fixed smooth pulley at the top e. Particle A hangs vertically below the
pulley and is 0.45 m above the ground (see diagram). "J;b system is released from rest with the string
taut. When A reaches the ground, the string breaks.

Find the total distance travelled by B before coming to instantaneous rest. You may assume that B
does not reach the pulley. [8]
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8. O/N 21/P43/Q6

10.

S5kg
7\ ! {
N
6kg
4k ?
e @ 05m
|

The diagram shows a particle of mass 5kg on a rough horizontal table, and two light inextensible
strings attached to it passing over smooth pulleys fixed at the edges of the table. Particles of masses
4kg and 6kg hang freely at the ends of the strings. The particle of mass 6kg is 0.5m above the
ground. The system is in limiting equilibrium.

(a) Show that the coefficient of friction between the 5 kg particle and the table is 0.4. [2]
The 6 kg particle is now replaced by a particle of mass 8 kg and the system is released from rest.
(b) Find the acceleration of the 4 kg particle and the tensions in the strings. [5]

(c) In the subsequent motion the 8 kg particle hits the ground and does not rebound.
Find the time that elapses after the 8 kg particle hits the ground before the other two particles
come to instantaneous rest. (You may assume this occurs before either particle reaches a pulley.)

M/J 21/P42/Q3 b]
A ring of mass 0.3 kg is threaded on a horizontal rough rod. The coefficient of friction between the
ring and the rod is 0.8. A force of magnitude 8 N acts on the ring. This force acts at an angle of 10°
above the horizontal in the vertical plane containing the rod.

Find the time taken for the ring to move, from rest, 0.6 m along the rod. [6]

M/J 21/P41/Q2
N
\_]

mkg ‘A B. 0.1kg %“
1 @QXO@A .

09m

|

Two particles A and B have masses mkg and 0.1kg respec }ye“ly \g&: m > 0.1. The particles are
attached to the ends of a light inextensible string. The st g pai?ei over a fixed smooth pulley and
t

the particles hang vertically below it. Both particles are %h of 0.9 m above horizontal ground
(see diagram). The system is released from rest, ar%;@”lle ?9 h particles are in motion the tension in
the string is 1.5 N. Particle B does not reach the pulley j

(a) Find m. (4]
(b) Find the speed at which A reaches the ground. (2]
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M/J 21/P41/Q7

A slide in a playground descends at a constant angle of 30° for 2.5 m. It then has a horizontal section
in the same vertical plane as the sloping section. A child of mass 35 kg, modelled as a particle P,
starts from rest at the top of the slide and slides straight down the sloping section. She then continues
along the horizontal section until she comes to rest (see diagram). There is no instantaneous change
in speed when the child goes from the sloping section to the horizontal section.
The child experiences a resistance force on the horizontal section of the slide, and the work done
against the resistance force on the horizontal section of the slide is 250 J per metre.
(a) Itis given that the sloping section of the slide is smooth.
(i) Find the speed of the child when she reaches the bottom of the sloping section. 3]
(ii) Find the distance that the child travels along the horizontal section of the slide before she
comes to rest. (2]
(b) Itis given instead that the sloping section of the slide is rough and that the child comes to rest on
the slide 1.05 m after she reaches the horizontal section.
Find the coefficient of friction between the child and the sloping section of the slide. 6]

M/J 21/P43/Q2
A cyclist is travelling along a straight horizontal road. She is working at a constant rate of 150 W. At

an instant when her speed is 4 m s~!, her acceleration is 0.25 ms~2. The resistance to motion is 20 N.
(a) Find the total mass of the cyclist and her bicycle. [3]

The cyclist comes to a straight hill inclined at an angle 6 above the horizontal. She ascends the hill at
constant speed 3ms~!. She continues to work at the same rate as before and the resistance force is
unchanged.

(b) Find the value of 8. 2]

M/J 21/P43/Q7

A particle P of mass 0.3kg rests on a rough plane inclined at an gugle 64 the horizontal, where

sin @ = —215 A horizontal force of magnitude 4 N, acting in theg@gégg ane containing a line of
0

greatest slope of the plane, is applied to P (see diagram). The patiicle §°0n the point of sliding up the
plane.

(a) Show that the coefficient of friction between the pa ?&e plane i 1s [4]
The force acting horizontally is replaced by a force é&agq&ﬁ 4N acting up the plane parallel to a

line of greatest slope.
(b) Find the acceleration of P. Q‘)

[3]

(¢) Starting with P at rest, the force of 4 N parallel to the plane acts for 3 seconds and is then removed.

Find the total distance travelled until P comes to instantaneous rest. [3]
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14. MAR 21/P42/Q5

15.

16.

A block of mass 5 kg is being pulled along a rough horizontal floor by a force of magnitude X N acting
at 30° above the horizontal (see diagram). The block starts from rest and travels 2 m in the first 5 s of
its motion.

(a) Find the acceleration of the block. [2]
(b) Given that the coeflicient of friction between the block and the floor is 0.4, find X. [4]
The block is now placed on a part of the floor where the coefficient of friction between the block and

the floor has a different value. The value of X is changed to 25, and the block is now in limiting
equilibrium.

(¢) Find the value of the coeflicient of friction between the block and this part of the floor. [3]
O/N 20/P41/Q5
N
08kg@® @0.2kg
0.5m
Two particles of masses 0.8 kg and 0.2 kg are connected by a light inextensible string that passes over
a fixed smooth pulley. The system is released from rest with both particles 0.5 m above a horizontal
floor (see diagram). In the subsequent motion the 0.2 kg particle does not reach the pull )
(a) Show that the magnitude of the acceleration of the particles is 6 m s~2 and find t fén;(g@h in the
string. £y r (gfé) (4]
(b) When the 0.8 kg particle reaches the floor it comes to rest. o ng g@@
Find the greatest height of the 0.2 kg particle above the floor. §§0§ Qs{} [3]
)\ g @)é’
O/N 20/P43/Q7 K ®

o,
As shown in the diagram, particles A and B of masses a m@ kg respectively are attached to the
ends of a light inextensible string. The string passe@@é s l fixed smooth pulley which is attached
to the top of two inclined planes. Particle A is on plne hich is inclined at an angle of 10° to the
horizontal. Particle B is on plane O, which is inclined &¥an angle of 20° to the horizontal. The string
is taut, and the two parts of the string are parallel to lines of greatest slope of their respective planes.
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(a) Itis given that plane P is smooth, plane Q is rough, and the particles are in limiting equilibrium.

Find the coefficient of friction between particle B and plane Q. [5]
(b) It is given instead that both planes are smooth and that the particles are released from rest at the

same horizontal level.

Find the time taken until the difference in the vertical height of the particles is 1 m. [You should

assume that this occurs before A reaches the pulley or B reaches the bottom of plane Q.]  [6]

17. M/J 20/P42/Q3

18.

TN

A particle of mass 2.5 kg is held in equilibrium on a rough plane inclined at 20° to the horizontal by a
force of magnitude 7'N making an angle of 60° with a line of greatest slope of the plane (see diagram).
The coefficient of friction between the particle and the plane is 0.3.

Find the greatest and least possible values of T [8]

M/J 20/P43/Q7

2mkg

| @

AP
0.8m cé\g“) \
o)

L S &
&
Two particles A and B, of masses 3m kg and 2m kg respectively, are attachgs tgz ends of a light

inextensible string. The string passes over a fixed smooth pulley whicls @@iéd to the edge of a
plane. The plane is inclined at an angle 0 to the horizontal. A lies on t? nd B hangs vertically,

----------- B®

la
0.8 m above the floor, which is horizontal. The string between A @%%y is parallel to a line of

greatest slope of the plane (see diagram). Initially A and B arengifs ;;5&@
(a) Given that the plane is smooth, find the value of 9 for \Qﬁjﬁ:h mainsatrest. 3]
It is given instead that the plane is rough, 8 = 30° and thog} e} ion of A up the plane is 0.1 ms™2.
(b) Show that the coefficient of friction between A,gi:@)fﬂu/e @éne is 1—10\/5 . [5]
(¢) When B reaches the floor it comes to rest. & S j
Find the length of time after B reaches the floor fgr which A is moving up the plane. [You may
assume that A does not reach the pulley.] [4]
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MAR 20/P42/Q6

On a straight horizontal test track, driverless vehicles (with no passengers) are being tested. A car of

mass 1600kg is towing a trailer of mass 700 kg along the track. The brakes are applied, resulting in

a deceleration of 12ms™2. The braking force acts on the car only. In addition to the braking force

there are constant resistance forces of 600 N on the car and of 200 N on the trailer.

(a) Find the magnitude of the force in the tow-bar. [2]

(b) Find the braking force. [2]

(c) At the instant when the brakes are applied, the car has speed 22 m s™'. At this instant the car is
17.5 m away from a stationary van, which is directly in front of the car.

Show that the car hits the van at a speed of 8 m s (2]
(d) After the collision, the van starts to move with speed 5m s™! and the car and trailer continue

moving in the same direction with speed 2m s7!

Find the mass of the van. 3]

O/N 19/P42/Q6
A block of mass 3 kg is initially at rest on a rough horizontal plane. A force of magnitude 6 N is

applied to the block at an angle of 8 above the horizontal, where cos 8 = 5z. The force is applied for
a period of 5's, during which time the block moves a distance of 4.5 m.

(i) Find the magnitude of the frictional force on the block. [4]
(ii) Show that the coefficient of friction between the block and the plane is 0.165, correct to
3 significant figures. [3]

(iii) When the block has moved a distance of 4.5 m, the force of magnitude 6 N is removed and the
block then decelerates to rest. Find the total time for which the block is in motion. (4]

O/N 19/P42/Q7

Two particles P and Q, of masses 0.3 kg and 0.2 kg respectively, are attache@tg t,hg nds of a light
inextensible string. The string passes over a fixed smooth pulley which 1%%%(&9{?@3/ to the edge of a
smooth plane. The plane is inclined at an angle 8 to the horizontal, W&f:re s;@ 6 = -;— P lies on the
plane and Q hangs vertically below the pulley at a height of 0.8 m % tP@“ﬁoor (see diagram). The

string between P and the pulley is parallel to a line of greatest@‘ig og,j&a‘é plane. P is released from

rest and Q moves vertically downwards. s

(i) Find the tension in the string and the magnitude of t ?’0 ;;:éﬁdtlonofthepamcles {5]
O hits the floor and does not bounce. It is given that H t reach the pulley in the subsequent
motion. \ N

(ii) Find the time, from the instant at which P is relea@c}ﬁ“ tor Q to reach the floor. [2]

(iii) When Q hits the floor the string becomes slack. Find the time, from the instant at which P is
released, for the string to become taut again. 4]
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22. OIN 19/P41/Q4

23.

24.

36N

Two blocks A and B of masses 4 kg and 5 kg respectively are joined by a light inextensible string. The

blocks rest on a smooth plane inclined at an angle « to the horizontal, where tana = 214 The string is

parallel to a line of greatest slope of the plane with B above A. A force of magnitude 36 N acts on B,

parallel to a line of greatest slope of the plane (see diagram).

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

(ii) At a particular instant, the speed of the blocks is 1 m s~!. Find the time, after this instant, that it
takes for the blocks to travel 0.65 m. [2]

M/J 19/P42/Q4

A constant resistance to motion of magnitude 350 N acts on a car of mass 1250kg. The engine of the

car exerts a constant driving force of 1200 N. The car travels along a road inclined at an angle of 8 to

the horizontal, where sin 8 = 0.05. Find the speed of the car when it has moved 100 m from rest in

each of the following cases.

e The car is moving up the hill.

* The car is moving down the hill. [7]

M/J 19/P42/Q5

Q{{

A B o (f0> /\\
04kg® | @024 1
T oy
| W&
05m

S\(’Z" / ”.‘5)
r"i 4
G2
@

NG
@
Two particles A and B, of masses 0.4 kg and 0.2 kg respecuvely, @rf%% an@@Cd by a light inextensible
string which passes over a fixed smooth pulley. Both A andwg m above the ground. The
particles hang vertically (see diagram). The particles are reléﬁsed f Q rest. In the subsequent motion
B does not reach the pulley and A remains at rest after ri@n vafte ground.

(i) For the motion before A reaches the ground, 91)8»(/& at /lpe magnitude of the acceleration of each

particle is l(—) ms~? and find the tension in the s%rm? [4]

(ii) Find the maximum height of B above the ground. [4]
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M/J 19/P43/Q4

13kg | A
B. 0.7kg
1.75m T
1m
l

Two particles A and B, of masses 1.3 kg and 0.7 kg respectively, are connected by a light inextensible
string which passes over a smooth fixed pulley. Particle A is 1.75 m above the floor and particle B
is 1 m above the floor (see diagram). The system is released from rest with the string taut, and the
particles move vertically. When the particles are at the same height the string breaks.

(i) Show that, before the string breaks, the magnitude of the acceleration of each particle is 3 m s~2
and find the tension in the string. [4]

(i) Find the difference in the times that it takes the particles to hit the ground. [6]
O/N 18/P42/Q4

0.7kg

[#4

Two particles P and Q, of masses 0.4 kg and 0.7 kg respectively, are attached to the ends of a light
inextensible string. The string passes over a fixed smooth pulley which is attached to }i® edge of a
rough plane. The coefficient of friction between P and the plane is 0.5. The plane %ﬁ}ch@d at an
angle « to the horizontal, where tan a = 4 Particle P lies on the plane and particle %an ﬁ%ertxcally
The string between P and the pulley is parallel to a line of greatest slope of tlg f.‘&\@ee diagram).
A force of magnitude X N, acting directly down the plane, is applied to P

(i) Show that the greatest value of X for which P remains statlonary (Q) [4]
(ii) Given instead that X = 0.8, find the acceleration of P. 0' [4]
OIN 18/P41/Q1 gf\\‘) <5{>

A particle of mass 0.2 kg moving in a straight line expenence@q e t reslstance force of 1 5 N

When the particle is moving at speed 2.5ms™!

the direction in which it is moving. Given that the speed the
find the value of F. 07, &

O/N 18/P41/Q4

Two particles A and B, of masses mkg and 0.3kg re@ﬁgc):twely, are attached to the ends of a light
inextensible string. The string passes over a fixed smooth pulley and the particles hang freely below
it. The system is released from rest, with both particles 0.8 m above horizontal ground. Particle A
reaches the ground with a speed of 0.6 ms™!

, a constant ﬂ%ﬂ)e of:d
L l

pArticle 5 seconds later is 4.5ms™',

(4]
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(i) Find the tension in the string during the motion before A reaches the ground. [4]
(ii) Find the value of m. (2]
O/N 18/P43/Q2

A block is pushed along a horizontal floor by a force of magnitude 50 N which acts at an angle of
20° to the horizontal (see diagram). The coefficient of friction between the block and the floor is 0.3.
Given that the speed of the block is constant, find the mass of the block. [5]

O/N 18/P43/Q5

O

Two particles P and @, of masses 0.3 kg and 0.5 kg respectively, are attached to the ends of a light
inextensible string. The string passes over a fixed smooth pulley with the particles hanging freely
below it. Q is held at rest with the string taut at a height of 4 m above a horizontal floor (see diagram).
Q is now released and both particles start to move. The pulley is sufficiently high so that P does not
reach it at any stage. The time taken for Q to reach the floor is 0.6 s.

(i) Find the acceleration of Q before it reaches the floor and hence find the value of A. [6]
O remains at rest when it reaches the floor, and P continues to move upwards.

(ii) Find the velocity of P at the instant when Q reaches the floor and the total time taken from the

instant at which @ is released unti! the string become staut again. [3]

O/N 17/P42/Q6 P

0
Two particles P and Q, each of mass m kg, are attached to the e a {;Jl' tinextensible string. The
string passes over a fixed smooth pulley which is attached to :i'\‘:e' a rough plane. The plane is
inclined at an angle « to the horizontal, where tan o = 27—4. P@icle ests on the plane and particle Q

hangs vertically, as shown in the diagram. The string be ,-02*. d the pulley is parallel to a line of
greatest slope of the plane. The system is in Hmitijf}, ibrafit
nd

(i) Show that the coefficient of friction between plane is % [5]

?)
A force of magnitude 10N is applied to P, acting uf) a line of greatest slope of the plane, and P
accelerates at 2.5m s2.
(ii) Find the value of m. [5]

Study copy distributed by EduResource ZA | eduresourcza.com


https://eduresourcza.com

Mathematics A Level P-4 Topical 150 Unit 3: Newton's laws of motion
Read and Write Publications

32. O/N 17/P41/Q7

33.

34.

35.

Two particles A and B of masses 0.9 kg and 0.4 kg respectively are attached to the ends of a light
inextensible string. The string passes over a fixed smooth pulley which is attached to the top of two
inclined planes. The particles are initially at rest with A on a smooth plane inclined at angle 8° to the
horizontal and B on a plane inclined at angle 25° to the horizontal. The string is taut and the particles
can move on lines of greatest slope of the two planes. A force of magnitude 2.5N is applied to B
acting down the plane (see diagram).
(i) For the case where 8 = 15 and the plane on which B rests is smooth, find the acceleration of B.
(3]
(if) For a different value of 6, the plane on which B rests is rough with coefficient of friction between
the plane and B of 0.8. The system is in limiting equilibrium with B on the point of moving in
the direction of the 2.5 N force. Find the value of 6. 5]

O/N 17/P43/Q4

Two particles A and B have masses 0.35 kg and 0.45 kg respectively. The particles are attached to the
ends of a light inextensible string which passes over a small fixed smooth pulley which is 1 m above
horizontal ground. Initially particle A is held at rest on the ground vertically below the pulley, with
the string taut. Particle B hangs vertically below the pulley at a height of 0.64 m above the ground.
Particle A is released.

(i) Find the speed of A at the instant that B reaches the ground. [5]

(ii) Assuming that B does not bounce after it reaches the ground, find the total distance travelled by
A between the instant that B reaches the ground and the instant when the string becomes taut

again. 2]
M/J 17/P42/Q5

~r

P

.in:ﬂ

Py @)
O
(»i(}&v‘ R N
Ly # N ‘r)
[ DR

Pe > r
A particle of mass 0.12 kg is placed on a plane which is inclined at an angle (’i&}df}@g

R4

&

<t e horizontal.

The particle is kept in equilibrium by a force of magnitude PN acting up, g%zlg\ﬁ@]ab/t an angle of 30°

above a line of greatest slope, as shown in the diagram. The coefficient 6f rﬁ:t@i’{)etween the particle

and the plane is 0.32. Find the set of possible values of P. \%‘?)’ (g@ [8]
&

M/J 17/P42/Q6 A

The diagram shows a fixed block with a horizontal top surface and a surface which is inclined at an
3

angle of 6° to the horizontal, where sin § = £. A particle A of mass 0.3kg rests on the horizontal
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surface and is attached to one end of a light inextensible string. The string passes over a small smooth

pulley P fixed at the edge of the block. The other end of the string is attached to a particle B of mass

1.5 kg which rests on the sloping surface of the block. The system is released from rest with the string

taut.

(i) Given that the block is smooth, find the acceleration of particle A and the tension in the string.

(5]

(ii) It is given instead that the block is rough. The coefficient of friction between A and the block is
ut and the coefficient of friction between B and the block is also p. In the first 3 seconds of the
motion, A does not reach P and B does not reach the bottom of the sloping surface. The speed
of the particles after 3sis 5m s~!. Find the acceleration of particle A and the value of p. [9]

M/J 17/P41/Q2

A particle of mass 0.8 kg is projected with a speed of 12ms~! up a line of greatest slope of a rough
plane inclined at an angle of 10° to the horizontal. The coefficient of friction between the particle and
the plane is 0.4.

(i) Find the acceleration of the particle. 4]
(ii) Find the distance the particle moves up the plane before coming to rest. [2]

M/J 17/P41IQ7

As shown in the diagram, a particle A of mass 0.8 kg lies on a plane inclined at an angle of 30° to the
horizontal and a particle B of mass 1.2 kg lies on a plane inclined at an angle of 60° to the horizontal.
The particles are connected by a light inextensible string which passes over a small smooth pulley P
fixed at the top of the planes. The parts AP and BP of the string are parallel to lines of greatest slope
of the respective planes. The particles are released from rest with both parts of the string taut.

(i) Given that both planes are smooth, find the acceleration of A and the tension in the string. {6]
(ii) It is given instead that both planes are rough, with the same coefficient of friction, u, for both
particles. Find the value of u for which the system is in limiting equilibrium. P [6]
M/J 17/P43/Q7 & &
& % _\\

Ay
} 30NRY

Two particles A and B of masses mkg and 4kg respectively mgé&‘o Zted by a light inextensible
string that passes over a fixed smooth pulley. Particle Ais oni?g,rouigkg xed slope which is at an angle

of 30° to the horizontal ground. Particle B hangs vertically,beloy Sthe pulley and is 0.5 m above the

ground (see diagram). The coefficient of friction betweq@ﬁe ;i}:f e and particle A is 0.2.

(i) In the case where the system is in equilibrium @gﬁﬁpqg}é"le A on the point of moving directly up
the slope, show that m = 5.94, correct to 3 sign\lﬁcg‘, tfigures. [6]

. (ii) In the case where m = 3, the system is released from rest with the string taut. Find the total

distance travelled by A before coming to instantaneous rest. You may assume that A does not
reach the pulley. [8]
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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 10s 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]
(ii) Find the coefficient of friction between the particle and the plane. [3]

O/N 16/P41/Q1

P
@ 7

o

Two particles P and Q, of masses 0.6 kg and 0.4 kg respectively, are connected by a light inextensible
string. The string passes over a small smooth light pulley fixed at the edge of a smooth horizontal
table. Initially P is held at rest on the table and Q hangs vertically (see diagram). P is then released.
Find the tension in the string and the acceleration of Q. [4]
O/N 16/P41/Q2
A particle of mass 0.1kg is released from rest on a rough plane inclined at 20° to the horizontal. It is
given that, 5 seconds after release, the particle has a speed of 2ms™!
(i) Find the acceleration of the particle and hence show that the magnitude of the frictional force

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. [2]

O/N 16/P43/Q3

i Floor

Particles P and Q, of masses 7kg and 3kg respectively, are attached to the two ends of a light
inextensible string. The string passes over two small smooth pulleys attached to the t ;))ends of a
horizontal table. The two particles hang vertically below the two pulleys. The two p e both
initially at rest, 0.5 m below the level of the table, and 0.4 m above the horizontal ﬂnﬁc iagram).

(i) Find the acceleration of the particles and the speed of P immediately be& es the floor.
(4]
(ii) Determine whether Q comes to instantaneous rest before it reache<2tz§:ul@f> directly above it.

2

OIN 16/P43/Q7 N é@ =

A box of mass 50kg is at rest on a plane inclined at 10° to the 0%@3 3}

(i) Find an inequality for the coefficient of friction betwee gxﬁ (’{“ the plane. [2]

In fact the coefficient of friction between the box and the i 0 9.

(ii) A girl pushes the box with a force of 50 N, acting ?%A a jiyre of greatest slope of the plane, for

a distance of 5Sm. She then stops pushing. U @ ne -.'*@ method to find the speed of the box
when it has travelled a further 5 m. [5]

The box then comes to a plane inclined at 20° below tﬁv honzontal The box moves down a line of

%,

, greatest slope of this plane. The coefficient of friction is still 0.19 and the girl is not pushing the box.
f;(iii) Find the acceleration of the box, (2]
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44. M/J 16/P42/Q7

45.

46.

0.5m
|

A particle A of mass 1.6 kg rests on a horizontal table and is attached to one end of a light inextensible
string. The string passes over a small smooth pulley P fixed at the edge of the table. The other end of
the string is attached to a particle B of mass 2.4 kg which hangs freely below the pulley. The system
is released from rest with the string taut and with B at a height of 0.5 m above the ground, as shown
in the diagram. In the subsequent motion A does not reach P before B reaches the ground.

(i) Given that the table is smooth, find the time taken by B to reach the ground. [5]
(ii) Given instead that the table is rough and that the coefficient of friction between A and the table is

%, find the total distance travelled by A. You may assume that A does not reach the pulley. [7]

M/J 16/P41/Q5

10kg

Two particles of masses 5kg and 10kg are connected by a light inextensible string that passes over
a fixed smooth pulley. The 5kg particle is on a rough fixed slope which is at an angle of « to the

2
horizontal, where tan o = —- The 10kg particle hangs below the pulley (see dlagram) Teb fﬁment
of friction between the slope and the 5 kg particle i is 5. The particles are released g& Find the
(7]

acceleration of the particles and the tension in the strmg.

M/J 16/P43/Q6 .
Two particles of masses 1.3 kg and 0.7 kg are connected by a light in ihI®%tring that passes over
a fixed smooth pulley. The particles are held at the same verti 1th the string taut. The

distance of each particle above a horizontal plane is 2 m, and thigrdistg

pulley is 4 m. The particles are released from rest.

(i) Find (9;0>
(a) the tension in the string before the partic%@’ha .3 kg reaches the plane,

(b) the time taken for the particle of mass 1.3 Rg tgi¥each the plane. (6]

(ii) Find the greatest height of the particle of mass 0.7 kg above the plane. t4]
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47. O/N 15/P42/Q5

A smooth inclined plane of length 2.5 m is fixed with one end on the horizontal floor and the other
end at a height of 0.7 m above the floor. Particles P and Q, of masses 0.5 kg and 0.1 kg respectively,
are attached to the ends of a light inextensible string which passes over a small smooth pulley fixed
at the top of the plane. Particle Q is held at rest on the floor vertically below the pulley. The string is
taut and P is at rest on the plane (see diagram). Q is released and starts to move vertically upwards
towards the pulley and P moves down the plane.

(i) Find the tension in the string and the magnitude of the acceleration of the particles before O

reaches the pulley. [5]

At the instant just before Q reaches the pulley the string breaks; P continues to move down the plane
and reaches the floor with a speed of 2ms™,
(ii) Find the length of the string. [3]

48. O/N 15/P41/Q4

Blocks P and Q, of mass mkg and 5 kg respectively, are attached to the ends of a light inextensible
string. The string passes over a small smooth pulley which is fixed at the top of a rough Lgpe inclined
at 35° to the horizontal. Block P is at rest on the plane and block Q hangs vertically ?ﬁ%@/@ pulley

(see diagram). The coefficient of friction between block P and the plane is 0.2. Fiﬁa} eS8 of values
of m for which the two blocks remain at rest. v 2 é@‘ (6]
49. O/N 15/P43/Q4 S a¥
g' ('3"22)

G

>
. Particles A and B, of masses 0.35kg and 0.15kg respectively, are attached to the ends of a light
! inextensible string which passes over a fixed smooth pulley. The system is at rest with B held on the
" horizontal floor, the string taut and its straight parts vertical. A is at a height of 1.6 m above the floor
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(see diagram). B is released and the system begins to move; B does not reach the pulley. Find

(i) the acceleration of the particles and the tension in the string before A reaches the floor, [4]
(ii) the greatest height above the floor reached by B. [3]

50. M/J 15/P42/Q6

O

0 0.5 { >1(5)
i
Pe L N0 :
} |
hm I
__2 ————————————————
y
Fig. 1 Fig. 2

Two particles P and Q have masses mkg and (1 — m) kg respectively. The particles are attached to
the ends of a light inextensible string which passes over a smooth fixed pulley. P is held at rest with
the string taut and both straight parts of the string vertical. P and Q are each at a height of #m above
horizontal ground (see Fig. 1). P is released and Q moves downwards. Subsequently @ hits the
ground and comes to rest. Fig. 2 shows the velocity-time graph for P while Q is moving downwards
or is at rest on the ground.

(i) Find the value of A. (2]

(i) Find the value of m, and find also the tension in the string while Q is moving. [6]

(iii) The string is slack while Q is at rest on the ground. Find the total time from the instant that P is
released until the string becomes taut again. [3]

51. M/J 15/P41/Q7
A

@
* ¢ (E&/C
X @> ) »f-\§

o~ Y
Particles A and B, of masses 0.3kg and 0.7kg respectively&@ ?st to the ends of a light
inextensible string. Particle A is held at rest on a rough horjzgntal t

a smooth pulley fixed at the edge of the table. The coeffigient

is 0.2. Particle B hangs vertically below the pulley at a hg
The system is released from rest and 0.25 s later th C-,,/flg

& with the string passing over

a50.5 m above the floor (see diagram).
ks. A does not reach the pulley in the

subsequent motion. Find @35"
(i) the speed of B immediately before it hits the floor, [9]
+(ii) the total distance travelled by A. [3]
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M/J 15/P43/Q2
0.35 kg

0.15kzg @ B 1

hm

|

Particles A and B, of masses 0.35kg and 0.15kg respectively, are attached to the ends of a light
inextensible string. A is held at rest on a smooth horizontal surface with the string passing over a
small smooth pulley fixed at the edge of the surface. B hangs vertically below the pulley at a distance

hm above the floor (see diagram). A is released and the particles move. B reaches the floor and A

subsequently reaches the pulley with a speed of 3ms™.

(i) Explain briefly why the speed with which B reaches the floor is 3ms™'. [1]
(i) Find the value of . (4]
O/N 14/P42/Q5

B

[ .

A
Particles A and B, each of mass 0.3 kg, are connected by a light inextensible string. The string passes
over a small smooth pulley fixed at the edge of a rough horizontal surface. Particle A hangs freely and
particle B is held at rest in contact with the surface (see diagram). The coefficient of friction between
B and the surface is 0.7, Particle B is released and moves on the surface without reaching the pulley.

(i) Find, for the first 0.9 m of B’s motion,

(a) the work done against the frictional force acting on B, [2]

(b) the loss of potential energy of the system, /@ [1]

(c) the gain in kinetic energy of the system. % &@ [2]
At the instant when B has moved 0.9 m the string breaks. A is at a height of 0.54 m orizontal
floor at this instant. o 2%0
(ii) Find the speed with which A reaches the floor. ﬁ éﬁ} [3]

54. O/N 14/P41/Q5 @ @C@
B 7

P 0,

<
A small block B of mass 0.25 kg is attached to the%' ojghof a light inextensible string. Particles
P and Q, of masses 0.2 kg and 0.3 kg respectively, e@é?:ed to the ends of the string. The string
passes over two smooth pulleys fixed at opposite sideS“of a rough table, with B resting in limiting
¢ equilibrium on the table between the pulleys and particles P and Q and block B are in the same vertical

. plane (see diagram).
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(i) Find the coefficient of friction between B and the table. [3]
0 is now removed so that P and B begin to move.
(ii) Find the acceleration of P and the tension in the part PB of the string. [6]

55. O/N 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 800 N and the power of the car’s engine is constant and equal to P W. At an
instant when the car’s speed is 18 ms™' its acceleration is 0.5 ms™.

(i) Find the value of P. 3]
The car continues and passes through another point with speed 25ms™".
(ii) Find the car’s acceleration at this point. 12}

56. O/N 14/P43/Q2

The tops of each of two smooth inclined planes A and B meet at a right angle. Plane A is inclined
at angle a to the horizontal and plane B is inclined at angle f8 to the horizontal, where sina = 65 3 and

sin f§ = =2. A small smooth pulley is fixed at the top of the planes and a light inextensible string passes
over the pu]ley Two particles P and O, each of mass 0.65 kg, are attached to the string, one at each
end. Particle @ is held at rest at a point of the same line of greatest slope of the plane B as the pulley.
Particle P rests freely below the pulley in contact with plane A (see diagram). Particle Q is released
and the particles start to move with the string taut. Find the tension in the string. [5]

57. O/N 14/P43/Q5
A box of mass 8kg is on a rough plane inclined at 5° to the horizontal. A force of magnitude PN

acts on the box in a direction upwards and parallel to a line of greatest slope of the plane. When
P = 7X the box moves up the line of greatest slope with acceleration 0.15ms™ and when P = 8X
the box moves up the line of greatest slope with acceleration 1.15 ms . Find the value of X and the
coefficient of friction between the box and the plane. (8]

58. O/N 14/P43/Q6

O

Fig. 1
Particles P and Q have a total mass of 1kg. The partlc]es are attached to opposite ends of a light

inextensible string which passes over a smooth fixed pulley. P is held at rest and O hangs freely, with
both straight parts of the string vertical. Both particles are at a height of A m above the floor (see
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Fig. 1). P is released from rest and the particles start to move with the string taut. Fig. 2 shows the
velocity-time graphs for P’s motion and for O’s motion, where the positive direction for velocity is
vertically upwards. Find

(i) the magnitude of the acceleration with which the particles start to move and the mass of each of

the particles, [5]
(ii) the value of i, [
(iii) the greatest height above the floor reached by particle P. [2]

59. M/J 14/P42/Q1
A car of mass 600kg travels along a straight horizontal road. The resistance to the car’s motion is

constant and equal to R N.
(i) Find the value of R, given that the car’s acceleration is 1.4 ms™ at an instant when the car’s

speed is 18 ms™' and its engine is working at a rate of 22.5 k'W. [4]
(ii) Find the rate of working of the car’s engine when the car is moving with a constant speed of
15ms™'. [1]

60. 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 in

a container. P falls through the air and into the liquid. There is no air resistance and there is no
instantaneous 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 6ms~'. 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 3.6 m. 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 constant 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]

61. M/J 14/P42/Q7

4m
P p P

< o - ) @7
& 6
NG, f\&-(’

I'm 2 9

A B ¥ °

}O, f\(;\,,

0) & \/

A light inextensible string of length 5.28 m has particles A and B, of/gztﬁ §Q 2’25 kg and 0.75kg
respectively, attached to its ends. Another particle P, of mass 0.5 kg, ttacired to the mid-point of
the string. Two small smooth pulleys P, and P, are fixed at opposiy ﬁ rough horizontal table
of length 4 m and height | m. The strmg passes over P, and PA& le A held at rest vertically
below P, the string taut and B hanging freely below P,. Part< iée)‘s is i tontact with the table halfway
between P, and P, (see diagram). The coefficient of frlctl ' P and the table is 0.4. Particle
Ais released and the system starts to move with cons Cga eratxon of magnitude «ms~2. The
tension in the part AP of the string is T, N and the @L@bn 1§L}the part PB of the string is T; N.

(i) Find T, and Ty in terms of a. V" /53) [3]
(ii) Show by considering the motion of P that a = 2. ¢ (3]
(ifi) Find the speed of the particles immediately before B reaches the floor. [2]
(iv) Find the deceleration of P immediately after B reaches the floor. [2]
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62. M/J 14/P41/Q6

63. M/J 14/P43/Q7

Fig. 1
Particles A of mass 0.25 kg and B of mass 0.75 kg are attached to opposite ends of a light inextensible
string which passes over a fixed smooth pulley. The system is held at rest with the string taut and its
straight parts vertical. Both particles are at a height of 1 m above the floor (see Fig. 1). The system is
released from rest, and 0.6 s later, when both particles are in motion, the string breaks. The particle
A does not reach the pulley in the subsequent motion.

(i) Find the acceleration of A and the distance travelled by A before the string breaks. (4]
v(ms™h)
A

V _____________
|
}
s
| 1 (s

0 e B 1 (S)

A
: o (’5&6\@
Fig. 2 RN ?@g)“‘

The velocity-time graph shown in Fig. 2 is for the motion of particle A until } ;ﬁit@é)ﬂoor. The
velocity of A when the string breaks is V. m s~ and T's is the time taken Egé%ifg;@@ach its greatest
height. P (é)é\
(ii) Find the value of V and the value of 7. r\js ) \; - [3]
(iii) Find the distance travelled by A upwards and the distance trzu@g@?l %{@ downwards and hence

find h. <> [3]

30cm
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A smooth inclined plane of length 160 cm is fixed with one end at a height of 40 cm above the other
end, which is on horizontal ground. Particles P and Q, of masses 0.76 kg and 0.49 kg respectively,
are attached to the ends of a light inextensible string which passes over a small smooth pulley fixed
at the top of the plane. Particle P is held at rest on the same line of greatest slope as the pulley and Q
hangs vertically below the pulley at a height of 30 cm above the ground (see diagram). P is released
from rest. It starts to move up the plane and does not reach the pulley. Find

(i)  the acceleration of the particles and the tension in the string before Q reaches the ground, [4]
(ii) the speed with which Q reaches the ground, [2]
(iii) the total distance travelled by P before it comes to instantaneous rest. [3]

O/N 13/P42/Q6

)
N

Particles A of mass 0.4 kg and B of mass 1.6 kg are attached to the ends of a light inextensible string
which passes over a fixed smooth pulley. A is held at rest and B hangs freely, with both straight parts
of the string vertical and both particles at a height of 1.2 m above the floor (see diagram). A is released
and both particles start to move.

(1) Find the work done on B by the tension in the string, as B moves to the floor.

When particle B reaches the floor it remains at rest. Particle A continues to move upwards.

(ii) Find the greatest height above the floor reached by particle A.
O/N 13/P41/Q6

[5]

(4]

O

@
=,
Particles A and B, of masses 0.3 kg and 0.7 kg respective]y,~dre ched to the ends of a light
inextensible string. The string passes over a fixed smooth géy held at rest and B hangs freely,
with both straight parts of the string vertical and both p leg(@t a height of 0.52 m above the floor
(see diagram). A is released and both particles start to#fioves
)

S
When both particles are moving with speed 1.6 ms™! the string breaks.

(4]

Find the tension in the string.

(5]

(ii) Find the time taken, from the instant that the string breaks, for A to reach the floor.
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66. O/N 13/P43/Q2

67.

68.

‘A 1.6 m

hm

Particle A of mass 0.2 kg and particle B of mass 0.6 kg are attached to the ends of a light inextensible
string. The string passes over a fixed smooth pulley. B is held at rest at a height of 1.6 m above the
floor. A hangs freely at a height of /1 m above the floor. Both straight parts of the string are vertical
(see diagram). B is released and both particles start to move. When B reaches the floor it remains at
rest, but A continues to move vertically upwards until it reaches a height of 3 m above the floor. Find
the speed of B immediately before it hits the floor, and hence find the value of A, [6]

M/J 13/P42/Q7
P

25m
A B

0.6 m
o

Particles A of mass 0.26 kg and B of mass 0.52 kg are attached to the ends of a light inextensible
string. The string passes over a small smooth pulley P which is fixed at the top of a smooth plane.
The plane is inclined at an angle « to the horizontal, where sin a = é—g— and cosa = % A is held at rest
at a point 2.5 metres from P, with the part AP of the string parallel to a line of greatest slope of the
plane. B hangs freely below P at a point 0.6 m above the floor (see diagram). A is released and the
particles start to move. Find

(i)  the magnitude of the acceleration of the particles and the tension in the string, & [5]
(ii) the speed with which B reaches the floor and the distance of A from P w] ﬁ%ﬁi&lles to
instantaneous rest. P '?%féé") (6]
O O
M/J 13/P41/Q5 NGt

e

k\“\ﬁ‘ \
@ |

A light inextensible string has a particle A of mass O.Zlﬁﬁ@,\ét/tégﬁ%d to one end and a particle B of

hieid z;{ st on a rough plane inclined at angle

mass (.54 kg attached to the other end. The particle A is
a to the horizontal, where sin a = —% The string i §W?ﬂangsj?arallel to a line of greatest slope of the
plane. The string passes over a small smooth pulleyat the'top of the plane. Particle B hangs at rest
vertically below the pulley (see diagram). The coefficiéfit of friction between A and the plane is 0.2.

Particle A is released and the particles start to move.
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(i) Find the magnitude of the acceleration of the particles and the tension in the string. [6]
Particle A reaches the pulley 0.4 s after starting to move.
(i) Find the distance moved by each of the particles. [2]

M/J 13/P43/Q7
A 048m ___ p

0.45m

Particle A of mass 1.26 kg and particle B of mass 0.9 kg are attached to the ends of a light inextensible
string. The string passes over a small smooth pulley P which is fixed at the edge of a rough horizontal
table. A is held at rest at a point 0.48 m from P, and B hangs vertically below P, at a height of 0.45m
above the floor (see diagram). The coefficient of friction between A and the table is % A is released
and the particles start to move.

(i) Show that the magnitude of the acceleration of the particles is 2.5m s~2 and find the tension in

the string. [5]
(ii) Find the speed with which B reaches the floor. [2]
(iii) Find the speed with which A reaches the pulley. 4]

O/N 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

(i) the acceleration of A, [2]
(i) the value of m and the tension in the string. [4]

O/N 12/P42/Q5

A, B and C are three points on a line of greatest slope of a plane which is incline 0° to the
horizontal, with A higher than B and B higher than C. Between A and B the planeys h, and
between B and C the plane is rough. A particle P is released from rest on the plage’at@iéind slides
down the line ABC. At time 0.8 s after leaving A, the particle passes through B d4ms™.

() Find the value of 0. A @§1§ 3]
At time 4.8 s after leaving A, the particle comes to rest at C. y ©

(ii) Find the coefficient of friction between P and the rough part of t@ land® [5]
O/N 12/P41/Q2
Agl3ke

@~ B 0.2 kg
N/
Particles A and B, of masses 0.3kg and 0.2kg r:%pely, are attached to the ends of a light
inextensible string. A is held at rest on a rough horizontal table with the string passing over a small
smooth pulley at the edge of the table. B hangs vertically below the pulley (see diagram). The system
is released and B starts to move downwards with acceleration 1.6 ms™. Find
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(i) the tension in the string after the system is released, (2]
(ii) the frictional force acting on A. [3]

O/N 12/P41/Q3

A particle P of mass 0.5kg rests on a rough plane inclined at angle o to the horizontal, where
sina = 0.28. A force of magnitude 0.6 N, acting upwards on P at angle ¢ from a line of greatest slope
of the plane, is just sufficient to prevent P sliding down the plane (see diagram). Find

(i) the normal component of the contact force on P, 2]
(ii) the frictional component of the contact force on P, 3]
(iii) the coefficient of friction between P and the plane. 21

O/N 12/P43/Q7
1.4m

I'y
/

098 m

\
Lo i

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

(i) Find the acceleration of A and the tension in the string,

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

(ii) A to reach the floor,
(iii) B to reach the pulley.

M/J 12/P42/Q5
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A block A of mass 3 kg is attached to one end of a light inextensible string S,. Another block B of
mass 2 kg is attached to the other end of S, and is also attached to one end of another light inextensible
string §,. The other end of S, is attached to a fixed point O and the blocks hang in equilibrium below
O (see diagram).

(1)  Find the tension in §, and the tension in S,. [2]
The string S, breaks and the particles fall. The air resistance on A is 1.6 N and the air resistance on B
is4N.

(ii) Find the acceleration of the particles and the tension in § - [5]

M/J 12/P41/Q6

Particles P and Q, of masses 0.6kg and 0.4 kg respectively, are attached to the ends of a light
inextensible string. The string passes over a small smooth pulley which is fixed at the top of a vertical
cross-section of a triangular prism. The base of the prism is fixed on horizontal ground and each of
the sloping sides is smooth. Each sloping side makes an angle 8 with the ground, where sin @ = 0.8.
Initially the particles are held at rest on the sloping sides, with the string taut (see diagram). The
particles are released and move along lines of greatest slope.

(i)  Find the tension in the string and the acceleration of the particles while both are moving.  [5]
The speed of P when it reaches the ground is 2ms™'. On reaching the ground P comes to rest and
remains at rest. Q continues to move up the slope but does not reach the pulley.

(if) Find the time taken from the instant that the particles are released until Q reaches its greatest

height above the ground. (4]

59N

(J)
Fig. 1 i Km?
A block of weight 6.1 N is at rest on a plane inclined at angle « to t %n}z.@tal where tan o = é(')

The coefficient of friction between the block and the plane is U é rccﬁﬁﬂnagmtude 5.9N acting

parallel to a line of greatest slope is applied to the block. oly N ﬁg—g

(i)  When the force acts up the plane (see Fig. 1) the bg ;;55/ t rest. Show that u > g-. [5]
TO(,

(i) When the force acts down the plane (see Fig. 2) t ides downwards. Show that it < %

o 2]
(iii) Given that the acceleration of the block is 1 7 ms %hen the force acts down the plane, find the
value of . (2]
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M/J 12/P43/Q7
/ 43/Q ~
N

A( (bB A

g 0.65m

1

Two particles A and B have masses 0.12 kg and 0.38 kg respectively. The particles are attached to the
ends of a light inextensible string which passes over a fixed smooth pulley. A is held at rest with the
string taut and both straight parts of the string vertical. A and B are each at a height of 0.65 m above
horizontal ground (see diagram). A is released and B moves downwards. Find

(i) the acceleration of B while it is moving downwards, [2]
(ii) the speed with which B reaches the ground and the time taken for it to reach the ground. [3]

B remains on the ground while A continues to move with the string slack, without reaching the pulley.
The string remains slack until A is at a height of 1.3 m above the ground for a second time. At this
instant A has been in motion for a total time of T's.

(iii) Find the value of T and sketch the velocity-time graph for A for the first 7's of its motion. [3]

(iv) Find the total distance travelled by A in the first T's of its motion. [2]
O/N 11/P42/Q2

A block of mass 6 kg is sliding down a line of greatest slope of a plane inclined at 8° to the horizontal.
The coefficient of friction between the block and the plane is 0.2.

(i) Find the deceleration of the block. 3]
(ii) Given that the initial speed of the block is 3ms™', find how far the block travels. [2]
O/N 11/P42/Q5

Particles A and B, of masses 0.9kg and 0.6 kg respectively, are attached to the ends of a light
inextensible string. The string passes over a fixed smooth pulley. The system is released from rest
with the string taut, with its straight parts vertical and with the particles at the same height above the
horizontal floor. In the subsequent motion, B does not reach the pulley. .\’2) .

(i)  Find the acceleration of A and the tension in the string during the motion befoge(é@x' 5 0%3‘1@ floor.

£ &2 :
After A hits the floor, B continues to move vertically upwards for a further 0.3 s, ’é\,”’lf’(;g@/ [4]
(i) Find the height of the particles above the floor at the instant that they st4% é JraXint [4]

Jagriove.
OIN 11/P41/Q2 R
Particles A of mass 0.65 kg and B of mass 0.35 kg are attached to the ené%‘(%(a@ﬁt inextensible string
which passes over a fixed smooth pulley. B is held at rest with theﬁ\%@ig ?}@7 and both of its straight
parts vertical. The system is released from rest and the particle e ically. Find the tension in
the string and the magnitude of the resultant force exerted 0@ tl:é%@g%g\y the string. [5]
4
le string which passes over a fixed

O/N 11/P43/Q3 ®
Particles P and Q are attached to opposite ends of a light ifféxte
g taut, with its straight parts vertical,
round. P moves vertically downwards

smooth pulley. The system is released from rest wj

and with both particles at a height of 2 m above h&@izont:

and does not rebound when it hits the ground. At the)nstant that P hits the ground, Q is at the
point X, from where it continues to move vertically upwards without reaching the pulley. Given that
P has mass 0.9 kg and that the tension in the string is 7.2 N while P is moving, find the total distance
travelled by Q from the instant it first reaches X until it returns to X. [6]
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83. O/N 10/P41/Q7

84.

85. M/J 10/P43/Q4

32N

30°

Pe
Particles P and Q, of masses 0.2kg and 0.5 kg respectively, are connected by a light inextensible
string. The string passes over a smooth pulley at the edge of a rough horizontal table. P hangs freely
and Q is in contact with the table. A force of magnitude 3.2 N acts on Q, upwards and away from the
pulley, at an angle of 30° to the horizontal (see diagram).
(i) The system is in limiting equilibrium with P about to move upwards. Find the coefficient of

friction between Q and the table. [6]
The force of magnitude 3.2 N is now removed and P starts to move downwards.
(ii) Find the acceleration of the particles and the tension in the string. [4]

M/J 10/P42/Q6, M/J 10/P41/Q6
2.1m

Ag

2m

Y

Particles A and B, of masses 0.2kg and 0.45 kg respectively, are connected by a light inextensible
string of length 2.8 m. The string passes over a smali smooth pulley at the edge of a rough horizontal
surface, which is 2m above the floor. Particle A is held in contact with the surface at a distance of
2.1 m from the pulley and particle B hangs freely (see diagram). The coefficient of fricgign between
A and the surface is 0.3. Particle A is released and the system begins to move. )
(i) Find the acceleration of the particles and show that the speed of B immediateliche; @f" 1t hits the
floor is 3.95ms™!, correct to 3 significant figures. @ [7]

(ii) Given that B remains on the floor, find the speed with which A reach N Y. [4]
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The diagram shows a vertical cross-section of a triangular prism which is fixed so that two of its faces
are inclined at 60° to the horizontal. One of these faces is smooth and one is rough. Particles A and
B, of masses 0.36kg and 0.24 kg respectively, are attached to the ends of a light inextensible string
which passes over a small smooth pulley fixed at the highest point of the cross-section. B is held at
rest at a point of the cross-section on the rough face and A hangs freely in contact with the smooth
face (see diagram). B is released and starts to move up the face with acceleration 0.25m 572

(i) By considering the motion of A, show that the tension in the string is 3.03 N, correct to 3 s1gniﬁcant

figures. [2]

(ii) Find the coefficient of friction between B and the rough face, correct to 2 significant figures.

M/J 10/P43/Q7 [6]

A

B EPN

e e L R s e
Two rectangular boxes A and B are of identical size. The boxes are at rest on a rough horizontal
floor with A on top of B. Box A has mass 200 kg and box B has mass 250kg. A horizontal force of
magnitude PN is applied to B (see diagram). The boxes remain at rest if P < 3150 and start to move
if P > 3150.
(i) Find the coefficient of friction between B and the floor. 3]
The coefficient of friction between the two boxes is 0.2. Given that P > 3150 and that no sliding takes
place between the boxes,

(ii) show that the acceleration of the boxes is not greater than 2m s72, [3]
(iii) find the maximum possible value of P. 31
O/N 09/P42/Q4

A particle moves up a line of greatest slope of a rough plane inclined at an angle « to the horizontal,
where cos & = 0.96 and sin o = 0.28.
(i) Given that the normal component of the contact force acting on the particle has magnitude 1.2 N,

find the mass of the particle. [2]
(ii) Given also that the frictional component of the contact force acting on the particle has magnitude
0.4 N, find the deceleration of the particle. [3]

The particle comes to rest on reaching the point X.
(iii) Determine whether the particle remains at X or whether it starts to move down the Rigne. [2]

O/N 09/P42/Q5

Fig. 1

(i) When the angle of 30° is below the horizont -
Show that the coefficient of friction between the'ri ,;}? the rod is 0.666, correct to 3 s1gmﬁcant
figures. & [5]

(ii) When the angle of 30° is above the horizontal (see Fig. 2), the ring is moving with acceleration
ams2. Find the value of a. (4]
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89. O/N 09/P42/Q6

90.

B
\_/

0.3 kg&A

Particles A and B, of masses 0.3kg and 0.7 kg respectively, are attached to the ends of a light
inextensible string which passes over a smooth fixed pulley. Particle A is held on the horizontal floor
and particle B hangs in equilibrium. Particle A is released and both particles start to move vertically.

(i) Find the acceleration of the particles. [3]

The speed of the particles immediately before B hits the floor is 1.6ms™'. Given that B does not
rebound upwards, find

(ii) the maximum height above the floor reached by A, [3]
(iii) the time taken by A, from Ieaving the floor, to reach this maximum height. [3]
O/N 09/P41/Q6

O

5m

Particles P and Q, of masses 0.55kg and 0.45kg respectivel &g&%&a ed to the ends of a light
inextensible string which passes over a smooth fixed pulley éﬁ pafticles are held at rest with the
string taut and its straight parts vertical. Both particles a&&%@?gfg t of 5m above the ground (see
diagram). The system is released. o> AL

(i)  Find the acceleration with which P starts to mov ,)5(0} <(

& [3]
\S
The string breaks after 2 s and in the subsequent m %Em P@?Fd O move vertically under gravity.

(ii) At the instant that the string breaks, find S
(a) the height above the ground of P and of Q, [2]
(b) the speed of the particles. (1]
(iii) Show that Q reaches the ground 0.8 s later than P. [4]
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91. M/J 09/P4/Q1

il
A block B of mass 5kg is attached to one end of a light inextensible string. A particle P of mass
4 kg is attached to other end of the string. The string passes over a smooth pulley. The system is in
equilibrium with the string taut and its straight parts vertical. B is at rest on the ground (see diagram).
State the tension in the string and find the force exerted on B by the ground. [3]

92. M/J 09/P4/Q6 C

0.36m

Particles A and B are attached to the ends of a light inextensible string which passes over a smooth
pulley. The system is held at rest with the string taut and its straight parts vertical. Both particles
are at a height of 0.36 m above the floor (see diagram). The system is released and A begins to fall,
reaching the floor after 0.6 s.

(i) Find the acceleration of A as it falls. (2]

The mass of A is 0.45 kg. Find %

(i) the tension in the string while A is falling, N7 $ 4%@ [2]

(iii) the mass of B, i:ggac g@ (3]

(iv) the maximum height above the floor reached by B. gp @ [3]
%7

93. O/N 08/P4/Q5

0.5kg
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Particles A and B, of masses 0.5 kg and m kg respectively, are attached to the ends of a light inextensible
string which passes over a smooth fixed pulley. Particle B is held at rest on the horizontal floor and
particle A hangs in equilibrium (see diagram). B is released and each particle starts to move vertically.

A hits the floor 2 s after B is released. The speed of each particle when A hits the floor is 5m s

(i) For the motion while A is moving downwards, find

(a) the acceleration of A, [2]
(b) the tension in the string. [31
(ii) Find the value of m. 3]
M/J 08/P4/Q5
g 3m _ C
A

A block B of mass 0.6kg and a particle A of mass 0.4kg are attached to opposite ends of a light
inextensible string. The block is held at rest on a rough horizontal table, and the coefficient of friction
between the block and the table is 0.5. The string passes over a small smooth pulley C at the edge of
the table and A hangs in equilibrium vertically below C. The part of the string between B and C is
horizontal and the distance BC is 3 m (see diagram). B is released and the system starts to move.

(i) Find the acceleration of B and the tension in the string. [6]
(ii) Find the time taken for B to reach the pulley. 2]

O/N 07/P4/Q7

65 cm

A rough inclined plane of length 65 cm is fixed with one end at a height of 16 4 %e other

end. Particles P and Q, of masses 0.13 kg and 0.11 kg respectively, are attache s of a light

inextensible string which passes over a small smooth pulley at the top of the 3§ ¥ ticle P is held

at rest on the plane and particle Q hangs vertically below the pulley (seedgiz . The system is

released from rest and P starts to move up the plane. ©

(i) Draw a diagram showing the forces acting on P during its moti p plane. [1]

(ii) Show that T — F > 0.32, where T N is the tension in the F" N is the magnitude of the
frictional force on P. S 4]

The coefficient of friction between P and the plane is 0.6. % b(\y

(iii) Find the acceleration of P. 5 [6]
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96. M/J 07/P4/Q7

97.

98.

75N

A 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 in the strings are 7 N and 75 N respectively (see diagram).

(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]

O/N 06/P4/Q7
A particle of mass mkg moves up a line of greatest slope of a rough plane inclined at 21° to the
horizontal. The frictional and normal components of the contact force on the particle have magnitudes

F N and R N respectively. The particle passes through the point P with speed 10 m s~!, and 2 s later it
reaches its highest point on the plane.

(i) Show that R =9.336m and F = 1.416m, each correct to 4 significant figures. [5]
(ii) Find the coefficient of friction between the particle and the plane. [1]
After the particle reaches its highest point it starts to move down the plane.

(iii) Find the speed with which the particle returns to P. {5]
M/J 06/P4/Q5

P
< 9
D

0 ol

Particles P and Q are attached to opposite ends of a light inextensible \;3}5-9; at rest on a rough

horizontal table. The string passes over a small smooth pulley which is fixed“# the edge of the table.
nstring by the pulley has

£0.8.

magnitude 4 /2 N. The coefficient of friction between P and

(i) Show that the tension in the string is 4 N and state the s of @ 2]

(ii) Given that P is on the point of slipping, find its mas b 0@(‘ [2]
A particle of mass 0.1 kg is now attached to Q and th tarts to move.

{4]
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99. M/J 05/P4/Q4

Particles A and B, of masses 0.2 kg and 0.3 kg respectively, are connected by a light inextensible string.

The string passes over a smooth pulley at the edge of a rough horizontal table. Particle A hangs freely

and particle B is in contact with the table (see diagram).

(i) The system is in limiting equilibrium with the string taut and A about to move downwards. Find
the coefficient of friction between B and the table. [4]

A force now acts on particle B. This force has a vertical component of 1.8 N upwards and a horizontal

component of X N directed away from the pulley.

(if) The system is now in limiting equilibrium with the string taut and A about to move upwards.
Find X. [3]

100. O/N 04/P4/Q1

101.

0

Two particles P and @, of masses 1.7 kg and 0.3 kg respectively, are connected by a light inextensible
string. P is held on a smooth horizontal table with the string taut and passing over a small smooth
pulley fixed at the edge of the table. Q is at rest vertically below the pulley. P is released. Find the
acceleration of the particles and the tension in the string. [5]

O/N 03/P4/Q5

(é:‘)
0.4k s
Ae "t c @ A
)

Particles A and B, of masses 0.4kg and 0.1kg respectively, ac@@@?to the ends of a light

inextensible string. Particle A is held at rest on a horizontal tableywyth tring passing over a smooth
pulley at the edge of the table. Particle B hangs vertically be ey (see diagram). The system
is released from rest. In the subsequent motion a consta ignal force of magnitude 0.6 N acts
on A. Find

(1) the tension in the string, @@ /57 [4]
(ii) the speed of B 1.5 s after it starts to move. i [3]
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102. M/J 03/P4/Q5 0

103.

104.

105.

Be

S, and S, are light inextensible strings, and A and B are particles each of mass 0. 2kg. Particle A is
suspended from a fixed point O by the string S, and particle B is suspended from A by the string S,
The particles hang in equilibrium as shown in the diagram.

(i)  Find the tensions in Sl and Sz‘ [3]
The string S| is cut and the particles fall. The air resistance acting on A is 0.4 N and the air resistance
acting on Bis 0.2 N.

(if) Find the acceleration of the particles and the tension in Sz' [5]

M/J 03/P4/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.
(i)  Find the frictional force acting on the block. (2]

(ii) Show that the deceleration of the block is 0.25 ms™2, [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”

(iii) Find the distance AB. [2]

The block rebounds from the board with a speed of 3.5ms™! and moves along the line BA. Find

(iv) the speed with which the block passes through A, (2]

(v) the total distance moved by the block, from the instant when it was struck at A until the instant
when it comes to rest. [2]

M/J 02/P4/Q4
A box of mass of 4.5 kg is pulled at a constant speed of 2 ms™ along a rough horizontal floor @
horizontal force of magnitude 15N. {‘ /‘j
i) Find the coefficient of friction between the box and the floor. & é\@ [3]
The horizontal pulling force is now removed. Find ()gO\ ‘Q%)
(i) the deceleration of the box in the subsequent motion, " [2]
(iii) the distance travelled by the box from the instant the horizontal force 1s§0) e

removed until the box comes to rest. XN\'Q‘ 0) [2]

M/J 02/P4/Q7
N
N

A® @z
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Particles A and B, of masses 0.15kg and 0.25kg respectively, are attached to the ends of a light

inextensible string which passes over a smooth fixed pully. The system is held at rest with the string taut

and with A and B at the same horizontal level, as shown in the diagram. The system is then released.

@ Find the downward acceleration of B. [4]
After 2s B hits the floor and comes to rest without rebounding. The string becomes slack and

A moves freely under gravity.

(ii) Find the time that elapses until the string becomes taut again. [4]
(iii) Sketch on a single diagram the velocity-time graphs for both particles, for the period from their
release until the instant that B starts to move upwards. [3]
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1. M/J 22/P42/Q3
() 24g-T=24a
T-12¢g=12a
24g-12g-= (2.4+ 1.2)a
Attempt to solve for @ or T

1
T=16 Nand a=—3Q ms~ 4
, 10
®) v =2x0x21 [=14] [v=+ia=3741.....]
OR%X2.4X\)2 =24gx2.1-16x2.1

OR %x2.4xv2 +%x1.2xv2 =24gx21-12gx2.1
0=14-2xgxs —>s=...

or %(1.2)(\/1_4)2 =(12)xgxh > h=...
s=[1.5+2.1+0.7=] 43 m

Alternative for question 3(b) - using energy on particle B

16x2.1=12gH

H=28

s=[1.5+2.8 =] 43 m 3

2, M/J 22/P42/Q5
Attempt at resolving parallel to the plane

65c0s36=12g xsin 24+ F @
®)
Attempt at resolving perpendicular to the plane Q"g@@@ﬁv
12 gx 0824 = R+ 65sin36 < r2§9)
Use F = uR Qgé)% g 9}%
[# | 65c0s36-12g xsin24  52.586-48.808  3.777... } ©
12gx cos24—65sin36  109.625-38.206 71.419... @ @(@
4 =0.0529 b 6
3. MIJ 22/P41/Q2 ¢
Use of Newton’s second law for P or Qor system 5

)
For P: 10— 0.5¢ — I'=0.5a, For Q: T~ 0.3g=0.3a, @D@

For system: 10— 0.5g — 0.3g = 0.8a @gy
For attempt to solve for eitheraor T

a=25ms>
T=375N
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4. M/J 22/P41/Q3

For attempt at resolving horizontally or vertically
R =300g~0.28X or R =300g — X sin16.3
0.96X—~ F=0or 0.96.X - 0.5(300g - X sina)=0
Or Xcos 16.3~F=0or Xcos 16.3-0.5(300g — Xsina) =0
Use of F=0.5R
X =1360[1363.63...] 5
5. M/J22/P43/Q6

(a) Attempt to use Newton’s Second law

ForP:  0.3gsin60-T=103a

Forg: T+0.2gsin30=0.24

System: 0.3g sin 60+ 0.2g sin30= 0.52

0.3gsin60—T _ 0.2gsin30+T

03 02
0.3gsin60 +0.2gsin30 =0.5¢ a=.
Magnitude of acceleration = 7.20 ms™ Tension = 0.439 N 5

(b) R=0.2g cos 30

3f

[0.3g5in60-T = 0] T="—-= or T=2.598...

T +0.2g¢sin30-F -3=0

3
‘/_+ 0.2g sin30~ 1(0.2gcos30)—3=0
=0.345 5
6. O/N 21/P41/Q4
(2) Correct 4 force diagram
2 . " ] [T 2
& e
o el ' '//":)
: : Ko
S AP
/go\ rzs@?/
L ‘o , % C!, Vi%i z
T T g a5
e y A Q - ©
. v e Lz é)) 5 1
IS % / ¢
N & }\’7\\:/' gé{\/)
(b) Attempt to resolve forces parallel to the YN
plane @Qﬁ) 35}5
P+ F =12gsin25 [:50.7] (og, y 2
R=12gcos25 [=108.8] @g}a ﬁsé/x,
F =120c0s25%0.35 [=38.1] J 957
P+38.1=120sin25 ; >

P=126
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7. OIN 21/P41/Q7
Particle 4: 2g—T =2a
Particle B: T—-3gsin18=7-927=3q
System: 2g ~3gsin18=2g-9.27=(2+3)a
a=2.145898034
[5a=10.72949017]
v =2xax0.45
v? =2x2.145898034%0.45=1.931308- -
[v=1.389715162]
T=0,%3gsinl8=3a
[a= i3.0901699]
[0=1.93-2x3.09xs] [s=0.312]
Total distance moved by B = 0.45 + 0.312

=0.762m 8
8. O/N 21/P43/Q6
(a) R=5g, F=6g—4g
,u-—zﬁ_o.fl 2

5g
(b) h—4g=4aor8g—-T,=8a
—4g=4gand 8g-T,=8a
I~T—F=5aand F=04 x 5g
Adding gives 8g —4g—2g=17a
leadingto a=....
a=1.18ms? T1=447N, T,
() T—-4g=4qa,-T-F=5aq,
F=2g or -4g—-2g=9a
60

9

v :2><—2—9 05——3(2 leading to
17 17

=706N 5

= ... [v=10846...]

v .
0= [B_60,
17 9

t=0.163s 5

9. M/J 21/P42/Q3
Resolving along or perpendicular to the rod
8sinl0+R=0.3g
8cosl0—F =0.3a

F=08R [R=161081...,F=128865...]
[a=21.966...]
0.6=l><21.966><t2

2 6

t=0.234 seconds

10. M/J 21/P41/Q2
(@) 0.1 kg particle

m kg particle

T'-0.1g=0.1a
mg—-T=ma

System mg—0.1g =(m+0.1)a

Solve for m [a = 5]

m=03 4
(®) v =0+2x5%09

v=3ms 2

11. MIJ 21/P41/Q7
(@ (@)  PE =35¢x2.5sin30

—:12—><35v2 =35gx%2.5sin30
v=5ms! 3
(i) %x35x52=250d
d=175m 2
® L3502 =250%1.05 [v2=15]
2
or
~250=35a leading to a=__572
0=1? +2x~>2%1.05 [v2=15]
7

R=35gcos30[=303.11]

V' =0+2xax2.5=15 leading to a =3
or
PE change =35gx2.5sin30[=437.5]

35gsin30~F =35a or [175~ F =354]

or )
35g%2.55in30=Fx2. 5%%

[437.5=Fx2. 5+2 ég)

F=uxR §> &g/
1=0231 SRz 6

12. MIJ 21/P43/Q27 (ojﬁ@

&
0 00 mx0.25

150/3 — 20 — 70gsin 6 = 0
6=2.5°to 1d.p. 2
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13. M/J 21/P43/Q7

(@) R=0.3gcosf+4sinf= 3x~2—g-+4><——~[~]
F=4cos#-03gsinf= 4><—2~L-1—-—3><—z~[—3]
25 25
3=p x4
3
= 4
# 4
3 24
(®) F=ux03gcosf= = x3x =
prooE 4 25
[:—Si:‘?.l()}
25
3 24 7
4- 2 x03gx = _03g%x - =03a
g E s TR
a—& ms™ 3
3
(c) s1=—%—><?><32=15andv=—><3=10

~0.3g x sin - u x 0.3g cos = 0.3a
leading to a =—100 = 10% + 2 x (-10) x 5,

[s2 = 5 leading to total distance = s; + 52

=15+5=]20m 3
14. MAR 21/P42/Q5
@ [2= —;XaXZS]
a=0.16ms™ 2
() R=5g-Xsin30
Xcos30—-F=5a
Xcos30-0.4(5g~Xsin30)=5x0.16
X=19.5 (3sf) 4
(© R=(5g-25sin30) [R=37.5]
F=25cos 30 [Fz—z-—s—\—éJ
2
u= £=O.577 (3sf) 3
R
15. O/N 20/P41/Q5
(a) 08¢g~T=08a, T-02g=02a [4]
For system: 0.8g — 0.2g = (0.8 + 0.2)a
Attempt to solve for either g or T
a=6ms?and T=32N
(b) v=2x6x%0.5 [3]
0=6-20s
Greatest height =05+ 0.5+03=13m

16. O/N 20/P43/Q7
(@ [T=2gsinl0]or[3gsin20=F +T] [5]

T=2gsin10and3gsin20=F+7T
R =30co0s 20 (=28.19...)
_3gsin20—-2gsinl0
30cos20
1 =0.241(=0.2407...)
3gsin20—T=3aor T—2gsin10=2a
or System: 3g sin 20 — 2g sin 10 = 5a [6]
_ (3gsin20-2gsin10)

(b)

5
a=1.3575...
h1 =xsin20
hr=xsin 10

xsin20 +xsin10=1
_
sin10+sin 20
t=1.69

17. M/J 20/P42/Q3

T'sin60+ R =25c0s20
Attempt at resolving in any direction

Tcos 60 =F+ 25 sin 20
Tcos 60 + F=25sin 20
Use of F'=uR

T cos60=25sin20+0.3(25c0s20—T'sin 60)
_25sin201+0.3x25¢0s20
o604 0.3sin 60
T=6.26
T =205 8
M/J 20/P43/Q7
(a) T—-2mg=0
3mgsinf-T=0
(M1 for resolving forces p Lfﬁ%l u,
to the plane and solvin ﬁ}? k@;,
0=418 (41.810..) é, ©

() R= 3mgcos30
Use of F

-—-0+—;o><1.3575><t2

18.
(3]

()‘) g ﬂ’/ (5]
g (Q)
R 7- 3mg sin30
—-,u><3 /130 %1X3m
ngXX zg sin30— e x 3ng
$3O =
\{g«s
<\Q{c) 042 0.1 <08 (v=04)
! o > —3mg sin30— u x 3mg co0s30 = 3ma
(a =—-6.5)

0=-04-6.5¢
t=0.4/6.5=0.0615s

2mg -

(4]
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- 19. MAR 20/P42/Q6
(@) [T-200=700x-12] [2]

Car: -T—-600-F=1600x-12
System: —600 — 200 — £ = 2300 x -12
Magnitude of 7= 8200 N
(b) Car [T-F-600=1600x-12] [2]
or
System [-600 ~ 200 — F = 2300 x —12]
Braking force = 26800 N
(©) V=222 +2x-12x173] [2]
v=_8ms"
(d) [2300 x 8 + m x 0 =2300 x2 + m X 5]
m= 2760 kg [3]
20. O/N 19/P42/Q6
. 1 R
6] 4.5:0+5xax5‘ [4]
a=0.36
6x~2—L—1———F=3xO.36
25
F=468N
(i) R=3g-6sin16.3=3g — 6x——— [ 28. 32]

4.68 =1 x 28.32 [3]
= 0.165 (0.165254...)

(iii) v = 5 x 0.36 [= 1.8] [4]
or v= (2x0.36x4.5)[=1.8]

3a=-0.165x 3g
0=18-0.165gt (1=1.09)
Total time=5+1.09=6.09 s

21. O/N 19/P42/Q7
(i) For P: T-0.3g x%= T —0.3gsin36.9=0.3a
For(: 02 g-7T=0.2a [5]
System: 0.2g —-0.3¢g xg— =(0.2+0.3)a
or 02g-03gsin369=(02+0.3)a

[0.2g—-0.18g=0.5qa]
a=0.4ms™
T=192N

(i) 0.8=()+%><0.4><t2a [2]
t=2s

(iif) Speed when Q hits the floor =2 x 0.4
(=0.8) [4]

or v=,/(2x0.4%x0.8)[=0.8]
-—O.3gx—2—=—0.3gsin36.9:O.3a [a=~6]

0=0.8¢ +éx(-—6)t2 (r=0.2666...)

or

0=0.8— 6T

(T=0.13333 = -195 and 1= 2T = 0.26666 =

4

15

Total time = 2 + 0.266... =2 + — =227
34 15

= —3
15

22, O/N 19/P41/Q4
(i) Apply Newton’s second law to either

or to the system [5]
Block 4: T-4g x%=4a
Block B:  36-T-— Sg X s==5a

System: 36 -5gx%—4gx £=9a

Either solving the system for g
or solving a pair of simultaneous
equations for eithera or T

a=12ms>
T=16 N

(ii) [0.65=1xt+%x1.2t2] (2]

t=05s
23, M/J 19/P42/Q4
[1200 —350-1250 x 10 x 0.05 = 1250a] [7]
[a=225/1250 = 0.18]
[1200-350+ 1250 x 10 x0.05 =
[a=1475/1250 = 1.18]

12504]

Up the hill: v2=0+2x0.18 x 100
Down the hill: ~ v*=0+2x1.18 x 100
Up the hill: v=6ms"
Down the hill: v=154ms"
24. M/J 19/P42/Q5 @
G) 4 4-T=04a 3 [4]
B: T—2=02a m{
System: 4 — 2 (0.4 +g?> &\
10 ’\\
= —, T= >L/
3 3w© ©°
(i) v2=0+2><8Mx(® [4]
WS 1
0=10/ ~xlo" K} [s=g]

(1.3 0.7)g
(13+07)

OR a= and 1.3g-
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I'=13a or T-0.7g =0.7a
[6=2a,a=3] or [138-T _T-07¢

1.3 0.7
, T=9.1]
a=3ms? and T=9.1N
Distance while connected = 0.375m [6]
V=0"+2%x3x0375 — v=.]
v=1.5ms™
[4: 1.375=1.5t+Ygt? — =0.395..]
[B: 1.375=-1.5t+Y%gt® or —1.375
=1.5t-Y%gt’ — 1=0.695..]
Difference in times = 0.3 s

26. O/N 18/P42/Q4

(G T=07g
R=04gx"s[="%5=32]
[X+04g x/s—F-T=0]
X=62
[0.7g - T =0.74]
[T-0.8-0.4gx3/s— F=0.4q]
(0.7 - 0.8 —0.4g x */s—F = (0.7+0.4)

(ii)

[4]

(i) [4]

a] System
a=2ms>
27. O/N 18/P41/Q1
45=25+tax5 [4]
a=04
F-15=02a
F=1.58

28. O/N 18/P41/Q4
(i) 0.6°=0+2ax0.38
a=0.225
T—03g=03a
- T'=3.07N(3.0675 N)
(ii) mg—T=ma, m(10-0.225)=3.0675
m=0.314kg (0.31381...)
29. O/N 18/P43/Q2
R =mg+ 50sin20
[F=0.3(mg+ 50sin20)]
50c0s20 — 0.3(mg + 50sin20) = 0
m = 14.0kg (13.9514...)

30. O/N 18/P43/Q5
(H [T-03g=0.3a0r0.5¢—T=0.54]

T'-03g=03aand 0.5¢— T =0.5a or
a=(0.5g-0.3g)/(0.5+0.3)
[0.5g-0.32=0.84a]
a=25
[h=0+%x2.5x0.6%]
h=045

[4]

[2]
(3]

(6]

(i) Velocity of P when Q reaches floor
=0+0.6%x25=1.5ms" 3]
[0=15-gt—t=..1(@=0.15
Total time=2 x 0.15+ 0.6 =0.9s

31. O/N 17/P42/Q6
(i) R=mgcosa (R=9.6m)
[T=mg
F=mgsina+T]
F=mgsin a+mg
Coefficient of friction = 1% =
EITHER:
P equation is
10-mgsina—F-T=25m
Q equation is
T—-mg=25m
10 — mg sin a — umg cos a
—~mg=2m (2.5)
m=0.327
OR:
[10 — mg sin a—F —mg = m(2.5 + 2.5)]
10 — mgsina —umg cos a
—mg=2m (2.5)
m=0.327 5
32. O/N 17/P41/Q7
(i) T-09gsin15=09a
25+04 gsin 25— T=0.4a
1.3a=1.86...
a=143ms> 5

F=0.8 x 0.4g cos 25
25+04g5n25-T—F=0

g’i 5
(ii)

(i)

T-09gsind=0 {g-\@?@
6=8.2° @ GV s
§
33. O/N 17/P43/Q4 @(O\ Q
() EITHER: N
[7-035g=03530) &
or 0.45g — T
or 0.45¢ < Q352 =484l
[0.45g 0.4§§%
or T%Y 35a] —a=
.25 -
=2®1.25 X 0.64] (= 1.6)
@, N elfeity = 1.26 ms™!

E loss = 0.45g x 0.64 — 0.35g x 0.64]
[KE gain = % (0.35 + 0.45) v2]

PE loss = 0.45g x 0.64 — 0.35g x 0.64
and KE gain = % (0.35 + 0.45) v*
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[%4 (0.8) v =0.1g x 0.64]

Velocity = 1.26 ms ™
(i) EITHER:
[0=16-2gs] (s=0.08)

Distance = 0.16 m
OR:
[0.35gh =" (0.35) x 1.6] (h=0.08)
Distance = 0.16 m
M/J 17/P42/Q5
R+ Psin30=0.12¢ cos 40
F=0.32R
[Prin 08 30 + F = 0.12g sin 40]
[Prnax c0s 30 — F'=0.12g sin 40]
[P cos 30 =0.12¢g sin 40
1£0.32 (0.12g cos 40 — P sin 30)]
OR
[Pcos 30 £0.32R =0.12¢ sin 40
R+ Psin 30 =0.12g cos 40]
Must reach P=... in either method
P =1.04 Py, = 0.676
0.676 < P 1.04
M/J 17/P42/Q6
() A[T=03q]
B[l.5g sin 8- T =1.54a]
System [1.5g sin 8= 1.8a]
a=9/18=5ms>
T=15N
(i) [5=3a4]
a=>5/3=1.67
Ri=3Rz=15¢c05369=12
[Fa=3p Fp=124]
EITHER:
A[T-F;=0.34d]
B[15sin369—-T—-Fz=1.5q]
System equation is
[1.5g5in36.9~F,—Fz=1.84]
[9-15u=3]
u=04=2/5
OR:
s=%(53)x3*=175
PE loss =
1.5 x10x 7.5 x (3/5)=67.5
KE gain=1 (1.8) x 5*=22.5
[67.5=225+3ux75+12u x7.5]
u=2/5=04

(V=1.6)

2

9

36. M/J 17/P41/Q2
(i) R=0.8gcos 10 [=7.88]
F=0.4x8cos 10 [=3.15]
-8 sin 10 -3.2 cos 10 = 0.8a

a=-568ms’ 4
(i) 0=122-2x5.68xs
s=144/(2x 5.68)=12.7m 2

37. MIJ 17/P41/Q7

(i) [T-0.8gsin30=0.8a
1.2gsin60—-T=1.2a
1.2g sin 60 — 0.8¢g sin 30 = 24|
For B 6\3-T=104-T=12a
a=3/3-2=320 s
T=%(l+x/—3-)=6.56N 6

(ii) R, = 0-8gc0s30= 43

Rs= 1.2gcos60=6

Fy= 43 p and Fp=6p

125in 60 -6 —T=0
or
T-8sin30-4V3pu =0
=(6V3-4)/(6+443)
=0.494 6
38. M/J 17/P43/Q7
(1) R=mgcos30
F=2mcos30[= m\/3]
T=4g[=40]

T=mgsin30 +F 'ﬁ
40 = 5m + m\/3
m= 0

(ii) EITHER

[R=3g

F ;@g

4 4
T-3%sin30-F =3q

3gsin30 —F =7a

2sin30 — 3V3 =3q

40—~ T=4a

4g—3gsin30-3V3=Ta —»a=...

25-343

7

o0 (3\/3 5.196)

Study copy distributed by EduResource ZA | eduresourcza.com


https://eduresourcza.com

Mathematics~A Level P-4 Topical

182

Unit 3: Answers Section

Read and Write Publications

=2.83.
=2x2.83%0.5
v=1.68...
—3gsin30 - 0.2(3gcos30) =
~15-3vY3=3a
(-5-3 =-6.73)
0=1.68-2x6.73s
s=...(0.210)
Total distance = 0.710 m
OR:
[R =3g cos30]
F=02 x3g cos30 (3V3 = 5.196)
4¢(0.5)—0.5T = ¥ (4") and
0.57 =" (3v) + 3g(0.5sin30) + 333(0.5)
vV =(25-3V3)/Torv=1.68
Vs (3)(1.68) = 3g(s sin30) + 3V3s
s=...(0.210)
Total distance = 0.710 m 8

39. O/N 16/P42/Q1
(i) 35=10a — a=035ms’
[10cosl5 — F=2 x(0.35]
F=896N
Alternative to 1(i)
s=%0+35)x10=17.5m
[10cosl5 x 17.5=Fx17.5+%2 (3.5Y]
F=896N 3]
(iiy [R=2g—- 10sinl5]
[1t=8.96/(2g— 10sinl5)]
p=10.515
40. O/N 16/P41/Q1
[04g - T=0.4a
System equation

—a= ...

[3]

(3]

T=0.6a
0.4g = (0.4 + 0.6)a]
a=4mg’
T=24N
41. O/N 16/P41/Q2
(i) 2=5a — a=0.4ms>
[0.1gsin20- F=0.1 x 0.4]
F=0.302N
(i) [R=0.1gcos20 (=0.9397)]
=0.3020/0.9397 = 0.321
42, O/N 16/P43/Q3
(i) [7¢g—T=Taand T-3g=3aq]
or[7g-3g=10q]
Acceleration is 4ms™
= 0+2x4x04] (v =32)
% Speedis 1.79ms™

T

[4]

(2]

(i) [0=32+2 % (-g) X 5] (s = 0.16)

0.16 +0.4=0.56

So particle O does not come to rest before
it reaches the pulley
Alternative
[V=32+2x%(-g) x 0.1]
y=V1.2 (= 1.10)

So particle Q does not come to rest before
it reaches the pulley 2]

43. O/N 16/P43/Q7

(i) R=50gcos10° and
F=50gsin10°
1> 0.176

(ii) PE loss = 50g x dsin10°
WD against friction =
0.19 x 50gcos10° x d
50 x5+ 50g x 10sin10°—0.19 %
50 gcos 10°x 10 = 0.5 x 50v*
Speed is 2.70ms™

(iiii) 50 g sin20° —
0.19 x 50gc0s20°=50qa

Acceleration is 1.63 ms™

44, M/J 16/P42/Q7
(i) [2.4g—-T=2.4aT = 1.6a
or the system equation
2.4g = (1.6 +2.4)a]
a=6ms"
05=Y%x6xr

t =0.408s 5
Alternative for 7(1)

[PEloss—24><g><()5—12 -
KE gain = %(1.6 + 2. 4)v* = <\ /\)\\(J/
PR )
IS
[12=2V%] ¥ (g
V“6—>v—245ms"\$§ /]Q
[0.5 = mwt%& K\)z?)/
t=0.408s 5
(i) R = 1.6 \Q’an Q3/8R 6

Systeﬁi
+2.4)a]

o gﬁ
24agandT-6=1.6a
o, 7,

9 \/2><45><0 =~4.5=2.12ms"
&

—6=1.6a— a=-3.75ms™
0=45+2x(-3.75) x (s ~ 0.5)
s=1.1m 7.

(2]

®
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First Alternative for 7(ii) 47. O/N 15/P42/Q5
(i) R=16g=16andF=3/8R=6 @ §s5gx L _T=05a
PE loss = 2.4 x g x 0.5[= 12] 25
. 2 ] T—0.1g=01a
KE gain =% x (1.6 +2.4) x v7[=2v"] 1.4—-1=0.6a
12=21¥4+6x 05— Vv=45—>v= For eliminating 7 and obtaining
2.12 P
Loss of KE = WD against ' o3
[Vox 1.6 x 4.5 =6 x (s~ 0.5)] ) Tension is 1.07N 5
s=11m 7 @ p2=2x (zj x 0.7]
3
45. M/J 16/P41/Q5 X
R=5gcosa=4g [2°=2x 2 x0.7+2x028gxs]
F=05xdg =% Length of sring = 2.5 s = 1.95m 3
T—2¢ - Sgsin a = 5a— ength of string =2.5—-5=1.95m
T—5g=>5a 48. Oltlo‘lgIP41/Q4 \
10g - 7= 10a {57« ' 2:2%?05052 mg cos 35
[Sg = 15a] & Z‘% < e
a=g/3=333ms" 5g— Mg sin 35 + 0.2 Mg cos 35
T=10g — 10(g/3) -0
=20g/3 =66.7N [7] m=6.78 or M=122
46. M/J 16/P43/Q6 6.78 < mass < 12.2 6
(i) (a)1.3g—T=13aand T - 0.7g=0.7a 49. O/N 15/P43/Q4
or M) 0.35¢—T=035a
1.3g — 0.7g=(1.3 + 0.7)a and either 1.3g— T-0.15g=0.15a
T=1.3a or T—-0.7g=0.7a (0.35-0.15)g=(0.35+0.15)a
Tension 1s 9.1N Acceleration is 4 ms”
(b) Acceleration is 3ms™ Tension is 2.1 N 4
[2=VYax3 x4 (i) [v*=0+8x 1.6 (=12.8)]
Time taken is 1.15 seconds 6 [H= 1.6+ (~12.8) = (-20)] ~
(i) [=2x3x2] Greatest height is 2.24 m (é
v=12(3.464) 50. M/J 15/P42/Q6 o < J%\
0=12-2g5s 2 s=.. i :
[ g ,é ] ® h= ~1—x05x2 R(f/)(‘\‘@%%
Greatest height is 4.6 m 4
Alternative h=0.5 R 3 (9)? 2
(i) [13gx2="% (130 +9.1x2] (i) [“:2*3;;5(}2, 53@
or [T-mgHfpia ¢
[9.1 x 2= (0.7 + 0.7g x 2] and oy §
1 -
v="12(3.464) (Kegpng 57= (1 —m)a
[%x 0.7V =07gs > s=..] A28 =2 = (L =mt )]
Greatest height is 4.6 m Qﬁ fyff? 0.3
SIT-03%10=4x03  or
0.7%x10=T=4x0.7]
Tension is 4.2 N 6
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(iii) (2-2)+(t-0.5)=-10 Alternative Method for part (ii)
T=09 3 (i) [0.15g—T=0.15aand T=0.35a
First Alternative method for (iii) T=1.05N >T=..

(i) [-2=2-101] { 2

[=0.4 [O.ISgh—-—i—xOJSx?: =l.05h]
Required time = 0.5 + 0.4=0.9 3 or
s-('econd Alternative method for (iii) 1 X 0.35x 3% =1.05/
(iiiy + =02s 2
1=02x2=04s h=15 4
Total time = 0.9 5 3 53. O/N 14/P42/Q5
51. M/J 15/P41/Q7 () (a) [F=0.7x3,WD=2.1x0.9]

(i) 7-02%x3=03aand7-T=0.7a Work done is 1.897 2
Acceleration = 6.4 ms (b) Lossof PE=3x0.9=271] 1
[v=0+6.4 x 0.25] (¢) [KE gain=2.7-1.89]

Gain in KE=0.81]J 2

=1.6 ms’
(ii) ¥4(0.3 + 0.3)Va break” = 0.81]

. 1
{D]Stance =0 +5 6.4x O252:| Vﬂoor2 = Vat break2 + Zg x 0.54

Distance = 0.2 m Speed at the floor is 3.67ms™ 3
[V =16+ 2‘g x (0.5 0.2)] Alternative method for (i) (¢) and (ii)
Speed is 2.93 ms" 9 (¢) [T-2.1=03gand3-T=10.3q
. ' — a=1.5]
(if) Distance travelled after break [¥=2x15x%09=27]

=(0-1.6")+(2x-2)=0.64 _ B
Total distance travelled KE=0.5x(0.3+0.3) x2.7=0.81 J2

=0.2+0.64=0.84 3 (ii) [Vat breakzz 27]

Alternative method for 7(ii) Voo = Vartrea + 2g % 0.54
oor ™ Vat breal .

r=252,F=02x3 Speed at floor = 3.67ms™ (= 1.5¥6) 3

WD by I'=2.52x%0.2 . "
WD by F=02x3 xd Alternative method for (ii)

[0.6d = 2.52 x 0.2] (ii) [0.3 x gx0.54]or[% x 0.3 x % 2.7)]
WD by T=WD by F — d=0.84 3 [1.62=1x 0.3 x (*~2.71@ ﬂ{@

52. M/J 15/P43/Q2
@ 54. O/N 14/P41/Q5 o D
(i) Loss of PE =0.15gh 1 ()  Frictional fo { X(@@Sg

03g=0.2g N2>

. 1 2
Gain of KE = 5 (0.35+0.15) >3 C enriction is 0.4 3
1.5h=025x9 (if) 02@&2‘*\ 2 or
Fx 085 = 0.25q
h=15 4 RS g

Alternative Method for part (ii)

(i) [0.15g-T=0.15qaand T=0.35a 2 < -
or 0.15g = (0.35+0.15)a] @@ ¢ O.'25g' - (02 ngs)a
3 D>a= Acceleration is 2.22 ms™
a=Jms Tension is 1.56 N 6
[3°=0+2x3 h]
h=15 4
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55. O/N 14/P43/Q1

(i) DF=P+18

[P+ 18—800=1400 x 0.5]

P =27000 3
(ii) [1080 — 800 = 1400aq]

Acceleration is 0.2 ms™ 2

56. O/N 14/P43/Q2
0.65 x 10 x (63/65) - T=0.65a or

T-0.65x10 x(16/65)=0.65a

T-0.65x10 x(16/65)=10.65a or
0.65 x 10 x (63/65) — T=0.65a or
0.65 x 10 x (63 — 16)/65 =2 x 0.65a
[T-1.6 = 6.3~T] or
[T=63-0.65x (47/13)] or
[T=1.6+0.65 x (47/13)]
Tension is 3.95N 5

O/N 14/P43/Q5
[P—8gsin5’— F = 84]
7X - 8gsin5°— F=8 x 0.15 and
8X —8gsin5°-~ F=8 x 1.15

57.

X=8

F=56—-8gsin5°-8 x 0.15 or
F=64-8gsin5°-8x 1.15or
F=56x1.15-64 x 0.15 — 8gsin5° or

F=478(275...)

R = 8gcos5° (=79.695...)
[0=47.8+79.7]

Coefficient is 0.600 (accept 0.6) 8

58. O/N 14/P43/Q6

() Acceleration is 4 ms™
ForT—mg=4mand (1 -m)g-T=
4(1-m)
ord=(1-m-m)g
P has mass 0.3 kg and Q has mass 0.7kg

5
(if) For using the area property of the graph or

h=Y: af* to obtain A = 2 1
(iii) Distance travelled upwards by
P=1"%14x4
Height is 4.8 m 2

59. M/J 14/P42/Q1

() DF=22500+18
22500/18-R =600 x 1.4
R=410N

(ii) Rate of working is 6150 W

2

[4]
[1]

60. M/J 14/P42/Q6
(i) V=2xgx72
=> speed at surface is 12 ms™
[6° =12+ 2a x 0.8]

Deceleration is 67.5 ms™
[02g—R=-0.2 x 67.5]

R=15.5 5
(i) [3.6="5ax4%

a=0.45ms™

[T-R-02g=02x0.45]

Tensionis 17.6 N (17.59 exact) 4

61. M/J 14/P42/Q7
() [Ta-25=025%xa][7.5-Tg=0.75 xa]
Tao=25+025a
Tg=7.5-0.75a 3
(i) F=04x5
[TB - TA —-F= 050]
7.5-0.75a —(2.5+0.25a)-2=0.54
2 g=2
Alternative method for (ii)
(ii) F=04x5
a=2 used to find Ta =3, Tg= 6 and used in
Tg—Tpa-F=05x%xqg

a=2 3
(i) v*={2 x2x0.36]

Speed is 1.2 ms' 2
(iv) —Ta-2=0.5gaand Ta—2.5=0.25a

Deceleration is 6 ms™? 2

62. M/J 14/P41/Q6
Acceleration is S5ms™ S
Distance is 0.9 m oxe @O [4]

e 1 _ 3 {'0
(ii) 3 0.6xV=09 -V @

75

®

®)

(3]

[3]
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63. M/J 14/P43/Q7
(i) For T—(40+160) x 0.76g =0.76a or
0.49g -~ T=0.49a
For0.49g—-T=0.49a or
T — (40 = 160) x 0.76g = 0.76a
0.49g — (400 = 160) x 0.76g =
(0.49 +0.76)a
Acceleration is 2.4ms™
and tension is 3.72 N (3.724 exact)
[vi=2x24x0.3]
Speed is 1.20ms™
Distance while Q is on the ground
=(2x 2.4 x0.3) +2(40g + 160)
(= 0.288m)
Distance travelled is 0.588 m

64. O/N 13/P42/Q6
(i) T-04g=04a or 1l.6g—T=1.6a
1.6g~T=16a or T-04g=04a
or l.6g—04g=(1.6+04)a
T=64
Work done by tension is 7.68 ]
Alternative mark scheme for 6 (i)
T-04g=04a or 1l.6g-T=1.6a
(i) 1.6g-T=16a or T-04g=04a
or 1.6g—0.4g=(1.6+0.4)a
WD by T = initial PE — final KE
=]6xgx12-Y%x1.6x144
WDby T=19.2-11.52=7.68
(i) [1.6x10x12=%16Vv"+768]
vi=144
144=2x%10xh
h=0.72
H=2x12+h
Greatest height is 3.12 m 4
First Alternative Marking Scheme for 6 (ii)
[V'=2x6x12]
vi=144
144=2x10xh
h=0.72
H=2x12+h
Greatest height is 3.12 m 4
Second Alternative Marking Scheme for 6 (ii)
WD by T = Increase in PE

or

(4]
(ii)
(2]
(iii)

(3]

7.68=04xgxs
s=1.92
H=12+s 4

H=12+1.92=3.12 Height=3.12m

65. O/N 13/P41/Q6
(i) T-03g=03ao0r

T-03g=03ao0r
0.7g—-0.3g=(0.7+0.3)a
Tensionis 4.2 N
(i) a=4
Suu = 1.67(2 x 4) (=0.32)
[(0.52 + 0.32) =—1.6t+ 5t’]
[(t=0.6)(5t+ 1.4)=0]
Time taken is 0.6s 5
Alternative Marking Scheme for the last three mz
0*=1.6"- 285y,
typ = 28u/(1.6 +0)  (=0.16)
0.52 + sy + 5, =0+ " gtdow“2
(tgown = 0.44)
Time taken = t,, + taown = 0.6'8
66. O/N 13/P43/Q2
a=>5
When B reaches the floor
v2 =2 x 5 x 1.6; speed is 4ms™
=16-20s (s=0.8)
h+16+08=3=>h=0.6
M/J 13/P42/Q7
(i) T-0.26g(16+65)=0.26a or
0.52g-T=0.52a
For {0.52g - T =0.52a or
T-0.26g(16 + 65) = 0.26a}
or 0.52g —0.26g(16 = 65) = (0.52 + 0.26)a
Acceleration is 5.85 ms-2
Tension is 2.16 N
[vi=2 x (76/13) x 0.6]
Speed is 2.65 ms-!
0=91.2/13 -2(160/65)s
S=57/40 (=1.425)

[AP=2.5-0.6-1 4251 (0)
Distance AP is 0.475

13/\ {20 [6]
13/P41/Q5

X%
R= 26><(12—-1

}35’
[F = 02><24$ %/Y (g
[T - 2.6(5,33) A 026a,5.4-'r=
&ﬁ' C(:?

0.54a
T—1-0.48=0.26a, 5.4
. or
»'0.48) = (0.54 + 0.26)a

67.

[5]
(i)

%
é’{ &l‘)

68. M/J
@

For

W
5,

<33 §§hsxon is 2.75 N (2.754 exact) [6]
(“&ff[s =14 4.9 x 0.47]
" Distance is 0.392 m (2]

0.7g-T=0.7a
0.7g—-T=0.7ao0r

A

i
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69. M/J 13/P43/Q7 72. OIN 12/P41/Q2
() T-(2/7)126g=126aor G) [02g-T=02x1.6]
09¢g-T=09a Tension is 1.68 N 2
09g-T=09ao0r (i) T-F=03x1.6
T-(2/7)126g=126a Frictional force is 1.2 N 3
or
09g-(2/7)1.26 g=(0.9+1.26)a 73.ON 1{3/"316/@3
Acceleration is 2.5 m s @) [R+06sincx = O.Sg‘cosa l
Tension is 6.75 N (5] (i) II:Ior(r)ngl compo(;lznt 18 4.632) N 2
v rd ii) F+0.6cosa=0.5g sina
(i) [v°= 2'X (2.5) x ?'45] (2] Frictional component is 0.824 N 3
Speedis 1.5ms (iii) Coefficient is 0.178 2
M) [-(2/7)1.26 g=1.26 4
() [=(2/7)1.26 g =126 a] Bl 74 o 12paziar
a=-20/7 () 0.32g-T=032a (or T =0.48q)
[vi=2.25+2(=20/7)(0.03)] T=10.48a (or 0.32¢g—- T =0.32a) OR

0.32g = (0.32 + 0.48)a

. 1 .44 -1 . . o) . .
Speed is ms Acceleration is 4 ms™ and tension is 1.92.

70. OIN 12/P42/Q2 N , 5
() [0.6=0+03a] (i)  [0.98 =7 4r]
o L Time taken is 0.7 s 2
Acceleration is 2 ms™ 2 (iliy v=4x0.7and = (1.4—0.98)/v (= 0.15)
(i) [mg—-T=2m,T~(1-m)g Time taken is 0.85 s 3
=201 —m] 75. MIJ 12/P42/Q5
[m=TI8=>»T-(10-125T)=2-0.25T (i) TensioninS;is30N
or Tension in S; is 50N [2]
T=8m=>»8m—(10-10m)=2-2m] (i) 3g-T-1.6=3a (or2g+T—4=2a)

2g+T—-4=2a (or3g-T-1.6=3a)or

T +125T+025T=10+2
(3g+2g)—(1.6+4)=(3+2)a

or
m=0.6and T= 8m Acceleration is 8.88 ms™
= fon Tension is .76 N [5]
=().6 and t 48N 4
B Anc tension 1s SR (max. 1/ 2) for candidates who do
Alternative for part (ii) not give numerical answers in (i).
, _ Allow B1 for Tension in S,
[{m+ (A =m)}p x 2= {m—(1-m)} xg] is 3g and Tension in S, is 5g (/@)
m =00 76. M/J 12/P41/Q6 & AR
[mg—=T=2mor T~ (1-m)g=2(1 —m)] (i) 0.6gx 0.8 T =0.6a and T0. gﬁ?}
. 8 =04 ®j
Tension is 4.8 N x 0. Aa N

or (0.6 - 04)gx08

71. O/N 12/P42/Q5 Tension is 3.84 N c ation is 1.6ms™

(i) Acceleration for < 0.8 is 4/0.8
) Acceleration 1%
[5 = 10sin 0] or tension js @8 (5]
0=30° 3 (i) 2=1.6 o (0 (1 =1.25)
th=10.
(ii) Acceleration for 0.8 <r<4.8 is 155 (22=0.25) [4]
—4/(4.8 - 0.8)
[mgsm30. - Fa= m(-1)] 9 - 6.1 sin o
_mgsin30” +m ‘
mg cos30° ‘\\s\?’[59 6.1 sina <y (6.1cosax) ]
Coefficient is 0.693 5 4 [5]

1> ——
! 5
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(i) [6.1x (11/61)+ 5.9 — 6.1 x (60/61) > 0]

.
A [2]
(i) [6.1x (11/61) +5.9 —u 6.1 x (60/61) =
0.61 x 1.7]
o =0.994 (2]

M/J 12/P43/Q7
() [T-0.12g=0.12a & 0.38g — T = 0.38a;
~0.38-0.12 2]
0.38+0. 12
Acceleration is 5.2 ms™ [2]

(i) [vP=2x5.2x0.65; 0.65 =" 5.2Tg’]
Speed of B is 2.6ms—1 or Ty = 0.5
Tr=0.50r Speed of Bis 2.6ms™  [3]

(iii) [-2.6=2.6—-10(T -0.5)]

T=1.02

Correct graph for 0 <t <1.02 [3]
ft incorrect values of V, T and Tg

(iv) [0.65+0.5(1.02-0.5)2.6]
Total distance is 1.326 m (accept 1.33)

(2]
O/N 11/P42/Q2
(i) F=0.2x6gcos8
[6g sin8 — F = 6a]
Deceleration is 0.589 ms™ 3
(ii) Distanceis 7.64 m 2

O/N 11/P42/Q5

() 09g-T=09ao0rT-0.6g=0.6a
T—-0.6g=0.6a0r09g-T=0.9aor
(0.9-0.6)g=(0.9 +0.6)a
Acceleration is 2 ms™

and tension is 7.2 N 4
(i) u=3

[3 =2x2h

[¥4 (0.9 + 0.6)3> = (0.9 — 0.6)gh]

Heightis 2.25 m 4

O/N 11/P41/Q2
0.65g— T =0.65a and T - 0.35g = 0.35a

Tension in the string is 4.55 N

Magnitude of resultant is 9.1 N 5
O/N 11/P43/Q3
0.9g-7.2=0.9a (a=2)

[v=2 % (0.9g - 7.2)/0.9 x 2] (v=4R)

Uslack = Viaut = 2 ,/g—— 8

[distance = 4 — 32/g]

Distance is 0.8 m 6

83. O/N 10/P41/Q7

(i) R +3.2sin30°=0.5¢g
F+0.2g =3.2c0s30°
[L=(3.2c0s30° — 2)/(5 — 3.25in30°)]
Coefficient is 0.227 [6]

(i) 2-T=02a
T-0227%x5=0.5a
Acceleration is 1.24 ms
1.75N

84. M/J 10/P42/Q6, M/J 10/P41/Q6
(i) 0.45a=045g—Tand0.2a=T-F or
(0.45+0.2)a=045g—F
F=03x02g
Acceleration is 6 ms™
[V’=2x6x[2-(2.8-2.1)]
Speed is 3.95ms™ [7]
(i) 0.2a, =-0.06g
V' =15.6 +2(=3)(0.8)
Speed is 3.29 ms™
Alternative for 6(ii) [4]
WD against friction = 0.06g x
[21-(2-0.7)]
15 0.2 x 3.95° ~ 15 0.2v* = 0.48
Speed is 3.29ms™

85. M/J 10/P43/Q4
(i) 0.36gsin60°—T = 0.36 x 0.25
Tension is 3.03 N [2]
(ii) T=+F-0.24gsin60° =0.24 x 0.25
F =3.03 - 0.24g sin60° — 0.24 x 0.25

2 . .
and tension 12

(F = 0.889)
R =0.24g cos60° (R=12)
Coefficient is 0.74 [6]
86. M/J 10/P43/Q7 g@
() R=4500N o@ A9
3150 = p4500 XIS
Coefficient is 0. 7 O ;0> @Qﬁ [3]

3]

@ —0.125 x 10 x 0.28 - 0.4 =0.125a
a=-6 = deceleration is 6 ms™ 3
(iii) pR > mg sina =¥ particle remains at reszt
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O/N 09/P42/Q5
(i) 12+ 15sin30°=R
F = 15¢c0830°
[p = 15c0s30°/(12 + 155in30°]
Coefficient is 0.666 5
(ii) F=0.666(12 - 15sin30°)
15c0830°—- F=1.2a

Acceleration is 8.33 ms™ 4

O/N 09/P42/Q6
(1) T-03g=03aand 0.7g—T=0.7a or
(0.7+0.3)a=(0.7-0.3)g

Acceleration is 4 ms™ 3
(i) s;=1.6%2 x 4)

Height is 0.448 m 3
(iii) t, = 1.6/4

Time taken is 0.56 s 3

(Alternative for part (iii))

9‘:; + = (Sy + Sz)/08

Time taken is 0.56 s 3
(Alternatively for parts ii and iii using v—t

t,=1.6/4 and t, = 1.6/10 graph)
Time taken is 0.56s
§1=04x1.6/20rs,=0.16 x 1.6/2 or

s +5=(04+0.16) x 1.6/2
Height is 0.448m
O/N 09/P41/Q6
() 0.55g-T=0.55aand T—0.45g = 0.45a or
a=[(0.55-0.45)/(0.55+ 0.45)]g
Acceleration is 1ms™ 3
(i) (a) Height of P is 3m and height of
Qis7m
(b) Speed is 2ms™ 1
(iii) [3 = 2tp + 55>, 7 =-2ty + 5t3*]
tp=0.6
tQ = 14
Q 1s 0.8s later than P
M/J 09/P4/Q1
Tension is 40N
[R+T=W]
Force exerted is ION
M/J 09/P4/Q6
(i) [0.36 =1a(0.6)*]
Acceleration is 2 ms™
(i) [0.45g-T=0.45x2]
Tension is 3.6 N
(iii) [T—mg=2m or
0.9+2m=4.5—-10m]
(2 + g)m = 3.6 (must have m terms

combined)
Mass is 0.3 kg

6

[\

(2]

[3]

@ivyu=12
[0=1.44-20s — 0.072]
Maximum height is 0.792

O/N 08/P4/Q5
() (@) [5=0+2a]
Acceleration is 2.5ms™
() 0.5g-T=0.5x2.5
Tension is 3.75N
(i) T-mg=2.5m
or 0.5g —mg =0.5x2.5+ 2.5m
[(10 +2.5)m = 3.75]
m=10.3

M/J 08/P4/Q5

(i) F=0.500.6g)
04g—-T=0.4a
T-F=0.6a [6]
Acceleration is Ims™? and tension is 3.6N

(3]
93.

[2]
(3]

[3]
94.

(i) Time taken is 2.45s [2]
95. O/N 07/P4/Q7
@) R !

w

(i) T—F-0.13g (16/65)
[T—F-0.13g (16/65) > 0]
T-F>0.32 4

Acceleration is 0.1 ms™

M/IJ 07/P4/Q7
()  Tcos60° = 75¢co

(i) R=0.13g(63/65)  or
0.13g cosl4.25... (=1.26)
T-F~-0.32=0.13a and
0.11g—-T=0.11a
96. %@
ﬁk 130
Tsin60° + 7
[130sm O@

F=0.6x1.26 (=0.756)
or 0.llg—-F-032= (013+011, ‘g\%@
@%ﬁ =20g
53@%%11:200]
Ma 5
g O
). =

=25/93.3]
Coefficient is 0.268 (=2 --\/5) 6
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97. O/N 06/P4/Q7
(i) R=mgcos21°=9.336m
a=-5
[-mgsin21°-F=-5m]
F=1.416m
(ii) Coefficientis 0.152 1
(iii) s =10
mgsin21°¢ —~ 1.416m=ma
[v3=2(gsin21° - 1.416)10 ]

Speed is 6.58 ms- 5
98. M/J 06/P4/Q5
(i) T=42c0s43° =18

[a=2.167...]

Mass of Q is 0.4 kg 2
(i) 4=0.8mpx 10

Mass of P is 0.5 kg 2
(iii) T—-0.8x0.5g = 0.5 «

05g-T=05a

Tension is 4.5 N 4

99. M/J 05/P4/Q4
() T=02gandT=F
R=0.3gand0.2g= uR 4
Coefficient is 2/3
(i) F=2/3(0.3g-1.8) (=0.8)
X=28 3
100. O/N 04/P4/Q1
T=17a
0.3g—T=0.3a
Acceleration is 1.5 ms2 and 5
tension is 2.55 N

101. O/N 03/P4/Q5
(i) applying Newton’s second law to 4 or to

B (3 terms needed)
T—-0.6=04a0r0.1g—T=0.1a
For a second of the above 2 equations or for
0.1g—-0.6=0.5a [Can be scored in

part (ii)]

(Sign of @ must be consistent with that in
first equation)

Tension is 0.92 N 4
(ii) a=028
For using v = at
Speed = 1.2 ms! 3

102. M/J 03/P4/Q5
(i) For resolving forces on any two of
A, orB orAand B

combined (7, =W, +T,,T, =W,.,T,
=W, +Wy)

Tension in Syis 4 N or Tension in S;
is2N

Accept 0.4g or 3.92 (from 9.8 or 9.81)
for T,

Tension in Sz is 2 N or Tension in Sy
is4 N 3
Accept 0.2g or 1.96 (from 9.8 or 9.81)
for T,

SR (for candidates who omit g)
(Max 1 out of 3)
Ty=04and 7, =0.2

(i) For applying Newton's second law to
A, ortoB,orto A
and B combined
For any one of the equations
T+2-04=0.23,
2-T-02=0.2a,4-04-0.2=04a
For a second of the above equations
For solving the simultaneous equations
foraand T
Acceleration is 8.5 ms™, tension is 0.1 N
Accept 8.3 from 9.8 or 8.31 from 9.81
SR(for candidates who obtain only the
‘combined’ equation) (Max 3 out of 5)
For applying Newton’s second law to
A and B combined
For4-0.4-0.2=04a
Acceleration is 8.5 ms™ 5

103. M/J 03/P4/Q6
(i) Forusing F = xR and R—

Frictional force is 0.0 £ %g 80 N
X /8(r

Accept 0.0368 froaiw.8
Q) &
(ii) For using F 2 :&&37 5= O.15a)
or d=u (}, >

Decelqr} 5n is@.25 ms™
‘(ék 025 A.G. 2]

(||/§§U§% s =ut+— at
QNQ’SS@%SS x4 +— (025)16)

) Distance AB is 20m [2]
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(iv) For using v’ =u? + 2as (iii)
(v’ =3.5" —=2x0.25x20)
Speed is 1.5 ms™

(ft J(24.5—(iii))/2) 2]
(v) Return dist. = 3> 5
2x0.25 )
. (iv) For 2 line segments representing
or distance beyond A = 2%0.25 motion with the string taut.
Total distance is 44.5 m 2] For the line segment representing

L2 motion of A with the string slack
(ft 24.5 + (i) or 2((iv) + (iii)) For the line segment v =0

104. M/J 02/P4/Q4 Representing B stationary with the
(i) N=45g,F=15 string slack 3
For using p=F/N
Coefficient is 1/3 or 0.333
(0.340 from g =9.8 or 9.81) 3
(ii) For using Newton's 2™ law [~ 15 = 4.5a]
Deceleration is 10/3 ms™ (or 3.33)
ora=-10/3 (or-3.33) 2
(iii) For using v?=u® + 2as or v=u + at
utv

and s =
[0=4+2(-10/3)s]
Distance is 0.6 m 2

105. M/J 02/P4/Q7
(i) For applying Newton’s 2"
law to A or B or for using
(m +m,)a = (m,-m,)g

0.15a= T-0.15g 2
0.25a=0.25¢g -T <\-’;®
Alternative for the above 2 A marks: 73\(/ (6@;\3—
(0.15+0.25)a=(0.25- 0.15)g Ol
Acceleration is 2.5ms™  (ft only for c;g{
0.25 following the absence of g) o (0)27)
(245 fromg=980rg=9.81) 4 Q

(ii) v=>5 ftfor2x ans (i) . &3{)’ @SQ)
(4.9 from g = 9.8 and 4.90(5) c\\é@é@o

O

from g = 9.81) Q:S) P

For using v = u + at to find time up /ZC}\/ f
. . (2% %

or time down or total time up and down @ &

acceleration must be £ g
t=2x— or-5=5-10t
10

Slack for 1s 4
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Unit-4: Energy, Work and Power

1. M/J 22/P42/Q6
A car of mass 900 kg is moving up a hill inclined at sin™ 10.12 to the horizontal. The initial speed

of the caris 11 ms~". After 12s, the car has travelled 150 m up the hill and has speed 16 ms™. The

engine of the car is working at a constant rate of 24 kW.

(a) Find the work done against the resistive forces during the 12s. (5]

The car then travels along a straight horizontal road. There is a resistance to the motion of the car of

(1520 + 4v) N when the speed of the car is v s~'. The car travels at a constant speed with the engine

working at a constant rate of 32kW.

(b) Find this speed. {3]
2. M/J 22/P41/Q5

Two racing cars A and B are at rest alongside each other at a point ) on a straight horizontal test

track. The mass of A is 1200kg. The engine of A produces a constant driving force of 4500N. When

A arrives at a point P its speed is 25m s~'. The distance OP is dm. The work done against the

resistance force experienced by A between O and P is 750007,

(a) Show that d = 100. (3]

Car B starts off at the same instant as car A. The two cars arrive at P simultaneously and with the

same speed. The engine of B produces a driving force of 3200N and the car experiences a constant

resistance to motion of 1200 N.

(b) Find the mass of B. [3]
(¢) Find the steady speed which B can maintain when its engine is working at the same rate as 1t 18
at P. [3]

3. M/J 22/P43/Q5

A cyclist is riding along a straight horizontal road. The total mass of the cyclist and her bicycle

9

is 70kg. At an instant when the cyclist’s speed is 4m s~ her acceleration is 0.3ms There 1s a
constant resistance to motion of magnitude 30 N.

(a) Find the power developed by the cyclist. [3]
The cyclist comes to the top of a hill inclined at 5° to the horizontal. The cyclist stops pedalling and

reewheels down the hill (so that the cyclist is no longer supplying any power). 'I:hg:;‘;'rimglkliludc of

the resistance force remains at 30N. Over a distance of ¢ m, the speed of the cyclist increases from

6ms to12ms™".

[2]
(31

(b) Find the change in kinetic energy.
(¢) Use an energy method to find d.

4. O/N 21/P42/Q2
A van of mass 3600 kg is towing a trailer of mass 1200 kg algng.

sugﬁghl horizontal road using a

light horizontal rope. There are resistance forces of 700 N UILIhL \dl‘l dnd 300 N on the wrailer.
S
Find the tension in the rope. //)’? 4’) (4]

The driving force is now removed and the van dn\*er upgilués a braking force which acts only on the

(a) The driving force exerted by the van is 2500 N.

van. The resistance forces remain unchanged. S

(b) Find the least possible value of the braking force which will cause the rope to become slack. 2]
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5. O/N 21/P42/Q3

B

The diagram shows a semi-circular track ABC of radius 1.8 m which is fixed in a vertical plane. The
points A and C are at the same horizontal level and the point B is at the bottom of the track. The
section AB is smooth and the section BC is rough. A small block is released from rest at A.

(a) Show that the speed of the block at Bis 6ms™!. [2]

The block comes to instantaneous rest for the first time at a height of 1.2 m above the level of B. The
work done against the resistance force during the motion of the block from B to this pointis 4.5].

(b) Find the mass of the block. [3]

6. OJ/N 21/P42/Q5
A railway engine of mass 75 000 kg is moving up a straight hill inclined at an angle ¢ to the horizontal,

where sina = 0.01. The engine is travelling at a constant speed of 30ms™!. The engine is working
at 960 kW. There is a constant force resisting the motion of the engine.

(a) Find the resistance force. [3]
The engine comes to a section of track which is horizontal. At the start of the section the engine is
travelling at 30 ms™' and the power of the engine is now reduced to 900 kW. The resistance to motion
is no longer constant, but in the next 60 s the work done against the resistance force is 46 500 kJ.

(b) Find the speed of the engine at the end of the 60 s. [4]
7. OIN 21/P41/Q5

A car of mass 1600kg travels at constant speed 20m s~ "up a straight road inclined at an angle of
sin™! 0.12 to the horizontal.

(a) Find the change in potential energy of the car in 30s. [3]
(b) Given that the total work done by the engine of the car in this time is 1960 kJ, find the constant
force resisting the motion. 4{) [3]
(¢) Calculate, in kW, the power developed by the engine of the car. g (2]
(d) Given that this power is suddenly decreased by 15%, find the instantaneous ﬁfééell}gf n of the
car. Q éO \ [3]

8. OJ/N 21/P43/Q3
A ball of mass 1.6 kg is released from rest at a point 5 m above honzontal g&fﬂ&{;}%hen the ball hits
the ground it instantaneously loses 8 J of kinetic energy and starts to mag \ﬂp

(a) Use an energy method to find the greatest height that the ball r Zé itting the ground. [3]
(b) Find the total time taken, from the initial release of the ball uw\ t rea es this greatest height.[3]
9. OIN 21/P43/Q4 S
A car of mass 1400 kg is moving on a straight road agamst(/ﬁbcon \tg force of 1250 N resisting the
motion. 2 0 .
(a) The car moves along a horizontal section of the roz @t g.onstant speed of 36 ms™!.
(i) Calculate the work done against the rems%g forc;é;%unng the first 8 seconds. [2]
(ii) Calculate, in kW, the power developed by the @agme of the car. [2]
(iii) Given that this power is suddenly increased by 12 kW, find the instantaneous acceleration
of the car. (3]
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(b) The car now travels at a constant speed of 32ms™ up a section of the road inclined at 6° to the
horizontal, with the engine working at 64 kW.
Find the value of 6. [2]
M/J 21/P42/Q1
A particle of mass 0.6 kg is projected with a speed of 4 m s~ down a line of greatest slope of a smooth
plane inclined at 10° to the horizontal.
Use an energy method to find the speed of the particle after it has moved 15 m down the plane.  [3]

M/J 21/P42/Q5
A car of mass 1250 kg is pulling a caravan of mass 800 kg along a straight road. The resistances to the

motion of the car and caravan are 440 N and 280 N respectively. The car and caravan are connected
by a light rigid tow-bar.

(a) The car and caravan move along a horizontal part of the road at a constant speed of 30 m s,

(i) Calculate, in kW, the power developed by the engine of the car . 2]

(ii) Given that this power is suddenly decreased by 8 kW, find the instantaneous deceleration of

the car and caravan and the tension in the tow-bar. [4]

(b) The car and caravan now travel along a part of the road inclined at sin™1 0.06 to the horizontal.

The car and caravan travel up the incline at constant speed with the engine of the car working at

28 kW.

(i) Find this constant speed. [3]

(i) Find the increase in the potential energy of the caravan in one minute. [2]
M/J 21/P41/Q1

A winch operates by means of a force applied by a rope. The winch is used to pull a load of mass
50kg up a line of greatest slope of a plane inclined at 60° to the horizontal. The winch pulls the load
a distance of 5 m up the plane at constant speed. There is a constant resistance to motion of 100 N.

Find the work done by the winch. 3]

M/J 21/P43/Q5
A car of mass 1400 kg is towing a trailer of mass 500 kg down a straight hill inclined at an angle of 5°
to the horizontal. The car and trailer are connected by a light rigid tow-bar. At the top of the hill the

speed of the car and trailer is 20m s~! and at the bottom of the hill their speed is 30 m s7h

(a) Itis given that as the car and trailer descend the hill, the engine of the car does 150 G0
and there are no resistance forces. @
Find the length of the hill. C ©

(b) Itis given instead that there is a resistance force of 100N on the trailer 2%

200 m, and the acceleration of the car and trailer is constant.

[5]
of the hill is

Find the tension in the tow-bar between the car and trailer. @ @© 4]
MAR 21/P42/Q2 @ o
A car of mass 1400 kg is travelling at constant speed up a straj illsig¥lined at « to the horizontal,
where sino = 0.1. There is a constant resistance force of fittud$ 00 N. The power of the car’s

.. QY

engine is 22 500 W.
(a) Show that the speed of the caris 11.25m sL. [3]
The car, moving with speed 11.25ms™!, comes to¢@¥&étiqerof the hill which is inclined at 2° to the
horizontal.

(b) Given that the power and resistance force do not change, find the initial acceleration of the car
up this section of the hill. [3]
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Two particles P and Q of masses 0.5kg and mkg respectively are attached to the ends of a light
inextensible string. The string passes over a fixed smooth pulley which is attached to the top of two
inclined planes. The particles are initially at rest with P on a smooth plane inclined at 30° to the
horizontal and Q on a plane inclined at 45° to the horizontal. The string is taut and the particles can
move on lines of greatest slope of the two planes. A force of magnitude 0.8 N is applied to P acting
down the plane, causing P to move down the plane (see diagram).

(a) Itis given thatm = 0.3, and that the plane on which Q rests is smooth.
Find the tension in the string. [5]

(b) Itis given instead that the plane on which Q rests is rough, and that after each particle has moved
a distance of 1 m, their speed is 0.6 ms™!. The work done against friction in this part of the
motion is 0.5J.

Use an energy method to find the value of m. [5]

O/N 20/P42/Q2
A car of mass 1800kg is travelling along a straight horizontal road. The power of the car’s engine is

constant. There is a constant resistance to motion of 650 N.
(a) Find the power of the car’s engine, given that the car’s acceleration is 0.5 ms~2 when its speed

is20ms" L. [3]

(b) Find the steady speed which the car can maintain with the engine working at this power. [2]
O/N 20/P42/Q8 A
@

0.3kg

Two particles A and B, of masses 0.3 kg and 0.5kg respectively, are Q ‘ e ends of a light
inextensible string. The string passes over a fixed smooth pulley which iszattached to a horizontal
plane and to the top of an inclined plane. The particles are initi rith A on the horizontal
plane and B on the inclined plane, which makes an angle of ith@he horizontal. The string is
taut and B can move on a line of greatest slope of the inclingd p <" J)( A force of magnitude 3.5N is

applied to B acting down the plane (see diagram). >

(a) Given that both planes are smooth, find the tension@i thing and the acceleration of B.  [5]

(b) It is given instead that the two planes are rm% Q’). each particle has moved a distance of
0.6 m from rest, the total amount of work done 3g " t friction is 1.117.

Use an energy method to find the speed of B when it has moved this distance down the plane.

[You should assume that the string is sufficiently long so that A does not hit the pulley when it

moves 0.6 m.] [4]
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O/N 20/P41/Q2

A car of mass 1400 kg is moving along a straight horizontal road against a resistance of magnitude

350N.

(a) Find, in kKW, the rate at which the engine of the car is working when it is travelling at a constant
speed of 20m s7h [2]

(b) Find the acceleration of the car when its speed is 20ms™ and the engine is working at 15 kV\E%

O/N 20/P41/Q6

A car of mass 1500 kg is pulling a trailer of mass 750 kg up a straight hill of length 800 m inclined at
an angle of sin™! 0.08 to the horizontal. The resistances to the motion of the car and trailer are 400 N
and 200 N respectively. The car and trailer are connected by a light rigid tow-bar. The car and trailer
have speed 30 ms~! at the bottom of the hill and 20 m s~} at the top of the hill.

(a) Use an energy method to find the constant driving force as the car and trailer travel up the hill.[5]
After reaching the top of the hill the system consisting of the car and trailer travels along a straight
level road. The driving force of the car’s engine is 2400 N and the resistances to motion are unchanged.
(b) Find the acceleration of the system and the tension in the tow-bar. (4]
O/N 20/P43/Q2

A box of mass 5kg is pulled at a constant speed a distance of 15 m up a rough plane inclined at an
angle of 20° to the horizontal. The box moves along a line of greatest slope against a frictional force
of 40 N. The force pulling the box is parallel to the line of greatest slope.

(a) Find the work done against friction. [1}
(b) Find the change in gravitational potential energy of the box. [2]
(¢) Find the work done by the pulling force. [1]

O/N 20/P43/Q6
A car of mass 1600 kg is pulling a caravan of mass 800 kg. The car and the caravan are connected
by a light rigid tow-bar. The resistances to the motion of the car and caravan are 400N and 250N
respectively.
(a) The car and caravan are travelling along a straight horizontal road.

(i) Given that the car and caravan have a constant speed of 25m s~!, find the power of the car’s

engine. (2]
(ii) The engine’s power is now suddenly increased to 39 kW. Find the instantaneous acceleration
of the car and caravan and find the tension in the tow-bar. - [5]

(b) The car and caravan now travel up a stralght hill, inclined at an angle of 511)7‘1‘6 053 to the
horizontal, at a constant speed of vms™ . The car’s engine is working at 32. 5&@&6 (,\\3

Ok P (\) &

Find v. ',;:,,' ﬁu (3]
M/J 20/P42/Q5 o
A car of mass 1250 kg is moving on a straight road. 33‘§§’: &7
(a) On ahorizontal section of the road, the car has a constant speed of : Qﬂnd there is a constant
force of 750 N resisting the motion. @i’ r(>
(i) Calculate, in kW, the power developed by the engine Cgﬁffx% ) 2]
(ii) Given that this power is suddenly decreased by 8 ﬁnd LL instantaneous deceleration of
the car. [3]
(b) On a section of the road inclined at sin™! 0.096 to t %or étal the resistance to the motion of
the car is (1000 + 8v) N when the speed of the,qaf)n’s Vv . The car travels up this section of
the road at constant speed with the engine worﬁmg @60 kW
Find this constant speed. & [5]
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M/J 20/P41/Q2

A car of mass 1800 kg is towing a trailer of mass 400 kg along a straight horizontal road. The car and
trailer are connected by a light rigid tow-bar. The car is accelerating at 1.5 ms™2. There are constant
resistance forces of 250 N on the car and 100 N on the trailer.

(a) Find the tension in the tow-bar. [2]

(b) Find the power of the engine of the car at the instant when the speed is 20ms™'. (3]

M/J 20/P41/Q5

A child of mass 35kg is swinging on a rope. The child is modelled as a particle P and the rope

is modelled as a light inextensible string of length 4 m. Initially P is held at an angle of 45° to the

vertical (see diagram).

(a) Given that there is no resistance force, find the speed of P when it has travelled half way along
the circular arc from its initial position to its lowest point. [4]

(b) It is given instead that there is a resistance force. The work done against the resistance force

as P travels from its initial position to its lowest point is X J. The speed of P at its lowest point

isdms!.

Find X. (3]

M/J 20/P43/Q2

A minibus of mass 4000 kg is travelling along a straight horizontal road. The resistance to motion is
900 N.

(a) Find the driving force when the acceleration of the minibus is 0.5 ms~2. (2]
(b) Find the power required for the minibus to maintain a constant speed of 25 ms™!. [2]

M/J 20/P43/Q5

%)
A block B of mass 4 kg is pushed up a line of greatest slope of a smooth plane incloi 8@\21(4{\@" to the
2)
es through

horizontal by a force applied to B, acting in the direction of motion of B. The b;& pgs%’

points P and Q with speeds 12ms™! and 8 ms™! respectively. P and Q are K a ﬁ? ith P below

the level of Q. %@ P %9}

(a) Find the decrease in kinetic energy of the block as it moves from D [2]

(b) Hence find the work done by the force pushing the block up dth{\e@lop the block moves from
? &

Pto Q. N & (3]
(¢) At the instant the block reaches (J, the force pushing thé{g&ﬁ:k ﬁe slope is removed.
Find the time taken, after this instant, for the block tqragin . 4]
MAR 20/P42/Q1 /O}g) &

A lorry of mass 16 000kg is travelling along a strzggﬁ@“flg%y'}%ntal road. The engine of the lorry is
working at constant power. The work done by the (}%n@}/ orce in 10s is 7500001.

(a) Find the power of the lorry’s engine. & 1]
(b) There is a constant resistance force acting on the lorry of magnitude 2400 N.
Find the acceleration of the lorry at an instant when its speed is 25 ms™'. [3]

I
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MAR 20/P42/Q3
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The diagram shows the vertical cross-section of a surface. A, B and C are three points on the cross-

section. The level of B is ~Am above the level of A. The level of C is 0.5 m below the level of A. A
particle of mass 0.2 kg is projected up the slope from A with initial speed 5ms™!. The particle remains
in contact with the surface as it travels from A to C.
(a) Given that the particle reaches B with a speed of 3 ms~! and that there is no resistance force,
find A. 3]
(b) Itis given instead that there is a resistance force and that the particle does 3.1J of work against
the resistance force as it travels from A to C.
Find the speed of the particle when it reaches C. [3]
O/N 19/P42/Q4
A lorry of mass 25 000 kg travels along a straight horizontal road. There is a constant force of 3000 N
resisting the motion.
(i) Find the power required to maintain a constant speed of 30ms™. 2]
The lorry comes to a straight hill inclined at 2° to the horizontal. The driver switches off the engine
of the lorry at the point A which is at the foot of the hill. Point B is further up the hill. The speeds of
the lorry at A and B are 30 ms™! and 25 ms™! respectively. The resistance force is still 3000 N.
(i) Use an energy method to find the height of B above the level of A. (5]

O/N 19/P41/Q1
A crane is lifting a load of 1250 kg vertically at a constant speed V ms™'. Given that the power of the

crane is a constant 20 kW, find the value of V. [2]
O/N 19/P41/Q2

The total mass of a cyclist and her bicycle is 75 kg. The cyclist ascends a straight hill e
inclined at 1.5° to the horizontal. Her speed at the bottom of the hill is 10m :
is 5ms™!. There is a resistance to motion, and the work done against this regist4

ascends the hill is 2000J. The cyclist exerts a constant force of magnitug AN the direction of
motion. Find F.

®)
O/N 19/P43/Q2 @ ©
i 2 izontal with a constant
fie 1 s" is 45ms’1 Point B on the

driving force of 16 000 N. At a point A on the slope the speed
slope is 500 m beyond A. At B the speed of the train is 42 n%
a

the train and the train does 4 x 10%J of work against this R
value of a.
<

O/N 19/P43/Q5 %
A cyclist is travelling along a straight horizontal ro

ﬁotal mass of the cyclist and his b1cycle
is 80kg. His power output is a constant 240 W, His at€eleration when he is travelling at 6ms™" is
0.3ms™2.

(i) Show that the resistance to the cyclist’s motion is 16 N. [3]

165 N
¢’ torce between A and B. Find the

4 (5]
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(ii) Find the steady speed that the cyclist can maintain if his power output and the resistance force
are both unchanged. [2]

(iii) The cyclist later ascends a straight hill inclined at 3° to the horizontal. His power output and the
resistance force are still both unchanged. Find his acceleration when he is travelling at 4ms™!,

M/J 19/P42/Q3 [3]
A particle of mass 13 kg is on a rough plane inclined at an angle of 6 to the horizontal, where tan 8 = —l%-

The coefficient of friction between the particle and the plane is 0.3. A force of magnitude TN, acting
parallel to a line of greatest slope, moves the particle a distance of 2.5 m up the plane at a constant
speed. Find the work done by this force. [5]

M/J 19/P42/Q6
A car has mass 1000kg. When the car is travelling at a steady speed of vms~!, where v > 2, the

resistance to motion of the car is (Av + B) N, where A and B are constants. The car can travel along a

horizontal road at a steady speed of 18 ms™! when its engine is working at 36 kW, The car can travel

up a hill inclined at an angle of 8 to the horizontal, where sin 8 = 0.05, at a steady speed of 12ms™!

when its engine is working at 21 kW, Find A and B. [7]

M/J 19/P41/Q3

A lorry has mass 12 000 kg.

(i)  The lorry moves at a constant speed of 5ms™! up a hill inclined at an angle of 6 to the horizontal,
where sin 6 = 0.08. At this speed, the magnitude of the resistance to motion on the lorry is
1500 N. Show that the power of the lorry’s engine is 55.5 kW. [3]

When the speed of the lorry is v s™! the magnitude of the resistance to motion is kv2 N , where k is a

constant.

(ii) Show that & = 60. [1]
(iii) The lorry now moves at a constant speed on a straight level road. Given that its engine is still
working at 55.5kW, find the lorry’s speed. [3]

M/J 19/P41/Q4
A particle of mass 1.3kg rests on a rough plane inclined at an angle 6 to the horizontal, where

tan 6 = -15—2 The coefficient of friction between the particle and the plane is p.
() A force of magnitude 20 N parallel to a line of greatest slope of the plane is applied to the particle

and the particle is on the point of moving up the plane. Show that y = 1.6. [4]
The force of magnitude 20 N is now removed.
(ii) Find the acceleration of the particle. (\@ © 2]

(3]

(iif) Find the work done against friction during the first 2 s of motion. 2 &
M/J 19/P43/Q3 ,\@)@
A car of mass 1400kg is travelling up a hill inclined at an angle of 4° to the&&; ,as\~"\ al. There is a
constant resistance to motion of magnitude 1550 N acting on the car. ’3;1’

(i) Given that the engine of the car is working at 30 kW, find the spee@ }w@r at an instant when

its acceleration is 0.4 ms™2. @ (@ [4]
(if) The greatest possible constant speed at which the car can @‘ﬁp ill is 40ms-!. Find the
maximum possible power of the engine. y{’\“ [3]
M/J 19/P43/Q5 % >
A particle of mass 18kg is on a plane inclined at an ﬁ o @ﬁ'« to the horizontal. The particle is
projected up a line of greatest slope of the plane w% pe ;)"F"(° 20ms L.

() Given that the plane is smooth, use an energy Me -,,s.‘? to find the distance the particle moves up

the plane before coming to instantaneous rest. [4]

-(ii) Given instead that the plane is rough and the coefficient of friction between the particle and the

plane is 0.25, find the speed of the particle as it returns to its starting point. [8]
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MAR 19/P42/Q4

A car of mass 1500 kg is pulling a trailer of mass 300 kg along a straight horizontal road at a constant

speed of 20m 571 The system of the car and trailer is modelled as two particles, connected by a light

rigid horizontal rod. The power of the car’s engine is 6000 W. There are constant resistances to motion

of R N on the car and 80 N on the trailer.

(i) Find the value of R. [2]

The power of the car's engine is increased to 12 500 W. The resistance forces do not change.

(ii) Find the acceleration of the car and trailer and the tension in the rod at an instant when the speed
of the car is 25ms™. [5]

MAR 19/P42/Q7

hm

PLY e -
The diagram shows the vertical cross-section PQR of a slide. The part PQ is a straight line of length
8 m inclined at angle « to the horizontal, where sina = 0.8. The straight part PQ is tangential to the
curved part QR, and R is im above the level of P. The straight part PQ of the slide is rough and the
curved part QR is smooth. A particle of mass 0.25 kg is projected with speed 15m s7! from P towards
O and comes to rest at R. The coefficient of friction between the particle and PQ is 0.5.

(i) Find the work done by the friction force during the motion of the particle from P to Q. [4]
(ii) Hence find the speed of the particle at Q. [4]
(iii) Find the value of h. (3]

O/N 18/P42/Q6
A car of mass 1200 kg is driving along a straight horizontal road at a constant speed of
is a constant resistance to motion of 350 N.

(i) Find the power of the car’s engine. S
The car comes to a hill inclined at 1° to the horizontal, still travelling at 15 m\%l\ ” ‘Nx )
(ii) The car starts to descend the hill with reduced power and with an & (; pgﬂpn of 0.12ms™.
Given that there is no change in the resistance force, find the new RQWQP O;;f i:hé car’s engine at the
instant when it starts to descend the h111 [3]
{(iii) When the car is travelling at 20m s~ ! down the hill, the pow ?}S Cl(gﬁ({ff and the car gradually
slows down. Assuming that the resistance force remains éﬁ?( g(ﬁd the distance travelled from
the moment when the power is cut off until the speed ot?ih,e cag;& reduced to 18 ms™'. 4]
OIN 18/P42/Q7 B 5
A particle of mass 0.3 kg is released from rest db()\’g‘,l/\td écontdmmg water. The particle falls
vertically. taking 0.8 s to reach the water surface. /\«Fl{e/re ﬁo instantaneous change of speed when
the particle enters the water. The depth of water in'th 44 1k is 1.25m. The water exerts a force on
the particle resisting its motion. The work done against'this resistance force from the instant that the
particle enters the water until it reaches the bottom of the tank is 1.2J.

(i) Use an energy method to find the speed of the particle when it reaches the bottom of the tank.[4]

Study copy distributed by EduResource ZA | eduresourcza.com


https://eduresourcza.com

Mathematics A Level P-4 Topical 203 Unit 4: Energy, work and power

44,

45.

46.

47.

48.

49,

Read and Write Publications

When the particle reaches the bottom of the tank, it bounces back vertically upwards with initial speed
7ms~. As the particle rises through the water, it experiences a constant resistance force of 1.8 N.
The particle comes to instantaneous rest f seconds after it bounces on the bottom of the tank.

(ii) Find the value of 1. (7]

O/N 18/P41/Q2

A high-speed train of mass 490 000 kg is moving along a straight horizontal track at a constant speed

of 85 ms~!. The engines are supplying 4080 kW of power.

(i) Show that the resistance force is 48 000 N. [1]

(ii) The train comes to a hill inclined at an angle 8° above the horizontal, where sin 6° = 700 Given
that the resistance force is unchanged, find the power required for the train to keep moving at the
same constant speed of 85 m s, [3]

O/N 18/P41/Q3
A van of mass 2500 kg descends a hill of length 0.4 km inclined at 4° to the horizontal. There is a

constant resistance to motion of 600 N and the speed of the van increases from 20ms™ to 30 ms™! as

it descends the hill. Find the work done by the van’s engine as it descends the hill. [5]

O/N 18/P43/Q3

A particle of mass 1.2 kg moves in a straight line AB. It is projected with speed 7.5ms™! from A

towards B and experiences a resistance force. The work done against this resistance force in moving

fromAto Bis251].

(i) Given that AB is horizontal, find the speed of the particle at B. (2]

(ii) Itis given instead that AB is inclined at 30° below the horizontal and that the speed of the particle
at B is 9ms™!. The work done against the resistance force remains the same. Find the distance
AB. [3]

O/N 18/P43/Q6

A van of mass 3200 kg travels along a horizontal road. The power of the van’s engine is constant and

equal to 36 kW, and there is a constant resistance to motion acting on the van.

(i) When the speed of the van is 20 m s7!, its acceleration is 0.2 ms™2. Find the resistance force. 13]
When the van is travelling at 30 m s™!, it begins to ascend a hill inclined at 1.5° to the horizontal. The
power is increased and the resistance force is still equal to the value found in part (i).

(ii) Find the power required to maintain this speed of 30 ms™!. (3]

(iii) The engine is now stopped, with the van still travelling at 30ms™!, and the van d&é&lpmtcs to
rest. Find the distance the van moves up the hill from the point at whmh the ::({gmg, ‘i&\ Htopped

until it comes to rest. ;f«? ' (4]
O/N 17/P42/Q5 @7 S

A cyclist is riding up a straight hill inclined at an angle « to the horizontak a,vhegp)@ma = () 04. The

total mass of the bicycle and rider is 80 kg. The cyclist is riding at a con@\&aﬁb e S30f 4 ms™!. There is

a force resisting the motion. The work done by the cyclist against this ;cs\ st%nj force over a distance

of 25 m is 6001J. <R 4 /

(i) Find the power output of the cyclist. “‘&ﬁ\’ 2\ [4]

The cyclist reaches the top of the hill, where the road becq%es Tlo Ontdl with speed 4ms~'. The

cyclist continues to work at the same rate on the horizontdhpurt ‘E e road.

(ii) Find the speed of the cyclist 10 seconds after reaéﬁigg & top of the hill, given that the work
done by the cyclist during this period against tb}zf)ésx&‘témce force is 12001J. [4]

O/N 17/P41/Q2 X

A tractor of mass 3700 kg is travelling along a straight ht nzontal road at a constant speed of 12m s~

The total resistance to motion is 1150 N.
.(i) Find the power output of the tractor’s engine. [1]

Study copy distributed by EduResource ZA | eduresourcza.com


https://eduresourcza.com

Mathematics A Level P-4 Topical 204 Unit 4: Energy, work and power

50.

51.

52.

53.

Read and Write Publications

The tractor comes to a hill inclined at 4° above the horizontal. The power output is increased to 25 kW
and the resistance to motion is unchanged.
(ii) Find the deceleration of the tractor at the instant it begins to climb the hiil. 3]
(iii) Find the constant speed that the tractor could maintain on the hill when working at this power.

' [2]
O/N 17/P41/Q3
A roller-coaster car (including passengers) has a mass of 840kg. The roller-coaster ride includes a
section where the car climbs a straight ramp of length 8 m inclined at 30° above the horizontal. The
car then immediately descends another ramp of length 10 m inclined at 20° below the horizontal. The
resistance to motion acting on the car is 640 N throughout the motion.
(i) Find the total work done against the resistance force as the car ascends the first ramp and descends

the second ramp. [2]
(i) The speed of the car at the bottom of the first ramp is 14 ms~!. Use an energy method to find the
speed of the car when it reaches the bottom of the second ramp. [4]

O/N 17/P43/Q2

A lorry of mass 7850 kg travels on a straight hill which is inclined at an angle of 3° to the horizontal.

There is a constant resistance to motion of 1480 N.

(i) Find the power of the lorry’s engine when the lorry is going up the hill at a constant speed of
10ms™. [3]

(ii) Find the power of the lorry’s engine at an instant when the lorry is going down the hill at a speed

of 15ms™! with an acceleration of 0.8 ms™. [3]

O/N 17/P43/Q7

TN

above a line of greatest slope of the plane (see diagram).

(i) Find the least value of T for which the particle remains at rest. N [6]
The force of magnitude 7' N is now removed. A new force of magni O. acts on P up the plane,

parallel to a line of greatest slope of the plane. Starting fro
moving a distance of 3 m, P passes through the point A.

(i) Use an energy method to find the speed of P atA [51
)
&,

M/J 17/P42/Q1 @ §
One end of a light inextensible string is attached toﬁ he string makes an angle of 6° with the

horizontal. The tension in the string is 20 N. The stringpulls the block along a horizontal surface at a

constant speed of 1.5 ms~! for 12s. The work done by the tension in the string is 50J. Find 6.  [3]
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M/J 17/P42/Q2

The diagram shows a wire ABCD consisting of a straight part AB of length 5m and a part BCD in
the shape of a semicircle of radius 6 m and centre O. The diameter BD of the semicircle is horizontal
and AB is vertical. A small ring is threaded onto the wire and slides along the wire. The ring starts
fromrest at A. The part AB of the wire is rough, and the ring accelerates at a constant rate of 2.5 m =2
between A and B.

(i) Show that the speed of the ring as it reaches B is 5ms™!, [1]

The part BCD of the wire is smooth. The mass of the ring is 0.2 kg.

(ii) (a) Find the speed of the ring at C, where angle BOC = 30°. [4]
(b) Find the greatest speed of the ring. [2]

M/J 17/P42/Q4
A car of mass 1200kg is moving on a straight road against a constant force of 850 N resisting the

motion.
() On a part of the road that is horizontal, the car moves with a constant speed of 42ms™".

(a) Calculate, in kW, the power developed by the engine of the car. [2]

(b) Given that this power is suddenly increased by 6 kW, find the instantaneous acceleration of

the car. [3]

(ii) On a part of the road that is inclined at 6° to the horizontal, the car moves up the hill at a constant
speed of 24 ms™!, with the engine working at 80 kW. Find 6. [4]

M/J 17/P41/Q1

A particle of mass 0.6 kg is dropped from a height of 8 m above the ground. The speed of the particle
at the instant before hitting the ground is 10ms™'. Find the work done against air resistance. 3]
M/J 17/P41/Q4 A@

A car of mass 800kg is moving up a hill inclined at 6 to the horizontal, where sin-fh= . The

initial speed of the car is 8ms~!. Twelve seconds later the car has travelled 120 mGp é”" and has

speed 14ms™!. . O@

() Find the change in the kinetic energy and the change in gravitational i@ergy of the car.
© [3]

(ii) The engine of the car is working at a constant rate of 32 kW, Find th totffwork done against the
resistive forces during the twelve seconds. BNIX [3]

M/J 17/P43/Q1
A man pushes a wheelbarrow of mass 25 kg along a horizont%gy
t

35N at an angle of 20° below the horizontal. There
e,
<

wheelbarrow moves a distance of 12 m from rest.
(i) Find the work done by the man. %
after

(ii) Find the speed attained by the wheelbarrow

M/J 17/P43/Q6
A car of mass 1200 kg is travelling along a horizontal road.

(i) Itis given that there is a constant resistance to motion.

[2]
[3]
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(a) The engine of the car is working at 16 kW while the car is travelling at a constant speed of
40ms~!. Find the resistance to motion. [2]

(b) The power is now increased to 22.5 kW. Find the acceleration of the car at the instant it is
travelling at a speed of 45 m s 3]

(ii) It is given instead that the resistance to motion of the car is (590 + 2v) N when the speed of the
car is vms™'. The car travels at a constant speed with the engine working at 16 kW. Find this

speed. [3]

O/N 16/P42/Q4

A girl on a sledge starts, with a speed of 5ms™ , 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. (3]

(ii) Itis given instead that the sledge experiences a resistance to motion such that the total work done
against the resistance is 85007, 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/Q6

A van of mass 3000 kg is pulling a trailer of mass 500 kg along a straight horizontal road at a constant
speed of 25ms~!. The system of the van and the trailer is modelled as two particles connected by a
light inextensible cable. There is a constant resistance to motion of 300 N on the van and 100N on
the trailer.

(i) Find the power of the van’s engine. 2]
(ii) Write down the tension in the cable. [1]

The van reaches the bottom of a hill inclined at 4° to the horizontal with speed 25 ms~'. The power

of the van's engine is increased to 25 000 W.

(iii) Assuming that the resistance forces remain the same, find the new tension in the cable at the
instant when the speed of the van up the hill is 20m g1, [5]

O/N 16/P41/Q6

A block of mass 25 kg is pulled along horizontal ground by a force of magnitude 50 N inclined at 10°

above the horizontal. The block starts from rest and travels a distance of 20 m. There is a constant

resistance force of magnitude 30 N opposing motion.

(i) Find the work done by the pulling force. QAVG [2]
(ii) Use an energy method to find the speed of the block when it has moved a distang of. . 12]
(iii) Find the greatest power exerted by the 50N force. PO [2]

50N

ooy LA Sb ' . -
Atter the block has ravelled the 20 m, it comes to a plane iﬁ@;n¢d§ 59 to the horizontal. The force
of 50 N is now inclined at an angle of 10° to the plane o;r\i@\pul}lgﬁie block directly up the plane (see

diagram). The resistance torce remains 30 N. RO
(iv) Find the time it takes for the block to come tge éft’ frgit the instant when it reaches the foot of
Qf\{ 5
the inclined plane. ; ﬁ/ [4]

O/N 16/P43/Q1

A crane is used to raise a block of mass 50 kg vertically upwards at constant speed through a height
ot 3.5m. There is a constant resistance to motion of 25 N.
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(i) Find the work done by the crane. [3]
(i) Given that the ume taken to raise the block is 2 s, find the power of the crane. [2]

64. O/N 16/P43/Q6

A cyclist is cycling with constant power of 160 W along a horizontal straight road There is a constant

resistance to motion of 20N. At an instant when the cyclist’s speed is 5ms™', his acceleration is

0.15ms™.

(i)  Show that the total mass of the cyclist and bicycle is 80 kg. [3]

The cyclist comes to a hill inclined at 2° to the horizontal. When the cyclist starts climbing the hill,

he increases his power to a constant 300 W. The resistance to motion remains 20 N.

(ii) Show that the steady speed up the hill which the cyclist can maintain when working at this power
is 6.26 ms™! correct to 3 significant figures. 2]

(iii) Find the acceleration at an instant when the cyclist is travelling at 90% of the speed in part (ii)

65. M/J 16/P42/Q3 (4]
A particle of mass 8 kg is projected with a speed of 5m s"l up a line of greatest slope of a rough plane
inclined at an angle « to the horizontal, where sina = H The motion of the particle is resisted by a

constant frictional force of magnitude 15 N. The particle comes to instantaneous rest after travelling

a distance x m up the plane.

(i) Express the change in gravitational potential energy of the particle in terms of . [2]

(ii) Use an energy method to find x. [4]

66. M/J 16/P42/Q6
A car of mass 1100 kg is moving on a road against a constant force of 1550 N resisting the motion.

(i) The car moves along a straight horizontal road at a constant speed of 40 m s~!

(a) Calculate, in kW, the power developed by the engine of the car. [2]
(b) Given that this power is suddenly decreased by 22 kW, find the instantaneous deceleration
of the car. [3]

(ii) The car now travels at constant speed up a straight road inclined at 8° to the horizontal, with the
engine working at 80 kW. Assuming the resistance force remains the same, find this constant
speed. [3]
67. M/J 16/P41/Q2
A box of mass 25 kg is pulled, at a constant speed, a distance of 36 m up a rough plane inclined at an
angle of 207 to the horizontal. The box moves up a line of greatest slope against a constant frictional
force of 40 N. The force pulling the box is parallel to the line of greatest slope. Find ;\/ .
(i) the work done against friction, 7 -
(ii) the change in gravitational potential energy of the box,
(iii) the work done by the pulling force.

68. M/J 16/P41/Q3 . Af»‘ L&
A car of mass 1000 kg is moving along a straight horizontal road agamstr@)slstaf&es of total magnitude
300 N. yz (//’ A‘ff)

(i) Find,in I\VV the rate at which the engine of the car is Workuﬂﬁw 18{}/1‘118 car has a constant speed
of40ms~ i) &7 [3]
(ii) Find the acceleration of the car when its speed is 25m§ L :m;!gt/he engine is working at 90% of

the power found in part (i). /{) p [3]
P (/7

69. M/J 16/P41/Q7 OL” aS/
A particle of mass 30 kg is on a plane inclined at an a a’wof 20° to the horizontal. Starting from rest,
the particle is pulled up the plane by a force of mdgmtude 200 N acting parallel to a line of greatest
slope.
(i) Given that the plane is smooth, find

(1]
(2]
[2]
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(a) the acceleration of the particle, [2]
(b) the change in kinetic energy after the particle has moved 12 m up the plane. [2]

(ii) Itis given instead that the plane is rough and the coefficient of friction between the particle and
the plane is 0.12.

(a) Find the acceleration of the particle. [41
(b) The direction of the force of magnitude 200 N is changed, and the force now acts at an angle
of 10° above the line of greatest slope. Find the acceleration of the particle. [4]

M/J 16/P43/Q1
A particle of mass 8 kg is pulled at a constant speed a distance of 20 m up a rough plane inclined at an
angle of 30° to the horizontal by a force acting along a line of greatest slope.

(i) Find the change in gravitational potential energy of the particle. [2]
(ii) The total work done against gravity and friction is 1146 J. Find the frictional force acting on the
particle. [2]

M/J 16/P43/Q5

The motion of a car of mass 1400 kg is resisted by a constant force of magnitude 650 N.

(1) Find the constant speed of the car on a horizontal road, assuming that the engine works at a rate
of 20kW. 2]

(i) The car is travelling at a constant speed of 10ms™! up a hill inclined at an angle of 6 to the
horizontal, where sin 6 = -.17 Find the power of the car’s engine. [3]

(iii) The car descends the same hill with the engine working at 80% of the power found in part (ii).
Find the acceleration of the car at an instant when the speed is 20ms™. [3]

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
B of 0.5ms™2 and 0.25 ms™2 respectively. Find

(ii) the gain in kinetic energy by the car in moving from A to B, [5]
(iii) the distance AB. [3]
O/N 15/P41/Q1

A weightlifter performs an exercise in which he raises a mass of 200 kg from rest vertically through
a distance of 0.7 m and holds it at that height.

(i) Find the work done by the weightlifter. Q© [2]

@

(ii) Given that the time taken to raise the mass is 1.2, find the average pow [Eveftiped by the
weightlifter, /\\ [21

O/N 15/P41/Q3 g‘r (qﬁb

A lorry of mass 24 000 kg is travelling up a hill which is inclined at 35 ontal. The power

developed by the lorry’s engine is constant, and there is a constant re motlon of 3200 N.

(i) When the speed of the lorry is 25ms™!, its acceleration is Q. d the power developed
by the lorry’s engine. R ° [4]

(ii) Find the steady speed at which the lorry moves up 3 the power is S00kW and the
resistance remains 3200 N. S [2]

O/N 15/P43/Q7
A straight hill AB has length 400 m with A at the : .0)-' t the bottom and is inclined at an angle
of 4° to the honzontal A straight horizontal road BC hgplength 750 m. A car of mass 1250kg has a

speed of Sms™! at A when starting to move down the h111 While moving down the hill the resistance
to the motion of the car is 2000 N and the driving force is constant. The speed of the car on reaching
Bis 8ms™!
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(i) By using work and energy, find the driving force of the car. [5]
On reaching B the car moves along the road BC. The driving force is constant and twice that when
the car was on the hill. The resistance to the motion of the car continues to be 2000 N. Find

(i) the acceleration of the car while moving from B to C, 3]
(iii) the power of the car’s engine as the car reaches C. [3]
M/J 15/P42/Q1

One end of a light inextensible string is attached to a block. The string makes an angle of 60° above

the horizontal and is used to pull the block in a straight line on a horizontal floor with acceleration

0.5ms™. The tension in the string is 8 N. The block starts to move with speed 0.3 ms™!. For the first

5's of the block’s motion, find

(i) the distance travelled, (2]

(ii) the work done by the tension in the string. [2]

M/J 15/P42/Q2

The total mass of a cyclist and his cycle is 80kg. The resistance to motion is zero.

(i)  The cyclist moves along a horizontal straight road working at a constant rate of P W. Find the
value of P given that the cyclist’s speed is Sms™' when his acceleration is 1.2 ms™2. [2]

(i) The cyclist moves up a straight hill inclined at an angle @, where sin o = 0.035. Find the
acceleration of the cyclist at an instant when he is working at a rate of 450 W and has
speed 3.6ms™". [3]

M/J 15/P42/Q3

A plane is inclined at an angle of sin™! (%) to the horizontal. A and B are two points on the same line

of greatest slope with A higher than B. The distance AB is 12m. A small object P of mass 8 kg is

released from rest at A and slides down the plane, passing through B with speed 4.5ms™!. For the

motion of P from A to B, find

(i) the increase in kinetic energy of P and the decrease in potential energy of P, 3]

(if) the magnitude of the constant resisting force that opposes the motion of P. [2]

M/J 15/P41/Q1

A block B of mass 2.7 kg is pulled at constant speed along a straight line on a rough horizontal floor.
The pulling force has magnitude 25N and acts at an angle of 6 above the horizontal. The normal
component of the contact force acting on B has magnitude 20 N.

(i) Show thatsin 8 = 0.28. [2]
(i) Find the work done by the pulling force in moving the block a distance of 5 m. [2]
M/J 15/P41/Q4 (,:gfx‘i" -

A lorry of mass 14 000 kg moves along a road starting from rest at a point O. It ;@ggﬁe viaspoint A,

and then continues to a point B which it reaches with a speed of 24 ms™. The ﬁi{r(p() %}5} the road

1s straight and horizontal and has length 400 m. The part AB of the road is ét&%ht@d is inclined

downwards at an angle of 6° to the horizontal and has length 300 m. }%/ﬁ:ﬂi,@
(i)  For the motion from O to B, find the gain in kinetic energy of th@%@% dﬁﬁf’”’express its loss in
potential energy in terms of 8. N® [3]

The resistance to the motion of the lorry is 4800 N and the work dﬁ(gy tgﬁ@riving force of the lorry

from O to B is S000kJ. 6

(i) Find the value of 6. e S [3]
(2 ‘,«“’

M/J 15/P41/Q5 %\ $

A cyclist and her bicycle have a total mass of 84 kg, (SHe )&g%ks at a constant rate of PW while

moving on a straight road which is inclined to the ‘/ ’on( }%[ an angle 0, where sin 6 = 0.1. When
moving uphill, the cyclist’s acceleration is 1.25ms gagg m instant when her speed is 3ms™'. When
moving downhill, the cyclist’s acceleration is 1.25 ms™>at an instant when her speed is 10ms™". The
resistance to the cyclist’s motion, whether the cyclist is moving uphill or downhill, is RN. Find the
values of P and R. i8]
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M/J 15/P43/Q1
A block is pulled along a horizontal floor by a horizontal rope. The tension in the rope is 500 N and

the block moves at a constant speed of 2.75m s~!. Find the work done by the tension in 40 s and find
the power applied by the tension. [4]

M/J 15/P43/Q4
A lorry of mass 12 000 kg moves up a straight hill of length 500 m, starting at the bottom with a speed

of 24 ms™' and reaching the top with a speed of 16 m s~'. The top of the hill is 25 m above the level
of the bottom of the hill. The resistance to motion of the lorry is 7500 N. Find the driving force of the
lorry. [6]
O/N 14/P42/Q3
A train of mass 200 000kg moves on a horizontal straight track. It passes through a point A with
speed 28 ms™' and later it passes through a point B. The power of the train’s engine at B is 1.2 times
the power of the train’s engine at A. The driving force of the train’s engine at B is 0.96 times the
driving force of the train’s engine at A.
(i) Show that the speed of the train at Bis 35 m s7h (2]
(i) For the motion from A to B, find the work done by the train’s engine given that the work done
against the resistance to the train’s motion is 2.3 x 10°7. [31
O/N 14/P41/Q1
A car of mass 800kg is moving on a straight horizontal road with its engine working at a rate of
22.5 kW. Find the resistance to the car’s motion at an instant when the car’s speed is 18 m s and its

acceleration is 1.2ms™2. [4]

O/N 14/P41/Q7

S0N 35 ¢!
Sm
8.Sms'l
- a’ r—"
B
A

A block of mass 60kg is pulled up a hill in the line of greatest slope by a force of ma ;j.'xtude 50N
acting at an angle a° above the hill. The block passes through points A and B w1t@ §ppe 38 Sms™!
and 3.5ms™! respectively (see diagram). The distance AB is 250 m and B is 17 (\%gffﬁfe the level
of A. The resistance to motion of the block is 6 N. Find the value of a. cg %; [11]
O/N 14/P43/Q1 gw (0)

A car of mass 1400 kg moves on a horizontal straight road. The resgsﬁdncé?)o the car’s motion is
constant and equal to 800 N and the power of the car’s engine is & stagg(\nd equal to PW. At an
O

instant when the car’s speed is 18 ms™" its acceleration is 0.5 m§l{e g

(i) Find the value of P. 8 [3]

The car continues and passes through another point with 9 edégﬁgm s

(ii) Find the car’s acceleration at this point. “% ); 2]
<“7 @657
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O/N 14/P43/Q7

A small block of mass 3 kg is initially at rest at the bottom O of a rough plane inclined at an angle o
to the horizontal, where sina = 0.6 and cos @ = 0.8. A force of magnitude 35 N acts on the block at
an angle 8 above the plane, where sin 8 = 0.28 and cos f = 0.96. The block starts to move up a line
of greatest slope of the plane and passes through a point A with speed 4ms™'. The distance OA is
12.5 m (see diagram).

(i)  For the motion of the block from O to 4, find the work done against the frictional force acting

on the block. (4]
(ii) Find the coefficient of friction between the block and the plane. [31]
At the instant that the block passes through A the force of magnitude 35N ceases to act.
(iii) Find the distance the block travels up the plane after passing through A. [4]
M/J 14/P42/Q1

A car of mass 600 kg travels along a straight horizontal road. The resistance to the car’s motion is
constant and equal to R N.
(i) Find the value of R, given that the car’s acceleration is 1.4ms2 at an instant when the car’s

speed is 18 ms™' and its engine is working at a rate of 22.5 kW. [4]
(i) Find the rate of working of the car’s engine when the car is moving with a cons;@; speed of
15ms™". N ij/q\ A\@) (1]
628 %"
M/J 14/P42/Q5 >, @@)

@, .

A light inextensible rope has a block A of mass 5kg attag%\ at end, and a block B of mass 16 kg

attached at the other end. The rope passes over a smogff’pu which is fixed at the top of a rough

plane inclined at an angle of 30° to the horizontal. k &51s held at rest at the bottom of the plane

and block B hangs below the pulley (see diagram).” Th¥ coefficient of friction between A and the
1 .

plane is —. Block A is released from rest and the system starts to move. When each of the blocks

V3

has moved a distance of x m each has speed vms~'.
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(i) Write down the gain in kinetic energy of the system in terms of v. 1]
(ii) Find, in terms of x,
(a) the loss of gravitational potential energy of the system, (2]
(b) the work done against the frictional force. [3]
(iii) Show that 21v* = 220x. [2]

M/J 14/P41/Q1

A train is moving at constant speed V ms™ along a horizontal straight track. Given that the power
of the train’s engine is 1330 kW and the total resistance to the train’s motion is 28 kN, find the value
of V. [3]

M/J 14/P41/Q5

1

0

A car of mass 1100 kg starts from rest at O and travels along a road OAB. The section OA is straight,

of length 1760 m, and inclined to the horizontal with A at a height of 160 m above the level of O. The

section AB is straight and horizontal (see diagram). While the car is moving the driving force of the

car is 1800 N and the resistance to the car’s motion is 700 N. The speed of the car is vins~' when the

car has travelled a distance of x m from O.

(i) For the car's motion from O to A, write down its increase in kinetic energy in terms of v and
its increase in potential energy in terms of x. Hence find the value of k for which kv? = x for
0< 176() [4]

(ii) Show that v? = 2x — 3200 for x > 1760. [4]

M/J 14/P43/Q4

A small ball of mass 0.4 kg is released from rest at a point 5 m above horizontal ground. At the instant

the ball hits the ground it loses 12.8J of kinetic energy and starts to move upwards.

(i) Show that the greatest height above the ground that the ball reaches after hitting the ground
is 1.8 m. 4

(ii) Find the time taken for the ball’s motion from its release until reaching this greatest height. ES%

M/J 14/P43/Q5
A lorry of mass 16 000 kg travels at constant speed from the bottom, O, to the top, A, of a straight
hill. The distance OA is 1200 m and A is 18 m above the level of O. The driving forcc?/dg/rhe lorry is

constant and equal to 4500 N. (’“) (\u;
(i) Find the work done against the resistance to the motion of the lorry. : 2\(\/ m()&?/ [3]

On reaching A the lorry continues along a straight horizontal road against g a6

2000 N. The driving force of the lorry is not now constant, and the speed

9ms™ atA to 21 ms™" at the point B on the road. The distance AB is )il (Q)?

(ii) Use an energy method to find F, where F' N is the average value of\the ing force of the lorry
while moving from A to B. 8P s (3]

(iif) Given that the driving force at A is 1280 N greater thanqg@@ Hat the driving force at B is
1280 N less than F'N, show that the power developed lp ath Ioﬁlngine is the same at B as it
isatA. & [2]

O/N 13/P42/Q2 Z

A box of mass 25 kg is pulled in a straight line alo E‘g(;g@}){xtal floor. The box starts from rest at a

slz@@renst‘mce of
’1@ increases from

point A and has a speed of 3ms™' when it reaches B. The distance AB is 15 m. The pulling
force has magnitude 220 N and acts at an angle of ¢° above the horizontal. The work done against
the resistance to motion acting on the box, as the box moves from A to B, is 3000J. Find the value
of a. ) (5]
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The resistance to motion acting on a runner of mass 70 kg is kv N, where vims™' is the runner’s speed
and k is a constant. The greatest power the runner can exert is 100 W. The runner’s greatest steady
speed on horizontal ground is 4 ms™'.

(i) Show that k = 6.25. [2]
(ii) Find the greatest steady speed of the runner while running uphill on a straight path inclined at
an angle o to the horizontal, where sin o = 0.05. [4]

O/N 13/P41/Q2

40N

A block B lies on a rough horizontal plane. Horizontal forces of magnitudes 30N and 40 N, making
angles of a and B respectively with the x-direction, act on B as shown in the diagram, and B is moving
in the x-direction with constant speed. It is given that cos a = 0.6 and cos = 0.8.

(i) Find the total work done by the forces shown in the diagram when B has moved a distance of

20m. [2]
(ii) Given that the coefficient of friction between the block and the plane is 2. find the weight of the
block. 31

O/N 13/P41/Q5
A lorry of mass 15000kg climbs from the bottom to the top of a straight hill, of length 1440 m, at a

constant speed of 15ms™'. The top of the hill is 16 m above the level of the bottom of the hill. The

resistance to motion is constant and equal to 1800 N.

(i) Find the work done by the driving force. [4]

On reaching the top of the h111 the lorry continues on a straight horizontal road and passes through a

point P with speed 24 ms™'. The resistance to motion is constant and is now equal to 1600N. The

work done by the lorry’s engine from the top of the hill to the point P is 5030 k]J.

(ii) Find the distance from the top of the hill to the point P. o [3]

O/N 13/P43/Q6 ‘/‘?‘ A

A lorry of mass 12 500 kg travels along a road from A to C passing through a pox ‘3 T% f?reslstdnce

to motion of the lorry is 4800 N for the whole journey from A to C.

(i) The section AB of the road is straight and horizontal. On this sectio fla, d the power of
the lorry’s engine is constant and equal to 144 kW. The speed of the y d@@ls 16ms™" and its
acceleration at B is 0.096 ms™. Find the acceleration of the lorr tA@\d show that its speed
at Bis 24ms™'. (}‘(57(/.) [3]

(ii) The section BC of the road has length 500 m, is straight&ﬁ@n 13 d upwards towards C. On
this section of the road the lorry’s driving force is constant and¢®qual to 5800 N. The speed of
the lorry at C'is 16 ms™'. Find the height of C abo;;g? levelSE AB. (5]

M/J 13/P42/Q2
A and B are two points 50 metres apart on a stra%{ at chned at an angle 6 to the horizontal,

where sin 8 = 0.05, with A above the level of B. A mass 16kg is pulled down the path from

A to B. The block starts from rest at A and reaches B a speed of 10ms™. The work done by the
pulling force acting on the block is 11507,
(i) ; Find the work done against the resistance to motion. [3]
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The block is now pulled up the path from B to A. The work done by the pulling force and the work

done against the resistance to motion are the same as in the case of the downward motion.

(ii) Show that the speed of the block when it reaches A is the same as its speed when it started at B.
[2]

M/J 13/P42/Q5

A car of mass 1000kg is travelling on a straight horizontal road. The power of its engine is constant
and equal to P kW. The resistance to motion of the car is 600 N. At an instant when the car’s speed is
25ms™', its acceleration is 0.2 ms™2. Find

(i) the value of P, (4]
(ii) the steady speed at which the car can travel. [3]
M/J 13/P41/Q2

A car of mass 1250 kg travels from the bottom to the top of a straight hill of length 600 m, which is
inclined at an angle of 2.5° to the horizontal. The resistance to motion of the car is constant and equal
to 400 N. The work done by the driving force is 450 kJ. The speed of the car at the bottom of the hill
is 30ms™'. Find the speed of the car at the top of the hill. [51
M/J 13/P41/Q4

A train of mass 400000 kg is moving on a straight horizontal track. The power of the engine is
constant and equal to 1500kW and the resistance to the train’s motion is 30 000 N. Find

(i) the acceleration of the train when its speed is 37.5ms™, [4]
(ii) the steady speed at which the train can move. 2]

M/J 13/P43/Q2

§

& (\’

Particle A of mass 1.6 kg and particle B of mass 2 kg are attached to opposite em 6§> n tmextenmble
string. The string passes over a small smooth pulley fixed at the top of @inQQ plane which is
inclined at angle 0, where sin 6 = 0.8. Particle A is held at rest at the bof@tr @é plane and B hangs
at a height of 3.24 m above the level of the bottom of the plane (se @gra A is released from rest

and the particles start to move. é@\) €
(i) Show that the loss of potential energy of the system, whe‘iftY es the level of the bottom of

the plane, is 23.328 J. , 3]
(ii) Hence find the speed of the particles when B reache /&e 1 of the bottom of the plane.  [2]
M/J 13/P43/Q3 @
A car has mass 800 kg. The engine of the car gener@@ i%sg;mt power P kW as the car moves along

a straight horizontal road. The resistance to motion lﬁ onstant and equal to R N. When the car’s
1

speed is 14ms™! its acceleration is 1.4 ms™2, and when the car’s speed is 25 ms™ its acceleration is
0.33ms™2. Find the values of P and R. [6]
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O/N 12/P42/Q1

45N
14°

A block is pushed along a horizontal floor by a force of magnitude 45N acting at an angle of 14° to

the horizontal (see diagram). Find the work done by the force in moving the block a distance of 25 m.
[31

O/N 12/P42/Q6

A car of mass 1250 kg moves from the bottom to the top of a straight hill of length 500 m. The top

of the hill is 30 m above the level of the bottom. The power of the car’s engine is constant and equal

to 30 600 W. The car’s acceleration is 4 ms~2 at the bottom of the hill and is 0.2 ms™2 at the top. The

resistance to the car’s motion is 1000 N. Find

(i) the car’s gain in kinetic energy, [5]

(ii) the work done by the car’s engine. [3]

O/N 12/P41/Q7
A car of mass 1200kg moves in a straight line along horizontal ground. The resistance to motion of

the car is constant and has magnitude 960 N. The car’s engine works at a rate of 17280 W.

(i) Calculate the acceleration of the car at an instant when its speed is 12ms™!. [3]
. The car passes through the points A and B. While the car is moving between A and B it has constant

speed Vms™!,

(ii) Show that V = 18. [2]

109.

110.

At the instant that the car reaches B the engine is switched off and subsequently provides no energy.
The car continues along the straight line until it comes to rest at the point C. The time taken for the
car to travel from A to Cis 52.5s.

(iii) Find the distance AC. [5]

O/N 12/P43/Q1

ABCD is a semi-circular cross-section, in a vertical plane, of the inner surface of h (&ﬁr cylinder
of radius 2.5 m which is fixed with its axis horizontal. AD is horizontal, B is th %omt of the
cross-section and C is at a height of 1.8 m above the level of B (see diagra cle P of mass
0.8 kg is released from rest at A and comes to instantaneous rest at C. q%ﬁ ée

(i) Find the work done on P by the resistance to motion while P trav % 2) to C. [2]
The work done on P by the resistance to motion while P travels fr«i% 5@9 is 0.6 times the work
done while P travels from A to C. &@

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

off@smooth plane inclined at 10° to the

O/N 12/P43/Q5
An object of mass 12 kg slides down a line of greatest
: -1 respectively.

horizontal. The object passes through points A and B@ith speeds 3ms™ and 7ms
(i) Find the increase in kinetic energy of the objectSds ifspioves from A to B. [2]
(ii) Hence find the distance AB, assuming there is no isting force acting on the object. [3]

% The object is now pushed up the plane from B to A, with constant speed, by a horizental force.

" (iii) Find the magnitude of this force. [3]
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M/J 12/P42/Q1

A block is pulled in a straight line along horizontal ground by a force of constant magnitude acting at
an angle of 60° above the horizontal. The work done by the force in moving the block a distance of
5mis 75]. Find the magnitude of the force. [3]

M/J 12/P42/Q6

A car of mass 1250kg travels from the bottom to the top of a straight hill which has length 400 m and

is inclined to the horizontal at an angle of a, where sin @ = 0.125. The resistance to the car’s motion

1s 800 N. Find the work done by the car’s engine in each of the following cases.

(i) The car’s speed is constant. [4]

(i) The car’s initial speed is 6 ms™, the car’s driving force is 3 times greater at the top of the hill
than it is at the bottom, and the car’s power output is 5 times greater at the top of the hill than it
is at the bottom. [51

M/J 12/P41/Q1

A car of mass 880 kg travels along a straight horizontal road with its engine working at a constant
rate of PW. The resistance to motion is 700 N. At an instant when the car’s speed is 16 ms™! its
acceleration is 0.625 ms™2. Find the value of P. [4]

M/J 12/P41/Q3

0
A load of mass 160 kg is pulled vertically upwards, from rest at a fixed point O on the ground, using
a winding drum. The load passes through a point A, 20 m above O, with a speed of 1.25ms™! (see
diagram). Find, for the motion from O to A,
(i) the gain in the potential energy of the load, ,, 7 [1]
(ii) the gain in the kinetic energy of the load. /’\‘3 [2]
The power output of the winding drum is constant while the load is in motion. 65;/ r\)f)

(iii) Given that the work done against the resistance to motion from O to A 1% g@z‘ that the time
taken for the load to travel from O to A is 41.7 s, find the power outputgfﬂ e/@dmg drum. [3]
fC))

M/J 12/P43/Q1
6N 5\0“ 5@

24° (? a, -3
™
05ms d@ /’fgé

A ring is threaded on a fixed horizontal bar. The @ ‘)’ fa’ched to one end of a light inextensible
string which is used to pull the ring along the bar at™a & pstant speed of 0.5ms™!. The string makes
a constant angle of 24° with the bar and the tension in the e string is 6 N (see dlagram). Find the work
done by the tension in a period of 8s. 3]
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A car of mass 1230 kg increases its speed from 4ms™' to 21 ms™' in 24.5s. The table below shows
corresponding values of time s and speed vms™.

t 0 0.5 16.3 | 24.5
v 4 6 19 21

(i) Using the values in the table, find the average acceleration of the car for 0 < ¢ < 0.5 and for
16.3 <1< 245. 2]

While the car is increasing its speed the power output of its engine is constant and equal to PW, and

the resistance to the car’s motion is constant and equal to RN.

(i) Assuming that the values obtained in part (i) are approximately equal to the accelerations atv =135
and at v = 20, find approximations for P and R. [5]

O/N 11/P42/Q1
A racing cyclist, whose mass with his cycle is 75 kg, works at a rate of 720 W while moving on a

straight horizontal road. The resistance to the cyclist’ s motion is constant and equal to RN.

(i) Given that the cyclist is accelerating at 0.16 ms™ at an instant when his speed is 12ms™!, find
the value of R. [3]

(i) Given that the cyclist’s acceleration is positive, show that his speed is less than 15ms™". [2]

O/N 11/P42/Q6

A lorry of mass 16 000 kg climbs a straight hill ABCD which makes an angle 6 with the horizontal,
where sin 8 = 515 For the motion from A to B, the work done by the driving force of the lorry is
1200 kJ and the resistance to motion is constant and equal to 1240 N. The speed of the lorry is [5ms™'
atAand 12ms™ at B,

(i) Find the distance AB. [51
For the motion from B to D the gain in potential energy of the lorry is 2400 kJ.
(i) Find the distance BD. [1]

For the motion from B to D the driving force of the lorry is constant and equal to 7200 N. From B to
C the resistance to motion is constant and equal to 1240 N and from C to D the resistance to motion
is constant and equal to 1860 N.

(iii) Given that the speed of the lorry at D is 7ms~ -1, find the distance BC. [4]

O/N 11/P41/Q1
One end of a light inextensible string is attached to a block. The string is used to pull the block along

a horizontal surface with a speed of 2ms™'. The string makes an angle of 20° with the izontal and
the tension in the string is 25 N. Find the work done by the tension in a period of SQS@’@ n<d§ﬁ3 [3]

O/N 11/P41/Q6 5 (,/(0\ (@,@
)

0

P (Q )
SO INY
 ©

A

<,
AB and BC are straight roads inclined at 5° to the horizonta %@ﬁ { &
A and C are at the same horizontal level and B is 45 m above@e T%v F
is not to scale). A car of mass 1200 kg travels from A to é i
(i) For the motion from A to B, the speed of the c , ant and the work done against the
resistance to motion is 360 kJ. Find the work u'car’s engine from A to B. [3]

The resistance to motion is constant throughout the §, ourney

(ii) For the motion from B to C the work done by the™riving force is 1660 kJ. Given that the speed

of the car at B is 15ms™!, show that its speed at C is 29.9 ms™, correct to 3 significant figures.

(4]
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(iii) The car’s driving force immediately after leaving B is 1.5 times the driving force immediately
before reaching C. Find, correct to 2 significant figures, the ratio of the power developed by the
car’s engine immediately after leaving B to the power developed immediately before reaching C.

[3]

O/N 11/P43/Q4

C 5m B
ABC is a vertical cross-section of a surface. The part of the surface containing AB is smooth and A
is 4 m higher than B. The part of the surface containing BC is horizontal and the distance BC is 5m
(see diagram). A particle of mass 0.8 kg is released from rest at A and slides along ABC. Find the
speed of the particle at C in each of the following cases.
(i) The horizontal part of the surface is smooth. [3]
(ii) The coefficient of friction between the particle and the horizontal part of the surface is 0.3. [3]

O/N 11/P43/Q7

A car of mass 600 kg travels along a straight horizontal road starting from a point A. The resistance
to motion of the car is 750 N.
(i) The car travels from A to B at constant speed in 100s. The power supplied by the car’s engine

is constant and equal to 30 kW. Find the distance AB. [3]
(ii) The car’s engine is switched off at B and the car’s speed decreases until the car reaches C with a
speed of 20ms™'. Find the distance BC. [3]

(ii1) The car’s engine is switched on at C' and the power it supplies is constant and equal to 30 kW,
The car takes 14 s to travel from C to D and reaches D with a speed of 30 ms™!. Find the distance
CD. [4]

M/J 11/P42/Q1 7
A load is pulled along horizontal ground for a distance of 76 m, using a rope. The rop?(i‘ﬁ }qz;)lmed at

5° above the horizontal and the tension in the rope is 65 N. o ”‘\(f’) m@/‘

(i) Find the work done by the tension. (}(O\ ’\‘ ? [2]
At an instant during the motion the velocity of the load is [.5ms™. N

(ii) Find the rate of working of the tension at this instant, \)Q&}O (Q{)" [2]

M/J 11/P42/Q2

An object of mass 8 kg slides down a line of greatest slope of an in%\@{td ‘l’qi’% Its initial speed at the
top of the plane is 3ms™! and its speed at the bottom of the pla § !. The work done against
the resistance to motion of the object is 120 J. Find the he1 T th p of the plane above the level
of the bottom. /2\ § (4]
M/J 11/P41/Q1 é

A car of mass 700 kg is travelling along a straight hk(gnt&%’ad The resistance to motion is constant
and equal to 600 N.

!

(i) Find the driving force of the car’s engine at an instant when the acceleration is 2ms™. [2]
(ii) Given that the car’s speed at this instant is 15 ms~!, find the rate at which the car’s engine is
working. [2]
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M/J 11/P41/Q2
A load of mass 1250kg is raised by a crane from rest on horizontal ground, to rest at a height of
1.54 m above the ground. The work done against the resistance to motion is 5750 J.

(i) Find the work done by the crane. [3]
(i) Assuming the power output of the crane is constant and equal to 1.25kW, find the time taken to

raise the load. 2]
M/J 11/P41/1Q7

Loads A and B, of masses 1.2 kg and 2.0 kg respectively, are attached to the ends of a light inextensible
string which passes over a fixed smooth pulley. A is held at rest and B hangs freely, with both straight
parts of the string vertical. A is released and starts to move upwards. It does not reach the pulley in
the subsequent motion.
(i) Find the acceleration of A and the tension in the string. [4]
(i) Find, for the first 1.5 metres of A’s motion,

(a) A’s gain in potential energy,

(b) the work done on A by the tension in the string,

(¢) A’s gain in kinetic energy. [3]
B hits the floor 1.6 seconds after A is released. B comes to rest without rebounding and the string
becomes slack.
(iii) Find the time from the instant the string becomes slack until it becomes taut again. [4]

M/J 11/P43/Q1

A block is pulled for a distance of 50 m along a horizontal floor, by a rope that is inclined at an angle
of &° to the floor. The tension in the rope is 180 N and the work done by the tension is 82007J. Find
the value of a. [3]

M/J 11/P43/Q2

A car of mass 1250kg is travelling along a straight horizontal road with its engine working at a
constant rate of PW. The resistance to the car’s motion is constant and equal to RN. When the
speed of the caris 19m s~! its acceleration is 0.6 ms™2, and when the speed of the car is 30 m s7!its
acceleration is 0.16 m s~2. Find the values of P and R. [6]

M/J 11/P43/Q6
A lorry of mass 15000kg climbs a hill of length 500 m at a constant speed. The hill is inclined at

2.5° to the horizontal. The resistance to the lorry’s motion is constant and equal to 800 N.

(i) Find the work done by the lorry’s driving force. )i [4]
On its return journey the lorry reaches the top of the hill with speed 20ms~ Pand cg gﬁl\l {wn the
hill with a constant driving force of 2000 N. The resistance to the lorry’s motion 131;3 u%féhstant and
equal to 800 N. Q»(g”

Nz
(ii) Find the speed of the lorry when it reaches the bottom of the hill. %f%$;§% [5]
2
Z
)

(%
O/N 10/P42/Q2
A cyclist, working at a constant rate of 400 W, travels along a straigh
the horizontal. The total mass of the cyclist and his cycle is 80 kg.
find, correct to 1 decimal place, the acceleration of the cychst

2 ild ¥ ch is inclined at 2° to
o'rixe é}xy resistance to motion,
B-travelling

(i) uphill at 4ms!, (%5 h
(ii) downhill at4ms~, Aix g §“y 5]
O/N 10/P42/Q4

A block of mass 20kg is pulled from the bottom to fﬁ% a slope. The slope has length 10 m and
is mchned at 4.5° to the horizontal. The speed of the blg E is 2.5ms"! at the bottom of the slope and
1.5ms™! at the top of the slope.

;) Find the loss of kinetic energy and the gain in potential energy of the block. 3]
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(ii) Given that the work done against the resistance to motion is 507, find the work done by the

pulling force acting on the block. [2]
(iii) Given also that the pulling force is constant and acts at an angle of 15° upwards from the slope,
find its magnitude. [2]

O/N 10/P41/Q5

A particle of mass 0.8 kg slides down a rough inclined plane along a line of greatest slope AB. The

distance AB is 8 m. The particle starts at A with speed 3ms~! and moves with constant acceleration

2.5ms™

(i) Find the speed of the particle at the instant it reaches B. [2]

(i) Given that the work done against the frictional force as the particle moves from A to B is 71, find
the angle of inclination of the plane. [4]

When the particle is at the point X its speed is the same as the average speed for the motion from A
to B.

(iii) Find the work done by the frictional force for the particle’s motion from A to X. [3]
O/N 10/P41/Q6

A

i X

|

] B

I | —— —_—

| ] | -~

. : -

3m 'H m i S~

: I : hm N

| | | ~

| | | ~

l | | N

| | | N\

| | : N\

T A E ST mammmm—. w—
A smooth slide AB is fixed so that its highest point A is 3 m above horizontal ground. B is i m above
the ground. A particle P of mass 0.2kg is released from rest at a point on the slide. The particle
moves down the slide and, after passing B, continues moving until it hits the ground (see diagram).
The speed of P at B is v, and the speed at which P hits the ground is v;.

(i) Inthe case that P is released at A, it is given that the kinetic energy of P at B is 1.6]. Find

(a) the value of A, 2 [3]

(b) the kinetic energy of the particle immediately before it reaches the ground, @‘Q/@ [1]
iy @ AN

(¢) theratiov, : vp. &f}&g/ ?\@ 2)% 2]

(i) In the case that P is released at the point X of the slide, which is Hm a /\é 'é;)ﬁround (see
ﬁibig‘ Int figures. [3]
4

- N{Z;\f

O/N 10/P43/Q2 N ®<9/

________ N )(ég@

1.8 m @8, e Qggﬁ
x) P ~/
B (054 C

AN
The diagram shows the vertical cross-section AB%f’a wsed surface. AB is a curve and BC is a
horizontal straight line. The part of the surface contaiuiﬁé AB is smooth and the part containing BC
is rough. A is at a height of 1.8 m above BC. A particle of mass 0.5 kg is released from rest at A and
travels along the surface to C.

(i) Find the speed of the particle at B. 2]
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(ii) Given that the particle reaches C with a speed of 5m s7!, find the work done against the resistance
to motion as the particle moves from B to C. [2]

O/N 10/P43/Q7

A car of mass 1250kg travels along a horizontal straight road. The power of the car’s engine is
constant and equal to 24 kW and the resistance to the car’s motion is constant and equal to RN. The
car passes through the point A on the road with speed 20m s~! and acceleration 0.32ms™.

(i) Find the value of R. [3]
The car continues with increasing speed, passing through the point B on the road with speed 29.9m s
The car subsequently passes through the point C.

(i) Find the acceleration of the car at B, giving the answer in m s~ correct to 3 decimal places. [2]
(iii) Show that, while the car’s speed is increasing, it cannot reach 30 m s, [2]
(iv) Explain why the speed of the car is approximately constant between B and C. [1]
(v) State a value of the approximately constant speed, and the maximum possible error in this value

at any point between B and C. [1]

The work done by the car’s engine during the motion from B to C is 1200kJ.
(vi) By assuming the speed of the car is constant from B to C, find, in either order,
(a) the approximate time taken for the car to travel from B to C,
(b) an approximation for the distance BC. [4]

M/J 10/P42/Q5, M/J 10/P41/Q5

P and Q are fixed points on a line of greatest slope of an inclined plane. The point Q is at a height of

0.45 m above the level of P. A particle of mass 0.3 kg moves upwards along the line PQ.

(i) Given that the plane is smooth and that the particle just reaches Q, find the speed with which it
passes through P. [3]

(i) It is given instead that the plane is rough. The particle passes through P with the same speed
as that found in part (i), and just reaches a point R which is between P and Q. The work done
against the frictional force in moving from P to Ris 0.39]. Find the potential energy gained by
the particle in moving from P to R and hence find the height of R above the level of P. [4]

M/J 10/P42/Q1, M/J 10/P41/Q1

A car of mass 1150kg travels up a straight hill inclined at 1.2° to the horizontal. The resistance to
motion of the car is 975 N. Find the acceleration of the car at an instant when it is moving with speed
16 ms~!' and the engine is working at a power of 35 kW. [4]

M/J 10/P43/Q3 2
A load is pulled along a horizontal straight track, from A to B, by a force of maggi(@gc(l?a l§l§ which
acts at an angle of 30° upwards from the horizontal. The distance AB 1s 80m. T zs%%:@\(g@ the load
is constant and equal to 1.2ms™" as it moves from A to the mid-point M of Aﬁ %l 4@?’
(i) For the motion from A to M the value of P is 25. Calculate the Woﬂg?&geb&gthe force as the
) 0 Q 7 2]
The speed of the load increases from 1.2m s”! as it moves from M towidrds @ For the motion from
M to B the value of P is 50 and the work done against resistance g.fhe %ﬁg"fé as that for the motion
from A to M. The mass of the load is 35 kg. C&% Y @
(if) Find the gain in kinetic energy of the load as it moves fr@m”M t@%d hence find the speed with
C D) S
which it reaches B. o 5‘ [5]

&
)Z)
load moves from A to M. 9%

%

O/N 09/P42/Q2 40 &
A lorry of mass 15000 kg moves with constant spe@(# nﬁ from the top to the bottom of a straight
hill of length 900 m. The top of the hill is 18 m aboVe@ ¢ level of the bottom of the hill. The total
work done by the resistive forces acting on the lorry, including the braking force, is 4.8 X 10%J. Find
(i) the loss in gravitational potential energy of the lorry, (1]
(ii) the work done by the driving force. [1]
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On reaching the bottom of the hill the lorry continues along a straight horizontal road against a constant
resistance of 1600 N. There is no braking force acting. The speed of the lorry increases from 14 ms™!
at the bottom of the hill to 16 ms™" at the point X, where X is 2500 m from the bottom of the hill.
(iii) By considering energy, find the work done by the driving force of the lorry while it travels from
the bottom of the hill to X. [3]
O/N 09/P42/Q3
A car of mass 1250kg travels along a horizontal straight road with increasing speed. The power
provided by the car’s engine is constant and equal to 24 kW. The resistance to the car’s motion is
constant and equal to 600 N.
(i) Show that the speed of the car cannot exceed 40ms™". [3]
(ii) Find the acceleration of the car at an instant when its speed is 15m s7h, [3]

O/N 09/P41/Q1
A car of mass 1000 kg moves along a horizontal straight road, passing through points A and B. The

power of its engine is constant and equal to 15 000 W. The driving force exerted by the engine is 750 N
at A and 500N at B. Find the speed of the car at A and at B, and hence find the increase in the car’s
kinetic energy as it moves from A to B. [4]

O/N 09/P41/Q2

C
A smooth narrow tube AE has two straight parts, AB and DE, and a curved part BCD. The part AB is

vertical with A above B, and DE is horizontal. C is the lowest point of the tube and is 0,65 m below
the level of DE. A particle is released from rest at A and travels through the tube, leawggéz at E with
speed 6 m 7! (see diagram). Find o (@) @@4\\”

(i) the height of A above the level of DE, 9\ r@ [2]
(i) the maximum speed of the particle. @%‘@" [21
M/J 09/P04/Q2 DA

(%
P &
A crate C is pulled at constant speed up a straight i@i—ne th by a constant force of magnitude F' N,
acting upwards at an angle of 15° to the path. C passes gifough points P and Q which are 100m apart
(see diagram). As C travels from P to Q the work done against the resistance to C’s motion is 900 J,
and the gain in C’s potential energy is 2100J. Write down the work done by the pulling force as C

travels from P to , and hence find the value of F. [3]
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M/J 09/P04/Q5

A

dm C D

A cyclist and his machine have a total mass of 80kg. The cyclist starts from rest at the top A of a
straight path AB, and freewheels (moves without pedalling or braking) down the path to B. The path
AB is inclined at 2.6° to the horizontal and is of length 250 m (see diagram).

(i) Given that the cyclist passes through B with speed 9ms™, find the gain in Kinetic energy and
the loss in potential energy of the cyclist and his machine. Hence find the work done against the
resistance to motion of the cyclist and his machine. (3]

The cyclist continues to freewheel along a horizontal straight path BD until he reaches the point C,

where the distance BC is d m. His speed at C'is 5 ms~'. The resistance to motion is constant, and is

the same on BD as on AB.

(ii) Find the value of d. [3]
The cyclist starts to pedal at C, generating 425 W of power.
(iii) Find the acceleration of the cyclist immediately after passing through C. K]

O/N 08/P04/Q3
A car of mass 1200kg is travelling on a horizontal straight road and passes through a point A with

speed 25 m s~'. The power of the car’s engine is 18 kW and the resistance to the car’s motion is 900 N.

(i) TFind the deceleration of the car at A. [4]
(ii) Show that the speed of the car does not fall below 20 m s~! while the car continues to move with
the engine exerting a constant power of 18 kW. 2]

O/N 08/P04/Q4

A load of mass 160 kg is lifted vertically by a crane, with constant acceleration. The load starts from
rest at the point O. After 7s, it passes through the point A with speed 0.5 ms~!. By considering

energy, find the work done by the crane in moving the load from O to A. [6]
M/J 08/P04/Q2

A block is being pulled along a horizontal floor by a rope inclined at 20° to the horizontal. The tension

in the rope is 851 N and the block moves at a constant speed of 2.5m s!.

(i) Show that the work done on the block in 125 is approximately 24 kJ. [3]
(ii) Hence find the power being applied to the block, giving your answer to the nearest /W [1]
R
)
M/J 08/P04/Q4 0 @ @{\\C*
S

B 05 2

makes an angle of 50° with the horizontal. A and C 7at th’same horizontal level and B is the lowest
point of the cross-section (see diagram). A particle Pg “mass 0.8kg is released from rest at O and
moves on the surface. P remains in contact with the surface until it leaves the surface at C. Find

(i) the kinetic energy of P at A, ~ [2]
(i) the speed of P at C. [2]

o o
OABC is a vertical cross-section of a smooth surf; p‘)}-;'gé%(g raight part OA has length 2.4 m and
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The greatest speed of P is 8 ms™
(iii) Find the depth of B below the horizontal through A and C. [3]

M/J 08/P04/Q6
A particle P of mass 0.6 kg is projected vertically upwards with speed 5.2m s} from a point O which

1s 6.2 m above the ground. Air resistance acts on P so that its deceleration is 10.4m s> when P is
moving upwards, and its acceleration is 9.6 m s~ when P is moving downwards. Find

(i) the greatest height above the ground reached by P, [3]
(i) the speed with which P reaches the ground, [2]
(iii) the total work done on P by the air resistance. [4]

O/N 07/P04/Q1
A car of mass 900 kg travels along a horizontal straight road with its engine working at a constant

rate of P kW. The resistance to motion of the car is 550 N. Given that the acceleration of the car is
0.2ms™? at an instant when its speed is 30ms™!, find the value of P. [4]

O/N 07/P04/Q4

B

The diagram shows the vertical cross-section of a surface. A and B are two points on the cross-section,
and A is 5m higher than B. A particle of mass 0.35kg passes through A with speed 7ms™, moving

on the surface towards B.
(i) Assuming that there is no resistance to motion, find the speed with which the pdrtic,h, reaches B.

(3]
(ii) Assuming instead that there is a resistance to motion, and that the particle reac}}egévwijq speed
11ms™, find the work done against this resistance as the particle moves fror ?&fo(go\ [3]

0> A
M/J 07/P04/Q3 “’ % C(“\
A car travels along a horizontal straight road with increasing speed until it r?{ h z}}%’mammum speed

of 30ms~'. The resistance to motion is constant and equal to RN, a W er provided by the
car’s engine is 18 kW. ()) 0)
(i) Find the value of R. (2\75 (§§ [3]
(ii) Given that the car has mass 1200 kg, find its acceleratlo aﬂ&é 1@1& when its speed is 20 m s™!

5 [3]
154, M/J 07/P04/Q5 /z\ Q§
—1
i

@ ;» e,
17ms™! 25ms™! Q ‘i”/’/-—c
500 m

A B
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A lorry of mass 12 500 kg travels along a road that has a straight horizontal section AB and a straight
inclined section BC. The length of BC is 500 m. The speeds of the lorry at A, B and C are 17 ms™!,

25ms™' and 17 ms™! respectively (see diagram).
(i) The work done against the resistance to motion of the lorry, as it travels from A to B, is 5000 kJ.

Find the work done by the driving force as the lorry travels from A to B. [4]
(i) As the lorry travels from B to C, the resistance to motion is 4800 N and the work done by the
driving force is 3300 kJ. Find the height of C above the level of AB. [4]

O/N 06/P04/Q1

A box of mass 8 kg is pulled, at constant speed, up a straight path which is inclined at an angle of 15°
to the horizontal. The pulling force is constant, of magnitude 30N, and acts upwards at an angle of
10° from the path (see diagram). The box passes through the points A and B, where AB = 20 m and
B is above the level of A. For the motion from A to B, find

(i) the work done by the pulling force, [2]
(if) the gain in potential energy of the box, 2]
(iii) the work done against the resistance to motion of the box. [1]
O/N 06/P04/Q3

A cyclist travels along a straight road working at a constant rate of 420 W. The total mass of the cyclist
and her cycle is 75kg. Ignoring any resistance to motion, find the acceleration of the cyclist at an
instant when she is travelling at Sm s7!,
(i) given that the road is horizontal,
(ii) given instead that the road is inclined at 1.5° to the horizontal and the cyclist is travelling up the
slope.
[5]

O/N 06/P04/Q5

of the cross-section. L is 2.45 m above the level of M : ) N is 1.2 m above the level of M. A particle
of mass 0.5 kg is released from rest at L and moves on the surface until it leaves it at N. Find

(i) the greatest speed of the particle, [3]
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(ii) the kinetic energy of the particle at N. [2]
The particle is now projected from N, with speed vms™', along the surface towards M.
(iii) Find the least value of v for which the particle will reach L. [2]

M/J 06/P04/Q1

A car of mass 1200 kg travels on a horizontal straight road with constant acceleration a ms™2.

(i) Given that the car’s speed increases from 10 m s t025ms™! while travelling a distance of 525 m,
find the value of a. 2]

The car’s engine exerts a constant driving force of 900 N. The resistance to motion of the car is constant

and equal to RN.

(ii) Find R. (2]

M/J 06/P04/Q6

A block of mass 50 kg is pulled up a straight hill and passes through points A and B with speeds 7 ms™
and 3ms~! respectively. The distance AB is 200m and B is 15m higher than A. For the motion of
the block from A to B, find

(i) the loss in kinetic energy of the block, [2]
(ii) the gain in potential energy of the block. [2]

The resistance to motion of the block has magnitude 7.5 N.

(iii) Find the work done by the pulling force acting on the block. [2]
The pulling force acting on the block has constant magnitude 45N and acts at an angle o° upwards
from the hill.

{(iv) Find the value of a. [31

O/N 05/P04/Q2
A crate of mass 50kg is dragged along a horizontal floor by a constant force of magnitude 400 N

acting at an angle o° upwards from the horizontal. The total resistance to motion of the crate has
constant magnitude 250 N. The crate starts from rest at the point O and passes the point P with a speed
of 2ms™'. The distance OP is 20 m. For the crate’s motion from O to P, find

(i) the increase in kinetic energy of the crate, [1]
(ii) the work done against the resistance to the motion of the crate, [1]
(iii) the value of c. [3]

O/N 05/P04/Q7

@

03kgeA

&

0.2 kg B

Two particles A and B, of masses 0.3kg and 0.2 k?:: ctively, are attached to the ends of a light
inextensible string which passes over a smooth fixed pulley. Particle B is held on the horizontal floor

and particle A hangs in equilibrium. Particle B is released and each particle starts to move vertically

with constant acceleration of magnitude ams™2.
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(1) Find the value of a. 4]

Particle A hits the floor 1.2 s after it starts to move, and does not rebound upwards.

(ii) Show that A hits the floor with a speed of 2.4 m s, (1]

(iii) Find the gain in gravitational potential energy by B, from leaving the floor until reaching its
greatest height. [5]

M/J 05/P04/Q1
A small block is pulled along a rough horizontal floor at a constant speed of 1.5 ms~! by a constant

force of magnitude 30 N acting at an angle of 6° upwards from the horizontal. Given that the work
done by the force in 205 is 72017, calculate the value of 6. [3]

M/J 05/P04/Q7
A car of mass 1200 kg travels along a horizontal straight road. The power provided by the car’s engine

is constant and equal to 20 kW. The resistance to the car’s motion is constant and equal to 500N. The
car passes through the points A and B with speeds 10m sl and 25ms™! respectively. The car takes
30.5s to travel from A to B.

(i) Find the acceleration of the car at A. [4]
(ii) By considering work and energy, find the distance AB. [8]

O/N 04/P04/Q3

A car of mass 1250 kg travels down a straight hill with the engine working at a power of 22 kW. The
hill is inclined at 3° to the horizontal and the resistance to motion of the car is 1130 N. Find the speed
of the car at an instant when its acceleration is 0.2ms™2, [5]

O/N 04/P04/Q4
A lorry of mass 16 000 kg climbs from the bottom to the top of a straight hill of length 1000 m at a

constant speed of 10m s™!. The top of the hill is 20 m above the level of the bottom of the hill. The
driving force of the lorry is constant and equal to 5000 N. Find

(i) the gain in gravitational potential energy of the lorry, [1]
(i) the work done by the driving force, [1]
(iii) the work done against the force resisting the motion of the lorry. [1]

On reaching the top of the hill the lorry continues along a straight horizontal road against a constant
resistance of 1500 N. The driving force of the lorry is not now constant, and the speed of the lorry
increases from 10ms™! at the top of the hill to 25m s~! at the point P. The distance of P from the top

of the hill is 2000 m. %
(iv) Find the work done by the driving force of the lorry while the lorry travels fro : Qp of the
hill to P. ggi @@ [5]
o
M/J 04/P04/Q4

The top of an inclined plane is at a height of 0.7 m above the bottom. C mass 0.2kg is
released from rest at the top of the plane and slides a distance of 2.5 m t . Find the kinetic
energy of the block when it reaches the bottom of the plane in each of olf@ving cases:

(i) the plane is smooth, @ 2 [2]

(ii) the coefficient of friction between the plane and the block i

M/J 04/P04/Q6 (i%

A car of mass 1200 kg travels along a horizontal straight ro. 0¢ ower of the car’s engine is 20kW.
The resistance to the car’s motion is 400 N. (@0

(i) Find the speed of the car at an instant when its meo/ on is 0.5ms 2. [4]
(ii) Show that the maximum possible speed of the car i ms~!. [21

The work done by the car’s engine as the car travels from a point A to a point B is 1500kJ.

(iii) Given that the car is travelling at its maximum possible speed between A and B, find the time
taken to travel from A to B. [2]
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O/N 03/P04/Q1
A motorcycle of mass 100 kg is travelling on a horizontal straight road. Its engine is working at a rate

of 8 kW. At an instant when the speed of the motorcycle is 25 ms™! its acceleration is 0.5 ms™2. Find,
at this instant,
(i) the force produced by the engine, [1]

(ii) the resistance to motion of the motorcycle. [3]

O/N 03/P04/Q4
A

B

The diagram shows a vertical cross-section of a surface. A and B are two points on the cross-section.
A particle of mass 0.15 kg is released from rest at A.
(i) Assuming that the particle reaches B with a speed of 8ms™' and that there are no resistances to

motion, find the height of A above B, [3]
(ii) Assuming instead that the particle reaches B with a speed of 6ms™! and that the height of A
above B is 4 m, find the work done against the resistances to motion. 3]

M/J 03/P04/Q1
A crate of mass 800 kg is lifted vertically, at constant speed, by the cable of a crane. Find

(i) the tension in the cable, [1]
(ii) the power applied to the crate in increasing the height by 20 m in 50s. (3]

M/J 03/P04/Q7

The diagram shows a vertical cross-section ABCD of a surface. The parts AB and CD are straight
and have lengths 2.5m and 5.2 m respectively. AD is horizontal, and AB is inclined @600 to the
horizontal. The points B and C are at the same height above AD. The parts of the ! e@taining
AB and BC are smooth. A particle P is given a velocity of 8ms™' at A, in the t'qg’?)\B, and it
th@mtion.
4

subsequently reaches D. The particle does not lose contact with the surface dug

(i) Find the speed of P at B. ) Q@‘L/ 4]
(ii) Show that the maximum height of the cross-section, above AD, is@® 72 m. 2]
(iii) State briefly why P’s speed at C is the same as its speed at B. (1]
(iv) The frictional force acting on the particle as it travels from C: @‘ N. Given that the mass

of P is 0.4 kg, find the speed with which P reaches D. Qg\ o [4]
OIN 02/P04/Q1 )

its engine working at a constant
ind the acceleration of the car at an

(3]

rate of 20kW. The resistance to motion of the car i

instant when its speed is 25ms™".

O/N 02/P04/Q6 &
(i) A particle P of mass 1.2kg is released from rest at the top of a slope and starts to move. The

slope has length 4 m and is inclined at 25° to the horizontal. The coefficient of friction between
P and the slope is 21?' Find

A car of mass 1000 kg travels along a horizontal stra%%?ad
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(a) the frictional component of the contact forceon P, [2]
(b) the accelerationof P , [2]
(c) the speed with which P reaches the bottom of the slope. [2]

(ii) After reaching the bottom of the slope, P moves freely under gravity and subsequently hits a
horizontal floor which is 3 m below the bottom of the slope.

(a) Find the loss in gravitational potential energy of P during its motion from the bottom of the
slope until it hits the floor. [1]

(b) Find the speed with which P hits the floor. [3]

M/J 02/P04/Q1
SN

v

e
fdms!
One end of a light inextensible string is attached to a ring which is threaded on a fixed horizontal bar.
The string is used to pull the ring along the bar at a constant speed of 0.4 ms”. The string makes a
constant angle of 30 with the bar and the tension in the string is 5N (see diagram). Find the work done
by the tension in 10s. ' (3]

M/J 02/P04/Q6
(i) A lorry P of mass 15 000 kg climbs a straight hill of length 800 m at a steady speed. The hill is

inclined at 2° to the horizontal. For P’s journey from the bottom of the hill to the top, find

(a) the gain in gravitational potential energy, 2]
(b) the work done by the driving force, which has magnitude 7000 N, (1]
(c) the done against the force resisting the motion. [2]

(i) A second lorry, 0, also has mass 15 000 kg and climbs the same hill as P. The motion of Q is
subject to a constant resisting force of magnitude 900N, and Q’s speed falls from 20ms™ at the
bottom of the hill to 10ms™ at the top. Find the work done by the driving force as Q climbs

from the bottom of the hill to the top. [5]
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1. M/J 22/P42/Q6
(a) KEchange =%(0.5x900x16* —0.5x900x11*)

[=+ (115200 - 54450 ) = +60750 |

PE = 900gx150x0.12 [=162000]

[Work done by car’s engine =] 24000x12 [: 288000]

Work done against resistive forces

=24000x12 ~900g x150 x0.12 0.5 x900 x16° +0.5 x900 x11°
=288000 -162000 —115200 + 54450

Work done = 65250J 5
o 32000
(b) Driving Force = —
32000
- = 1520+ 4v
Speed = 20ms ™' 3

2. M/J 22/P41/Q5
(a) For attempt at work energy equation

4500d — 75 000 = -;-x 1200% 25 [=375 000]
d= 100 3

(b) 25° =0 +2a x100 [leading to a = 3.125]
3200—1200 ==m x 3.125
Mass of car B = 640 kg
Alternative mark scheme for question 5(b)
For attempt at work energy equation

(3200 — 1200) x 100 = ~ x m x 25 &

Mass of car B = 640 kg o2 Q)i @?ﬁ} 3
(¢) At P power = 3200 x 25 [= 80 000] @ O/\v%@)

80000 _ 15000 : \6> ¥

! . , @ ©°
Steady speed = 66.7 ms @ O 3
3. M 22/P43/Q5 1?2

(a) F=30=70x0.3 Qg\g@éy

P=4F Q N 5

[=51 x4]=204W ) T SEY 3
1 1 (%) %

(b) Change in KE= —x70x122 ~—x70x6°> 7 ¢
g > 2 QY &
378017 (\9/ 2

(c) For work energy equation
70g x d sin5-30d = 3780
d=122 3
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4. OIN 21/P42/Q2
(a) For van: 2500 — 700 = T=3600a
For trailer:  7-300=1200a
For system: 2500 — 700 300 =
(3600 +1200) a
Obtain an equation in T only

a=—5—=0.3125
16

Tension in the rope = T= 675 N 4
(b) Forvan: — F-700=3600a
For trailer: — 300 = 1200a
System:  —F-—700-300 =(3600+1200)a
Least possible value of braking force
=F=200N 2
5. OIN 21/P42/Q3
(@ mgx18= -‘z-mv2
Speed of block at B = v=6ms™ 2
(b) Attempt the work-energy equation
1 xmx6'=45+mgx 1.2
Mass of the block = m=0.75 kg 3
6. O/N 21/P42/Q5

. 60 00
(8) Driving force = DF = 960 000

30
DF -75000gxsina—R=0
Resistance force = R =24 500 N
(b) WD by engine in 60 s = 900 000 x 60
[= 54000000] 3

KE. =-;-><750oo><3o2

init

KE]inul = l.)( 75000Xv2
2

90000060 +—;-x

75000%30? = 46500000 +%><75000><v2

Speed of engine after 60 s
=y =332 ms" 4

7. O/N 21/P41/Q5
(@) s=30%20
PE change =1600x g x sx0.12
[PE change= 1600 X gx20x30x0.12]
Change in PE =1152000J 3
(b) 1960000 =WD,,, + theirPE
[1960 000 = WD, +1152 000]
[WD,. =808 000 J]
R=WD,, +600 3
Force resisting motion = R=1350Nto 3sf

© P=(i‘9.3ﬂ+1600xgxo.12)x20

196000
T3

P=653kW 2
() 0.85x 2299 _ prya0
DF —R-1600g%0.12=1600a
[8—332—@—1920=1600a}
3 3 3
a=[-]0.306 ms™
8. O/N 21/P43/Q3
(@) PE=16x10x5[=80J]
or
vi= J(2x10x5) [=10]
KE=1x1.6x102[=80]]
1.6x10x5=16%x10xh+8
or
1x1.6xv2=80-8,v =190,
0=90+2x (=10) xh leadingto h=...
or
Ix1.6x=80-8 vt =490,
1mx90=mx10xh leadingto h=...
h=4.5m 3
() 5=0+1x10x 7 leadingto =1
or
5=-% x(0+10) x ¢t leadingto t=1
or

10=10¢ leadingto r=1
45=0- % x (=10) x £ leading to
t=+0.9 or dy(ﬁg?
45="1 x (OO +0)x ¢ 1@* o
£ ®
0 LOF

t= \/6_5 or {
0=+90-10¢ le %,9&— J0.9
t=195¢ @ 3

5. o 21Pasias Sl B

0 36 x 8]

000 J 2

ér= 1250 x 36 or P = 360000

O (% 45000 1] =45kW 2

@@ 57000

DF = =—— [=1583.3.]
36

5—7—(m—1250=1400a
36

a=0.238 ms™ 3
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() 64000 _ 1550 1 1400g sin 6

6=3.1[3.0708...] 2
10. M/ 21/P42/Q1

Initial KE = %x 0.6x4>  [=4.8]

Final KE:é—x 0.6xv*
PE loss = 0.6x gx15sin10 [=15.628]

O.6><g><15sin10+%x 0.6x 4% = —;—x 0.6xv*

v=8.25 ms’! 3
11. M/J 21/P42/Q5
(a) (i) P=(440+280)x30 (b) (i) System: DF =720 +2050gx0.06 [=1950]
P=T20x30=21.6 kW 2 Car: DF—440-T—1250gx 0.06= 0
(ii) P=21600-8000 W Caravan: T -280-800gx0.06=0
— =2
DF = 216008000 | 13600 _ 55 355 1950v=28000
30 v=14.4 ms
Car DF—440—T =1250a (ii) PE =800g Xd X 0.06 =800g X14.4X 60X 0.06
Caravan: T —280 =8004a PE= 414000 (J) or PE=414 kJ
System: DF-—(440+ 280)=2050a
Solve for either a or T
a=—0.13ms? and T=176 N 4

12. M/J 21/P41/Q1
Force exerted by winch =50gsin 60 +100[=433.0 +100 =533.0]

Work done =5x(50gsin 60 +100)
Work done =2670J 3

13. M/J 21/P43/Q5
(2) Increase in KE = % x 1900 x 302 — % x 1900 x 20 [= 475000 J] y o
Loss of PE = 1900 x g x s sin 5 [=1655.9557]  pa@ A
1900 x g % 5 sin 5 + 150 000 = ¥ x 1900x30%— ¥ x 1900 x 20? >

s = [Length of hill =] 196 m é@ 4?§§ 5
(b) 302 =207+ 2a x 200 o

a=125ms? o&&@ @5@

T'- 100+ 500g sin 5 = 500a 1\
T'=289N QX

14. MAR 21/P42/Q2

00g sin 2 — 600 = 1400a
(8) Driving force = DF = 22500 g,? &
v @: — 1400g sin 2 — 600 = 1400a
DF — 1400g x 0.1 — 600 = 0

v=11.25ms" 3 a=0.651 ms? (3sf) 3
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15. MAR 21/P42/Q7

(a) Attempt Newton’s 2nd law for either P, O or the system.

For P:
For Q:

0.8+ 0.5gsin30—T=10.5a
T-0.3gsin45=0.3q

System: 0.8 + 0.5gsin 30— 0.3g sin 45 = 0.8a

Attempt to solve for T.
T'=2.56 N (3sf)

(b) KE and PE for m kg particle:

1 .
Smx0.36=0.18m and Mg sindS=5/2m

KE and PE for 0.5 kg particle:
%X 0.5X0.36=0.09 and 0.5gsin30=2.5

Apply the work-energy equation to the system as:

PE loss + WD by 0.8 N=KE gain + 0.5
0.5g x 1x sin 30 ~mg x 1x sin45+ 0.8 x 1

=¥ x(05+m)x036+0.5

m=0.374

16. O/N 20/P42/Q2
(a) DF - 650 = 1800 % 0.5 [DF = 1550]

—}—)-—650=1800><0.5
20
[Power P= 1550 x20 =] 31 000 W

or 31kW 3
(®) ——-—31200 ~650 =0
v=477ms™ 2

17. O/N 20/P42/Q8
(a) For A4: T=03a
For B: 3.5+ 0.5gsin30 - 7'=0.5a
System: 3.5+ 0.5g sin 30 = (0.3 + 0.5)a
For solving either for T or for a
a=75ms>
T=225N 5
0.5g sin30 x 0.6 [= 1.5]
Apply the work-energy equation to the
system
0.5¢sin30x0.6+3.5x0.6=
X+ 1.1
v=2.5ms" 4
18. OJ/N 20/P41/Q2
(@ P=350x20
P=T7kW 2
(b) 15000=DFx20 [DF=750]
DF - 350 = 1400a

®

2 x0.8

19. OJ/N 20/P41/Q6

(a) KE (final) = % X 1500 x20%+ % X 750
X 207
KE (initial) = % x 1500 x 30° + Y% x 750
x 302

PE gain = 2250 x 10 x 800 x 0.08

WD against friction = 600 x 800

Y2 X 2250 x 30% + DF x 800 = 600 x 800
+ Y% 2250 % 20° + 2250

X 10 X 800 x 0.08
DF = 1700 N 5

(b) 2400 - 600 =2250a

or
T—200 =750a and 2400 — 4OOQT
= 1500a

Attempting to solve fora og @)S}' /\\)@)

T=2800 N and a = 0.8 met @fj 4
20. OIN 20/P43/Q2
(@) WD=40x158 P@w 51/ 1
() [PE=5x10
2577 51 2
(©) wD= A{éﬁ%‘ € 10><15sm
20 = 1
21. OIN2Gfb43
(a) PES650 X 25
= 16250 W = 16.25 kW 2

pF = 22900 1560
25

For applying Newton’s 2™ law to the
system to form an equation in

a, or to the caravan or the car to
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form an equationin T and a
1560 —-650=2400 a
T-250=2800 a

1560 —400 - T=1600 a

[a=(1560—-650)]

2400

a=0.379 ms~2 (0.37916...)
T=553N (553.33..) 5
(b) [DF =650 + 2400 x 10 x 0.05]
32500 = (650 + 24 000 x 0.05) v
v=17.6 3
M/J 20/P42/Q5
(a) i) DF=1750
Power =their(750)x32

=24kW 2
(i) 16000= DF %32

DF =500

500-750=1250Xa

a=[-]0.2 3

(b) DF =1000+8v +1250x10x 0.096
2200 +8v
60000 = (2200 +8)v

8v2 +2200v — 60000 =0
v=25 5

M/J 20/P41/Q2
(@ [T—-100=400x 1.5]
T=700N 2
(b) F—-250-100=2200x% 1.5 (F=3650N)
(M1 for using Newton’s second law
for the system or for the car using the
result from 2(a))
For use of power =Fv
73000 W or 73 kW 3
M/J 20/P41/Q5
(a) Attempt at finding PE lost
PE lost =35g (4c0822.5—4cos45)

% X 3512 = 35g (4c0822.5— 4cos45)

Speed=4.16 ms™' (4.1643...) 4

(b) Use of the work-energy equation in the
form : PE lost = KE gain + WD against
resistance

1
= X35 x47=35g (4- 4cosd5)- X

X=130(130.05...) 3

25, M/J 20/P43/Q2
(8) F-900=4000x 0.5
(M1for use of Newton’s second law,

3 terms)
F=2900 N 2
() 900x25
(M1 for use of P= Fv with F = resistance
only)
22500 W or 22.5 kW 2

26. M/J 20/P43/Q5
(@) DecreaseinKE = 21 x4 x (122— 8%)
160J 2
(b) PE gained =4g x 10sin30 (= 200)
Total work done =200— 160

Total work done =40J 3
() —4gsin30=4a

a=-5

-10= 8t——12- x 5t

t=4.16s 4

27. MAR 20/P42/Q1
(8) Power = 750000/10 = 75000 W or 75 k\lN

(b) Driving force DF = 75000/25
[DF — 2400 = 160004]
a=0.0375ms™ 3
28. MAR 20/P42/Q3
(8) Initial KE =1 x 0.2 x 5

or Final KE =% x 0.2 x 3°
15X 0.2 X5 =0.2gh+ % %02 x3%
h=0.8 3

(b) Apply work-energy equation from 4 to C
'/z><02><52—3 1+0.2g x 0.5 =/ x0.2v
Speed = 2ms™ gé
29. O/N 19/P42/Q4
(i) P=3000 x 30
P =90000 W = 90k
(ii) PE gained =2500

Initial KE =&

[=1125 %
O

725000 %25 [=7 812 500]

30004
sin2

3
@é 2

@/

0D~ 30°

&Th=10.2m (10.2318...) 5
30. OIN 19/P41/Q1

20 000 =V x 1250g
V=16 2

Study copy distributed by EduResource ZA | eduresourcza.com

Unit 4: Answers Section


https://eduresourcza.com

Mathematics A Level P-4 Topical

31.

32.

33.

34.

35.

235"

Unit 4; Answers Section

Read and Write Publications

O/N 19/P41/Q2

Initial KE=%x75x10°

Final KE = 1x75x 5’

PE gained =75g x700sin1.5

WD by F=Fx 700

WD by F +Initial KE = Final KE + PE gain+ 2000
F=185 5

O/N 19/P43/Q2

PE gain =150000g x 500sina

(=75000000 g sina)

[=13 743]

1 5 1
5150000 45 _EXISOOOOX422 (=19575000)

150000g x 500sina=19575000+16000x

500 —4x10°

a=1.8 5
O/N 19/P43/Q5

. 240
() Driving force= i (=40N)

[40 - R=280x 0.3]
Resistanceis16 N 3

(i) [240 16]
v

Steady speed is 15 ms™ 2
(iii) Use of Newton’s Second Law

%5:—0——-16 80gsin3 =80a

Acceleration is 0.0266 ms™ 3
M/J 19/P42/Q3
R=13gcos 22.6 = 13g x (12/13), [R = 120]
F=0.3x13g cos 22.6 [FF=36]
T=F+13gsin22.6=F + 13gx
(5/13), [T=86] WD=Tx2.5[=86x2.5]
WD =2151] 5
M/J 19/P42/Q6

Case 1: DF =36000/18
or

Case 2: DF =21000/12

184+ B=DF

[36000/18 = 184 + B =2000]
184 + B=2000 oe

124 + B= DF + weight component
[21000/12 = 124 + B + 1000 g x 1/20]

124+ B=1250 oe
A =125, B=-250 7

36. M/J 19/P41/Q3

( DF=1500+ 12000 x g x
0.08 [DF = 11100]

Power=DFx 5

Power=11100 x 5=55.5kW 3
(i) kx5%=1500, k=60 1
(iii) DF = 60v*

55500 = DF x v = 60v*x v=60v*

v=19.74 ms™ 3

37. M/J 19/P41/Q4
() R=13cos674=13(5/13) R [=5]

F+13sin67.4= F+ 13(12/13)=20 [F= 8]
4

w=8/5=16
(i) 13sin674-F=13 a
F=pR=8 —» [4=1.3a]
a =3.08 ms? 2

(iii) s=0+0.5 x(40/13) x22
[=80/13 = 6.15]
WD =8 x6.15
WD =492 3
M/J 19/P43/Q3
(i) DF —1550 — 1400gsin4° = 1400 x 0.4
[30000 = (1400 x 0.4 + 1550 +1400
gsind’ v]
v=9.72 ms" 4
(ii) [DF - 1550 — 1400gsin4° = 0]
[Paax= (1550 + 1400 gsind °) x 40]
P =101000W or 101 kW 3
39. M/J 19/P43/Q5

(i) (PE gain =) 18gdsin30°or (KE loss =) % x
18 x20? (PE gain =) 18gdsin30° and
(KE loss =) ¥ x 18 x 20°[18gdsj

5"
« 18 x 2] or 18gh—®@§@§b

Distance up plane = 40 i{<

38.

(ii) R = 18gc0s30° 55 884...)

@%2 or 38.971..)

%#%%osmﬁ =-18ag —
5..)

$e<7.165.. X5

18a — a=....]
7 +2x2.835..%x27913.. — v=...]

: 8
40. Mg?glmzlcm
(i) Driving force = 6000/20 [= 300 N]
R=1300-80=220 2
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(i) [New driving force DF = 12500/25 = 500

NCar: DF-T—R=1500a

Trailer: T— 80 = 300a

System: DF - 80 — R = 1800a]

Two correct equations

a=0.111 ms™

T=113N(=113.3333..)) 5
MAR 19/P42/Q7
(i) R=025gx%0.6[=1.5]

[F=0.5x025g % 0.6] [F=0.75]

[WD against friction = F * 8]

WD=6]J 4
(i) [ x0.25x15%=

Yo% 025 x v+ 6+0.25g % 8 x 0.8]

v="7ms" 4
(iii) [%5 % 0.25x7 %0.25 x g x H]

Or

[Vo xm x T2=m % g x H]

H=17%2g=245m

Total height /1 =6.4+ H=8.85 3
O/N 18/P42/Q6
(i) Power=350x%15=5250 W 1
(i) DF + 1200g sin 1 — 350 = 1200 x 0.12
P=4270 W (4268.56...) 3

(iif) [1200g sin 1 - 350 = 1200a]
[18% =20 + 2as]
Distance travelled s =324 m (324.39) 4
O/N 18/P42/Q7
(i) At liquid surface, speed =0 + g x
0.8[=8] or

03gx % (0+1)x0.8=1%(03)+

— p=§

PE lost in water = 0.3g x 1.25 [ = 3.75]

[% % 0.3 x(82=v*) +0.3g x 1.25 =1.2]

v=9ms"” 4
(i) [-0.3g-1.8=0.3qa]

a=-16

[1.25 =TT+ Y x (-16) x T?]

T=0.25 (or 0.625, on the way down)

[vat surface = 7 + (~16) x 0.25 = 3]

[0=3—-gt—t=0.3]

Total time=T+¢=0.55s 7

O/N 18/P41/Q2

(i) Resistance = Driving force = 4080000

85
=48 000 N 1

=

' P
(i) DF=—
85

DF - 48 000 —490 000 g x L =0
200
P=72500x%85=6.16 MW 3
45. O/N 18/P41/Q3

[KE gained =% x 2500 ( 30°- 20°)

(= 6250007 )
PE lost =2500 g x400sin 4(=697564.77)
[WD by engine +2500 g x400sin

4 +é>< 2500% 20*

=600 x400 +lx2500 x30%]

Work done by engine + PE lost
+ 625 000Work done
=167000J (167435.2...) 5

46. OIN 18/P43/Q3
() [Lx12x752-Yx1.2xy2=235]
v=3.82ms™ (3.81881...) 2]
(i) 1.2gdsin30
[Vax1.2%75"~25+1.2¢gd
sin30 =% x 1.2 x 97]
d=6.64m (6.64166...) 3
47. OIN 18/P43/Q6
(1) Driving force = 36000 /20
[36000 /20 — R = 3200 x 0.2]
R =1160N (3]
(ii) Driving force F'=3200gsinl.5 + 1160
[Power = (3200gsinl.5 + 116@% 30]
Power = 59900W (5992987 X© 3
(iii) [~ (3200gsinl.5 + 116
(a=-0.62426.. )
[0% =30 + 2as] @31/

Distance s =<

=600 x 400

@

%ﬁ’\

48. O/N 17/P42/

@) EITH}%%%
Re(%gS e «'" =
é)

[4]

PE gain = 80g x 25 (0.04)
= 800
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Time taken = %5— =625

[WD by cyclist = P x 6.25 = 800 + 600]
Power =224 W 4]
(i) Work done by cyclist
=224 x 10 (= 2240])
Initial KE = % x 80 x 4° [= 640 J]
[¥ x 80v* = 640 + Px10 —1200]
Speed = 6.48 m 5! [4]
OIN 17/P41/Q2
(i) Power= 1150 % 12 = 13 800W [1]

(i) Driving force = 25000

25000 50— 3700g sin 4 = 3700a

==0.445m s [3]
(iii) 25000 _1150_3700gsin4 =0
v

v=670ms" [2]
OIN 17/P41/Q3
(i) 640x18

Work done = 11520 J (2]

(i) KEatstart
=1 x840% 14*=82320]
PE gained = 840g x 8sin 30
—840g * 10sin 20 = 4870 J
Yy x 840 x v*=82320— 11 520 — 4870
v=125ms™ [4]
OIN 17/P43/Q2
(i) [F=1480 +7850g sin 3] (=5588)
[-1% = 1480 + 7850g sin 3] —P= ...

Power =55 900 W (3]
(i) [F+7850gsin 3~ 1480 = 7850 x 0.8]
(F=3652)

[{35. +7850g sin 3 — 1480 = 7850 x 0.8]

—P=..

Power = 54800 W [3]
O/N 17/P43/Q7
(i) R=02gcos30~Tsin 15
[F=03 x (02g cos 30 — T'sin 15)]
Tcosl5+0.3x(0.2g cos30—Tsinl5)
=(.2gsin30
T=0.541 6]
(i) 03x02gcos30x3 [=1.55881]]
WD =025%x3 [=0.757]]
0.2gx3sin30 [=31]]
[v2 (02) v*=3 -1.5588—0.75]
Speed=2.63 ms™ [5]

53. M/J 17/P42/Q1
EITHER:
WD = 20 cos Ox 1.5 x12(J)
[cos 6=50/360] 6= ...
6 =82(.0)
OR:
Power P=50/12=4.1666...
[50/12=20cos @x1.5160=....

6 =82(.0) [3]
54. M/J 17/P42/Q2
(@) v=+/2%2.5%5ms™ [1]
(i) (a) PE loss = 0.2x10x 6 sin 30 [= 6]
and

KE gain = 0.5x0.2 x(v? = 5?)
[6 = 0.1(v%-5%)]
vZ=85-v=9.22ms" [4]
(b) Max velocity at lowest point
[02x10x6=
0.5x0.2 x(v2-52)
vi=145-v=12(.0)ms™ 2]
55. M/J 17/P42/Q4
@) (a) [P =850 x 42]
P=35700 W =35.7kW [2]
() P=41700
— [DF = 41700/42]
[(993 - 850) = 12004]
a=5/42=0.119 ms [3]
(i) DF=80000/24
[DF — 850 — mgsin 6= 0]
[12000 sin 6= 80000/24 — 8;(%1

&
56. M/J 17/P41/Q1 4 @)
PE loss=0.6x10 x 8 [ S

KE gain= % (0.6) '@@3 %
WD against Res =48 = 3@)= 187 [3]

57. M/J 17/P41/ @‘@"

(i) KE g
0 (14%-8%)=52800J

,ﬁ? 004210 x 120 x 0.15 = 1440007 [3]
@g?)f}% by engine = 32000 x 12
$732000 x 12=
144000 + 52800 + WD against F
WD against F = 187200 J (3]
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58. M/J 17/P43/Q1
(i) WD=35co0s20x 12
3951]
(ii) EITHER:
WD against resistance = 15 x 12
35c0s20% 12=15x 12 +% (25V%)
v=1414ms™
OR:
35c0820-15=25a
V' =2x0.7155. x 12
v=4.14 ms”
59. M/J 17/P43/Q6
(i) ()16 000 = F x40
Resistance is 400N
(b)22 500 = F x 45
F=3500
500 -400=1200a

a= = =0.0833(ms") (3]

(2]

[a=0.716]

(3]

(2]

(i) 16000 =(590+2vlw
V42590 v— 16 000=0] > v= ...
v=25(ms™)

60. O/N 16/P42/Q4

[3]

(i) PE loss =mg x 100sin20
[Vamv? — Vam x 5% = mg % 100sin20]
v=26.6ms" [3]
(ii) KE-=

+(0.5mx 441 — 0.5m x 25) [=£208m]
[mg x 100sin20 = 8500 + 208m]

Mass m = 63.4kg 3]
61. O/N 16/P42/Q6
(i) [Power =400 x 25]
Power = 10000 W [2]
(ii) Tension= 100N [1]

(iif) New driving force
=25000/20=1250N

[DF —300 — T - 3000 gsin4 = 3000a]

or

[T-100 - 500 gsin4 = 500q]

or

[DF — 400 —3500 gsin4 = 3500a]
[a =—0.4547 may be seen]

T=221N 5]
62. O/N 16/P41/Q6
(i) [Work done =50 cos10 x 20] [2]
=9848]
(i) [984.8 =Y2x 25v* +30 x 20]
v=>5.55ms™ [2]

(iii) Max power = 50cosl0 x 555=273W

2
(iv) [50 cos10—-30-25g sin5 = 254] =l
a=-0.102ms>
[0=5.55-0.102]
Time t=544s [4]
63. O/N 16/P43/Q1
(i) PE gain=50g x3.5 (=1750)
[WD =50g x 3.5 + 25 x 3.5]
Work done = 1837.5J or 18407 [3]
(ii) [P=1837.522]or
[Plv=150g+25and 3.5=2v]
Power =919W [2]
64. O/N 16/P43/Q6
(i) Driving force= 160/5 (=32N)
[160/5 —20 = m x 0.15]
Total mass is 80 kg AG [3]

(ii) [300/v—-20-80 gsin2°=0]
Speed is 6.26ms™ AG [2]
(iii) Driving force =
300/(0.9 x 6.26) (= 53.2N)
300/(0.9 x 6.26) —20—80gsin2° =80a
Acceleration is 0.0666ms™ [4]

65. M/J 16/P42/Q3
(i) [80x sin 22.6 or 80x(5/13)]

= ﬂ x=30.8x
13
(if) WD against friction =15 x x

|

~x8x5°
2

l><8x52 =—£-1—0—9x+15x
2 13 )

A0
x=175=218 27 Q@ [4]
& éé)
66. M/J 16/P42/Q6 8
>

(i) (a) Power=1550 %
Power = S 2 kW
(b) (62000 g&i DF x 40

[2]

[2]

(3]

@5 000 = 3081y
S v=26(0) ms™'

67. M/J 16/P41/Q2
(i) WD=40x36=1440]

[3]

[1
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(i) PE=25xgx36sin20=30807 [2]
(iii) WD by pulling force =

() + (i) [2]

WD =4520]
M/J 16/P41/Q3
(i) Driving Force =300

P=300x40

=12000 W =12 kW [3]

(i) P=0.9x12000=10800

10800 _ 300=1000a
25

a=132/1000=10.132 ms™ [3]

M/J 16/P41/Q7
(i) (a) 200 - 30g sin 20 =30a
a=325ms™ [2]
() [V =2x3.2465x 12="1717.9]
KE change = 0.5 x 30 x
77.9=11707 [2]
(i) (a) N=30g cos 20
F=0.12 x 30g cos 20 [= 33.8]
200 — 30g sin 20 — 33.8 = 30a
a=2.12ms> [4]
(b) N+ 200 sin 10 = 30g cos 20
[N =247.2]
F=0.12 N[=0.12 x 247.2 = 29.66]
200 cos 10 —29.66 — 30g sin 20 = 30a
a=2.16ms™ [4]
M/J 16/P43/Q1
(i)  [PE gain= 8g x 20sin30°]

Change in PE is 800 ] 2]
(i) [8gx20sin30° + 20F =

1146]

Frictional forceis 173 N [2]

M/J 16/P43/Q5
@  [20000/v = 650]

Speed is 30.8 ms™ [2]
(i) [DF =650+ 1400g x /7]
P/10 =650+ 1400g x '/
Power is 26500 W [3]
P =0.8 x 26500(21200)
[21200/20 + 1400g x '/;— 650 =
14004]
Acceleration is 1.72 ms™ [3]
OIN 15/P42/Q7
@i  [WD = 14000 x 25]

Work done is 350kJ or 350000J 2
(i)  14000/v, —235=1600 x 0.5 —

va=13.53 ms™

(i)

14000/vg —235=1600 x 0.25 —
vg =22.05 ms™
[KE gain =
1, 1600(22.05 - 13.53%)]
KE gain = 242.5k} or 2425001} 5

350000 =242500+ 235 x AB
Distance AB is 457m 3

(iii)

73. O/N 15/P41/Q1

(i) 200g x 0.7

Work done = 1400J [2]
(i) 1400/1.2
Average Power= 1170W [2]

74, O/N 15/P41/Q3

(i) F-24000gsin3 —3200=
24000 % (0.2)
Power= Fv=20561 x 25

Power= 514kW [4]
(ii) DF = 3200 +24000g sin 3
[=15761]
v=500000/15761=31.7ms™ [2]

75. O/N 15/P43/Q7

(i) Gain in KE
= ¥ 1250(8" - 5%)
Loss in PE = 1250g x 400sin4°
400(DF) = 14 1250 (8%~ 5%)— 1250g x
400sin4° + 2000 x 400
Driving force is 1189 N or 1190N  [5]

(i) 1189 x 2—2000 = 1250a or
22758 =82+ 2a x 750

Acceleration is 0.302 ms™ 3]
(iii) v’ = 64 +2x 0.302 x 750

[P/ 22.75—2000= 1250 x 0%?%

Power is 54.1 kW or 541 Q¥

#1e
76. M/J 15/P42/Q1 S
@) [S—03x5+—@§<5©)&” >
[v=03+05% ]
Complet t finding s required
i INCH [2]
[2]
(2]

(ii) @_ 80g x 0.035=80a
36
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78.

79.

80.

81.

82.

83.

Acceleration is 1.21 ms™
M/J 15/P42/Q3

(i) KE gain [:%x8x4.52:‘ =811J

[Decrease =8g x12x% (%)]

PE loss =120 J
[81 =120~ 12R]
Resisting force 1s 3.25 N

M/J 15/P41/Q1

(i) [20+25sinf=2.7g
sind = 0.28

(i) [25x 5 x(1-0.28%]
Work doneis 120 J

M/J 15/P41/Q4
(i) For KE gain =4032 x 10°
or PE loss = 42 x 10%ind
PE loss =42 x 10%iné or
KE gain =4032 x 10°
(i) 5000 =4032 —42000sin 6 + 3360
6=3.3"
M/J 15/P41/Q5

§_R-84gx 0.1=84x1.25

(ii)

L R+84gx0.1=84x125
10

P(l——l—)—168=0
370

P=720
R:—7—§—Q—-84—105]

R=5l
M/J 15/P43/Q1
[WD = 500 x 2.75 x 40]

Work done = 55000 J

Power = :40—0(-)9 = 1375 W

or Power= 500 x 2.75 = 1375 W
M/J 15/P43/Q4
KE loss= _;. x 12000(24% — 16%)

PE gain= 12000g x 25

WD by DF

=3000000 — 1920000 + 7500500
Driving force = 4830000+-500
Driving force is 9660 N

240

Unit 4: Answers Section

Read and Write Publications

(3]

[31
[2]

(2]
[2]

3]
B3]

(8]

[4]

[6]

84. OIN 14/P42/Q3
(@ [va=1.2x28+0.96]
Speed of the train at B is 35ms™’
(ii) KE increase = 100000(35°— 28?)
WD by engine
=44.1 x 10°+ 2.3 x 10%J
Work done is 46 400 kJ or 46.4 x 10°J[3]

85. O/N 14/P41/Q1
DF —-R=800%1.2
DF =22500/18 [ = 1250]
Resistance is 290 N

O/N 14/P41/Q7
PE change =60g x 17.5 or
KE change = % 60(8.5* - 3.5%)
KE change =% 60(8.5° —3.5) or
PE change = 60g x 17.5
WD against resistance = 6 x 250

WD by pulling force =
50cosa x 250
WD = 10500 — 1800 + 1500
WD by the pulling force is
10200J or 10.2kJ

For using WD = Fdcosa

10200 = 50 x 250 cosa

a=353

O/N 14/P43/Q1

(i) DF=P+ 18
[P+ 18 —800=1400 % 0.5]
P =27000

(ii) [1080 — 800 = 14004]
Acceleration is 0.2 ms™ @

O/N 14/P43/Q7 I 4&@

() 4=0"+2ax125D> a8p4 O
[35 x 0.96 —3g x 0.6 — 3@9‘.64]
F=13.68 NN

[2]

[4]
86.

[11]
87.
3]

e
88.

WD against F = | 5 =171 1 [4]
(i) Rpomorwa = 36QVB@SS x 0.28
[n = 13.68.5(34.2,£60.96338)]
) (accept 0.96)  [3]

Coef&c&xs
(iii) [ );? .6 96338 x (3g x 0.8) = 34]

Celeftion is —13.7ms™
@?/ 0306+ 2(_13'7)8
@7 Stance travelled is 0.584m
89. MIJ 14/P42/Q1
(i) DF=22500~+ 18
22500/18-R=600x 14

4]
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R =410N [4]
(ii) Rate of working is 6150 W [1]
90. M/J 14/P42/Q5
(i) KE gainis 10.5v*J (1]
(ii) (a) [PE Loss =16 (10) x—5 (10) x sin 30]
PE loss by system is 135x J 2]
(b) R =5 (10) x (V3 +2)
F=25
Work done 1s 25xJ [3]
(iii) [10.5v* = 135x —25x ]
2107 =220x [2]
91. M/J 14/P41/Q1
DF = 28000
[1330 000 = 28000V]
V=475 [3]

92. M/J 14/P41/Q5
(i) KEgain= 550v?

PE gain = 1000x
[1800x = 550v> + 1000x + 700x]
k=55 [4]

(ii) AtA 557 =1760 — = 320

550(v* =320) =
1800(x —1760) =700(x — 1760)
V¥ = 2x = 3200 (cwo) [4]

93. M/J 14/P43/Q4
() PEloss=04gx5J=207

Initial KE,, =04g x5-12.8=7.2]
[0.4gh=2g-12.8]
Height reached is 1.8m [4]

i) 5=0+ ';i gtion®  (tgonn = 1)

0=6-gt,or 1.8= % gty (tp=0.6)
Total timeis 1.6 s 3]

94. M/J 14/P43/Q5
(i) WD against resistance

= 4500 x 1200 — 16000g x 18 [3]
WD against resistance =2.52 x 10°J

i) KE gain = % 16000(212 = 9%) ]

F = 7680000 + 2400 = 3200 [3]
(iii) [P, = (3200 + 1280) x 9 and Py =

(3200 — 1280) x 21]

Py= Py=40320 W 12]

95. O/N 13/P42/Q2
Gain in KE = ¥ 25 x 3°
or
WD by pulling force =220 x 15 cos ¢
WD by pulling force =220 x 15 cos u
or

Gain in KE = 14 25 x 3

[3300 cos a=112.5 + 3000]

a=194 [5]
96. O/N 13/P42/Q3

@ 100/4—4k=0—>k =6.25 [2]

(i) 100/v—70g x 0.05-6.25v =0
[6.25v +35v—100=0] or
V' + 5.6v —16=0]
Maximum speed is 2.08 ms™ [4]
97. O/N 13/P41/Q2

() [WD=30x20x0.6
+40 x 20 x 0.8]

Work done is 1000 J (2]
(i) 30 x0.6 +40 x 0.8~ 0.625W =0
Weight is 80 N [3]

98. O/N 13/P41/Q5
(i) Gainin PE =15000g x 16
WD against resistance =
1800 x 1440
Work done is 4.99x10°J (4]
(ii) 5030000 =
15 15 000(24° — 157 +1600d
Distanceis 1500 m [3]
99. O/N 13/P43/Q6

(i) [144000/v - 4800 = 12500a]

Acceleration at A is 0.336 mye\ R

The speed at B 24 ms‘l - g@ p@{\\f\f’;]
(ii) WDagainstres’ce=4 v
Lossin KE = %éﬁﬂ@m
5800x500 =

1/212500(24- 6‘) J@800 x 500

Helgw 2@@ [5]
100. M/J 13/P421Q

@) = b6 x 10 — 16g(50 x 0.05)
+ WD by resistance
y resistance = 750 J 3]

<§lal$)) 50= increase in KE + 16g(50 x 0.05)
+ 750

./\
@.,

KE gain= 0 — speed at top =
speed at bottom [2]
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101.

102.

103.

104.

105.

106.

107.

242
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Read and Write Publications

M/J 13/P42/Q5
(i) Driving force = 1000P/25
1000P/25 - 600 = 1000 x 0.2
P =20 4]
(i) 20000/vy,, — 600 =0
Steady speed is 33.3 ms™ [3]
M/J 13/P41/Q2
Increase in PE = 1250 x 10 x 600
sin2.5°
Decrease in KE = % 1250(30° ~ vy5p°)
WD against resistance = 400 x 600
[562500 — 625v,,," = 327145 + 240000
—450000]
Speed is 26.7 ms™ [5]

Special Ruling for candidates who assume,
without justification, that the driving force (DF) is
constant (maximum mark 4).

[DF — Weight component — Resistance
= Mass x Accel’n]

750 — 545 — 400 = 1250a

v? =30% + 2 x(-0.156) x 600

Speed is 26.7 ms™

M/J 13/P41/Q4

(i) DF =1500000/37.5 (=40 000)
[DF — R = ma]
DF — 30 000 = 400 000a
Acceleration is 0.025 ms™

(i) [1500 000/v —30 000 = 0]
Steady speed is 50 ms™

[4]

[4]

[2]

M/J 13/P43/Q2
(i) Lossof PE=2gx3.24
~1.6 g (3.24 x 0.8)

Loss is 23.328 J. 3]
(ii) % (1.6 +2)v'=23.328

Speed is 3.6 m 5™ [2]
M/J 13/P43/Q3
1000P/14—-R=800x 1.4 and
1000P/25-R=2800x0.33
P=272
R =825 [6]
O/N 12/P42/Q1
WD =45 x 25cos 14°
Work done is 1090 J (1.09 kJ) [3]

OIN 12/P42/Q6
(i) [30000/v — 1000 — 1250g x 30/500 =
1250a]

108.

109.

110.

111.

Viottom = 30000/(1250 x 4 + 1000 + 750)
and
Viop = 30000/(1250 x 0.2 + 1000 + 750)
[ % 1250(15% - 4.44...9)]
Increase in KE is 128000 J (128 kJ)
(ii) PE gain=1250g x 30 and
WD against resistance = 1000 x 500
[WD., = 128000 + 375000 + 500000]
Work done is 1000 000 J (1000 kJ) [3]
Special Ruling applying to part (i) for
candidates who omit the weight component in

applying Newton’s second law.
(Max 3 out of 5)

Vaotom = 30000/(1250 x 4 + 1000) and
Vigp = 30000/(1250 x 0.2 + 1000)

[ 4 1250(24* — 5%)]
Increase in KE is 344000 J (344 kJ)

O/N 12/P41/Q7
(i) DF=17280/12 (= 1440 N)
[DF — R = ma = 1440 — 960 = 1200a]

(3]
[2]

[5]

@

Acceleration is 0.4 ms™
[17280/V ~ 960 = 0]

V=18

For BC, -960 = 1200a (a = -0.8)
tge = (0 — 18)/(—0.8) and s5c

= (0 - 18%)/(-1.6)

(=22.5 sand 202.5 m)

Distance AB = 18(52.5 — 22.5)
Distance is ACis 742.5 m

O/N 12/P43/Q1

@) PE loss=0.8¢ x (2.5 1.8) %]
Work done is 5.6 J &Q@QZ]

(i) ¥ 0.87 = 0.8g X 2.5 — 06X fg)@"’)
Speed at B is 6.45 m@\% 4\5§

(i)
(iii)

(5]

3]
o 12Pa3ias _ §O P
@ [%127P- ®
Increas 0 [2]
(i) 12 =240
%}mce $11.5m [3]
(iif) PRX"1183£0s10° =240 or
oFegghtl’ — 12gsin10° =0
@ gnitude 1s 21.2 N [3]
J12/P42/Q1
F x 5c0s60° = 75
Magnitude of the force is 30 N [3]
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112. M/J 12/P42/Q6
(i) PE gain= 1250 x 10 x 400 x 0.125
WD against resistance is 800 x 400 J
WD by car’s engine is 945000 J (945[k§)
4

(ii) [vo/6 =175 x(1/3)]
v, =10
KE gain = % 1250(10* - 6%)
[WD by car’s engine = 945000 + 40 000]

WD by car’s engine is 985000 J (985 k)

[5]

113. M/J 12/P41/Q1

DF — 700 = 880 x 0.625

[P = 1250 x 16]

P =20 000 [4]
M/J 12/P41/Q3

(i) PE gainis 32000 [1]
(i) [KE gain= "% 160 x 1.25%]

KE gainis 125] [2]
WD by drum = 32000 + 125 + 20000
[P=52125+41.7]

Power is 1250 W [3]

M/J 12/P43/Q1
WD = 6 x (0.5 x 8)cos24°
Work done is 21.9J [3]
M/J 12/P43/Q4
(i) [When4<v<6,as.=

when 19 <v <21
=(21-19)/(24.5-16.3)]

Average accelerations are

4 ms™ and 0.244 ms™ [2]
(i) DF(5) = P/5 and DF(20) = P/20

[DF — R = ma]

P/5-R=1230 x4 and

P/20 - R = 1230 x 0.244

P=30800 (or R=1240)

R=1240  (or P =30800) [5]
O/N 11/P42/Q1
(i) F=720/12

[F-R=75x0.16]

R =48 (3]
(i) [720/v>48]

v <15 i.e. speed is less than 15 ms™ [2]
O/N 11/P42/Q6
(i) KE loss = Y% 16000(15% - 12?)

PE gain = 16000g(AB/20)

114.

(iii)

115.

116.
(6 —4)/(0.5-0);

dave

117.

118.

1200 = 0.8g(AB) + 1.24(AB) — 648

Distance AB is 200m [5]
(i) Distance BD is 300m [1]
(iii) WD against resistance =

1240(BC) + 1860(300 — BC)

¥, 16000122 — 7%) =

2400000 + (558000 — 620BC)

— 7200 x 300
Distance BCis 61.3 m [4]

Alternative for Q6 part (iii).
For BC16000a = 7200 — 1240 — 8000 and
for CD 16000a = 7200 — 1860 — 8000
For using v* = u® + 2as for both BC and CD
=144 -2 x 0.1275(BC) and
49 = v.2 -2 x 0.16625(300 — BC)
For eliminating v.2 and obtaining
BC=61.3m

SR for candidates who assume that the
acceleration is constant in part (i), although

there is no justification for the assumption
(max. 3/5)

For appropriate use of Newton’s second law

and v2 =’ + 2as

[1200000+AB — 1240 — 160000/20 = 16000a
and a = (127 - 15%)/2(AB)]

For eliminating a and attempting to solve for
AB Distance AB is 200m

O/N 11/P41/Q1

d=2x8

[25 x 16c0s20]

Work done is 376 J

O/N 11/P41/Q6

(i) PE gain =1200g x 45
WD = 1200g % 45 + 36
Work done is 900

(i) WD against resis
=360 x sm5

[3]
I
2 AN
S
o0 k] [3]
(360000 <

l@ x (45/sin1°) (J) or
697.2 57 4 () or
@’
179 R
am 660 + 540 —1798

119.

120.

; dls299ms [4]

Ratio is 0.75 [3]
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121. O/N 11/P43/Q4

(i) 0.8gx4

[%5 0.8v* = 32]

Speed at C = 8,94 ms™ (3]
(ii) [Either F =0.3(0.8g) and—2.4=0.8a or

F =0.3(0.8g) and WD = 2.4 x 5]
[v* = ans(i)’ -2 x 3%x5 or % 0.8v’=32-12]
Speed at C = 7.07 ms™ [3]

O/N 11/P43/Q7

(iy DF =30000/v or
WD by DF = 30000 x 100
DF =R =750 (v=40) or
WD by DF=WD by R =750 x AB
Distance AB is 4000 m
(i) ~750=600a (a=-1.25)
207 = 40* +2(~1.25)BC
Distance BC =480 m
Alternative for (ii)

Y5 600(407= 20%) = 750(BC)
Distance BC =480 m

(iii) WD by engine = 30000 x 14
Gain in KE = % 600 (30° - 20%)
[750 x CD = 420 000 — 150 000]
Distance CD is 360 m

M/J 11/P42/Q1

(i) [WD =65 x 76c0s5°]
Work done is 4920 ]

(i) [P =65 cos5° x 1.5]
Rate of working is 97.1 W

M/J 11/P42/Q2

PE loss = % 8(8% —3%) + 120 (= 340 J)

[340 = 8gh]

Heightis 4.25 m

M/J 11/P41/Q1

(i) [DF =600 =700 x 2]
Driving force is 2000 N

(ii) [P =2000 x 15]
Rate of working is 30000 W (or 30 k\E\;-)]

122,

[3]

[3]

[4]
123.

(2]

(2]
124,

[4]
125.

(2]

126. M/J 11/P41/Q2
(i) Gainin PE = 1250g x 1.54 (= 19250 J)
[WD = 1250g x 1.54 + 5750]

Work done is 25000 J (or 25 kJ) 3]

(i) [1250=25000/T]

Time is 20 s [2]
127. M/J 11/P41/Q7
() T-12=12aand20-T=2a
Acceleration is 2.5 ms™
Tension is 15N [4]

(i) (a) PEgain=12x15=18]
(b) WDonA=15x%1.5=22.5]
(¢) Gain in KE = ans(b) — ans(a) = 4.5 ]
[3]

(iii) v=1.6x2.5

t=04s

Total time taken is 0.8 s
M/J 11/P43/Q1
8200=180 x 50 cosx
a=243
M/J 11/P43/Q2

P/19 —R = 1250 x 0.6 and
P/30—-R=1250 x 0.16

[19R + 19 x 1250 x 0.6
=30R + 30 x 1250 x 0.16]

R =750 or P =28500

P =28500 0orR =750

M/J 11/P43/Q6

(i) Gainin PE = 15000g x 500sin2.5°J
WD against the resistance = 800 x 500 J
[3271454 + 400000]
Work done is 3670000 J or 3670 kJ [4]

Work done by DF = 2000 x 500
Gainin KE =% ISOOO(V

*1/20(1) (s)ggg(v ~20%) = ié}t é@%}ooooo +
%@@%f‘ [5]

Speed of the lo
O/N 10/P42/Q2
Driving force&g@b/éé@
DF -80gy (i) or
DF + sin2°j 80a (ii)
pGy 0.9ms™ (i) or
;@ is 1.6ms™ (ii)

c ation is 1. 6ms (ii) and
eleration is 0.9ms"™

(4]
128.

[3]
129.

[6]
130.

v ) ”@

131.

? () (5]
SR(max. 3/5) for candidates who have sin and
cos interchanged

Study copy distributed by EduResource ZA | eduresourcza.com

Unit 4: Answers Section


https://eduresourcza.com

Mathematics A Level P-4 Topical

132.

133.

134,

245
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Driving force = 400/4
=-8.74 (i) and a = 11.2 (ii)

O/N 10/P42/Q4

(i) [%20(2.5*-1.5%, 20x10x10sin 4.5°]

KE loss =40 J or PE gain=157]

PE gain=157Jor KE loss =40]  [3]
(i) [WD=157—-40 +50]

Work done is 167J [2]
(iii) [167 = Fx10cos15°]

Magnitude is 17.3N [2]

SR (max. 1/2) for candidates who (implicitly)
make the unjustifiable assumption that
acceleration isconstant and apply
Newton’s second law
For magnitude is 17.3N from
Fcos 15° - 20gsin4.5° — 50/10 = 20 x (-0.2)
O/N 10/P41/Q5
(i) [vV*=3"+2%x25x8]
Speed is 7ms™
(i) KE gain= "% 0.8(7*-3%) (= 16)
PE loss = 16 + 7
[0.8 x 10 x 8sina = 23]
Angle is 21.1° or 0.368°
(ii) ALTERNATIVELY
F=7/8
[0.8 x 10sina —F = 0.8 x 2.5]
0.8 x 10sina —0.875=0.8 x 2.5
Angle is 21.1° or 0.368°
(i) 5°=3+2x255(s=3.2)
[WD/7=3.2/8
or WD =0.875x3.2
or WD = 8 x 3.2 x (23/64)
— % 0.8(5° -3%)]
Work done is 2.8 J
O/N 10/P41/Q6
(i) (a) PEloss=0.2g(3-h)
[0.2g(3-h)=1.6]
h=22
(b) KEis6J
(¢) [vo/ve=3/(3-2.2)"
orvg/ve= +6/1.6]
Ratio is 1.94
(i) H/H-2.2)=255"
H=2.6

(2]

(4]

[3]

[3]
(1]

[2]

(3]

135.

137.

138.

139.

@
Qll)@fg'o x 40 cos30° = 866 + KE gain]

O/N 10/P43/Q2

(i) [%Vv'=10x1.8]
Speed is 6ms™

(i) [WD = %x0.5(6"—5%) or
0.5x10x1.8 = 14x0.5x5°]
Work done is 2.75 ]

(2]

136. O/N 10/P43/Q7

DF = 24000/20

[DF —R = 1250x0.32]

R =800

24000/29.9 — 800 = 1250a
Acceleration is 0.002 ms™

[a = (24000/30 — 800)/1250

24000/v — 800> 0 =» v < 30]
Car not accelerating when v =30 or
Speed cannot reach 30 ms™

(M)
(3]
(2]

(i)
(iii)

(2]

29.9 <v <30 =» speed approximately
constant [1]

30ms™ (max error 0.1) or 29.95 ms™!
(max error 0.05) or 29.9ms™
(max error 0.1)

(a) [24=1200/T]
Time taken is 50s

(b) [s=30x50 or 29.95x50 or 29.9x50]
Distance BC is 1500m or 1500m or
1495m [4]

M/J 10/P42/Q5, M/J 10/P41/Q5
() ¥ (mu* = (m)g(0.45)

Speed is 3ms™

[PE gain = % 0.3 x 3%~ 0.39]
PE gainis 0.96 J
[0.3gh = 0.96]

(iv)
)

1)
(vi)

[3]
(i)

N
)

%»‘Q\\

z\«\(u ¢ "Q

S
G @é of P
(4]
M/J 10/P42/Q1, M/\gﬁ P({f})]m
DF = 3500016 <&
DF—usogsm@“ %@»&150&
Accelerag@? 0885 ms™

M/J 16&943;6
D A5 x 40 c0s30°]

/@aﬂgf done is 866 J

R is 0.32 m higher tha@)

[4]

[2]

KE gain is 866 J

14 35(v* — 1.2%) = 866

Speed is 7.14 ms™ [5]
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140. O/N 09/P42/Q2

(i) LossinPEis2.7 x 10°J
(i) WDis2.1x10°]J

(iii) KE change = % 15000(16> —
14%) + 1600 x 2500]

[WD = Y% 15000(16> —
WD is 4.45 x 10°]
O/N 09/P42/Q3

(i) [DF =600 at max speed]
[DF = 24000/v]

141.

Speed cannot exceed 40 ms™!

(ii) DF —R =ma]
24000/15 - 600 = 1250a
Acceleration is 0.8 ms™

O/N 09/P41/Q1
[15000 = 750v,4, 15000 = 500vg]
Speeds are 20ms™ and 30ms™
[KE gain = % 1000(30* — 20%)]
Increase is 250 000J (or 250k])
O/N 09/P41/Q2
() [mgh="'% m6?*]

Height is 1.8m
(i) ' mv’=mg(1.8 +0.65) or

142.

143.

246

Unit 4: Answers Section

Read and Write Publications

(1]
(1]
14%)

[3]

[3]

(3]

(4]

[2]

Y mv?— % m6* = mg x 0.65

Maximum speed is Tms™
M/J 09/P04/Q2

Work done is 3000]
[3000 = Fx100co0s15°]
F=31.1N

M/J 09/P04/Q5
(i) Gainin KE is 32407J

Loss in PE is 9070J
Work done is 5830J

R = 5830/250 (= 23.3)
[23.3d = ¥80(9* — 5%) or

144,

145.

(i)

[2]

[3]

[3]

~23.3 =80a and 5° = 9% + 2(~23.3/80)d]

d=96.0

(iii) Driving force = 425/5
[DF —23.3 = 80a]
Acceleration is 0.771 ms™

O/N 08/P04/Q3

(H F-900=1200a
[18000/25 — 900 = 1200a]
Deceleration is 0.15ms™

(ii)* 18000/v—900=0
Least speed is 20ms™

146.

(3]

(3]

[4]

(2]

147.

148.

149.

150.

O/N 08/P04/Q4
[s=(0+0.5)/2x7]
s=1.75m

PE gain=160gx 1.75
KE gain =% 160 x 0.5*
[WD = 2800 + 20]
Work done is 2820J

SR (max 4/6) for candidates who use a

non-energy method

[s=(0+0.5)/2x7]

s=1.75m

[a=1/14, T = 160g + 160/14, WD

=1611.4...x 1.75]

Work done is 2820]

M/J 08/P04/Q2

(i) Distance is 2.5x12m or
power = 851c0s20° x 2.5
[WD = 851x30c0520°]
Work done is 24 kJ

(ii) Poweris 2 kW

M/J 08/P04/Q4

(i) [KE = Loss of PE = 0.8g(2.4sin50°),
KE =1 0.8 x 2(gsin50°)2.4]
Kinetic energy at A is 14.7]

(i) [14.7 =" mv’]
Speed at C is 6.06ms™ [2]

(i) [ m8?=mgH, % m8® — %2 m6.06* = mgh]

h=3.2 - 2.4sin50° or 10h = ¥ (82— 6.06%)
Depth is 1.36m [3]

M/J 08/P04/Q6 5%0

() 0= 522-2x104s]og§@@
6\ 104x052

ors;=(52+0)x
Greatest helg [3]

[6]

(3]
[1]

(2]

P& 6x1.25,

[2]

> (=45.312) or

g h
gﬁr\%\’ergy loss upward
S =1 0.6x5.2% - 0.6gx1.3 (= 0.312)

1 0.6(12% = 5.2%) (= 35.088) or
¥ 0.6x12% (= 43.2)

KE gain =
Final total energy =
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151.

152.

153.

154.

155.

Energy loss downward
=-10.6x122+ 0.6gx7.5 (=1.8)

[WD=37.2-35.088 or 45.312 - 43

0.312 + 1.8]

Work done is 2.11(2) J
Alternatively
[0.6g + Ry, = 0.6x10.4 or 0.6g - Ryown =
0.6x9.6]

Ryp = 0.24 0r Rypyn = 0.24

Work done is 2.11(2) J

OIN 07/P04/Q1
DF — 550 = 900x0.2
[P = 730x30-+ 1000]
P=219
O/N 07/P04/Q4
0] ,
[ mv-Y%m7 =
Speed is 12.2ms”
(i)
WD = 0.35x10x5 — % 0.35(11* = 7%) or
WD =4 0.35(12.2% = 11%)
Work done i1s4.9 ]

M/J 07/P04/Q3

mgx5]

(i)  [DF = 18000/30]
[R = DF]
R =600 N
(i)  18000/20 — 600 = 1200a

Acceleration is 0.25ms™

M/J 07/P04/Q5
(i)  Increase in KE
=1 12500(25> - 17%)

[WD = 2100 + 5000]

Work done by driving force is
7100 kJ (or 7100 000 J)

PE gain = (7100 + 3300) -
(5000 + 4800%500 + 1000) or
PE gain = 3300 + 2100 -
4800x500 + 1000

[3000 000 = 12500%10h]
Height is 24m

O/N 06/P04/Q1
@) [WD = 30x20co0s10°]

Work done is 5911
(i) [PE gain = 8x10x20sin15"]

PE gain is 414]
(iii) Work done is 177]

(i)

247

Unit 4: Answers Section

Read and Write Publications

2or

(4]

[4]

[4]

[3]

(3]

(3]
(3]

(4]

[4]

[2]

(2]
[1]

156.

157.

158.

159.

160.

O/N 06/P04/Q3
F =420/5

(®
(i)

[=84]
Acceleration is 1.12 ms™
[420/5 - 750sin 1.5" = 75a
a=1.12 —gsinl.5%]

or

Acceleration is 0.858ms™ [5]
O/N 06/P04/Q5
@ Loss of PE = mgx2.45
2 _
[Yamve= 24.5rr'1] ; [3]
Greatest speed is 7Tms
(i) KE=05g(245-12) or
KE =% 0.5x72 = 0.5gx1.2
Kinetic energy is 6.25] [2]
(i) [%£0.5v7=6.25]
Least value is 5 2]
M/J 06/P04/Q1
(i) 252 =10+ 1050a
a=05 [2]
(i)  900-R=1200x%0.5
R =300 [2]
M/J 06/P04/Q6
@) 15 50(7* - 3%)
Loss is 1000J [2]
(i)  50x10x15
Gain is 7500] [2]
(iii) WD by pulling force = 7500 + 1500
-1000
Work done is 8000J [2]
(iv) 8000 =45x200cosa p %
cosa = 8000/(45x200) QNG
=273 225@72%@@ 3]
O/N 05/P04/Q2 W2 9
@)  %50x2%=100 } &eﬂf}o []
(i)  250x20= érai @;?) [1]
i) WD by th& ce=&lo0)  or
a=1/R5"
COS [24
300 cogd —250 = 50 1/10
3]
$%g— T'=03a, T-0.2g=0.2a
70.3g—0.2g=03a+0.2a
a=2 4]
(i) v=2x1.2;Speed is 2.4 ms™ [1]

(iif)

51=%(0+24H1.2
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162.

163.

164.

165,

248
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24 =205, or

PL gain while string is slack =
202247

(si+s)=1.728 or

PE gain while string is slack =0.576]
Total PE gam = 0.2gx 1,728

{or PE gain while string is taut =
0.2gx1.44)

Total PE ain = 3.450) (5]
M/J 05/P04/Q1
720 = 30(1.5x20)cos ¢
0 =36.9 (3]
M/J 05/P04/Q7
(i)  Driving force = 20 000/10
DF-R=ma
2000 - 500 = 1200a
Acceleration is 1.25ms™’ (4]
(i) KE change =
2 1200 (257 — 10?)
Difference in KE is 315 000 J
20 000 = WD by car’s
engine/30.5
Work done is 610 000 J
610 000 =315 000 +
WD against resistance
500(AB) = 295 000
Distance is 590 m [8]
O/N 04/P04/Q3
Equation
F - 1130 + 1250gsin3¢
=1250x 0.2
contains not more than one
error
Equation is correct
22000 =725.8v
Speed is 30.3 ms™ (5]
O/N 04/P04/Q4
(i) Gainin GPE =3.2x 10° J [1]
(ii) WD by driving force =5 x 10°J [1]
(iii) Work done is 1.8 x 10° J [1]
(iv) Increase in KE
= % 16000 (25° — 10%)
WD by resistance
= 1500 x 2000
WD by driving force
=4.2x10°+3x10°
WD by driving force
=7.2x10%J [5]

167.

168.

169.

(i)
(ii)

166. M/J 04/P04/Q4

KE = 0.2g(0.7)

Kinetic energy is 1.4 J
R=0.2x10xc0s16.3°
F=0.288 N

WD =0.72Jora=1.36

or resultant downward force
=0.272 N

KE=1.4-0.72 or
KE =%0.2(2x1.36x2.5)
0.272x 2.5

Kinetic energy is 0.68 J

(2]

or

[5]

M/J 04/P04/Q6

(i)

(ii)
(iiif)

DF — 400 = 1200x0.5
20000 = 1000v
Speed is 20 ms™
20000/v-400=0
Vmax = 50 ms™

20000 = 1500000

AT
= 1500 000/400 = 3750

[4]
(2]

or

distance
and
time = 3750/50
Time taken is 75 s

O/N 03/P04/Q1

(i)
(1)

The force 1s 320N

For using Newton’s second law
(3 terms needed)

320-R =100 x 0.5
Resistance is 270 N

(3]

O/N 03/P04/Q4

(i)

KE (gain)=1'%0.15x§"

For using PE loss = KFE gain
Heightis 3.2 m (3]
For using WD is difference n, I}t loss
and KE gain 4 -t;,;
WD = 0.15x10x4 - :{Q}HX&‘
Work Done is 3.3 ] 477 A0

f’i\

(3]

SR For candidates who tre%it 43\;& if it is

straight and v Lrtlul i\

(g\ a»

(implicitly or othehwse@Max 2 out of 6 marks.

(1) s =

g 4@;819‘

(iYa=6" r—s@x-}( ?“4 S and

R=0, ls“x ujﬁ-o 15% 4.5 = 0.825 and
y,;D' 0.825 =33
170 Mld ogalﬁ’%cum
N (l}ﬁi’ens;on is 8000 N or 800g (1]

Accept7840 N (from9.8)or7850(from 9.8 1)

AW
(ii) For using P = —A{— orP=Tv

At
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.. 20 172. O/N 02/P04/Q1
AW =8000x200r v =— Driving force = 20 000/25

For using Newton’s 2™ law (3 terms needed)
Power applied is 3200 W (31 [20 000725 — 600 = 1000a]

Accept 3140 W (from 9.8 or 9.81)

SR (t id A to) Acceleration is 0.2ms™ [3]
or candidates who omit g 50000 —
(Max 2 out of 3) Notes: 20000-600 _ 1000a scores
P =800x20+50 B1 25
Power applied is 320 W B1 BOMI: 20000 600 10004 scores B1 MO
171. M/J 03/P04/Q7 25 B
(i) PE galn - mg(z 5S|n600) 20000 = 25(10000 + 600) scores Bl
For using KE = % 2 M1 20000/25 — 600 = 1000ga scores BI M0
For using the principle of conservation 173. QIN 02/P°4/Q6
of energy (i) (@) ForusingF= umgcosa
(Ve me’ - Yo mv = mg(2.5sin60°)) Frictional comp([)(r)lfnsttsl;é/;orjzs ]
Alternative for the above 3 marks: . (2719)

SR for the candidate who uses F' < uR instead

. ool 0
stating a = — g'sin 60 of F=pR  (max | outof2)

= -8.66 (may be implied)

F<272
; 2 2
Forusing v° =u" +2as (b) For using Newton’s 2™ law (3 terms needed)
(v’ =64—-2x8.66x2.5) [1.2gsin25°-2.719 = 1.24]
i< 4 P [4] Acceleration is 1.96 ms™
Speed is 4.55 ms (1.92 from g =9.81 or 9.8) [2]
Accept 4.64 from 9.8 or 9.81 i .
. _ (ft for positive value of a from incorrect F)
(i) For using ¥ m? (>) mgh,,, (¢) For using v* = 2as 4 = 21.96x4]
1 2 VE= AKX YOX
(%28°> 10/, ) Speed is 3.96ms™
For obtaining 3.2m A.G. [2] (3.92 fromg=9.81 0r9.8) [2]
(iii) Energy is conserved or absence of (ft for 8.00 (accept 8.0 or 8)
friction or curve BC is smooth following a sin/cos mix)
(or equivalent) and B and C are at the (ii) (a) PE Loss is 36]

(35.3 fromg=9.810r9.8) m

[1] (b) For using PE loss = KE gain frgm
bottom of slope, or

same height or the PE is the same
at A and B (or equivalent)

(iv) WD against friction is 1.4 x 5.2 PE loss = KE gain WD a %})ﬁ fm?“(m
For WD = KE loss (or equivalent) used from tOP 0f510pe or &% ® O
1 R 5 ‘ = V\en + Vhonz a Lnéz;)

1.4x5.2 :-:7-()4(8~ —Vu) or - 9651n?5°) + S}f’

2 s0-14122 35 965
1.4x5.2==04((/) =v*)+0.4x10(2.55in 60") or 1.2g(4si25° &) = 14 1.217 +2.719x4 or

2 V= 4}65%55"9") +2gx3] + (3.96c0535°)
(12.8 or 4.14 + 8.66) Sp% éﬁ ms™
Alternative for the above 3 marks: kl ¢(8 %2 g=9.81 or 8.61 from g=9.8) [3]
For using Newton's Second Law 31\13“““5 4 ;t Ofg’)

o g X

0.4g(2.5sin60” +5.2)~1.4 = 0.4a(a=0.6636) (//[a‘N " Allow sin 25 instead of cos 25 for M1 in (i)(a).

For using vi=u" +2as withuz0 \ A w cos 25 instead of sin 25 for M1 in (i)(b).
s s /1.2g5in25° — 2.719 = 1.2ga scores MO in (i)(b).
(\’ =455 +2X06636X52) ACCCpti36 in (ll)(ﬁ)

Speed is 5.25 ms™ [4] Allow M1 for % 1.2\'2. =36 in (ii)(b).
Accept 8.7 (for 8.70) in (11)(b).
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174. M/J 02/P04/Q1

175.

For using WD = Fd cosa or P = Fvcosa and WD Pt
WD = 5(0.4 % 10)cos30°

Work done is 17.3 J (or 10+/3) [3]
SR For candidates who calculate power (only) (max 1 out of 3)

Poweris 1.73 W
Notes:
M1 — their distance; cos or sin but not just 5x4
Radians M1 A1l A0 (max 2 out of 3); answer 3.085 does not score final A mark but may imply the
previous Al »
M/J 02/P04/Q6
(i) (a) For using PE =mgh [15 000%10(800sin2")]
Gain in PE is 4190 000 J (4187 900)
(4100 000 from g = 9.8 and 4110 000 from g =9.81) [2]
(b) WD by driving force is 5 600 000 J [1]
(¢) For using WD = ans (b) — and (a) or WD = (7000 — mgsin2")x 800
WD against resistance is 1410 000 J (ft candidate’s and (b) — ans (a)
or (7000 — mgsin2°)x800 providing the value found is + ve)
(1 500 000 from g = 9.8 and 1 490 000 from g =9.81) [2]
(ii) For using KE loss = ¥ m(1? — v*) [ 15 000(400 - 100)]
KE loss is 2 250 000 J May be implied by final answer
WD against resistance is 300 x 800
For using WD as a linear combination of 3 terms reflecting the PE, the
KE and the resistance  [4 190 000 —2 250 000 + 720 000]
WD by driving force is 2 660 000 J (2 657 900)
(2 570 000 from g = 9.8 and 2 580 000 from g = 9.81) [5]
SR for candidates who assume, explicitly or implicitly, that the acceleration is constant.
(max 3 out of 5)
For using v* = u* + 2as (a = -0.1875) and DF = ma £ 900 +mgsin 2°
For multiplying by 800

WD by driving force is 2 660 000 J 2 S
For incorrect use of multiple units (eg kJ) with old the A or B mark at the first occurrence, but do &Q
penalise subsequently. NS

0> A
Allow cos or (1 —cos instead of sin for M mark in (i)(a), but g must be present %{ q%ﬁ&
Accept— 5 600 000 in (i)(b) and — 2 660 000 in (ii) 50\) @j?ﬁ/
Allow = the expressions for WD for M mark in (i)(c), but not for the A mark (includ@ the @

Answer 2 250 00 in (ii) is almost certainty worth 0 out of 5 (unless it is an an%@br W)SS in KE); see
o @

notes distributed at meeting. A\

&
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Unit 5: Momentum

1. M/J 22/P42/Q1
Small smooth spheres A and B, of equal radii and of masses 5kg and 3 kg respectively, lie on a smooth
horizontal plane. Initially B is at rest and A is moving towards B with speed 8.5ms™'. The spheres
collide and after the collision A continues to move in the same direction but with a quarter of the speed

of B.
(a) Find the speed of B after the collision. 3]
(b) Find the loss of kinetic energy of the system due to the collision. (2]

2. M/ 22/P41/Q7
Two particles A and B, of masses 0.4 kg and 0.2 kg respectively. are moving down the same line of
greatest slope of a smooth plane. The plane is inclined at 30° to the horizontal. and A is higher up the
plane than B. When the particles collide, the speeds of A and B are 3ms™" and 2ms™' respectively.
In the collision between the particles, the speed of A is reduced to 2.5ms™!.

(a) Find the speed of B immediately after the collision. [2]

After the collision, when B has moved 1.6 m down the plane from the point of collision, it hits a barrier
and returns back up the same line of greatest slope. B hits the barrier 0.4 s after the collision. and
when it hits the barrier, its speed is reduced by 90%. The two particles collide again 0.44 s after their
previous collision, and they then coalesce on impact.
(b) Show that the speed of B immediately after it hits the barrier is 0.5ms™!. Hence find the speed
of the combined particle immediately after the second collision between A and B. {7]
3. M/J 22/P43/Q1
Two particles P and Q, of masses 0.3 kg and 0.2 kg respectively, are at rest on a smooth horizontal
plane. P is projected at a speed of 4m ¢! directly towards (2. After PP and () collide, (J begins to
move with a speed of 3ms™!.
(a) Find the speed of P after the collision. 12]
After the collision, 0 moves directly towards a third particle R, of mass mkg. which is at rest on the
planc. The two particles Q and R coalesce on impact and move with a speed of 2ms™,
(b) FFind m. [2]
4. O/N 21/P41/Q2
Two small smooth spheres A and B, of equal radii and of masses kn kg and m kg respectively, where
k > 1. are free to move on a smooth horizontal plane. A is moving towards B \\'j}Lbiépa)ed oms™!
and B is moving towards A with speed 2ms™' . After the collision A and B coulg};é’é\ and move with

speed dms™!

(a) IFind k. \_} . 13]
{b) Find. in terms of 1, the loss of kinetic energy due to the collision. ; {2]
5. OJ/N 21/P43/Q1 ; //
‘ . o
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A metal post is driven vertically into the ground by dropping a heavy object onto it from above. The
mass of the object is 120 kg and the mass of the post is 40 kg (see diagram). The object hits the post
with speed 8 ms™" and remains in contact with it after the impact.

(a) Calculate the speed with which the combined post and object moves immediately after the impact.

(b) There is a constant force resisting the motion of magnitude 4800 N. [2]
Calculate the distance the post is driven into the ground. (3]

M/J 21/P42/Q6

A particle A is projected vertically upwards from level ground with an initial speed of 30ms~!. At

the same instant a particle B is released from rest 15 m vertically above A. The mass of one of the

particles is twice the mass of the other particle. During the subsequent motion A and B collide and

coalesce to form particle C.

Find the difference between the two possible times at which C hits the ground. [8]

M/J 21/P41/Q3

Three particles P, O and R, of masses 0.1kg, 0.2kg and 0.5 kg respectively, are at rest m a straight

line on a smooth horizontal plane. Particle P is projected towards O at a speed of 5ms™ . After P

and Q collide, P rebounds with speed 1 m s7!,

(a) Find the speed of Q immediately after the collision with P. [3]

O now collides with R. Immediately after the collision with Q, R begins to move with speed V ms~

(b) Given that there is no subsequent collision between P and O, find the greatest possible value
of V. [3]

M/J 21/P43/Q1

Particles P of mass 0.4 kg and Q of mass 0.5 kg are free to move on a smooth houzontal plane. P and

O are moving directly towards each other with speeds 2.5ms™ and 1.5ms” ! respectively. After P

and Q collide, the speed of Q is twice the speed of P.

Find the two possible values of the speed of P after the collision. [4]

MAR 21/P42/Q1
Two particles P and Q of masses 0.2 kg and 0.3 kg respectively are free to move m a horizontal straight

line on a smooth horizontal plane. P is projected towards Q with speed 0.5ms™" . At the same instant
Q is projected towards P with speed 1 m s~!. O comes to rest in the resulting collision.

Find the speed of P after the collision. ,ié’ [3]
OIN 20/P42/Q1 2@ @4@
Two particles P and Q, of masses 0.2kg and 0.5 kg respectively, are at rest on j’éﬁch\ “horizontal
plane. P is projected towards Q with speed 2ms -1 ‘ %?,)’f 5\0 3
(a) Write down the momentum of P. "L/ [1]
(b) After the collision P continues to move in the same direction wm@%e’d @ J‘m s~

Find the speed of Q after the collision. (/ﬂ 0 [2]
O/N 20/P41/Q1 . \ @

A particle B of mass 5 kg is at rest on a smooth horizontal tde&s Afgg‘xgxcle A of mass 2.5 kg moves
on the table with a speed of 6ms~! and collides dlrectly vb{fh l;;# fi the collision the two particles
coalesce.

(a) Find the speed of the combined particle after th 1?{ (2]
(b) Find the loss of kinetic energy of the system }cgcollmon [3]
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O/N 20/P43/Q4
Two small smooth spheres A and B, of equal radii and of masses 4 kg and m kg respectively, lie on a

smooth horizontal plane. Initially, sphere B is at rest and A is moving towards B with speed 6 ms™!
After the collision A moves with speed 1.5ms™! and B moves with speed 3ms™!.
Find the two possible values of the loss of kinetic energy due to the collision. [6]

M/J 20/P42/Q4
Small smooth spheres A and B, of equal radii and of masses 4 kg and 2 kg respectively, lie on a smooth

horizontal plane. Initially B is at rest and A is moving towards B with speed 10ms~!. After the
spheres collide A continues to move in the same direction but with half the speed of B.

(a) Find the speed of B after the collision. [2]
A third small smooth sphere C, of mass 1 kg and with the same radius as A and B, is at rest on the
plane. B now collides directly with C. After this collision B continues to move in the same direction
but with one third the speed of C.

(b) Show that there is another collision between A and B. (3]
(¢) A and B coalesce during this collision.
Find the total loss of kinetic energy in the system due to the three collisions. [5]
M/J 20/P41/Q7
0.3kg

0 0.2kg
®

1.5m

A particle P of mass 0.3 kg, lying on a smooth plane inclined at 30° to the horizontal, is released from
rest. P slides down the plane for a distance of 2.5 m and then reaches a horizontal plane. There is no
change in speed when P reaches the horizontal plane. A particle Q of mass 0.2 kg lies at rest on the
horizontal plane 1.5 m from the end of the inclined plane (see diagram). P collides directly with Q

(a) Itis given that the horizontal plane is smooth and that, after the collision, P continues moving in
the same direction, with speed 2ms™".
Find the speed of Q after the collision. o Oggi Q@) [5]
(b) Itis given instead that the horizontal plane is rough and that when P and Q co @ coalesce

and move with speed 1.2ms™!.

Find the coefficient of friction between P and the horizontal plane. &0} 639} [5]

M/J 20/P43/Q1 @ @)
Particles P of mass mkg and Q of mass 0.2kg are free to mmg@ mgpth horizontal plane. P is

projected at a speed of 2ms~! towards Q which is stationa #ite collision P and Q move in

@@y
&

opposite directions with speeds of 0.5ms™! and 1 ms

Find m. [3]
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1. M/J 22/P42/Q1

(a) Conservation of momentum
5x8.5=5x0.25v+3v
Speed of B — 10ms™ 3

1
() KE before = x 5x 8.5 [=180.625]

KE after = %><5><2.52 +—;—><3><102 [= 15.625+150= 165.625]

KE loss [2180.625—165.625]:15J 2

2. M/ 22/P41/Q7
(a) 0.4x3+02x2=04x25+0.2v
v=3ms" 2
(b) For 4 +0.4gsin30°=0.4a or for B £0.2gsin30°= 0.24
or +mgsin30°= ma
a==%5o0r+gsin30°
For B when hits barrier v* = 3% +2x5x1.6 [®v=73]
OR v=u+at =>v=3+5x04[= v =5]

Speed after hitting barrier = 0.1 x 5=10.5

va=25+5x% 044 [=4.7]vg=—-0.5+5x0.04 [=-0.3]

or vg = 0.5 +(=5) x 0.04 [= 0.3]

0.4 x4.7+0.2x (-0.3) = 0.6 veomp

Veom = 3.03 ms ~' 7

3. M/J 22/P43/Q1
(@) 03x4+0=03v+0.2x3
Speed =2 ms”
() 02x3+0=(0.2+m)x2
m=0.1

4. O/N 21/P41/Q2
(a) Attempt at use of conservation of momentum

fimx6—mx2 = (km +m)><4
k=3

(b) KE initial = —lix kmx 6 + -12->< mx (—2)

2

1 2
KE after = Ex(km +m)x4*
Loss of KE = 24m ]
5. OIN 21/P43/Q1

(a) 120x8=120v+40v
v=6 ms’

(b) 1600—4800=160a leadingto a=-20
0=6"+2x(=20)xs
Distance travelled by post =0.9m 3
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6. M/J 21/P42/Q6
S :i(30t~5t2) or sp=x= 5¢2
s +sz =15 leading to 15=30¢ leadingto t=0.5
t=0.5 leadingto v, =+%25 and v, =25

t=0.5 leadingto A, =i(30 x0.5 —%ng.Szj =+13.75

25%(2m)=5(m)=(3m)v — v, =15

25(/72)-—5><(2nz)=(3m)v — v, =5

Particle C; —13.75=15¢-5¢

Particle C» —13.75=5t — 5¢*

e, le, =3.74,223 leading to T=1+/5-3=1.50 8
7. M/ 21/P41/Q3

(a) Usc of conservation of momentum, 3 terms
0.1x5 +0 =0.1x(~1) +0.2 x( £v)

v=3ms~! 3
®) 0.2%their3+0=0.2Xu+0.5V

uz>-1

Greatest V' =1.6 3

8. M/J 21/P43/Q1
04x25-05x1.5

04x25-05x1.5=04v+0.5x2v

04x25-05x1.5=04v+0.5x%x2v

or04x25-05%x15=-04v+0.5x%x2v

Speed is 0.179m s or 0.417m s~ 4

9. MAR 21/P42/Q1
+0.2 x 0.5 or+0.3 x |
02x05+03x(-1)=02xv+0
Speed = 1 ms™ 3
10. O/N 20/P42/Q1
(8 Momentum=0.2x2=0.4kgms™ i 1
() 0.4=0.2x03+0.5 D
v=0.68 ms™ ?o%@j‘;@ﬁ) 2
11. OI/N 20/P41/Q1 e ,r-gj?J
(@) 6X2.5=25v+5v <\@) &
o PP 2
(b) Use KE = % m* either before or after R @9)
collision
KE(before) = 0.5 X 2.5 x 6° £ (é@
KE(after) =0.5x 7.5 x 2° S
Loss of KE=301] B (555)5 3
12. O/N 20/P43/Q4 2
For using conservation of momentum (either case) @,‘0 <{’
6x4=3m+4x150r @3 ny
6x4=3m-4x15 o
m=6and m=10
KE, initial = Yax 4 x 62 (7217)
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or KEaafter=%x4x 1.5 (4.5])
or KEpafter=1%x 6 x3* (277J)
or KEgafter =" x 10 x 3% (4517)
KE loss = [ax 4 x 62— Y5 x 4 X 1.5% = Y4 X 6 x 3]
or [V4x 4X 6>~ Vax 4 x 1.5% — V4 x 10 x 3%]
Loss of KE = 40.5Jor22.5J 6
13. M/J 20/P42/Q4
(@) 4x10[+0]=4%0.5v+2v
v, =5 and v; =10 2
(b) Conservation of momentum B, C
2x10[+0]=2xv+3v
v=4
v, > v, , hence another collision 3
(c) Conservation of momentum 4, B
4x their5+2X theird=4v +2v

v:.li(ms"1
3
KE initial = %x 4x10°
1 VI
KE final = —X 6Xtheir (—)" +=X1X
E fina 5 (3) 5

their12*
412 188
=200- —=—
Loss of KE 3 3 5
14. M/J 20/P41/Q7
(a) 0.3gsin30=0.3a(a=35)
(M1 for applying Newton’s second law
parallel to the plane)
V=0+2x25x%a
v=>5
03x5+0=03x2+02w

Velocity of 0=4.5ms™ 5
(b) 0.3z+0=0.5%x1.2
Velocity of P before collision z=2
Eriction force on P after reaches horizontal
plane F=pu x03g
ux03gx1.5= -;- X 0.3 x52——;- x0.3%x2?
Coefficient £ =0.7 5
15. M/J 20/P43/Q1
Use of conservation of momentum
mX2+0=mx(-0.5)+02x1
m=0.08 3
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