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Figure2
A small ball A of mass 2.5 kg isheld at rest on arough horizontal table.
The ball is attached to one end of a string.

The string passes over a pulley P which isfixed at the edge of the table. The other end
of the string is attached to asmall ball B of mass 1.5 kg hanging freely, vertically below
P and with B at aheight of 1 m above the horizontal floor.

The system is released from rest, with the string taut, as shown in Figure 2.

The resistance to the motion of A from the rough table is modelled as having constant
magnitude 12.7 N. Ball B reaches the floor before ball A reaches the pulley.

The balls are modelled as particles, the string is modelled as being light and inextensible
and the pulley is modelled as being small and smooth.

(@ (i) Write down an equation of motion for A.

(if) Write down an equation of motion for B.
(b) Hence find the acceleration of B.
(c) Using the model, find the time it takes, from release, for B to reach the floor.

It was found that it actually took 2.3 seconds for ball B to reach the floor.
(d) Using thisinformation

(i) comment on the appropriateness of using the model to find the time it takes ball
B to reach thefloor, justifying your answer.

(i) suggest one improvement that could be made in the model.

3.1


iPad Pro 12.9" 5
Sample 2018 AS Mechanics

M
3.1


Question 9 continued

3.2


M
3.2


Question 9 continued

3.3


M
3.3


Sample 2018 AL Mechanics

r

7. Arough plane is inclined to the horizontal at an angle a, where tan a = % .

A particle of mass m is placed on the plane and then projected up a line of greatest slope
of the plane.

The coefficient of friction between the particle and the plane is .

: : . 4
The particle moves up the plane with a constant deceleration of — g.

(a) Find the value of u.
(6)

The particle comes to rest at the point 4 on the plane.

(b) Determine whether the particle will remain at A, carefully justifying your answer.
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)
]

(km) @Q

P@®(2m)
Figure 1

Two small balls, P and Q, have masses 2m and km respectively, where k < 2.

The balls are attached to the ends of a string that passes over a fixed pulley.

The system is held at rest with the string taut and the hanging parts of the string vertical,
as shown in Figure 1.

The system is released from rest and, in the subsequent motion, P moves downwards with
) ) 59
an acceleration of magnitude =

The balls are modelled as particles moving freely.
The string is modelled as being light and inextensible.
The pulley is modelled as being small and smooth.

Using the model,

(a) find, in terms of mand g, the tension in the string,

3)

5
(b) explain why the acceleration of Q also has magnitude 79
(1)
(c) find the value of k.
“4)
(d) Identify one limitation of the model that will affect the accuracy of your answer to

part (c).
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7.
40N
20kg
Figurel

A wooden crate of mass 20kg is pulled in a straight line along a rough horizontal floor
using a handle attached to the crate.
The handle isinclined at an angle o to the floor, as shown in Figure 1, where tana = 2
The tension in the handle is 40N.
The coefficient of friction between the crate and the floor is 0.14
The crate is modelled as a particle and the handle is modelled as alight rod.
Using the model,
(@) find the acceleration of the crate.

(6)
The crate is now pushed along the same floor using the handle. The handleis again
inclined at the same angle a to the floor, and the thrust in the handle is 40N as shown in
Figure 2 below.

20kg
Figure2
(b) Explain briefly why the acceleration of the crate would now be less than the
acceleration of the crate found in part (a).
(2)
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< >
([ 7 )
P (0.8kg) N
Q(0.6kg) @
0.4m
Figure 1
A small ball, P, of mass 0.8kg, is held at rest on a smooth horizontal table and is attached
to one end of a thin rope.
The rope passes over a pulley that is fixed at the edge of the table.
The other end of the rope is attached to another small ball, Q, of mass 0.6 kg, that hangs
freely below the pulley.
Ball P is released from rest, with the rope taut, with P at a distance of 1.5m from the
pulley and with Q at a height of 0.4 m above the horizontal floor, as shown in Figure 1.
Ball Q descends, hits the floor and does not rebound.
The balls are modelled as particles, the rope as a light and inextensible string and the pulley
as small and smooth.
Using this model,
(a) show that the acceleration of Q, as it falls, is 4.2 ms™
3)
(b) find the time taken by P to hit the pulley from the instant when P is released.
(6)
(c) State one limitation of the model that will affect the accuracy of your answer to part (a).
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7

Figure 1

Two blocks, 4 and B, of masses 2m and 3m respectively, are attached to the ends of a
light string.

Initially 4 is held at rest on a fixed rough plane.

5
The plane is inclined at angle o to the horizontal ground, where tana = It

The string passes over a small smooth pulley, P, fixed at the top of the plane.

The part of the string from A4 to P is parallel to a line of greatest slope of the plane.
Block B hangs freely below P, as shown in Figure 1.

2
The coefficient of friction between A and the plane is 3

The blocks are released from rest with the string taut and A moves up the plane.
The tension in the string immediately after the blocks are released is 7.

The blocks are modelled as particles and the string is modelled as being inextensible.

12mg
(a) Show that 7' = =

After B reaches the ground, A continues to move up the plane until it comes to rest before
reaching P.

(b) Determine whether 4 will remain at rest, carefully justifying your answer.

(c) Suggest two refinements to the model that would make it more realistic.
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2.

Q(Bm)

P@4m @
Figurel
One end of a string is attached to a small ball P of mass 4m.

The other end of the string is attached to another small ball Q of mass 3m.

The string passes over a fixed pulley.

Ball P is held at rest with the string taut and the hanging parts of the string vertical, as
shown in Figure 1.

Ball P is released.

The string is modelled as being light and inextensible, the balls are modelled as particles,
the pulley is modelled as being smooth and air resistance is ignored.

(a) Using the model, find, in terms of mand g, the magnitude of the force exerted on the
pulley by the string while P is falling and before Q hits the pulley.

(8)

(b) State one limitation of the model, apart from ignoring air resistance, that will affect
the accuracy of your answer to part (a).
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L . 3
1. Arough planeisinclined to the horizontal at an angle o, where tana = 2

A brick P of mass mis placed on the plane.

The coefficient of friction between P and the planeis u

Brick P isin equilibrium and on the point of sliding down the plane.
Brick P ismodelled as a particle.

Using the model,

(@) find, in terms of m and g, the magnitude of the normal reaction of the plane on brick P

(b) show that x = %

For parts(c) and (d), you are not required to do any further calculations.

Brick P is now removed from the plane and a much heavier brick Q is placed on
the plane.

The coefficient of friction between Q and the plane is also %

(c) Explain briefly why brick Q will remain at rest on the plane.

Brick Q is now projected with speed 0.5ms™' down aline of greatest slope of the plane.
Brick Q ismodelled as a particle.
Using the model,

(d) describe the motion of brick Q, giving a reason for your answer.

(2)

(4)

(1)

(2)
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P(2m)

Q(5m)

2h ‘I
h

Figurel

A ball P of mass 2m is attached to one end of a string.

The other end of the string is attached to a ball Q of mass 5m.

The string passes over afixed pulley.

The system is held at rest with the balls hanging freely and the string taut.

The hanging parts of the string are vertical with P at a height 2h above horizontal
ground and with Q at a height h above the ground, as shown in Figure 1.

The system is released from rest.

In the subsequent motion, Q does not rebound when it hits the ground and P does not
hit the pulley.

The balls are modelled as particles.

The string is modelled as being light and inextensible.
The pulley is modelled as being small and smooth.
Air resistance is modelled as being negligible.

Using this model,
(@ (i) write down an equation of motion for P,
(if) write down an equation of motion for Q,

(4)
(b) find, in terms of h only, the height above the ground at which P first comes to
instantaneous rest.
(7)
(c) State one limitation of modelling the balls as particles that could affect your answer
to part (b).
(1)
In reality, the string will not be inextensible.
(d) State how this would affect the accelerations of the particles.
(1)
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A(3m)
B (m)
Figurel %f:.:::
A small stone A of mass 3mis attached to one end of a string. %gig
A small stone B of mass mis attached to the other end of the string. 7
Initially Aisheld at rest on afixed rough plane.
The plane isinclined to the horizontal at an angle a, where tana = %
The string passes over a pulley P that is fixed at the top of the plane.
The part of the string from A to P is parallel to aline of greatest slope of the plane.
Stone B hangs freely below P, as shown in Figure 1.
The coefficient of friction between A and the planeis %
Stone A is released from rest and begins to move down the plane.
The stones are modelled as particles.
The pulley is modelled as being small and smooth.
The string is modelled as being light and inextensible.
Using the model for the motion of the system before B reaches the pulley,
() write down an equation of motion for A
@)
(b) show that the acceleration of Ais % g
(7)
(c) sketch avelocity-time graph for the motion of B, from the instant when A is released
from rest to the instant just before B reaches the pulley, explaining your answer.
(2) S
In reality, the string is not light. %%é%
(d) State how this would affect the working in part (b). %gf%%%

3.25


iPad Pro 12.9" 5
October 2021 AL Mechanics

M
3.21


CIOAAAIAAAS
SRRRIRIHILIKKLS,
RRRLLRRLLRNLS

R

RIS

<

<

5

%
<

5

X

0%

%
é’
OAKARRARAARAAAARA KA

0
%&
&&y
R

A
KKK

o
2

>\ 5,
Vore% Ve v
SLRARLIR
SRR

RS
BYONIL

%
3% %%

¢

K&
093
R

020!

<55

OIS
IR
IR
oo te et te et teteteetetetetotetels
ROLEIKIELIKEKR,
e oot e tetetotetete totetetotete!

XL
100

O
KRRKK AKX AR R AKX AR

R R IR LR

<5

%

o208

%

<
<
%

<5

X
020!
et

0

S
2
5

X%
CSLIKRKY
00056500 %

19a9%

< SRR
R
0 % Yt
} el

X

5

oS
%

o0

hgs
&

<

SRS
05
&

SRR AR

R IRRAARRRAARALRAR I

K EIEALEIQEA ALK L IIRLLEED
<

X EIRLLEIILLEIRLE

X

ﬁ?%&%&&&&&ﬁﬂﬁﬂﬁﬂﬁﬂﬂﬁ&
%
R RN

R

0

<
<

%
%

<
%
%!
S5
05059
IR,

%
>

%%
XX
ERIRLLRLLRRRIELLRLLLRRIES

A
<

s
555

Y -y

9
<X <X

L X X
R ANES

5

%
25
555055

%

5

<5

<
%

K

R

9%
&

%
o%
o%

SIS

%

55

%
2K
ot

020!

X
S
62

R
fololotesste
295

SRR

9%

<X

CSRRKAL
<
<

0%
KARAKH

X
X
<

%
<

<
%
%
%
<X

0%

5

o%
<

%
<

7

Question 2 continued



iPad Pro 12.9" 5

M
3.22


7

Question 2 continued

SLRRK
KK
LRI,
SRS

G,

%5
55
SR
50K
099

%%
X
0%
X

5

SR
S
0 09,00

e

’:

<5

$0%0%es
K5

TN
L
K2
0900z it
poetezer 2

QK
00 1%
000 * %
.0“%0‘0.:

<
o

%
W8 = 1t
RREES

K%

SRR
(90950509
J 88

3.23


M
3.23


June 2022 AS Mechanics

r’

4.

-

Figurel

A vertical rope PQ hasits end Q attached to the top of a small lift cage.
The lift cage has mass 40kg and carries a block of mass 10kg, as shown in Figure 1.

The lift cage is raised vertically by moving the end P of the rope vertically upwards
with constant acceleration 0.2ms?

The rope is modelled as being light and inextensible and air resistance is ignored.
Using the model,
(& find the tension in the rope PQ

(b) find the magnitude of the force exerted on the block by the lift cage.
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Figurel

o : 3
A rough planeisinclined to the horizontal at an angle a, where tana = 2

A small block B of mass 5kg is held in equilibrium on the plane by a horizontal force of
magnitude X newtons, as shown in Figure 1.

The force actsin avertical plane which contains a line of greatest slope of the inclined
plane.

The block B is modelled as a particle.
The magnitude of the normal reaction of the plane on B is 68.6N.
Using the model,

(@ (i) find the magnitude of the frictional force acting on B,
©)

(i) state the direction of the frictional force acting on B.
(1)

The horizontal force of magnitude X newtons is now removed and B moves down
the plane.

Given that the coefficient of friction between B and the plane is 0.5

(b) find the acceleration of B down the plane.

(6)
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3. [In this question, i and j are horizontal unit vectors.]
A particle P of mass 4kg is at rest at the point A on a smooth horizontal plane.
Attimet =0, two forces, F, = (4i —j)N and F,=(li + uj)N, where 2 and u are
constants, are applied to P
Given that P moves in the direction of the vector (3i + j)
(@ show that
A=3u+7=0 4
At time t = 4 seconds, P passes through the point B.
Giventhat 1 =2
(b) find the length of AB.
®)
. v,
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4.

400kg

Figure2

A car of mass 1200kg is towing atrailer of mass 400kg along a straight horizontal road
using atow rope, as shown in Figure 2.
The rope is horizontal and parallel to the direction of motion of the car.

* Theresistance to motion of the car is modelled as a constant force of magnitude
2R newtons

» Theresistance to motion of the trailer is modelled as a constant force of magnitude
R newtons

* Theropeismodelled as being light and inextensible
« The acceleration of the car is modelled as ams™?

The driving force of the engine of the car is 7400N and the tension in the tow rope
is 2400N.

Using the model,
(@ find the value of a

(5)

In arefined model, the rope is modelled as having mass and the accel eration of the car
is found to be a, ms™

(b) State how the value of a, compares with the value of a

(1)

(c) State one limitation of the model used for the resistance to motion of the car.

(1)
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Question 4 continued
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P (5kg) 28N
@ >

Figurel

A particle P has mass 5 kg.

The particle is pulled along a rough horizontal plane by a horizontal force of
magnitude 28N.

The only resistance to motion is africtional force of magnitude F newtons, as shown
in Figure 1.

(&) Find the magnitude of the normal reaction of the plane on P

The particle is accelerating along the plane at 1.4ms™

(b) Find the vaue of F

The coefficient of friction between P and the planeis u

(c) Find the value of u, giving your answer to 2 significant figures.

1)

2)

(1)
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Question 2 continued

(Total for Question 2 is 4 marks)
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3. [In this question, i and j are perpendicular unit vectors in a horizontal plane.]
A particle P is moving on a smooth horizontal surface under the action of two forces.
Given that
* the mass of Pis 2 kg
« the two forces are (2i + 4j)N and (ci — 2j)N, where c is a constant
» the magnitude of the acceleration of P is J5ms?

find the two possible values of c.
5)
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Figure 2 =
Figure 2 shows a car towing a trailer along a straight horizontal road. E
pa
The mass of the car is 800 kg and the mass of the trailer is 600 kg. z
The trailer is attached to the car by a towbar which is parallel to the road and parallel to E
the direction of motion of the car and the trailer.
The towbar is modelled as a light rod.
The resistance to the motion of the car is modelled as a constant force of magnitude 400 N.
The resistance to the motion of the trailer is modelled as a constant force of magnitude
R newtons. o
o
The engine of the car is producing a constant driving force that is horizontal and of =
magnitude 1740 N. g
=
The acceleration of the car is 0.6ms™ and the tension in the towbar is 7' newtons. g
m
Using the model, =
=
(a) show that R = 500 X
3) 2
o
(b) find the value of T. 2
3)
At the instant when the speed of the car and the trailer is 12.5 ms™', the towbar breaks.
The trailer moves a further distance d metres before coming to rest.
The resistance to the motion of the trailer is modelled as a constant force of magnitude
500 N. o
) o
Using the model, g
. . .5
(c) show that, after the towbar breaks, the deceleration of the trailer is = ms™ g
6 W) =
=
(d) find the value of d. =
3) -
£
In reality, the distance d metres is likely to be different from the answer found in part (d). ":’;
)
(e) Give two different reasons why this is the case. =
(2)
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Question 4 continued
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1.

P (0.5kg)

Figure 1

Figure 1 shows a particle P of mass 0.5kg at rest on a rough horizontal plane.

(a) Find the magnitude of the normal reaction of the plane on P.

1)
. _ .2
The coefficient of friction between P and the plane is -
A horizontal force of magnitude X newtons is applied to P.
Given that P is now in limiting equilibrium,
(b) find the value of X.
(2)
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Figure 3 (;\
=
A particle P of mass m is held at rest at a point on a rough inclined plane, as shown m
in Figure 3. >

It is given that

» the plane is inclined to the horizontal at an angle a, where tana = I 8

» the coefficient of friction between P and the plane is ¢, where y < )

The particle P is released from rest and slides down the plane.
Air resistance is modelled as being negligible.

Using the model,
(a) find, in terms of m and g, the magnitude of the normal reaction of the plane on P,
(2)
(b) show that, as P slides down the plane, the acceleration of P down the plane is
1 (5-12p)
3 g u
“4)
5
(c) State what would happen to P if it is released from rest but u > o
(1)
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