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QUESTIONS

18 questions - 171 marks - 3 sub-topics
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SUB-TOPIC 18.2

NEWTON'S SECOND LAW

Sub-topic 18.2 - 2 questions - 12 marks - lowest tariff first




ANSWER >

FN o P (5kg) 28N

Figure 1

A particle P has mass 5 kg.

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

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

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

ey
The particle is accelerating along the plane at 1.4ms

(b) Find the value of
(2)

The coefficient of friction between P and the plane is u

(c) Find the value of x, giving your answer to 2 significant figures.
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(Total for Question 2 is 4 marks)

Question 2 continued
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’
3. [In this question, i and j are horizontal unit vectors due east and due north respectively.]
A particle P of mass 0.5kg moves with constant acceleration (2i — 2.4j)ms™on a
smooth horizontal plane under the action of a constant horizontal force F N.
(a) Find F in terms of i and j.
@
At time t = 0, P is moving with velocity (-7i + 7.8j)ms™
(b) Find the velocity of P at time t = 2 seconds.
&)
(c) Find the direction of motion of P at time t = 2 seconds, giving your answer as a
bearing in degrees.
3
At time t = 0, P passes through the point O.
At time t = 5 seconds, P passes through the point A.
(d) Find OA in terms of i and J.
)
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Question 3 continued
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Question 3 continued
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Question 3 continued

(Total for Question 3 is 8 marks)
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SUB-TOPIC 18.4

NEWTON'S THIRD LAW, EQUILIBRIUM AND CONNECTED PARTICLES

Sub-topic 18.4 - 3 questions - 34 marks - lowest tariff first
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XN——>

Figure 1

3
A rough plane is inclined 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 acts in a vertical 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 68.6 N.
Using the model,

(a) (i) find the magnitude of the frictional force acting on B,
3)

(i1) state the direction of the frictional force acting on B.

)

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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Question 2 continued
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Question 2 continued
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Question 2 continued

(Total for Question 2 is 10 marks)
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A (3m)
B (m)

Figure 1

A small stone 4 of mass 3m is attached to one end of a string.
A small stone B of mass m is attached to the other end of the string.

Initially 4 is held at rest on a fixed rough plane.
o . 3
The plane is inclined to the horizontal at an angle a, where tano = Z

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 a line of greatest slope of the plane.

Stone B hangs freely below P, as shown in Figure 1.
1
The coefficient of friction between A4 and the plane is P

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,

(a) write down an equation of motion for 4

(2)
. 1

(b) show that the acceleration of 4 is 10 g
Q)

(c) sketch a velocity-time graph for the motion of B, from the instant when A4 is released

from rest to the instant just before B reaches the pulley, explaining your answer.

(2)

In reality, the string is not light.

(d) State how this would affect the working in part (b).
ey
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Question 2 continued
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Question 2 continued
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Question 2 continued

(Total for Question 2 is 12 marks)
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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 = o

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

The part of the string from 4 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 4 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, 4 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.

2

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

(e

Question 3 continued

B:yfﬂ‘
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Question 3 continued
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Question 3 continued

(Total for Question 3 is 12 marks)
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SUB-TOPIC 18.6

FRICTION

Sub-topic 18.6 - 13 questions - 125 marks - lowest tariff first
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P (0.5kg)

Figure 1

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

2
The coefficient of friction between P and the plane is 7

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.

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

0y
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(Total for Question 1 is 3 marks)

Question 1 continued
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P(m)

Figure 3

A particle P of mass m is held at rest at a point on a rough inclined plane, as shown
in Figure 3.

It is given that

5
» the plane is inclined to the horizontal at an angle a, where tana = o

» the coefficient of friction between P and the plane is 1, where u < %)

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
—g(5-12
13 1)
)
(c) State what would happen to P if it is released from rest but u >

12 )
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(Total for Question 3 is 7 marks)

Question 3 continued
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a N
7.
40N
20kg
Figure 1
A wooden crate of mass 20kg is pulled in a straight line along a rough horizontal floor
using a handle attached to the crate.
3
The handle is inclined at an angle o to the floor, as shown in Figure 1, where tano = 1
The tension in the handle is 40 N.
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 a light rod.
Using the model,
(a) find the acceleration of the crate.
(6)
The crate is now pushed along the same floor using the handle. The handle is 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
Figure 2
(b) Explain briefly why the acceleration of the crate would now be less than the
acceleration of the crate found in part (a).
(2)
\ J
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Question 7 continued
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Question 7 continued
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Question 7 continued

(Total for Question 7 is 8 marks)
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3
1. A rough plane is inclined to the horizontal at an angle a, where tana = 1

A brick P of mass m is placed on the plane.

The coefficient of friction between P and the plane is u

Brick P is in equilibrium and on the point of sliding down the plane.
Brick P is modelled as a particle.

Using the model,

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

(2)
3
(b) show that = 2
(C))
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.

3
The coefficient of friction between Q and the plane is also 2

(c) Explain briefly why brick Q will remain at rest on the plane.
1)

Brick Q is now projected with speed 0.5ms™ down a line of greatest slope of the plane.
Brick Q is modelled as a particle.

Using the model,

NSNS

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

2

NN

NN

NN

NN
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Question 1 continued
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Question 1 continued
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Question 1 continued

(Total for Question 1 is 9 marks)
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Figure 5

Figure 5 shows a uniform rod 4B of mass M and length 2a.
e the rod has its end 4 on rough horizontal ground
* the rod rests in equilibrium against a small smooth fixed horizontal peg P

e the point C on the rod, where AC = 1.5a, is the point of contact between the rod and
the peg

4
e therod is at an angle 6 to the ground, where tan6 = 3

The rod lies in a vertical plane perpendicular to the peg.

The magnitude of the normal reaction of the peg on the rod at C is S.

2
(a) Show that S= gMg

3)
The coefficient of friction between the rod and the ground is .
Given that the rod is in limiting equilibrium,
(b) find the value of u.
(6)
\ y,
\ J
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Question 6 continued
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Question 6 continued

Q\Vﬂ
37



x
W
=
%)
P
<

Question 6 continued
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Question 6 continued

(Total for Question 6 is 9 marks)
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0

Figure 2

A beam 4B has mass m and length 2a.

The beam rests in equilibrium with 4 on rough horizontal ground and with B against a
smooth vertical wall.

The beam is inclined to the horizontal at an angle 6, as shown in Figure 2.
The coefficient of friction between the beam and the ground is u

The beam is modelled as a uniform rod resting in a vertical plane that is perpendicular
to the wall.

Using the model,

1
(a) show that u > 5 cotfd

)

A horizontal force of magnitude kmg, where £ is a constant, is now applied to the beam

at A.

This force acts in a direction that is perpendicular to the wall and towards the wall.

. 5 1 . e s

Given that tanf = 1 1= — and the beam is now in limiting equilibrium,

(b) use the model to find the value of %.
3

L J
\ J
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Question 3 continued
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Question 3 continued

Q\Vﬂ
42



ANSWER >

Question 3 continued

(Total for Question 3 is 10 marks)
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4a

Figure 1

A ladder AB has mass M and length 6a.
The end A4 of the ladder is on rough horizontal ground.
The ladder rests against a fixed smooth horizontal rail at the point C.
The point C is at a vertical height 4a above the ground.

The vertical plane containing AB is perpendicular to the rail.

NSNS

4
The ladder is inclined to the horizontal at an angle o, where sina = 3 as shown in Figure 1.

The coefficient of friction between the ladder and the ground is u.

AN

The ladder rests in limiting equilibrium.

The ladder is modelled as a uniform rod.

NN

Using the model, :
. . . 9Mg ¢
(a) show that the magnitude of the force exerted on the ladder by the rail at C is S
3
(b) Hence, or otherwise, find the value of x.
@)
\ J
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Question 4 continued
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Question 4 continued

(Total for Question 4 is 10 marks)

Q\Vﬂ
47



ANSWER >

Figure 2

A ramp, AB, of length 8 m and mass 20kg, rests in equilibrium with the end 4 on rough
horizontal ground.

The ramp rests on a smooth solid cylindrical drum which is partly under the ground.
The drum is fixed with its axis at the same horizontal level as 4.

The point of contact between the ramp and the drum is C, where AC = 5m, as shown in
Figure 2.

The ramp is resting in a vertical plane which is perpendicular to the axis of the drum,

7
at an angle 6 to the horizontal, where tanf = 24

The ramp is modelled as a uniform rod.

(a) Explain why the reaction from the drum on the ramp at point C acts in a direction
which is perpendicular to the ramp.

1)

(b) Find the magnitude of the resultant force acting on the ramp at 4.

®

The ramp is still in equilibrium in the position shown in Figure 2 but the ramp is not now
modelled as being uniform.

Given that the centre of mass of the ramp is assumed to be closer to 4 than to B,

(c) state how this would affect the magnitude of the normal reaction between the ramp
and the drum at C.

(1)

Question 4 continued

Bﬁ?fﬂ‘
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Question 4 continued
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Question 4 continued

(Total for Question 4 is 11 marks)
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Figure 2

A uniform rod 4B has mass M and length 2a
A particle of mass 2M is attached to the rod at the point C, where AC = 1.5a
The rod rests with its end 4 on rough horizontal ground.

The rod is held in equilibrium at an angle  to the ground by a light string that is
attached to the end B of the rod.

The string is perpendicular to the rod, as shown in Figure 2.

(a) Explain why the frictional force acting on the rod at 4 acts horizontally to the right
on the diagram.

0]
The tension in the string is 7

(b) Show that T'=2Mgcos @
3)

W | W

Given that cosf =

(c) show that the magnitude of the vertical force exerted by the ground on the rod at 4
57Mg
25

is
3
The coefficient of friction between the rod and the ground is u

Given that the rod is in limiting equilibrium,

8
(d) show that u = T
C)

INA
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Question 4 continued
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Question 4 continued
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Question 4 continued

(Total for Question 4 is 11 marks)
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( )
6.
B
A 0 N
Figure 3
A rod 4B has mass M and length 2a.
The rod has its end 4 on rough horizontal ground and its end B against a smooth
vertical wall.
The rod makes an angle 6 with the ground, as shown in Figure 3.
The rod is at rest in limiting equilibrium.
(a) State the direction (left or right on Figure 3 above) of the frictional force acting on
the rod at 4. Give a reason for your answer.

ey
The magnitude of the normal reaction of the wall on the rod at B is S.
In an initial model, the rod is modelled as being uniform.
Use this initial model to answer parts (b), (¢) and (d).
(b) By taking moments about 4, show that

1
=3 Mgcotf

3)

The coefficient of friction between the rod and the ground is u
. 3

Given that tan6 = 1
(c) find the value of u

5
(d) find, in terms of M and g, the magnitude of the resultant force acting on the rod at 4.

3)
In a new model, the rod is modelled as being non-uniform, with its centre of mass
closer to B than it is to 4.

3
A new value for § is calculated using this new model, with tané = 1
(e) State whether this new value for S is larger, smaller or equal to the value that S
would take using the initial model. Give a reason for your answer.
ey
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Question 6 continued
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Question 6 continued
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Question 6 continued

(Total for Question 6 is 13 marks)
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Figure 3

A plank, AB, of mass M and length 2a, rests with its end A4 against a rough vertical wall.
The plank is held in a horizontal position by a rope. One end of the rope is attached to the plank
at B and the other end is attached to the wall at the point C, which is vertically above 4.

A small block of mass 3M is placed on the plank at the point P, where AP = x.
The plank is in equilibrium in a vertical plane which is perpendicular to the wall.

3
The angle between the rope and the plank is a, where tana = 703 shown in Figure 3.

The plank is modelled as a uniform rod, the block is modelled as a particle and the rope
is modelled as a light inextensible string.

SMg(3x +
(a) Using the model, show that the tension in the rope is %
a

3)
The magnitude of the horizontal component of the force exerted on the plank at 4 by the
wall is 2 Mg.
(b) Find x in terms of a.

(2)
The force exerted on the plank at 4 by the wall acts in a direction which makes an
angle £ with the horizontal.
(¢) Find the value of tanf

(3
The rope will break if the tension in it exceeds 5 Mg.
(d) Explain how this will restrict the possible positions of P. You must justify your

answer carefully.
3)
. .
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Question 9 continued
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Question 9 continued
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Question 9 continued

(Total for Question 9 is 13 marks)
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5N

Figure 2

A small box B of mass 2kg is dragged in a straight line, along a rough horizontal plane,
at a constant speed by a force of magnitude 5N.

. . . . 3
The line of action of the force makes an angle o with the plane, where sina = 3
as shown in Figure 2.

(a) Show that the magnitude of the normal reaction of the plane on the box is 16.6 N.

@)

At the instant when B is at the point O on the plane, the force of magnitude 5N
is removed.

(b) Describe the motion of the box after the force of magnitude 5N is removed.

o))

(c) Find the magnitude of the normal reaction of the plane on the box after the force of
magnitude 5N is removed.

1
Given that after the force of magnitude 5N is removed
e the box is modelled as a particle
e air resistance is modelled as being negligible
« the coefficient of friction between the box and the plane is modelled as 0.2
« the speed of the box as it passes through O is 4ms™
» the box comes to rest at the point X on the plane

(d) use the model to find the length OX.
(4)

(e) State one limitation of the model, apart from ignoring air resistance, that could affect
your answer to part (d).

@)
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Question 2 continued
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Question 2 continued
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Question 2 continued

(Total for Question 2 is 10 marks)
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~
B
o
Cc(2m)
A
Figure 4
A uniform rod AB has mass M and length 2a.
A particle of mass 2M is attached to the rod at the point C, where AC = 0.5a
The rod rests with end A on rough horizontal ground and end B against a vertical wall.
The rod lies in a vertical plane which is perpendicular to the wall.
The rod is in equilibrium at an angle « to the wall, as shown in Figure 4.
In an initial model
e the vertical wall is modelled as being smooth
< the magnitude of the normal reaction of the ground on the rod at A is R
» the magnitude of the force exerted on the rod by the wall at B is S
Using the model,
(@) find R in terms of M and g
«
(b) show that S = Mg tana
®)
In a refined model
» the vertical wall is modelled as being rough
* the magnitude of the normal reaction of the ground on the rod at A is R,
(c) State which is greater, R or R , giving a reason for your answer.
€
.
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Question 6 continued
(3M) | B

C(2M)

A

Figure 5

A second particle of mass 3M is now attached to the rod at B.

The rod again rests with end A on rough horizontal ground and end B against the
vertical wall.

The rod lies in a vertical plane which is perpendicular to the wall.
The rod is now in limiting equilibrium at an angle  to the wall, as shown in Figure 5.
The vertical wall is again modelled as being smooth.

The coefficient of friction between the rod and the ground is u
. 1
Given that tang = )

1
(d) use the model to show that u« = 3

(6)

INZ)
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Question 6 continued
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Question 6 continued
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Question 6 continued

(Total for Question 6 is 11 marks)

TOTAL FOR MECHANICS IS 50 MARKS
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< QUESTION

Resolve vertically, R = 5g = 49 (N)

B1

2(a)

1.1b

(1)

2(b)

Equation of motion: 28— F =5x1.4

M1

3.1a

F=21

Al

1.1b

()

2(c)

1 =0.43 (2sf required)

B1 ft

(1)

(4 marks)

Allow either 5g or 49. No penalty for using g =9.81 or 10.
Ignore any working. Must be a positive number.
BO if m is involved.

N.B. Could be seen on a diagram, provided it’s clearly the reaction.

M1

Equation with correct terms, dimensionally correct, condone sign errors.

Al

15
cao but allow 79 . Ignore units.

2c

B1ft

_ their (b)
~ their (a)
N.B.

. Answer must be a positive number given to 2sf.

BO if they use g = 9.81 or 10 in this part of the question.
Do not allow restarts.

Allow z>1.

INZ)




< QUESTION

3(a) (F=) (i-1.2j) B1 3.4
1)
3(b) v =(-7i+7.8j)+2(2i — 2.4j) M1 2.1
=(-3i+3j) (ms™) Al 1.1b
)
3(c) Use trig to find an equation in a relevant angle M1 2.1
e.g. tana=10r -1
or sinar=——— or ——3
V343 343 Al 1.1b
or Cos@ = or ——3
N O N - 5
315° Al 2.2a
(©)
3(d) OA =5(-7i +7.8j) +%(2i —2.4j)x5? M1 3.1a
= (~10i +9j) (m) Al 1.1b
)
(8 marks)

Notes:

Accept column vectors throughout apart from in the final answer for (a) and (d) which
must be in terms of i and j, but only penalise ONCE for the whole question.

N.B. For final answers to (a), (b) and (d) , penalise incorrect vector notation.

3(a) B1 | Must be in terms of i and
Do not accept 0.5x(2i —2.4j)
Do not need F =

3(b) M1 | Use of v=u +at or any other complete method, e.g. integration, to find an
unsimplified expression for v at t = 2, condone sign errors.

N.B. If using integration, must have used t =0, v =(-7i+7.8j)to find the
constant of integration and included it in their expression for vatt = 2.

Al | cao. N.B. Ignore if they go on and find the speed.

3(c) M1 | Use trig to find an equation in a relevant angle for their v

Al | Correct equation.

Al | Cao (with or without the degree sign), must come from a correct v
N.B. +45°,+135° +£225° -315° with no working scores M1A1
315° with no working scores all 3 marks.




< QUESTION

3(d)

M1 Use of r=ut +%at2 with t = 5 or any other complete method,
e.g. integration of their v = f (t) and use of t =5, to find an unsimplified
expression for OA (No need to show that C = 0)
MO if they use u=0

Al | Must be in terms of i and

N.B. Ignore if they go on and find the length OA

A
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< QUESTION

Question Scheme Marks AOs
2(a)(i) | Resolve vertically M1 3.1b
F acting UP the plane: OR F acting DOWN the plane: Al 1.1b

(M) Fsina +68.6cosa = 5g —Fsina +68.6cosa =5g

Other possible equations from which X would need to be eliminated
to give an equation in F only to earn the M mark are shown below.

The equation in F only must then be correct to earn the A mark.

Possible equations:

(\)68.6=Xsina+5gcosa (leads to X = 49 with g = 9.8)

F acting UP the plane: OR F acting DOWN the plane:
(/YF+Xcosa=5gsina —F+Xcosa=5gsina

(=) Fcosa+X =68.6sina —Fcosa+X =68.6sinx
9.8 (N) (49/51is A0) Al 1.1b

N.B. If sin and cos are interchanged in all equations, this leads to an
answer of 9.8 in the wrong direction and can only score

() OM1AOAO (i) AO

(©))
2(a)(ii) Down the plane (Allow down or fi'ownwgrds or an arrow v, but Al 79
must appear as the answer to (a) (ii) not just on the diagram.)
@
2(b) N.B.
If they use R = 68.6 in this part, the maximum they can score is
M1AIMOAOMOAO
If they use F'= 9.8 or their F from (a) in this part, the maximum they
can score is MIA1IMOAOMOAO
Equation of motion down the plane M1 2.1
Sgsina—F =35a Allow (-a) instead of a Al 1.1b
Resolve perpendicular to the plane Ml 3.1b
R=5gcosa Al 1.1b
F =0.5R seen Ml 34
a=1.960r2.00r2(ms’2)0r§g Al | L1b
©
(10 marks)




< QUESTION

Notes:

2a | M1 | Complete method to obtain an equation in F only.

@) For each equation used, correct no. of terms, dimensionally correct, condone sin/cos
confusion and sign errors, each term that needs to be resolved must be resolved.

Al | Correct equation in F only, trig does not need to be substituted

Al | cao (must be positive)

cao. Note that this mark is dependent on an answer of 9.8 or -9.8 for (a)(i) from a fully
correct solution unless they have used g = 9.81, in which case the answer will be 9.7 or

2a 101 297 (2sf) see SC2 below.

(i) N.B. Allow this mark, if their answer to (a)(i) is fully correct apart from a small error
due to use of inaccurate trig i.e using an angle 36.9°
SC 1: If they use xR at any point (with an unknown ¢ ) for F in part (a), can score
(a)(i) max M1A1A0
(a) (i1) Al, where they must have obtained xR =9.8 or—9.8, from correct
working.
SC2:
If g = 9.81 is used consistently throughout 2(a), (leading to X=48.9...and F=9.7
(2st)) can score max (a)(i) M1A1AO (a)(ii) Al

b | M Correct no.of terms, dimensionally correct, condone sin/cos confusion and sign errors,

each term that needs to be resolved must be resolved.

A1l | Correct equation for their F.

Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors,
M1 | each term that needs to be resolved must be resolved.
(N.B. MO if R = 68.6 (N) is used in this equation)

Al Correct equation

M1 | Could be seen on a diagram (N.B. MO if R = 68.6 (N) is used)

Al Cao. Must be positive.




< QUESTION

2(a) Equation of motion for 4 M1 33
3mgsina—F —T =3ma Al 1.1b
2)
2(b) Resolve perpendicular to the plane M1 3.4
R =3mgcosa Al 1.1b
1
F=-—R B1 1.2
6
Equation of motion for B OR for whole system M1 33
T —mg =ma OR 3mgsina —F —mg =3ma+ma Al 1.1b
Complete method to solve for a DM1 | 3.1b
1
a=—g* Al* 22
10° .
@)
2(c) ’
B1 1.1b
t
e.g. acceleration (of B) is constant; dependent on first B1 DB1 2.4
2)
2(d) e.g. the tensions in the two equations of motion would be different. Bl 150
Tension on 4 would be different to tension on B ’
ey
(12 marks)
Notes: N.B. If m’s are consistently missing treat as a MR, so max
(a) M1A0 (b) M1AOBOM1A1M1A1 (c) B1B1 (d) Bl
For (a) and (b), allow verification, but must see full equations of motion.
Equation in 7 and a with correct no. of terms, condone sign errors and sin/cos
2a | M1 confusion (If one of the 3’s is missing, allow M1)
N.B. Treat sin(3/5) etc as an A error but allow recovery
Al Correct equation (allow (—a) instead of a in both equations)
Q\'/@
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< QUESTION

b | M1 Correct no. of terms, condone sign errors and sin/cos confusion
Allow if appears in (a)
Al Correct equation
B1 Seen anywhere in (a) or (b), including on a diagram
Equation (for B) in T and @ with correct no. of terms, condone sign errors and sin/cos
M1 confusion
OR Whole system equation with correct no. of terms, condone sign errors and
sin/cos confusion
Al Correct equation
DM Complete method (trig may not be substituted), dependent on M1 in (a) and second
M1 in (b) if they use two equations, or second M1 in (b) if they use one equation.
Al* Correct answer correctly obtained.
Straight line starting at the origin (could be reflected in the #-axis). BO if continuous
2¢ | Bl o
vertical line at the end.
DB1 | Dependent on first B, for any equivalent statement
2d | Bl B0 if incorrect extras

Part (a) is a ‘Show that..” so equations need to be given in
full to earn A marks

INA
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< QUESTION

3(a)
R =2mgcosa Bl 34
F-2R Bl |12
3
Equation of motion for A: M1 |33
T-F —-2mgsina =2ma Al | 1.1b
Equation of motion for B: M1 |33
3mg-T =3ma Al | 1.1b
Complete strategy to find an equation in T, m and g only. M1 |3.1b
T 12mg Al* | 22a
5
®)
(b) F_-y16mg _10mg ML 21
(Frax =) 13 13 :
...... so A will not move. Al | 22a
)
(©) e Extensible string
e Weight of string
e Friction at pulley e.g. rough pulley By | 35¢C
o Allow for the dimensions of the blocks e.g. “Do not model B1 | 35C
blocks as particles”; “(include) air resistance”;“include
rotational effects of forces on blocks i.e. spin”
)
(12)

INZ)
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MARK SCHEME - Paper 3: Statistics and Mechanics - June2019 - Q3 18.4 Newton's Third Law, Equilibrium and ... < QUESTION

Marks Notes

Normal reaction between A and the plane seen or implied, cos & does not need to be

8a| Bl substituted.

Bl F= % R seen or implied anywhere, including part (b)

Form an equation of motion for A. Must include all relevant terms. Must be the
M1 | correct mass but condone consistent missing m’s. Condone sign errors and sin/cos
confusion

Correct unsimplified equation (F does not need to be substituted). Allow consistent
use of (-a)

N.B. If T—2mg =2ma is seen with no working, MOAO unless both B1 marks have
been scored.

Form an equation of motion for B. Must be the correct mass on RHS but condone
consistent missing m’s. Condone sign errors and sin/cos confusion.

Al

M1

Correct unsimplified equation (F does not need to be substituted). Allow consistent

Al use of (-a)

N.B. Allow the ‘whole system’ equation to replace the equation for A or B.
3mg —F —2mgsina =5ma

Must be the correct mass on RHS but condone consistent missing m’s. Condone sign
errors and sin/cos confusion.

Complete method to give an equation in T, m and g only. N.B. Allow @ in the

equation if they have defined what 4 is: e.g. 0= tan’l(%)

M1
This is an independent mark but they must have two simultaneous equations in T

and a unless one of the equations is the whole system equation in which case one
equation will be in T and a and the other equation will be in a only.

Obtain the given answer from correct working using EXACT trig ratios. (not
available if using a decimal angle)

Al*

Comparison of their F,

max

(% R) and their component of weight down the slope, must

3b | M1 | be comparing numerical values. oe e.g. if they consider the difference

N.B. Allow comparison of x andtana with numerical values

Correctly justified conclusion and no errors seen

Al L
N.B. If they equate their difference to an ‘ma’ term then AO
Deduct 1 mark for each extra (more than 2) incorrect answer up to a maximum of 2
incorrect answers. Ignore extra correct answers.

B1 e.g. two correct, one incorrect B1 BO

3c one correct, one incorrect B1 BO

B1 one correct, two incorrect BO BO

Ignore incorrect reasons or consequences.

Ignore any mention of wind or a general reference to friction.

€.
RA
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< QUESTION

Question Scheme Marks | AOs
1@ | 05, %g or 4.9 (N) seen Bl | 34
@)
1(b) §x4.9 oe seen M1 3.1a
14,1400r 1 g Al 1.1b
)
(3 marks)

Notes: Ignore units in this question.

N.B. Use of g = 9.81 should only be penalised once for the whole question as should two fractional
answers (a) 49/10 (b) 7/5.

Penalise the use of g = 9.81 the first time you see it.
N.B.

If g=9.81isused in (a), BO. If it is then used again in part (b), and they give the answer as 1.4 or
1.40, they can score M1AL1 in part (b).

If g=9.81is only used in (b), they can score max M1AO for (b).
la | Bl | cao. (must be positive)

BO for a fraction (% )

BO if they have 0.5g and then clearly use g = 9.81 i.e. NOT isw

This answer must appear in (a) to earn this mark. If no labelling, give BOD and award
as many marks as possible.

1b | M1 . .
%xthelr (@) (must be a numerical value)

If no answer for (a) or if (a) is incorrect and they don’t use it,
allow a correct restart i.e.

§x4.9 or §x0.5g or %xo.s (missing g is not an M error)

Al | A0 for a fraction

N.B. X = isnotneeded BUT

AOQ for F (or P or horizontal force) = a correct answer if they don’t go on to state X =...
If they obtain the correct answer for F and they have said F = X they can score Al.

N.B. 1.4, 1.40 or g with no working, scores M1A1




< QUESTION

Question Scheme Marks | AOs
3(a) (R=)mgcosx M1 34
_ % mg Al | 11b
)
3(b) Equation of motion down the plane M1 2.1
mgsina—F =ma or mgsina—F =-ma Al 1.1b
(F =) puxtheirR M1 34
%g(S—lZ,u) * Al* | 2.2a
(4)
3(c) P wouldn’t move Bl 2.4
o)
(7 marks)
Notes:

M1 | Correct no. of terms, condone sin/cos confusion and sign errors, dimensionally
3a correct.

Allow use of a different symbol for the angle.

Al | Accept 0.92mg or better. Must be positive.

Correct no. of terms, condone sin/cos confusion and sign errors
3b M1 | (MO if they use g for a)
N.B. Must be using mg or m not W for the weight.

Any correct equation e.g. mgsine=ma+F
N.B. F does not need to be substituted.
ux their R seen (possibly on a diagram), any trig does not need to be replaced.

Al

M1 | MO if they use u =%

MO for just 4R with R not replaced.

Al1* | Given answer correctly obtained, with at least one further line of working with
both trig ratios substituted as fractions.

Allow g(5—12,u) or 96-124)
13 13

3c Bl | e.g. P (or the particle or the object) would stay at rest, P would not slide down,
would not roll down the plane, static equilibrium, equilibrium at rest

Allow ‘it’ for P or just ‘stays at rest oe’

BO for wouldn’t accelerate, would be in equilibrium (only), would stop

N.B. Ignore reasons but not contradictions.




< QUESTION

7(a) Resolve vertically M1 3.1b
R+40sina =20g Al 1.1b
Resolve horizontally M1 3.1b
40cosa —F =20a Al 1.1b
F=0.14R Bl 12
a=0.396 or 0.40 (ms?) Al 2.2a
(6)
(b) Pushing will increase R which will increase available F B1 2.4
Increasing F will decrease a * GIVEN ANSWER B1* 2.4
)
(8 marks)
Notes:

(@)

M1: Resolve vertically with usual rules applying

Al: Correct equation. Neither g nor sin aneed to be substituted
M1: Apply F = ma horizontally, with usual rules

Al: Neither F nor COS&need to be substituted

B1: F=0.14R seen (e.g. on a diagram)

Al: Either answer

(b)
B1: Pushing increases R which produces an increase in available (limiting) friction
B1: Fincrease produces an a decrease (need to see this)

N.B. Itis possible to score BO B1 but for the B1, some “explanation” is needed to say why friction is
increased e.g. by pushing into the ground.

NG
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< QUESTION

Question Scheme Marks | AOs
1.(a) Resolve perpendicular to the plane M1 3.4
R=mgcosa =%mg Al 1.1b

2
1(b) Resolve parallel to the plane or horizontally or vertically M1 3.4
F =mgsina or Rsina =Fcosa Al 1.1b
Use F = xR and solve for u M1 2.1

3 x

u=7 Al* | 2.2a

4

1(c) The forces acting on Q will still balance as the m’s cancel oe

Other possibilities:

e.g. the friction will increase in the same proportion as the weight
component or force down the plane. B1 2.4

The force pulling the brick down the plane increases by the same
amount as the friction oe

This mark can be scored if they do the calculation.

@
1(d) Brick Q slides down the plane with constant speed. Bl 2.4
No resultant force down the plane (so no acceleration) oe B1 2.4
These marks can be scored if they do the calculation. 2)
(9 marks)

Notes:

la | M1 | Correct no. of terms, condone sin/cos confusion

Al | cao with no wrong working seen. mgco0s36.86 is A0

1b | M1 | Correct no. of terms, condone sin/cos confusion

Al | Correct equation

Must use F = xR (not merely state it) to obtain a numerical value for £z .
This is an independent M mark.

M1

Al* | Given answer correctly obtained

lc | Bl Must have the 3 underlined phrases/word oe

1d | Bl Must say constant speed.

B1 | Any appropriate equivalent statement




< QUESTION

6(a) Take moments about A M1 3.1a
Sxl1.5a= Mgacos¢9=(Mgax§) Al 1.1b
S= %Mg * Al* 2.2a

®)

6(b) N.B. Marks for the equations should be awarded in the order in
which they appear on the script.

Resolve horizontally: M1 34
F =Ssing Al 1.1b
Resolve vertically: M1 3.3
R=Mg—-Scosé Al 1.1b

Other possible equations: (any of which is worth max M1A1)
(parallel to the rod): Fcosd+ Rsind=Mgsiné

(perptotherod): Fsind+Mgcosé =S +Rcosd

M(B): (Sx0.5a)+(Rx2acosd)=(Mgxacosd)+(F x2asind)
M(C): (Rx1.5acos@)=(Mgx0.5acosé)+(F x1.5asin6)
M(G): (Rxacosd)=(Sx0.5a)+(F xasing)

N.B. If they have more than two equations, mark only those that
they use to try to find u

F = xR and two of their equations used to solve for u DM1 | 3.1a
Y7 =£=0.42105... Al 2.2a
19
INA
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< QUESTION

(6)
(9 marks)

Notes:

6a | M1 | Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors.
Allow use of a different letter for the angle.

N.B. They may resolve the weight into two components, parallel and perpendicular to
the rod, and then take the moment of each about A, one of which is 0. (see N.B. below)

N.B. MO if one or both a’s aren’t there originally.

AL Correct equation, cos @ may or may not be replaced by g

N.B. you may see: Sx1.5a=Mgcosédxa

Al* . .
Given answer correctly obtained, need to see cos 6= g used

Allow: S=% or %=S
5 5

AQ if S is missing

6b | M1 | Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors

Al | Correct first equation, S does not need to be substituted

M1 | Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors

Al | Correct second equation, S does not need to be substituted

DM | Dependent on previous two M marks for using F = xR and two equations to solve for
1 H

Al | Accept 0.42 or better (as g cancels)




< QUESTION

II

3(a)

G

vnE
D

a

—-

A F

Moments equation: (M1AO for a moments inequality)

Ml

M(A), mgacos@ =2Sasin @

M(B), mgacos@+2Fasin@ =2Racos 6
M(C), F x2asinf =mgacos®

M(D), 2Racos 8 = mgacosf+2Sasin
M(G), Racos@ = Fasin@+ Sasiné .

Al

1.1b

() R=mg OR () F=S5

B1

Use their equations (they must have enough) and F < xR to give an
inequality in 1z and 6 only (allow DM1 for use of F = 4R to give
an equation in ¢ and € only)

DM1

2.1

1
>—cotf*
a 2

Al*

2.2a

3

3(b)

L
2g

Moments equation:

Ml

M(A4), mgacos@ =2Nasin @
M(B), mgacos b +2kmgasin @ =2Racos +%mg2a sin @
M(D), 2Racos8 =mgacosf+ N2asin6

M(G), kmgasin @+ Nasin @ = %mga sin@+ Racosé

Al

1.1b




< QUESTION

S.C. M(C), mgacosé +%mg2a sin@ =kmg2asind MI1A1B1

1+ % = % M1
k=0.9 Al
N=kmg—-F OR R=mg Bl 33
Use the'ir equations (they must have enough) to solve for & DMI | 3.1b
(numerical)
k=09 oe Al 1.1b
(6))
(10 marks)
Notes:
3a | M1 Any moments equation with correct terms, condone sign errors and sin/cos confusion
Al Correct equation
B1 Correct equation

Dependent on M1, for using their equations (they must have enough) and F < uR to
DM]1 | give an inequality in £ and € only

(allow M1 for use of F = 4R to give an equation in i and & only)

Given answer correctly obtained with no wrong working seen (e.g. if they use

Al*

F = uR anywhere, A0)
3b | M1 Any moments equation with correct terms, condone sign errors

Al Correct equation

Bl Correct equation

DM Dependent on M1, for using their equations (they must have enough) with trig
substituted, to solve for &, which must be numerical.

Al cao

Note that g = 10; penalise once for whole question if g = 9.8

A
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< QUESTION

4(a) Take moments about A M1 33
N x—2_ _ Mgx3acosa Al | 11b
sina

M
9_g * Al* 1.1b

25

3
4(b) Resolve horizontally M1 34
9Mg .
() F="Tsina Al | 11b
25

Resolve vertically M1 3.4
(MR +%cosa =Mg Al | 11b

Other possible equations:
9Mg .
"\, Rc05a+?= Mg cosa + Fsina

(/"),Mgsina = F cosa + Rsina

M(C), Mg.2acosa + F.5asina = R.5acosa

|\/|(c3),92%.2aur F.3asina = R.3acosa
. 9Mg
M(B),Mg.3acosa + F.6asina = R.6ac05a+Ea
(F:36Mg 1R:98Mg)
125 125
F = 1R used M1 34
Eliminate R and F and solve for u M1 3.1b

Alternative equations if they have at A:
X horizontally and Y perpendicular to the rod.

(\),Y +%= Mg cosa + X sina
(/"),Mgsina = X cosa

(T),%COSQ+Y cosa = Mg

(->)Y sina+%sina =X

A
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MARK SCHEME - Paper 3: Statistics and Mechanics - October2020 - Q4 18.6 Friction < QUESTION

M(C),Mg.2acosa + X.basina =Y.5a

M(G),%.ZaJrX.Basina:Y.Ba M1Al M1A1l

M(B), Mg.3acosa + X.6asina :Y.6a+%a

(X :4Mg’Y:98Mg)

3 75
Then F = xR becomes: X —Ysina = uY cosa M1
Eliminate X and Y and solve for u M1
18

H= 0 (0.3673.....accept 0.37 or better) Al 2.2a
(7)
(10 marks)

Notes:

4a | M1 | Correct no. of terms, dim correct, condone sin/cos confusion and sign errors for an

equation in N and Mg only.
For perp distance allow any of : .4_a, 4a
sina cosa

use of any of : 6a,5asin«,4acosq,.... or anything involving tana is MO
Also MO if no a’s in their first equation.

,5a but

Al | Correct equation, trig does not need to be substituted

Al* | Given answer correctly obtained.

4b | M1 | Correct no. of terms, dim correct, condone sin/cos confusion and sign errors

Al | Correct equation, trig does not need to be substituted but N does.

M1 | Correct no. of terms, dim correct, condone sin/cos confusion and sign errors

Al | Correct equation, trig does not need to be substituted but N does.

N.B. The above 4 marks are for any two equations, either resolutions or moments or
one of each. Mark best two equations.

Equations may appear in part (a) but must be used in (b) to earn marks.
Must be used, e.g. seen on the diagram. i.e. MO if merely quoting it.

M1 : 9Mg
MO if F =
( Hx—C

used)

M1 | Must have 3 equations (and all 3 previous M marks)

Al | Accept 0.37 or better

R D
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< QUESTION

4(a) Drum smooth, or no friction, (therefore reaction is perpendicular to B1
the ramp) 24

@)

N.B. In (b), for a moments equation, if there is an extra sin & or
(b) cos & on a length, give MO for the equation

e.g. M(A): 20gx4cosd =5N sin@ would be given MOAO

Possible equns M1 |33
(/") :Fcos@+Rsing=20gsing

) Al |1.1b

(\\):N +Rcos@ =20gcosé+Fsiné
M1 |34

(MR+Ncosd =209
(=):F=Nsing Al 11b
M(A): 20g x4cosd =5N M1 |34
M(B): 3N +Rx8cos8 = F x8sin 6+ 20g x4 cos
M(C): Rx5cos@ =F x5sind+20g xcosé Al 1.1b

M(G): Rx4cosé =F x4sind+N

(The values of the 3 unknowns are:
N = 150.528; F = 42.14784; R = 51.49312)

Alternative 1: using cpts along ramp (X) and perp to ramp(Y) M1 | 33
Possible equations:

(/") : X =20gsing Al | 1.1b
("\):Y + N =20gcosé

(M) : Xsin@+Y cos@+ N cosé = 20g
(—):Xcos@=Ysinf+Nsind Al | 11b
M(A):20g x4cosé =5N
M(B):20g x4cosé@ =8Y +3N
M(C):20g xcoséd =5Y

M(G):4Y =N x1

(The values of the 3 unknowns are:

N =150.528; X = 54.88; Y = 37.632)

M1 |34

M1 |34

Al | 11b

A
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< QUESTION

Alternative 2: using horizontal cpt (H) and cpt perp to ramp

(S)

(/"):Hcosd=20gsind M1 33
(\):S+N =Hsin#+20gcosd Al 1.1b
(T):Sc0549+.N0059='209 ML 34
(=):H =Ssin@+Nsiné
M(A):20gx4cosd =5N Al 1.1b
M(B):20gx4cosf+H x8sind=8S +3N ML 34
M(C): 20g xcos @+ H x5sin @ =55 '
M(G):4S =N x1+H x4sing Al 1.1b
(The values of the 3 unknowns are:
N =150.528; H = 57.1666...; S = 53.638666...)
Solve their 3 equations for FandR OR XandY OR HandS M1 | 1.1b
|Force| =R? + F? Main scheme
OR =+/X?+Y? Alternative 1 ML | 3.1b
OR =\/(H 2+ 8% —2HS cos(90° — 6) Alternative 2
Magnitude = 67 or 66.5 (N) Al 2.2a
9)
(c) Magnitude of the normal reaction (at C) will decrease. B1 3.5a
1)
11)

Q‘yfﬂ‘
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< QUESTION

4a | B1 Ignore any extra incorrect comments.

Generally 3 independent equations required so at least one moments equation.:
M1A1M1A1IM1AL.

More than 3 equations, give marks for the best 3. For each:

M1 All terms required. Must be dimensionally correct so if a length is missing
from a moments equation it’s MO Condone sin/cos confusion.

Al For acorrect equation (trig ratios do not need to be substituted and allow e.g.
cos(24/25) if they recover

Enter marks on ePEN in order in which equations appear.

N.B. If reaction at C is not perpendicular to the ramp, can only score marks for
M(C)

Allow use of (uR) for F

4b | M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.

Al | Correct unsimplified equation

M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.

Al | Correct unsimplified equation

M1 | All terms required, dim correct, condone sin/cos confusion

Al | Correct unsimplified equation

N.B. They can find F and R using only TWO equations, the 1st and 7th in the list.
Mark the better equation as M2A2 (-1 each error). Mark the second equation as
M1A1

Alt M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.

Al | Correct unsimplified equation

M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.

Al | Correct unsimplified equation

M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.

Al | Correct unsimplified equation

N.B. They can find X and Y using only TWO equations, the 15 and 7" in the list.
Mark the better equation as M2A2 (-1 each error). Mark the second equation as
M1A1l

Alt M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.

Al | Correct unsimplified equation

M1 | All terms required. Must be dimensionally correct. Condone sin/cos confusion.




< QUESTION

Al

Correct unsimplified equation

M1

All terms required. Must be dimensionally correct.

Al

Correct unsimplified equation

N.B. They can find H and S using only TWO equations, the 1% and 7™ in the list.
Mark the better equation as M2A2 (-1 each error). Mark the second equation as
M1A1l

M1

Substitute for trig and solve for their two cpts.

This is an independent mark but must use 3 equations (unless it’s the special case
when 2 is sufficient)

M1

Use Pythagoras to find magnitude (this is an independent M mark but must have
found a value for F (or X) and a value for R (or Y))

OR a complete method to find magnitude e.g. cosine rule
but must have found a value for H and a value for S

Al

Correct answer only

Bl

Ignore reasons

In this question mark parts (a) and (b) together.

A
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< QUESTION

Question Scheme Marks AOs
4(a) The horizontal component of T acts to the left and since the only Bl 24
other horizontal force is friction, it must act to the right oe ’
(0]
4(b) Take moments about 4 or any other complete method to obtain an
equation in 7, M and 0 only. (see possible equations below that they | M1 3.1b
may use)
T.2a = Mgacos6@+2Mgx1.5acos@ Al
. . 1.1b
(A0 if @’s missing)
Other possible equations but F and R would need to be eliminated.
(\),Rcos@+T = Fsin @+ Mg cos 8 + 2Mg cos &
("), Rsin @+ F cos @ = Mg sin 6 + 2Mg sin 6
(—), F=Tsind
M(B), R.2acos = Mgacos @ +2Mg x0.5acos @+ F.2asin 6
M(G), Fasin@+Ta = Racos 6 +2Mg x0.5acos 6
M(C), Rx1.5acos0 =T x0.5a+ Mgx0.5acos 0+ F x1.5asin &
T =2Mgcos@* Al* 1.1b
3
4(c) e.g. Resolve vertically M1 3.4
(1), R+T cos 6 = Mg +2Mg Al 1.1b
R =2TMg « Al* | L1b
25
3
Other possible equations but F would need to be eliminated.
(\),Rcos@+T = Fsin @+ Mg cos  + 2Mg cos &
(/"),Rsin@+ F cos @ = Mg sin @ +2Mg sin 0
(=), F=Tsiné
M(B), R2acos@ = Mgacos+2Mgx0.5acos 0+ F.2asin @
M(G), Fasin@+Ta = Racos@+2Mg x0.5acos
M(C), Rx1.5acos @ =T x0.5a+ Mg x0.5acos@+ F x1.5asin 6
4(d) Find an equation containing /' e.g. Resolve horizontally M1 3.4
(—), F=Tsin@ Al 1.1b
Other possible equations




< QUESTION

(\),Rcos@+T = Fsin @+ Mg cos 8 + 2Mg cos &

(/"),Rsin @+ F cos @ = Mg sin @ +2Mg sin @

(—), F=Tsind

M(B), R2acos @ = Mgacos @ +2Mg x0.5acos @+ F.2asin 6
M(G), Fasin@+Ta = Racos 6 +2Mg x0.5acos 6

M(C), Rx1.5acos0 =T x0.5a+ Mgx0.5acos 0+ F x1.5asin &

F = R used i.e. both Fand R are substituted. M1 3.1b
_8 *

T Al 2.2a
“@

(11 marks)

Notes:

4a | Bl Any equivalent explanation

4b | M1 | Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors

Correct equation, trig does not need to be substituted

Al
(Allow: T.2a = Mgacos@+3Mgacos®)

A1* | Given answer correctly obtained with no wrong working seen.
Allow 2Mgcos@=T

Butnot 7 =2cos Mg

4c | M1 | For an equation in R, M, T and 6 only

Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors,
each term that needs to be resolved must be resolved

Al Correct equation, 7" and trig do not need to be substituted

A1* | Given answer correctly obtained with no wrong working seen

4d | M1 | For any equation with F in it

Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors,
each term that needs to be resolved must be resolved

Al Correct equation, trig does not need to be substituted

M1 | Must be used i.e MO if merely quoting it.

Al* | Given answer correctly obtained with no wrong working seen




< QUESTION

6(a) The normal reaction at B is acting to the left so it must act to the right, B1
right as it needs to balance (oppose, counter) the force at B, right as it
prevents the rod from sliding (slipping, falling), right as the weight (mass)
of the rod will mean the rod tends to slip left, mass or weight will be
pushing the rod to the left so friction will oppose that. 2.4
N.B.

You may see an arrow on the diagram at A, instead of ‘right’.
BO if they say the rod is moving oe

Accept towards the wall instead of to the right.

(1)

6(b) Take moments about A M1 3.4
S x2asin @ =Mgacosd Al 1.1b
S =%Mg coto* Al* 2.2a

3)
6(c) Resolve vertically, R = Mg B1 3.3
Resolve horizontally, F= S B1 33

Other possible equations:

Resolve along the rod, F cos@+ Rsin@=Scosd+Mgsiné
Resolve perp to the rod, Rcos@+ Ssin@ = F sin &+ Mg cos 9
M(B), Rx2acosé = F x2asin 8+ Mgacosd

M(G), Racos@ = Fasin @+ Sasin @

N.B. When entering these two B marks on ePEN,

First B1 is for a vertical resolution, second B1 is for a horizontal resolution,
and if either is replaced by a different equation, enter appropriately.

If both are replaced by other equations, enter in the order in which they
appear in their working.

F=uR B1 1.2
1 4
=Mgx—=uM dmi 2.1
5 g 3 4Ny

2
,u=§ oe Accept 0.67 or better Al 2.2a
S.C.For F ,, uR, BO

1 4

—Mgx—,, uM M1

5 g 3 4Ng

A
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< QUESTION

2
o A0
3 H

2
N.B. If p= § follows this, they could score all the marks.

(5)

6(d) JF?2+R? M1 | 3.a
2. Y )
gMg +(Mg) M1 1.1b
1
3 Mg\/ﬁ or 1.2Mg or better Al 2.2a
(3)
6 New value of S would be larger as the moment of the weight about A
(e) B1 3.5a
would be larger
(1)
(13 marks)
Notes:
6a B1 | Any equivalent appropriate statement.

6b M1 | Correct no. of terms, dimensionally correct, condone sin/cos confusion and sign errors.
N.B. If @’s never appear, MO

Al | Correct equation

Al* | Correct given answer correctly obtained, with no wrong working seen.

Mg ;0“9 or Mg(2:0tl9 =Sor$S :%cote or similar

Allow %Mg cot@d=S or S=

but NOT S = %CO’[@ Mg or similar

N.B. Allow m instead of M

Must be @ in final answer but allow a different angle in the working.

6¢ Bl cao

B1 cao

B1 | Seen anywhere, e.g. on the diagram

dM1 | Using F = R, their two equations and substitute for trig (not necessarily correctly) to

produce an equation in £ only.

This mark is dependent on the 3 previous B marks.

Al | Accept 0.67 or better




< QUESTION

M1 | Use of Pythagoras with square root to find the required magnitude, but F and R do not need

6d
to be substituted

M1 | Substitute for their F and their R in terms of Mg and take square root to obtain magnitude in
terms of M and g only.
N.B. Must be using Pythagoras

ALTERNATIVE: Using trig on triangle of forces

Mg

Mg S

" or
Sina CoS o

M1: X =

. M 3
M1: substitute for SIN & or COS & and S, where tana = ?g (= E ), to obtain X in terms of M

and g only.

Al | Any equivalent surd form or 1.2Mg or better
Must be in terms of Mand g

6e B1 | Correct answer and any equivalent appropriate statement.

A
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< QUESTION

9(a) Moments about A (or any other complete method) M1 3.3
T2asina = Mga + 3Mgx Al 1.1b
7= Melat3x) _5Me(3x+a) 5\ ey ANSWER ALY | 21
2a % 6a
@)
+
(0) Mccsa =2Mg OR 2Mg.2atan o = Mga + 3Mgx M1 3.1b
a
x= 2a Al 2.2a
3
O]
() Resolve vertically OR Moments about B M1 3.1b
5Mg(3.%4 +a) .
Y =3Mg+ Mg - SMeBH*4) Gna 2ay = Mga +3Mg(2a—2)
2Ma Alft | L.1b
Or: Y =3Mg + Mg —(—g)sin a
cos
_SMg
2 Al 1.1b
N.B. May use Rsin # forY and/or Rcosf for X throughout
5Mg
tanf=— or RSINA_ 2 M1 | 3.4
X Rcos g 2Mg
= E Al 2.2a
4
()
(d) w <5Mg and solve for x M1 24
a
X < % Al 24
3
For rope not to break, block can’t be more than S?a from A oe
Orjust: x< % , if no incorrect statement seen. Bl Al 24
N.B. If the correct inequality is not found, their comment must mention
‘distance from A’.
@)
(13 marks)

INA
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< QUESTION

Notes:

(@)
M1: Using M(A), with usual rules, or any other complete method to obtain an equation in a, M, x and T only.
Al: Correct equation

. . 3
Al*: Correct PRINTED ANSWER, correctly obtained, need to see sina= 5 used.

(b)
M1: Using an appropriate strategy to find x. e.g. Resolve horizontally with usual rules applying OR Moments
about C. Must use the given expression for T.

Al: Accept 0.67a or better

(©
M1: Using a complete method to find Y (or Rsin ) e.g. resolve vertically or Moments about B, with usual
rules
. . . . . . . 2Mg
Al ft: Correct equation with their x substituted in T expression or using T = ——
cosa

Al: Y (orRsing) =¥or 2.5Mg or 2.50Mg

M1: For finding an equation in tan 4 only using tan g =% or tan g =é
This is independent but must have found a Y.

Al: Accept _75 if it follows from their working.

(d)
M1: Allow T=5Mg or T < 5Mg and solves for x, showing all necessary steps (MO for T > 5Mg)

Al: Allow x=5?a or x<5—:. Accept 1.7a or better.

B1: Treat as Al. For any appropriate equivalent fully correct comment or statement. E.g. maximum value of

. ba
XIS —
3
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< QUESTION

N.B. Penalise the use of g = 9.81 ONCE (the first time it is used) for the whole question.
2(a) Resolve vertically M1 3.4
(M)5sina+R=2g oe Al 1.1b
(R=) 19.6-3=16.6 (N)* Al* | 11b
®)
2(b The box decelerates, slows down, loses speed or velocity, will come
(b) Bl | 24
to a stop or rest, loses momentum
1)
2(c) (S=) 19.6 or 20 (N) Bl 3.3
1)
2(d) Equation of motion along the plane: —F =2a or F =2a M1 3.4
F =0.2x their S B1 1.1b
0> =4%-2x0.2g xd
or
0° =4*+2x0.2g xd M1 | 3.1b
or
4% =0°+2x0.2gxd
(OX =) 4.1 (m) or 4.08 (m) Al 1.1b
OR
Work done against friction = Fd M1 34
F =0.2x their S B1 1.1b
0.2><2g><d=%><2><42 M1 3.1b
(d=0X=) 4.1 (m) or 4.08 (m) Al 1.1b
(4)
2(6) the box (it) has been modelled as a particle B1 3.5b
the box (it) will have size or shape or dimensions
the coefficient of friction has been modelled as being constant
the coefficient of friction may not be exactly 0.2 or may vary
the friction may vary
BO : the ground may not be horizontal, an inaccurate value of g has
been used, has not considered wind, the angle may not be accurate,
any reference to the particle having mass (or not having mass).
Ignore any reference to air resistance.
1)

.},5‘
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(20 marks)

Notes:

2(a) | M1 | Form an equation in R and « only, with correct number of terms, condone sign errors
and sin/cos confusion, sina may or may not be substituted.

N.B. 3+R=2g oe, with no evidence of resolving the 5 N, e.g. not using sin« , is
MO.

Al | Correct equation, sina may or may not be be substituted.

AL* | Given answer correctly obtained, with at least one line of working.

2(b) | B1 | Any equivalent statement.

BO if any incorrect extras e.g. box is stationary or at rest, doesn’t move, will stop
moving.

2(c) | B1 | Accept 2g if g is not substituted for.

BO if they use g = 9.81 unless they have already been penalised in part (a).

2(d) | M1 | Correct number of terms. Condone an extra g in ma term.

MO if 2 is missing.

N.B. MO if they use a vertical force for F e.g. 2g or 16.6

B1 | Seen (e.g. on a diagram) or implied.

M1 | Complete method to form an equation in d (= OX) only, condone sign errors, using
their calculated acceleration from an attempt at using F = ma

MO if clearly using 1 (0.2) or —u for a without any calculation..

e.g. may find t first: 0=4-0.2gt => tzg (:%)
g

2
then d =4x§—1x0.29 XLQJ
g 2 g

2
or d= 0—l>< (—O.2g)x[§J
2 g

or 0*=47+2x(-0.2g)xd

. 40
A1 | Either answer. AO for —
g

2(e) | Bl | Any equivalent statement which refers to the model. BO if incorrect extras.

R D
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< QUESTION

Question Marks AOs
6(a)
S
B
N
G
RT C Mg
N 2Mqg
F A
(h: R=) 3mg BL | 34
1)
6(b) N.B. Allow consistent use of a different letter for the angle in the

working but must be « in the final answer.
BOD if their a's and «'s look the same.
EITHER:
Ob'Fam an equation in S, M, aand « only, by M1 314
taking moments about A
M(A): Sx2acosa = Mgasina + 2Mg x 0.5asin o Al 1.1b
OR
Obtain an equation in S, M, aand « only, by M1 3.1a
taking moments about B, C or G
and resolving once
and eliminating Fand R (N.B. R=3Mg from (a))
Correct equation in S, M, aand « only Al 1.1b
Possible Moments equations:
M(B): Rx2asina = Mgasina +2Mgx1.5asina + F x2acosa
or
M(C):
F x0.5acosa + S x1.5acosa = Rx0.5asina + Mg x0.5asin
or
M(G): Sacosa + Facosa +2Mg x0.5asin « = Rasina
Possible resolution equations:
(—: F=S
or
(_"): Rcosa+Fsina=Ssina+(2Mg+ Mg)cosa
or
(%.): Rsina+Scosa =(2Mg +Mg)sina +F cosa
S=Mgtana * Al* 2.2a

B:yfﬂ‘
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@)

6(c) The friction force at B will provide an extra upward (not just Bl 3.5a
vertical) force so R, will be less i.e. R will be greater.
R (is greater than R,) as the friction act against the weight of the
rod.
R (is greater) as the friction acts in the same direction as R
R( is greater )as the friction holds the rod up as well.
R=3Mg =R, +F so R will be greater
N.B. Allow R, will be smaller with a correct reason.
BO R is greater as there is no friction from the wall.

@)

6(d) N.B. Allow consistent use of a different letter for the angle and
could score FULL marks.
EITHER: Moments about B or D, the intersection of the normals M1 34
M(B): N xZ2asin f =Mgasin S +2Mg x1.5asin S+ F, x2acos S Al 1.1b
or
M(D): _ _ _ Al 1.1b
F, x2acos # = Mgasin S+ 2Mg x 0.5asin g +3Mg x 2asin S
and resolve vertically: (1) N = Mg +2Mg +3Mg Bl 3.3
OR: Moments about A or C or G M1 3.4
A correct moments equation. Al 1.1b
A correct resolution Al 11b
(N.B. Treat as a B mark so MOAQOAL1 is a possible score) '
A correct second resolution or a correct second moments equation Bl 3.3
Possible Moments equations:
M(A):
2Mg x0.5asin g+ Mgasin £ +3Mg x 2asin § = Px2acos S

R D
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N.B. (You may see the first 2 terms collected as a single term)

or

M(C):

0.5aF, cos  +1.5Pacos f = 0.5Nasin 4 +0.5Mgasin S +3Mg x1.5asin 3

or
M(G):
Facos g+ Pacos S+ 2Mg x0.5asin £ = Nasin £ +3Mgasin g

Possible resolution equations:
(T): N = Mg + 2Mg +3Mg
(—): F=P (orP= uN)
(“7): FsinB+Ncosf=Psin B+ (3Mg + Mg +2Mg) cos B
(™\): Nsing+Pcosp=(3Mg+Mg+2Mg)sin B +F, cos

(N.B. F,=P=2Mg)

Use of F, = uN , their equations (which must be correct) and
1 . .
tan g =5 to obtain an equation in z only. dM1 | 3.1a

N.B. This mark is only available if the previous 4 marks have all
been earned.

1
u==> Al* | 2.2a
3
(6)
(11 marks)

Notes:

6(a) | B1 | Cao. Must be in terms of M and g.

6(b) = M1 | M(A): Correct no. of terms, dim correct, condone sin/cos confusion and sign errors

Correct equation in S, M, aand « only.

N.B. Must see use of 0.5a

Al* | Given answer correctly obtained. (Must be in o but allow a different angle used in
the equations).

Penalise incorrect use of brackets. e.g. if they use (90° —«), penalise missing
brackets.

N.B. Must see at least one line of intermediate working which will involve :

like terms collected, division by cos « ,which does not need to be seen explicitly,
division by 2 in some order.

N.B. Allow the order of the terms on the RHS to be different and allow m for M.

OR

M1 | M(B) or M(C) or M(G) and a resolution and elimination of F and R.

Both equations used must have correct no. of terms, dim correct, condone sin/cos
confusion and sign errors

Al

R D
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Al | Correct equation in S, M, aand « only

Al* | Given answer correctly obtained.
N.B. Must see at least one line of intermediate working which will involve :
like terms collected and division by cos «

6(c) | B1 | Correct explanation

BO if any incorrect extras

6(d) N.B. If there is a combination of the two alternatives, mark both and award the higher
mark.

If there are errors in their equations for both methods and the total mark out of 4 is
the same, enter the first 4 marks on ePEN for whichever of the 2 methods they use to
try to find 4.

If they don’t try and find 4, enter marks for the EITHER method.

EITHER

M1 | M(B) or M(D): Correct no. of terms, dim correct, condone sin/cos confusion and sign
errors, allow use of a different letter, & say, for g3.

( @ could even be )

N.B. Condone consistent missing a’s

N.B. MO if they are clearly using R from part (a) for N.

Al | Correct equation with at most one error

Al | Correct equation

B1 | Correct vertical resolution

OR

M1 | M(A or C or G): Correct no. of terms, dim correct, condone sin/cos confusion and
sign errors, allow use of a different letter, #say, for S.

(0 could even be «)
N.B. Condone consistent missing a’s

N.B. MO if they are clearly using S from part (b) for P

Al | Correct equation

Al | Thisis treated as a B mark for a correct resolution, seen or implied.

B1 | For another correct resolution or another correct moments equation (NOT about B)
seen or implied.

N.B. when entering marks on ePEN for the two resolutions, if only ONE is correct
enter as Al BO.

dM1 | Dependent for using F, = uN and their correct equations, to produce an equation in
uonly.
N.B. Allow if they use F < uN

Al* | Given answer correctly obtained

R D
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