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ANSWER >

1. Attime ¢ seconds, ¢ > 0, a particle P is at the point with position vector r m, where
4 2 2 3
r=(r'-87)i+| 68 -2 |j

(a) Find the velocity of P when P is moving in a direction parallel to the vector j

(C))

(b) Find the acceleration of P when ¢ =4
3
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Question 1 continued

(Total for Question 1 is 7 marks)
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ANSWER >

In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

[In this question, i and j are horizontal unit vectors.|
A particle P of mass 3 kg is moving on a smooth horizontal plane.
At time ¢ seconds, where 1 < ¢ < 4, the position vector, r metres, of P relative to a fixed
origin is given by r = 4 i — 3¢j.
At the instant when ¢ = 4, P receives an impulse (6i — 3j) N's.

Find the speed of P immediately after the impulse is received.
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Question 2 continued

(Total for Question 2 is 7 marks)
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blank
2. Anparticle P of mass 1.5kg moves under the action of a single force F newtons.

At time ¢ seconds, ¢ > 0, P has velocity vims™, where
v=(52-1)i+ (2F - 81)j

(a) Find F when ¢t=2
C))

At time ¢ = 0, P is at the origin O.

(b) Find the position vector of P relative to O at the instant when P is moving in the
direction of the vector j

(O]
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Question 2 continued

(Total 8 marks) T
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1. Attime ¢ seconds, ¢ > 0, a particle P has position vector r metres with respect to a fixed
origin O, where
1
r=(—8ni+ (§t3 -+ Zt)j
(a) Find the acceleration of P when ¢ =4
)
At time T seconds, 7 > 0, P is moving in the direction of (2i + j)
(b) Find the value of T’
3
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Question 1 continued
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ANSWER >

7

1. A particle P moves along a straight line. The fixed point O is on the line. At time
t seconds, ¢ > 0, the displacement of P from O is x metres, where

x =26 =21 + 60t

Find

(a) the values of 7 for which P is instantaneously at rest

(b) the distance travelled by P in the interval 1 < ¢ <3

(c) the magnitude of the acceleration of P at the instant when =3
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Question 1 continued

(Total for Question 1 is 8 marks)
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ANSWER >

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

A particle P moves on the x-axis.
At time 7 seconds, 0 < ¢ < 3, the displacement of P relative to the origin is
x metres where

x =2 148 + %ﬂ +14¢

(a) Verify that P is at instantaneous rest when ¢ = 2

3
Given that this is the only value of ¢, in the interval 0 < ¢ < 3, for which P is at rest,

(b) find the total distance travelled by P in the interval 0 <7< 3
)

(c) Find the magnitude of the acceleration of P when ¢ = 1.5
3
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Question 1 continued

(Total for Question 1 is 8 marks)
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blank

3. A particle P moves on the x-axis.
At time 7= 0, P is instantaneously at rest at O.

At time ¢ seconds, ¢ > 0, the x coordinate of P is given by

7 5 3
x =2t* —14¢% + %tz

Find

(a) the non-zero values of ¢ for which P is at instantaneous rest

3

(b) the total distance travelled by P in the interval 0 < ¢ < 4
3)

(c) the acceleration of P when =4

&)

INZ]
16



ANSWER >

( LeaveN
blank
Question 3 continued
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3. Anparticle P of mass 0.25kg is moving on a smooth horizontal surface under the action of
a single force, F newtons.
At time ¢ seconds (¢ > 0), the velocity vms™ of P is given by
v=(6sin3¢)i+ (1 +2cost)j
(a) Find F in terms of 7.
3)
At time 7= 0, the position vector of P relative to a fixed point O is (4i -3 j)m.
(b) Find the position vector of P relative to O when P is first moving parallel to the
vector i.
(6)
. J
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ANSWER >

In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

A particle P moves along the x-axis.
At time ¢ = 0, P is at rest at the origin O.
At time ¢ seconds, ¢ > 0, the acceleration of P, in the positive x direction, is

k(3 -t)ms”

where k is a positive constant.
Given that when 7 = 1.5, the speed of P is 13.5ms"'

(a) show that k=4
3

The displacement of P from O is s metres in the positive x direction.
(b) Show that
5= lt2(18 %)
3

(0]

(c) Find the total distance that P moves before it returns to O.
C))
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Question 1 continued

(Total for Question 1 is 9 marks)
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5. Attime ¢ seconds (¢ > 0), a particle P has velocity vims™!, where
v=03r-4)i+ (2t-4)j
When ¢ =0, P is at the fixed point O.
(a) Find the acceleration of P at the instant when ¢ = 0
2
(b) Find the exact speed of P at the instant when P is moving in the direction of the vector
(11i + j) for the second time.
Q)
(¢) Show that P never returns to O.
(C))
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Question 5 continued
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Question 5 continued
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5. At time ¢ seconds (¢ > 0), a particle P has velocity vims™!, where
v=0CBr-9+6)i+ (*+1t-6)j
(a) Find the acceleration of P when ¢t =3
3
When ¢ =0, P is at the fixed point O.
The particle comes to instantaneous rest at the point 4.
(b) Find the distance OA.
Q)
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4. Attime ¢ seconds (0 < ¢ < 5), a particle P has velocity vms ', where
v=( 5—t)i+(z2 +21 - 3)j

When ¢ = 4, particle P is moving in a direction parallel to the vector i.

(a) Find the acceleration of P when r =1

)

The position vector of P is measured relative to the fixed point O
When ¢ = 1, the position vector of P is (-2i + j)m.

Giventhat 1 < T <5

(b) find, in terms of 7, the position vector of P when t =T
)
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Question 4 continued

(Total 10 marks)

Leave
blank

Q4

INZ]
35




ANSWER >

( )

4. [In this question, the perpendicular unit vectors i and j are in a horizontal plane.]

A particle Q of mass 1.5kg is moving on a smooth horizontal plane under the action of
a single force F newtons. At time ¢ seconds (¢ > 0), the position vector of Q, relative
to a fixed point O, is r metres and the velocity of Q is vims™!

It is given that

v=(32+2t)i + (£ + kt)j
where £ is a constant.
Given that when ¢=2 particle Q is moving in the direction of the vector i+ j

(a) show that k=4
(2

(b) find the magnitude of F when 7 =2
“4)

Given that r=3i+4j when =0

(c) find r when =2
)

Q\?ﬂ
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Question 4 continued

(Total for Question 4 is 10 marks)
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4 A
2. [In this question, the perpendicular unit vectors i and j are in a horizontal plane.]

In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

A particle P is moving on a smooth horizontal plane.

At time ¢ seconds (t> 0) , the position vector of P, relative to a fixed point O, is r metres
and the velocity of Pis v ms™ where

v = (42 =51)i + (-10r —12)
When ¢ =0, r = 2i + 6j

(a) Find r when t =2
C))

When ¢ = T particle P is moving in the direction of the vector i — 2j

(b) Find the value of T’
3

(¢) Find the exact magnitude of the acceleration of P when ¢ = 2.5

(©))
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Question 2 continued
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Question 2 continued
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

At time ¢ seconds, #>0, a particle P is moving with velocity vms™', where
v=3(+2) i+50(1+2)j
Position vectors are given relative to the fixed point O

At time ¢ =0, P is at the point with position vector (-30i—45j)m.

(a) Find the position vector of P when ¢ =3

(C))

(b) Find the magnitude of the acceleration of P when ¢ =3
C))

At time 7 seconds, P is moving in the direction of the vector 2i+ j

(c) Find the value of T
2

A
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Question 1 continued

(Total for Question 1 is 10 marks)
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5. Attime ¢ seconds, ¢ > 0, a particle P has velocity vms™!, where
v=(5— 12t + 15)i + (£ + 8¢ — 10)j
When ¢ =0, P is at the origin O.
At time T seconds, P is moving in the direction of (i + j).
(a) Find the value of T.
3
When ¢ =3, P is at the point 4.
(b) Find the magnitude of the acceleration of P as it passes through 4.
“
(¢) Find the position vector of 4.
Q)
. J
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Question 5 continued

(Total 11 marks)
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

At time ¢ =0, a particle P is at the fixed point O

At time ¢ seconds, ¢ >0, P has position vector r metres relative to O, where
r =(3t+2—2\/t+1)i+(t2 ~61)j

(a) Find the speed of P at the instant when P is moving in the direction of the vector i
(b) Find the magnitude of the acceleration of P when ¢ =0.25

(c) Show that P never returns to O

©))
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Question 3 continued

(Total for Question 3 is 11 marks)
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e ™)
2. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.
A particle P is moving in a straight line.
At time 7 seconds, the speed, vms ™', of P is given by the continuous function
N2t +1 0<r<k
V=93
—t t>k
4
where k is a constant.
(a) Show that k = 4, explaining your method carefully.
3
(b) Find the acceleration of P when ¢ = 1.5
3
At time ¢ = 0, P passes through the point O
(c) Find the distance of P from O when =8
)
\ y,
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Question 2 continued

(Total for Question 2 is 13 marks)
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SUB-TOPIC M2.1b

PROJECTILES

Sub-topic M2.1b - 16 questions - 195 marks - lowest tariff first
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. ™
4. [In this question i and j are unit vectors, with i horizontal and j vertically upwards.]
(xi+ yj)ms™
Diagram not to scale
" B]
10m
(3i-15j)ms™
A C
Figure 3

The fixed points 4 and C lie on horizontal ground.

The point B is vertically above 4, with 4B =10m.

At time ¢ =0, a particle P is projected from B with velocity (xi+yj)ms™, where x and

y are positive.

Particle P moves freely under gravity and hits the ground at C.

At the instant before P hits the ground, the velocity of P is (3i -15 j)ms’l, as shown in

Figure 3.

(a) Find the value of x and the value of y.

C))
(b) Find the distance AC.
O
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Question 4 continued

(Total for Question 4 is 8 marks)
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( )

3. [In this question, the unit vectors i and j are in a vertical plane, i being horizontal and
j being vertically upwards.]

The point 4 is on horizontal ground.
A ball is projected from A with velocity (8i + 14j)ms™'
The motion of the ball is modelled as that of a particle moving freely under gravity.

(a) Find the maximum possible height of the ball above the ground.
2

(b) Find the speed of the ball 2.4 s after leaving A.
3

The point B is also on the horizontal ground.
The point C is 3m vertically above B.
After the ball reaches its maximum height, the ball passes through the point C.

(c) Find the distance 4B.
6))

Q\?ﬂ
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Question 3 continued
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Question 3 continued

(Total for Question 3 is 10 marks)
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7. A small stone is projected from a point O on horizontal ground.
The stone is projected with speed 20ms ™ at an angle « to the ground.
When the stone is 11 m above the ground
« the vertical velocity component of the stone has magnitude Vms™'
« the horizontal velocity component of the stone has magnitude 2/ms '
In a model of the motion
» the stone is modelled as a particle moving freely under gravity
« the acceleration due to gravity is modelled as being 10ms
Using the model and the principle of conservation of mechanical energy,

(a) show that V=6
©))

Figure 3 shows a plane fixed to the ground at an angle of 60°

The stone hits this plane at the point 4.

Figure 3

The direction of the motion of the stone is perpendicular to the plane at the instant the
stone hits 4.

Using the model,

(b) find the height of 4 above the ground, giving your answer to 2 significant figures.
(6)

£
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Question 7 continued
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7. [In this question, the unit vectors i and j are in a vertical plane, i being horizontal and j
being vertically upwards.|

(6i + 12j)ms"’

A B
Figure 5

A small ball is projected with velocity (6i + 12j)ms! from a fixed point A on horizontal
ground. The ball hits the ground at the point B, as shown in Figure 5. The motion of the
ball is modelled as a particle moving freely under gravity.

(a) Find the distance AB.
4

When the height of the ball above the ground is more than 4 metres, the speed of the ball
is less than 10ms™!

(b) Find the smallest possible value of 4.
“

When the ball is at the point C on its path, the direction of motion of the ball is perpendicular
to the direction of motion of the ball at the instant before it hits the ground at B.

(c) Find, in terms of i and j, the velocity of the ball when it is at C.
3

£
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Question 7 continued

INZ]
61



ANSWER >

Leave
blank

Question 7 continued
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Question 7 continued
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8. [In this question i and j are unit vectors, with i horizontal and j vertical.]
(4i+ 7j)ms"’
A B
Figure 6
The fixed points 4 and B lie on horizontal ground.
At time ¢ = 0, a particle P is projected from 4 with velocity (4i + 7j)ms”’
Particle P moves freely under gravity and hits the ground at B, as shown in Figure 6.
(a) Find the distance 4B.
C))
The speed of P is less than 5ms ™' for an interval of length 7 seconds.
(b) Find the value of T
3
At the instant when the direction of motion of P is perpendicular to the initial direction
of motion of P, the particle is # metres above the ground.
(¢) Find the value of A.
C))
\ J
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Question 8 continued
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e ™)
7. [In this question, the unit vectors i and j are in a vertical plane, i being horizontal and
j being vertically upwards.]
QQui + uj)ms’'
o
. 80m R
Figure 3
A golf ball is hit from a point O on horizontal ground and is modelled as a particle
moving freely under gravity. The initial velocity of the ball is (2ui + uj)ms
The ball first hits the horizontal ground at a point which is 80m from O, as shown
in Figure 3.
Use the model to
(a) show that u = 14
(6)
(b) find the total time, while the ball is in the air, for which the speed of the ball is
greater than 7417 m's™
)
\ y,
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7.
0 « 40m » B
Figure 4
The fixed point 4 is 20m vertically above the point O which is on horizontal ground. At
time ¢ = 0, a particle P is projected from 4 with speed 12ms™" at an angle #° above the
horizontal. The particle moves freely under gravity. At time ¢ = 5 seconds, P strikes the
ground at the point B, where OB = 40m, as shown in Figure 4.
(a) By considering energy, find the speed of P as it hits the ground at B.
C))
(b) Find the least speed of P as it moves from 4 to B.
2
(¢) Find the length of time for which the speed of P is more than 10ms.
(6)
|\ J
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Question 7 continued
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(~ N &

8. A particle P is projected from a fixed point O. The particle is projected with speed
ums™' at angle a above the horizontal. The particle moves freely under gravity.
At the instant when the horizontal distance of P from O is x metres, P is y metres
vertically above the level of O.

gx’

(a) Show that y =xtana — =—
2u?

1 + tan’a
( )

(6)

A small ball is projected from a fixed point 4 with speed Ums™ at #° above
the horizontal.

The point B is on horizontal ground and is vertically below the point 4, with

AB =20m.

The ball hits the ground at the point C, where BC = 30m, as shown in Figure 4.

Ums!

4 A0°

20m

25ms™!

B 30m C

Figure 4

The speed of the ball immediately before it hits the ground is 25ms™!
The motion of the ball is modelled as that of a particle moving freely under gravity.

(b) Use the principle of conservation of mechanical energy to find the value of U.

(©))

(c) Find the value of
3

£%A
74



ANSWER >

( )

Question 8 continued

INZ]
75



ANSWER >

( )

Question 8 continued

INZ]
76



ANSWER >

( )

Question 8 continued

INZ]
77



ANSWER >

( )

Question 8 continued

(Total for Question 8 is 12 marks)

TOTAL FOR PAPER IS 75 MARKS

INZ]
78



ANSWER >

4. [n this question i and j are unit vectors, with i horizontal and j vertical.]

(4i + 4j)ms "

Figure 3

The fixed points 4 and B lie on horizontal ground.

At time ¢ =0, a particle P is projected from 4 with velocity (4i + 4j)ms

Particle P moves freely under gravity and hits the ground at B, as shown in Figure 3.
At time 7| seconds, P is at its highest point above the ground.

(a) Find the value of T,
)

At time 7= 0, a particle Q is also projected from 4 but with velocity (5i + 7j)ms "'
Particle O moves freely under gravity.

(b) Find the vertical distance between Q and P at time T, seconds, giving your answer
to 2 significant figures.

(©))

At the instant when particle P reaches B, particle Q is moving at a° below
the horizontal.

(c) Find the value of a.
4

At time T, seconds, the direction of motion of Q is perpendicular to the initial direction
of motion of Q.

(d) Find the value of T,
3

£
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( )

5. The fixed points X and Y lie on horizontal ground.

At time ¢ =0, a particle P is projected from X with speed ums™" at angle 6 to the
ground.

Particle P moves freely under gravity and first hits the ground at Y.
u’ sin 20

J (6

(a) Show that XY =

The points 4 and B lie on horizontal ground. A vertical pole CD has length 5 m.
The end C is fixed to the ground between 4 and B, where 4C =12m.

At time ¢ =0,a particle Q is projected from 4 with speed 20 ms™ at 60° to the ground.

Particle Q moves freely under gravity, passes over the pole and first hits the ground at B,
as shown in Figure 4.

20 ms™!
D
Sm
60° L
A 12m C B
Figure 4
(b) Find the distance CB.
2
(c) Find the height of O above D at the instant when Q passes over the pole.
C))
\. J

£
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8. [In this question, the unit vectors i and j are in a vertical plane, with i being horizontal
and j being vertically upwards.)

(8i— 12j)ms’

(pi+gj)ms’!

Figure 4

At time ¢ = 0, a small ball is projected from a fixed point O on horizontal ground. The
ball is projected from O with velocity (pi + ¢gj)ms™', where p and ¢ are positive constants.
The ball moves freely under gravity.

At time ¢ = 3 seconds, the ball passes through the point 4 with velocity (8i — 12j)ms™, as
shown in Figure 4.

(a) Find the speed of the ball at the instant it is projected from O.
)

For an interval of T seconds the speed, vms™!, of the ball is such that v < 10

(b) Find the value of T.
C))

At the point B on the path of the ball, the direction of motion of the ball is perpendicular
to the direction of motion of the ball at 4.

(c) Find the vertical height of B above 4.
C))

£
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7. ii:t
Figure 5
At time ¢ = 0 a particle P is projected from a fixed point 4 on horizontal ground. The
particle is projected with speed 25ms™ at an angle a to the ground. The particle moves
freely under gravity. At time ¢ = 3 seconds, P is passing through the point B with speed
15ms™ and is moving downwards at an angle S to the horizontal, as shown in Figure 5.
(a) By considering energy, find the height of B above the ground.
3
(b) Find the size of angle a.
3
(c) Find the size of angle /.
3
(d) Find the least speed of P as P travels from A4 to B.
(0]
As P travels from 4 to B, the speed, vms™', of P is such that v < 15 for an interval of
T seconds.
(e) Find the value of T.
3
- J

£
92



ANSWER >

Question 7 continued

Leavew
blank

INZ]
93




ANSWER >

Question 7 continued

Leavew
blank

INZ]
94




ANSWER >

Leavew
blank

Question 7 continued

Q7

(Total 14 marks) |

INZ]
95



ANSWER >

( Leave | - :
blank |
8. 10ms!
A
hm
l 18ms™!
@) B
Figure 4

The fixed point 4 is 4 metres vertically above the point O that is on horizontal ground.

At time =0, a particle P is projected from 4 with speed 10ms™". The particle moves freely

under gravity. At time ¢ = 2.5 seconds, P strikes the ground at the point B. At the instant

when P strikes the ground, the speed of P is 18 ms™!, as shown in Figure 4.

(a) By considering energy, find the value of 4. 3
3)

(b) Find the distance OB.
5

As P moves from A4 to B, the speed of P is less than or equal to 8ms™! for 7 seconds.

(¢) Find the value of T
(6)

\ J

Q\?ﬂ
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8. [In this question, the unit vectors i and j are in a vertical plane, with i being horizontal
and j being vertically upwards.]

R

(24i + 7j)ms’’

_—7
B

Figure 3

A rough ramp is fixed to horizontal ground.

S 7
The ramp is inclined to the ground at an angle a, where tano = 24

The point 4 is at the bottom of the ramp and the point B is at the top of the ramp.
The line 4B is a line of greatest slope of the ramp and AB = 15m, as shown in Figure 3.

A particle P of mass 0.3kg is projected with speed U ms ' from A directly towards B.
At the instant P reaches the point B, the velocity of P is (24i + 7j)ms'

The particle leaves the ramp at B, and moves freely under gravity until it hits the
horizontal ground at the point C.

1
The coefficient of friction between P and the ramp is 3

(a) Find the work done against friction as P moves from 4 to B.

(&)

(b) Use the work-energy principle to find the value of U.

“4)
(c) Find the time taken by P to move from B to C.

3

At the instant immediately before P hits the ground at C, the particle is moving
downwards at 6° to the horizontal.

(d) Find the value of 8
C))
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7. [In this question, the perpendicular unit vectors i and j are in a vertical plane with i
being horizontal and j being vertically upwards.]

(3i +2j) ms™!

20m

Figure 4
A small ball is projected with velocity (3i +2 j) ms™! from the fixed point 4.
The point 4 is 20 m above horizontal ground.
The ball hits the ground at the point B, as shown in Figure 4.
The ball is modelled as a particle moving freely under gravity.

(a) By considering energy, find the speed of the ball at the instant immediately before it
hits the ground.

3

(b) Find the direction of motion of the ball at the instant immediately before it hits the
ground.

3)
(c) Find the time taken for the ball to travel from 4 to B.

3)
At the instant when the direction of motion of the ball is perpendicular to (3i +2 j) the
ball is & metres above the ground.
(d) Find the value of 4.

(6)

\ y,
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7. A particle P is projected from a fixed point O on horizontal ground. The particle is &
projected with speed u at an angle o above the horizontal. At the instant when the §
horizontal distance of P from O is x, the vertical distance of P above the ground is y. £
The motion of P is modelled as that of a particle moving freely under gravity.
gx2
(a) Show that y = xtana — eyl (1 + tan’a)
u
(6)
A small ball is projected from the fixed point O on horizontal ground. The ball is projected
with speed 20ms™! at angle 6° above the horizontal. A vertical pole AB, of height 2m,
stands on the ground with O4 = 10m, as shown in Figure 3.
B
20ms™!
2m
P
0
< 10m > 4
Figure 3
The ball is modelled as a particle moving freely under gravity and the pole is modelled as
a rod.
The path of the ball lies in the vertical plane containing O, 4 and B.
Using the model,
(b) find the range of values of & for which the ball will pass over the pole.
3
Given that € =40 and that the ball first hits the ground at the point C
(c) find the speed of the ball at the instant it passes over the pole,
6))
(d) find the distance OC.
(2)
\ y,

£
111



ANSWER >

Leave
blank
Question 7 continued

INZ]
112



ANSWER >

Leave
blank
Question 7 continued

INZ]
113



ANSWER >

Leave
blank
Question 7 continued

INZ]
114



ANSWER >

( LeaveN

blank
Question 7 continued
Q7
(Total 16 marks) |
TOTAL FOR PAPER IS 75 MARKS
END
. J
INZ]

115



MARK SCHEMES

official mark schemes, in the same order as the questions

116



< QUESTION

Question | Scheme | Mark | Notes
1 Accept column vectors throughout this question
la Differentiate r (both components) | M1 In each component at least one
power going down by 1
V= ( a3 —16t)i +(12t N ) i Al Accept as two separate
components
Equate i component of v to zero DM1 | Dependent on the first M1.
and solve for t Must start with a component of

the vector for v
Can have more than one value at
this stage.

Obtain (24—3\/§)j (ms™) Al | Accept 20j(ms™)or better.
(19.757359...)

Correct answer only
Answer must be a vector

[4]
1b Differentiate v (both components) | M1 For differentiating their v, even
if the method for obtaining it
was incorrect. Their v must be a
vector.

In each component at least one
power going down by 1

Obtain _ e Al Any equivalent form for
a= (12t2 —16) i+ (12 -3t )j acceleration
Obtain 176i+4j(ms*) Accept 180i +11j (ms ™) or
Al | better
ISW
[3]
@)
‘}'f‘



< QUESTION

2. d, i ...
a(4t i—3tj) M1
2t -3j Al
t=4:i-3j M1
(61 -3j) =3(v—(i—3j)) M1
v = 3i—4j Al

Speed = /37 +(-4)? =5 (ms™) M1A1

Notes for question 2
N.B. Column vectors are acceptable throughout.
2. M1 for differentiating r wrt to t with both powers decreasing by 1, must
be a vector. MO if i or j is missing and never reappear(s).
Al Correct vector
M1 for putting t = 4 in their v, allow a slip, must have attempted to

@)

differentiate e.g. v= % seen.

M1 for use of impulse-momentum (MO if g included or 3 missing) to
form an equation in v only using their u, which must have come from an
attempt at finding a velocity at t = 4.

MO if they use rat t = 4.

Condone (6i—3j) =3((i—3j)—Vv) and aslip.

Al correct v, seen or implied.

M1 Use of Pythagoras on their v

Al cao from a correct v




< QUESTION

PEARSON EDEXCEL IAL MATHEMATICS
General Instructions for Marking
1. The total number of marks for the paper is 75
2. The Edexcel Mathematics mark schemes use the following types of marks:

e M marks: Method marks are awarded for ‘knowing a method and attempting to apply
it’, unless otherwise indicated.

e A marks: Accuracy marks can only be awarded if the relevant method (M) marks
have been earned.

e B marks are unconditional accuracy marks (independent of M marks)

e Marks should not be subdivided.

3. Abbreviations

These are some of the traditional marking abbreviations that will appear in the mark
schemes.

e bod — benefit of doubt

e ft — follow through

e the symbole will be used for correct ft
e cao — correct answer only

e cso - correct solution only. There must be no errors in this part of the question
to obtain this mark

e isw —ignore subsequent working

e awrt — answers which round to

e SC: special case

e oc — or equivalent (and appropriate)

e d... or dep — dependent

e indep — independent

e dp decimal places

e sf significant figures

e X The answer is printed on the paper or ag- answer given

. |: or d... The second mark is dependent on gaining the first mark

4. All A marks are ‘correct answer only’ (cao.), unless shown, for example, as Al ft
to indicate that previous wrong working is to be followed through. After a misread
however, the subsequent A marks affected are treated as A ft, but manifestly absurd
answers should never be awarded A marks.

Lo
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< QUESTION

Q | Solution Mark | Guidance
la Allow column vectors.
_ar Powers going down by 1.
Use of v = dt M1 At least 2 powers going down .
V= (3t2 —8)i + (t2 —2t+ Z)j Al | Any equivalent form
_av Powers going down by 1.
Use of a= dt M1 At least 2 powers going down .
a=6ti+(2t-2)j Al | Any equivalent form
s - Must see acceleration stated as a
=24 2 e
I 6j(ms ) Al correct simplified vector. ISW
[5]
1b Form equation in t or T only using
Direction 2i + j M1 | direction. Condone use of 2 on the
wrong side. Using their v
Correct unsimplified equation in t
- (3T2 —8) = 2(T2 _oT + 2) or T. Solving not required for
, Alft | the M1
(T +4T -12= 0) Follow their v: i component = 2(j
component)
Only
T=2 Al Do not need to see method of
solution.
[3]
(8)



< QUESTION

Q Scheme Mark Notes
la _dx M1 At least 2 powers going down by 1.
Use of v=—2 Clear division by t is MO
v =6t> — 42t +60 Al Correct only
Set v=_0and correctly solves to M1 Complete method to obtain both
obtain 2 values for t values
(implied by correct answers seen)
(0=t*-7t+10=(t-2)(t-5))
Obtain t=2andt=5 Al Correct only. Allow 2.0, 5.0
[4]
1b | Distance =|x, — |+ %, = X,| M1 | Correct strategy dependent on their t
beingin 1<t <3
(=]45-52|+]52-41))
=11+7=18(m) Al Correct only
[2]
1c Use of a— dv M1 | Differentiate their v.
seota=- - Clear division by t is MO.
A power going down by 1
(a=12t—-42)
Obtain 6 (ms‘z) Al Must be positive — the Q asks for
magnitude
[2]
(8)
.Q,




MARK SCHEME - IAL M2 (WMEO2) - June 2025 - Q1

M2.1a Variable acceleration (calculus)

QUESTION SCHEME MARKS
NUMBER
1 N.B. Calculator warning :” Not entirely’
1(a) Differentiate displacement to find an expression for velocity. M1
v =8t° —42t* + 45t + 14 Al
Substitutest=2to findv =0
. 1 Al*
Or solves v=0 to give t= —2,2, 35
N.B. Only stating with no working t=2,v=0 or v=0,t=2 is A0
@)
1(b) Complete method to find total distance = |, — ;| +|X, = X,| M1
95 Al
> (M)
)
1(c) Differentiates velocity M1
24t° -84t +45
Substitute t = 1.5 into differentiated expression M1
Correct magnitude of acceleration Al
27 (ms™)
(©)
(8)
Notes for question
1(a)
M1 Differentiate given expression with at least two powers of t
decreasing by 1.
Al Correct differentiated expression.
Al* Obtain t=2 from correct and complete working. If solving
equation, and if any incorrect roots appear AQ.
1(b)
M1 Complete method to find the total distance. Do not condone
sign errors. (Xo=0 ,x2=38, x3=28.5)
Al Correct distance, must be positive
1(c)
M1 Differentiate velocity to find an expression for acceleration
with at least two powers of t decreasing by 1.
M1 Substitute 1.5 into their differentiated velocity.
Al Correct answer, must be positive.

&
RA
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< QUESTION

3a

Useof v= %
dt

M1

Recognisable attempt to
differentiate the given
expression

0=7t%(t2—5t+4)

DM1

Set v=0 and solve for ¢
Dependent on first M1

t=landt=4

Al

Correct solution only

(€)]

3b

s=|xl —x0|+|x4 —x1|

Ml

Correct strategy to find
distance for their value(s) of ¢
in [0,4]

Allow M1 if there is no
change of direction in the
interval

0 128 20
T e o
R

Alft

Correct unsimplified
expression for their distance
(provided there was a change
in direction in [0, 4])
Clearly using x(4) + 2x(1)
but x(4) miscalculated so
correct combined
expression never seen. M1
only

=56

Al

Correct solution only

(€)]

3¢

d
Use of a &
dt

M1

Recognisable attempt to
differentiate

3 1 1
a=3—5><42 —£><42 +14x4 2
2 2

Ml

Substitute # =4 in their a and
simplify

=42

Al

Correct solution only

3
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< QUESTION

3a Use of a — dv
seol a= a M Differentiate to obtain
. a=Acos3ti+ usintj
(a=18cos3ti-2sint j) el
1
Useof F=ma : F= Za M1 Must be working in vectors
9 A B :
F= ECOS 3ti— Esm tj Al Or equivalent. e.g. as a column vector
[3]
3b | 2cost+1=0 M1 Set j component of v =0 and solve for ¢
- 2 ISW if correct answer seen.
== Al Only answer 120° scores AQ here and
the final AQ
Use of v — dr Integrate v v-v1th respec't to t-to obtain
dt M1 r=pcos3t1+(t+qs1nt)](+C)
(r =-2cos3ti+ (t +2sin t)j(+C)) Condone if there is no constant of
integration.
Correct use of boundary condition to
i~ 3 find their C. Could be part of a definite
t=0, r= (41 - 3J)m Ml integral e.g.
. - . t
r=(-2cos3t+6)i+(r+2sint—3)j 4i—3j+ [/ 6sin3i+ (1+2cost) jdr

for their upper limit
Accept 4i+2.1j or better
one component correct

2 Al both components correct

ISW if they also offer 4i +120j

“correct” components after an MO are
fortuitous — A0

[6]
(€]




MARK SCHEME -

IAL M2 (WMEO2) - June 2025 - Q1

M2.1a Variable acceleration (calculus)

< QUESTION

Question Scheme Marks
Number
1(a) jk(S—tz)dt M1
=k(3t—%t3)+ © Al
t=0,v=0=>C=0 andt=15v=135
1.5
OR [k(3t —Etﬂ =135
3 b
> K(3x1.5—1x1.5%) =13.5 => k = 4*
3 Al*
@)
1(b) 1,
s=|43t—=t7)dt M1
J4@-2t)
s=a@x 12— ix ity 2 leis_t?) +Dandt=0s=0=>D=0
2 3 4 3
t
OR S=|:4(3><1t2—£><1t4)}
2 3 4 7
1 2 2
SO S=§t 18-t°)* INE
IRTAYY
Accept any equivalent factorised forme.g. s = w
)
B RN (k)(3t—%t3): 0 M1
t=3 Al
Whent=3,s=27 M1
Total distance = 54 (m) Al
(4)
Notes for question 1 9)
1(a) M1 Integrate a wrt t, with both powers increasing by 1
Al Correct integral
Al* k = 4 correctly obtained.
t=0and v =0 must be referred to but do not need to be actually
substituted in.
We must see the substitution of 1.5 and 13.5
1(b) M1 Integrate their v wrt t, with both powers increasing by 1, where v has
come from a valid attempt at an integral of a.
N.B. Allow without k being substituted.
Al* Given answer correctly obtained including “s = “
Must see reference to t = 0, s = 0 but do not need to be actually
substituted in.
1(c) M1 Equate their vto 0 and solve for t

Al cao

M1 Put their non-zero t, which must have come from v =0, into s

RA
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< QUESTION

Question

Number Scheme Marks

Al cao
N.B. t = 3 could come from a correct sketch of the graph of their v

Q\?ﬂ
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< QUESTION

Question Scheme Marks
Number
Useof a=3¥ D a=066i+2j Ml
Sa dt
t=0 = a=2j (ms?) Al ()
sb | 11(2t-4)=(3r -4) Ml
32 -221+40=0 = (t:?jt=4 -
v =44i+4j, speed =+/44" + 4 DM1
=4V122 (ms™) Al (4)
5S¢ Useof r = Ivdt M1
r=(£—4r)i+( —4)j Al
Set r =0 and solve for ¢ M1
£=4=0 = t=0,2,(-2)
£ —4t=0 = t=0,4
. . Al* (4)
the only common value is ¢ =0, so does not return to O.
Notes [10]
5a M1 Powers going down
Al Must see vector answer but ISW if go on to state the magnitude.

5b M1 | Use of velocity parallel to 11i+ j 11 must be on the correct side.

DM1 | Select the larger root (dependent on the previous 2 M1 marks and on 2 positive roots) and
use Pythagoras. Condone if they find both speeds

Al | Any equivalent simplified surd form (\/1952) ISW

44.18... implies M1 if correct surd form not seen.

Both values for speed given is A0

M1 Powers going up

Al If a constant of integration is introduced, they must conclude it is equal to the zero vector
M1 Consider both components

Or equivalent clear explanation of given result.
Al* Condone if they ignore ¢ =0. Do not need to see the roots. But do need to see the factorised
form for each component if using this method.

12




< QUESTION

Question | Solution Marks | Notes
3
i
R
25g
0 O
a—> 4
Use of FF'= uR Bl At least once
Resolve horizontally M1 Allow with their horizontal friction
4
S = gR (S =F A) Al Correct unsimplified equation
Resolve vertically M1 Allow with their vertical friction
3
gS+R=25g F,+R=25g
Al Correct unsimplified equation
ES+§S—25 S——SOO
R N T
Moments equation Any moments equation. Need all
Ml . .
terms & dimensionally correct
. 3
M(A):25g x1.5cos 6 = S><3s1n9+§S><3cost9
6 . N .
25gcosf— 3 Scosf=2Ssind Al Correct unsimplified equation
4 .
M(B): Rx3cos0 = 25gx1.500s0+§Rx3s1n0
M1AT1 for first equation, M1AT1 for second equation, M1A1 for third equation (i.e. mark in the
order in which they appear rather than as listed on the mark scheme).
If there are more than 3 equations, mark the 3 used or the best 3 if they go no further.
Can also be solved using one resolution and two moments equations.
Friction acting in the wrong direction scores A0.
6 600 Substitute to form equation in
25g—gS 25_? tan @ only
tan@ = o5 =1 7000 DM1 | Condone in decimals
—_— Dependent on M marks for the
37 equations
325 13 .
=—| == Al Or exact equivalent (0.325)
1000\ 40
®
SC It is possible to solve by resolving horizontally or M1AL1 for a correct resolution

vertically and taking moments about the centre:

1.5cos6’xR=l.50050x%S

+1.55in9><S+1.55in9><%R

M2A2 for a complete sets of
equations to solve

9

Lo
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MARK SCHEME - IAL M2 (WMEO2) - October 2020 - Q5

M2.1a Variable acceleration (calculus)

< QUESTION

Question | Solution Marks | Notes
Number
4a ABCD | PORV | RSTU | L
Mass
ratio o4 4 16 44 Bl Correct mass ratios for their split
cofm
from 4a 2a S5a (d) B1 Correct distances from vertical axis
AD for their split
Must be multiples of a
M(4D) Ml Moments about AD or a parallel
axis. Need all terms and
dimensionally consistent.
64x4a—-4x2a—-16%x5a =44d Al Correct unsimplified equation
Accept as part of a vector equation
168 42 Al* Obtain given answer from correct
d=——a=—a* workin
44 11 g
()
4b C of M of L lies at midpt of AC B1 Seen or implied
M(Mid pt 4B) Ml Use of moments to form equation in
k.
42 Al Correct unsimplified equation.
4 11 aM = 4akM Allow with a not seen
1 Al 0.05 or better (0.0454545...)
k= 2 Allow with a not seen
Q)
4b C of M of L lies at midpt of AC Bl Seen or implied by use of X =y or
alt tan45°=1
Find X and y for system Mi
From AB: EMa +8akM = (1 I k)M)_/ C_orrect_unsimpliﬁed equations in
11 Xandy
46 Al All ith a not
From BC:—aM = (1+k) M ow Wit @ ot seel
. i) 46 1 Al Allow with a not seen
X=y=>—+8k=—=k=—
11 11 22
4b C of M of L lies at midpt of AC Bl Seen or implied in moments
alt equation
. 42 M1 Complete method for moments
If G is c of m of L then tan ABG = — and take about B
46
moments about B
8asin45°x kM Al Correct unsimplified equation in &
_ Man/ 416; +42° sin(45° B ABG) Allow with a not seen
1 Al Allow with @ not seen
=>k=—
22
4b C of M of L lies at midpt of AC B1 Seen or implied in moments
alt equation

R
RA
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< QUESTION

Take moments about the centre of ABCD Ml
012 Al Correct unsimplified equation in k&
M x ;/1_ a=kMx42a Allow with a not seen
1 Al Allow with a not seen
=k=—
22
91
Question | Solution Marks | Notes
Number
Sa dv M1 Differentiate to obtain a — powers
= ar going down
= (61 — 9)i + ( 2%+ 1) j Al differentiation correct
=9i+7j (ms™) Al ISW if go on to find |a|
(&)
5b Instantaneous rest = v = 0i+ 0] M1 Set v =0 and solve for ¢
—3 (t _ 1)(t _ 2) -0 (Need both components equal to
- Zero)
and (—2)(1+3)=0
=>t=2 Al
r= Ivdt Ml Integrate to obtain r — powers going
up. Condone if no constant of
integration seen.
5 9, . 1, 1, . Al At most one error
=\t _Et +6t i+ gt +Et —6rj Al Correct integration
Allow column vector.
Allow A1AO0 for correct integration
and non-zero constants(s) of
integration
2 27\ DM1 | Correct strategy to find the
=2i——=j, distance= 224 (_j distance, i.e. substitute their value
3 3 for ¢ and use Pythagoras
Dependent on the two preceding M
marks
2130 Al 7.6 or better from correct work
=———=7.60 (m)
3
)
[10]
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M2.1a Variable acceleration (calculus)

< QUESTION

131

Q | Mark Scheme Marks | Marking guidance
3. | Useof l=mv—mu Accept equivalent e.g. I+mu=mv .
Dimensionally correct and must be using
M1 subtraction (but could be the wrong way
round). The use of 7 in place of the velocity
in the impulse momentum equation is MO
unless they recover. See below
O.2(v—4i +3j) = l(i +j) Correct unsimplified vector equation or pair
. . ) . of separate equations for the i and j
((X—4)| +(y+3)J =3 +5/7«J) Al components.
Condone column vectors with i and j
included in the components.
Use of Pythagoras for the speed M1 Correct use of Pythagoras and 49 for their
speed
X2 +y? =49 Al Correct unsimplified equation for their x, y
Form quadratic in x,y or A and solve for Dependent on both previous M marks. x° +
1 DM1 | —(x7)?>=49 or (y +7)*+ =y?49 or(5A+ 4)?
+(50—=3)249
4 Or equivalent
A= 3 or A=—— Al ]
5 5
** | Special case: Candidates who use 7 as a This maximum of 3 marks is only available
** | yector can score a maximum of for those candidates who “recover”.
** | M1IAOM1AQ for ; ; : :
. So, if all you see is A Ai+=—
*x | 1.42=+(10.8)%+ —()\ 0.6)? or equivalent y ]
ok 14 0.2 4(3i-3j)
*k DMlAQ fgr forming and solving a they score MOMOMO
** | quadratic in . If they recover to go on to form a “sensible”
equation using Pythagoras then they can
score the first 2 M marks, and potentially the
third M1 as well.
(6)
3
alt
v(i+J)
0.2(3i - 4j) /2)
@
Form vector triangle M1 Dimensionally correct. Allow incorrect
configuration
Correct triangle and correct lengths Al In speeds or momentum but not a mixture
Use scalar product to find cosine of angle | M1 Or equivalent method
1
Cosf=———= Al Allow *
52
Form equation in 4 e.g. by use of cosine rule
(222 +.41-0.96= 0) DM1 | Dependent on the first 2 M marks
3 4 .
A== o A=-—— Al Or equivalent
5 5
(6)
&
A



< QUESTION

4a | Use t=2and 3t* +2t =t>+kt o
(12+4=8+2k) M1 | Allow verification.
k=d * AL* Obtain given answer from correct working.
B Verification requires a clear conclusion.
2
4b Use of a= dv M1 | Differentiate the vector v
Tt Majority of powers going down
a=(6t+2)i+(3t"+4)j Al | Correct only
Use ||:| = m|a| DML1 | Correct use of Pythagoras and N2L
Dependent on the preceding M1
|F|=15x+14° +16* =3V113 AL o g\/452 or 32 or better (31.89....)
4
4c | Useof r= J'th M1 | Majority of powers going up
(1 4 .
r=(t*+t’(+A))i +(Zt4+§t2(+8)jj Al | Allow without constant of integration
. - . 3 2 . 1 4 4 2 -
Correct use of r =3i+4jwhent =0 to find r [r =(t +t +3)| +(Zt +§t +4)_|]
when t=2 DM1 )
Dependent on the preceding M1
Use of r=-3i—4j is M0
r =15i +16j Al | Correct answer only.
Accept column vector
4
(10)
‘}’[‘



< QUESTION

Question | Scheme | Marks | Notes
Accept column vectors throughout

Powers going up by 1.
Use of r=jvdt M1 | Allow one slip in the
powers

r =(%t3 —gtz + Aji +(-5t2 12t +B)j ap | Allow without

constant of integration

Uset=2and r=2i+6j when t=0 :

2a i
M1 Correct use of given

r=(%x8—gx4+2)i+(—5><4—12><2+6)j value to obtain r

Correct answer only
8. i Allow 2.7 or better
-3 ~38) Al ISW if they go on to

find the magnitude.
(4)

Use velocity and
direction to form an
equation in T
Condone if they have
(-)2 on the wrong side
2b of their equation

= —2(4T° -5T ) = (10T -12) Correct unsimplified
Al equation in T (or t)
(8T -20T -12=0) only

=>T=3 Al Only. Allowt=3.
(©)

v in direction of i - 2j M1

Powers going down
by 1
Allow one slip in the
powers
Correct use of their
2¢c Use of Pythagoras and t =2.5 M1 derivative to obtain
acceleration
Any equivalent

2 2 P simplified exact form.
8 =/(20-5)" +10° = \/ﬁ(z 5‘/1_3) ms Al Ignore decimals after
exact answer seen.

dv Coan
Use of a=— =(8t-5)i-10
seof a=— (a=(8t-5)i-10j) M1

(©)]
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Question | Scheme | Marks | Notes
They must have a dissection for which they should know or find the position of the
centre of mass (e.g. triangles and rectangles). A false assumption about the position
of the centre of mass of a trapezium results in 0/5.

Correct distances
Large | Small | Small | Whole from PQ or a
tri tri tri B1 parallel axis for
Dist 0 -2y 2y d their complete
PQ dissection
Mass | 27xy | 12xy |12xy | 27xy Correct mass ratios
ratio Bl for a complet

plete
dissection
Or a parallel axis.
Dimensionally
correct. Need all
non-zero terms and
Moments about PQ: M1 no extras. Condone
sign error(s). Allow
for +d
Check the logic
carefully.
Correct unsimplified
equation. Allow for
+d
Allow for correct
distance from a

3a

(27xyx0)—12xy x(-2y)+12xyx2y = 27xyd | Al

parallel axis
48 16 Obtain given result
d=—y=—y * Al* from fully correct
21 ° working.

There are many different approaches to this.

NB If they are using a trapezium they must show method for the distance. For PQBC the
correct value for distance centre of mass from PQ is S?y
Possible alternative moments equations include:
15xy><8?y+9xy><4—3}/+3xyx4y =27xyd using PQBC, PQDE and DEA

12xy X 2y + 15xy X 2 = 27xyd using PQA and PQBC

2x3Xyx Yy —3xy x Y +2x6xyx1.5y +2x3xyx 2y = 27xyd working from BC for the folded
figure.

2x3xyx 2y +4x 33Xy xy+2x6xyx1.5y+3xy x4y =27xyd working down from PQ

| G

X2
RA
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M2.1a Variable acceleration (calculus)

Question Scheme Marks
1(a) Use r :jvdt M1
Correct integration Al
Eg (t°+6t’ +12t)i+(gt3 +5t2jj+(c)
Or (t+2)3 i +[gt3 +5t2)j+(K)
Complete method using t =0, r =—30i —45j (m) and substitute t =3 | DM1
Indefinite integration
Use of t =0, r =-30i —45j(m) to find constant of integration and
substitute t =3.
Definite integration
. . 3
Use of r =(~30i—45j)+ | vdt
r =87i+45j(m) Al
(4)
1(b) Use a= av M1
dt
Correct differentiation Al
a=(6t+12)i+(10t+10)j
Substitute t =3 and find magnitude DM1
la|=50(ms?) Al
(4)
1e) | 3(T+2) =10T(T+2) M1
(3T+6=10T) (7T°+8T-12=0)
7.8 Al
7
()
(10)
Notes
1(a)
M1 Integrate to obtain r. Powers increase by 1 in both components.
Condone working with separated components. Condone missing
brackets with i-j notation. MO for suvat.
Al Correct integration. Condone missing constant of integration.
DM1 e Dependent on the preceding M1.
e Must have a constant of integration before using t = 3 (unless
using definite integration)
e Must use (—30i-45j)
e Must substitute t = 3
Condone working with separated components.
DMO if substitution of t = 3 occurs before finding + C.

RA
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< QUESTION

(£ +6t" +12t-30)i +(§t3 +5t° —45)1' C = (-30i - 45j)

t+2) -38)i+ Et3+5t2-45 j K =(-38i—45j
3

87
Al Correct answer, accept column vector (45]

Lo 87i
AO for poor notation in final answer eg 45
J

ISW if they continue and find |r|

1(b)

Differentiate to obtain a. Powers decrease by 1 in both components.
M1 Condone working with separated components and missing brackets
with i-j notation. MO for suvat

Al Correct differentiation

M1 Dependent on the preceding M1

Use of Pythagoras seen or implied +/30? + 40
Al Correct only

1(c)
M1 Correct method using the ratio of i and j components of v. Form an
equation in T only. Accept working intorT.

Al 0.86 or better. Condone t instead of T.




MARK SCHEME - IAL M2 (WMEO2) - January 2021 - Q5

M2.1a Variable acceleration (calculus)

< QUESTION

Question Marks Notes
Number | Scheme
4 6mx3a+4mx4a+5mx2a=15mxy Moments about a horizontal axis.
M1 Terms dimensionally consistent.
Condone slip with a
Needs all terms. Condone sign errors
(44ma =15my) Al Correct unsimplified
44a Or equivalent. Correct for their axis
y=- fromB Al | 46a 16a
15 —— fromA — from E (CD)
15 15
3a Moments about a vertical axis
5mx—+4mxa =15mx . . .
2 M1 Terms dimensionally consistent.
Condone slip with a
Needs all terms. Condone sign errors
23ma L
=15mx Al Correct unsimplified
. 23a from E ( AB) K (g; ¢zqulvalent. Correct for their axis
30 —— from C
30
23 Find a relevant angle using distances
30 measured from B
@no =274 M1 88
— (Allow for tanf=—)
15 23
Correct for their distances from B.
=§(: 0.261...) .
88 Alft ( horizontal j
vertical
0=14.64....=15° Al From correct working. The question asks
for the answer to the nearest degree.
[]

SR1: If a candidate has not used a in their working at all, marks as a misread. Maximum marks

available: MIAOAO M1A1A1 M1A1Al

SR2: If a candidate has a in their working, but not as part of their values for X and y the maximum
marks available are M1A1A0 M1A1A0 M1A1AL
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< QUESTION

Question Marks Notes
Number | Scheme
5@ | 5T?—12T +15=T%+8T -10 M1 Parallel to i+ j
=4T?2-20T+25=0 Al Correct quadratic in T
5
2
[3] - - -
5(b) a=(10t-12)i+(2t +8)j M1 Correct differentiation (at least 2
powers going down by one)
=18i +14j Al
Y PTIYT) Use of Pythagoras to find magnitude.
[af = V18" +14 DM1 Dependent on preceding M1
=+/520 =22.8 (ms?) Al 23 or better e.g. 24130
[4]
5(c) .o (§t3 et +15tji +(lt3 4 —10t]j M1 Integrate (at least 2 powers going up by
3 3 one)
Al At most one error
Al All correct
=(45—-54+45)i +(9+36—30)j
=36i+15j (m) Al
[4]
[11]
.&,




< QUESTION

3a dr M1 | Differentiate the vector. At least
Use v=— .
dt 3 powers going down
=4\, . Al one component correct
—(3=(e+1) i+ (206
v ( ( ) ! ( )J Al both components correct.
(2; - 6) =0=>¢=3 M1 | Equate their j component of
velocity to zero and solve for ¢
Must have seen a clear attempt to
differentiate
Speed = 2_5(m S—l) or equivalent Al Must be a scalar. A0 for 2.5i
[5]
3b dv Differentiate the vector. Powers
Use a= m M1 | going down and at least one
! constant goes to zero.
1 . Or equivalent correct expression
a=—(r+1)7i+2j Al | Allow if correct derivative
2 implied by correct substitution
4 o 16 Correct use of Pythagoras
(a 125 l+ 21] |a| V125 2 DMI Dependent on the preceding M1
~2.03(ms?) or better Al |2 “26545 or 2.0317...
[4]
3¢ | For r=0, (3t+2—2 /t+1)=0 and M1 | No need to consider ¢ = 0 as this is
excluded in the Q
(£ -6t)=0
t#0=¢=6but (3><6+2—2 /6+1)¢0 Al Clear explanation of the given
. i d4d result with no errors seen.
ence no solution and does not return e ( 342-2 \/m) _0
= 9¢* +8¢ =0 has no solution for
t >0 (need something to indicate
impossible)

There will be other alternatives

e.g. Show that the horizontal component of the velocity is always > 2, so no return
M1 for correct strategy Al for correct conclusion with no errors seen and sufficient
justification. Conclusion needs to be clear but does not need to be the exact wording

from the question.

An argument dependent solely on acceleration is unlikely to work — do send to
review if you find one worthy of merit.

2]

an

Lo
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Q Scheme Marks Notes

Dimensionally correct. Condone confusion
between before and after for A .

Allow if vectors seen in the working but the

1(a) | Expression for total KE before collision M1 modulus is used correctly
The two parts must be added together
Allow confusion of 2 kg and 3 kg
1 1
EXZXSZ +§><3><(32 +(-1? Al | correct unsimplified expression
=40 (J) Al cao
@)

change in momentum of A, must be a difference
1(b) | 2((3i+2j)-5j) M1 but allow subtraction in either order
Must be using the correct mass, 2 kg
Cao The final answer should be in terms of i and

—(Ri _Ri j because this is asked for in the question.
(6i-6) (N's) Al Accept 2(3i - 3j)
ISW
)

must use negative of their answer to (b) and the
initial velocity of B
Must be using the correct mass, 3 kg

1(c) | impulse-momentum equation for B M1
or CLM with correct terms (allow slip) and plus
signs
3(vg —(3i—]J)) = (-6i +6j) Arft | correct unsimplified equation
or 2x5j+3(3i—]j)=2(3i+2j)+3v, ft on their impulse from (b)
- . Cao Accept column vector
Vg =(i+j) (ms™) Al ISW P
(©)
(8)
7
A
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< QUESTION

4 | NB: For the whole of this question, confusion between horizontal and vertical is not
a misread
4a Seen or implied anywhere

x=3 Bl .

Do not accept x =3i

Complete method using suvat or
Use of v* =u” +2as M1 | energy to form an equation in y.
Condone sign errors

157 = y* +2x g x10 Al Correct unsimplified equation
2 sfor3sf.
$2=29, y=5.4 or 5.39 Al If final answer is y = 5.4j do not

penalise inclusion of a vector a
second time.
SC allow 4/4 for xi + yj =3i + 5.4j

[4]

4a =3 BI Seen or implied anywhere
alt B Do not accept x =3i
Equation for conservation of energy M1 | Require all 3 terms and no extras.

Dimensionally correct. Condone
sign errors. Must include m

Al Correct unsimplified equation —
any equivalent form
2sfor3sf.

If final answer is y = 5.4j do not

%mx(?az +152)=mg><10+%m(x2 +y2)

2 _— —_—
y =29, y=54o0r539 Al penalise inclusion of a vector a
second time.
[4]
4b | Time from B to C: M1 | Complete method using suvat and

their vertical speed.
Condone sign errors
-15=5.39—-gt (t=2.08) Alft | Correct equation in ¢ only
e.g. 10=15¢t—1 g’

ft on their 5.39 if used

Horizontal distance DM1 | Complete method using suvat and
=3t (= their x xtheir t) their x value.

Dependent on preceding M1
(AC =) 6.2(m) or 6.24(m) Al 2sfor 3 sf

NB Penalise over-accuracy only
once per question

[4]

®




< QUESTION

QUESTION SCHEME MARKS
NUMBER
3 Accept column vectors throughout this guestion
3(a) Complete method to find greatest height (h) M1
e.g.
0=14°+2(-g)h
h=10 Al
)
3(b) Vertical component M1
v=14-g(2.4)
Use Pythagoras to find M1
Speed = /8 + (14— 2.4g)?
12.4 or 12 (ms™) Al
@)
3(c) Relevant equation in t formed using vertical motion.
e.g. M1 Al
3=14t+%(—g)t2
Use Horizontal motion to find the required distance M1
8t
8x 2.6.. Al
21 0r21.0 (m) Al
©)

ALT method forming trajectory equation
Relevant equation in t and y formed using vertical motion.

| M1
=l4t——gt
v 5 &
Form relevant horizontal equation in x and t M1
x =8
Eliminate t to form correct equation in x and y Al
1 x )
y=14xE__g| L
: 8§ 2 g[ 8 ]
Substitute y=3 into correct equation and solve for x Al
21 or 21.0 (m) Al
©)

ALT method using Energy
Vertically: M1

%{m]{lf -v2)=3(m}g

Form vertical suvat equation in their vandt M1
v=14-gt

Al
1’% =14-gt

Lo
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M2.1b Projectiles

8x2.6... Al
21 or 21.0 (m) Al
©)
(10)
Notes for question
3(a)
M1 Complete method to find greatest height. Condone sign errors.
Al cao
3(b)
M1 Complete method to find the vertical component at t=2.4
Condone sign errors.
M1 Use of Pythagoras with both components to find speed
Al Correct answer, 2/3sf
3(c)
M1 Relevant equation formed using vertical motion. Condone sign
errors.
Al Correct unsimplified equation(s). (Note t = 2.62 (3sf) but does
not need to be seen for this mark)
M1 Use horizontal motion to find the required distance
Al Uses ‘larger’ t=2.6...to calculate distance AB
Al Correct answer with 2 or 3sf. Accept 21, 21.0.
Alt method Trajectory Enter marks in correct M and A
spaces
M1 Relevant equation formed in t and y using vertical motion.
M1 Form relevant horizontal equation in x and t
Al Eliminate t to form correct equation in x and y
Al Substitute t=3 into correct equation and solve for x
Al Correct answer with 2 or 3sf. Accept 21, 21.0.
Alt method Energy
M1 Form (vertical) energy equation,m’s may have been cancelled
and 82 may have been added to both velocity parts
M1 Form vertical suvat equation in their vandt
Al Substitute correct value for v ( %:11.71..) and solve for t
Al Uses t=2.62...to calculate distance AB
Al Correct answer with 2 or 3sf. Accept 21, 21.0.

RA
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M2.1b Projectiles

< QUESTION

6(a) M(A), Sx1.5a=mgacosé M1A1
S 2mgcosé
3 AL*
N.B. Allow RHS in any equivalent form with the same terms in any
order.
3)
6(b) V =mg—Scosé M1A1
*V = % (3—2cos’ ) Al*
3)
6(c) ;v seen or implied B1
Horizontal: F =Ssiné
Other possible equations:
Perp torod: Fcos@+V sind=mgsiné
. M1Al
Parallel to rod: Fsin@+mgcosd =V cosd+S
M(B): Fx2asinf@+mgacosd =V x2acosd+Sx0.5a
M(C): Fx1.5asin@+mgx0.5acosd =V x1.5acos8
M(G): Fasind+Sx0.5a=Vacosé
e.g. gx%G—ZcosZ@):wxsine DM1
Divide by cos® @ to produce an equation in tan DM1
6tan’H—7tan@+2 =0 Al
(6)
(12)
Notes for question 6
6(a) M1 for moments about A equation, dimensionally correct, correct no. of
terms, condone sin/cos confusion and sign errors
N.B. MO if @’s missing
Al for a correct equation (allow a different letter for S e.g. R, provided
it’s clear that R. = S)
AL* for given answer correctly obtained including “S = “but not
necessarily in the final line of working..
6(b) M1 for resolving vertically, correct no. of terms, condone sin/cos
confusion and sign errors
Al for a correct equation (allow a different letter for V e.g. R, provided
it’s clear that R, = V)
AL* for obtaining the given answer from fully correct working
including “ V = ..” but not necessarily in the final line of working.
N.B. If Sis never seen, can score max M1A1A0*
6(c) N.B. The first 3 marks below can be earned if the ‘equations’ appear in
(a) or (b).

A
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< QUESTION

B1 ;V seen or implied

M1 for another equation: either resolving or taking moments, correct no.
of terms, dimensionally correct, condone sin/cos confusion and sign
errors

Al for a correct equation

DML1, dependent on previous M, for substituting for V and S and using

F= ;V to give an equation in @ and m or g or both only

DM1, dependent on previous M, for dividing by cos® 6 and using
sec® @ =1+ tan’@ to produce an equation in tan

ALl for answer, or an integer multiple of answer, correctly obtained
N.B. Allow the terms in a different order.
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M2.1b Projectiles

< QUESTION

7(a) Use of conservation of energy M1
mezoz—lmv2=mgx11 Al
2 2
1 2 1 2 2\ _
mezo —Em(v +(2V)*)=mgx11 Al
V=6%* Al*
(4)
7(b) At A,
12 [’%OO
S
12
S= = (8V3) M1A1
cos30
%meOZ—%mSZ:mgH (from O to A)
M1A1
OR %ms2 —%mx (6° +12%) = mgh (from ht. 11m to A)
Solve forH or h (0.6) DM1
H=10m (2sf) Al
(6)
OR
At A, 12 _30°
W
W =12tan30° (4+/3) (OR: 12=Sc0s30° AND W =Ssin30°) | M1A1l
4 2
w? :(ZOXEJ —2gH (from O to A)
OR W?=(20"-12")-2gH (from O to A) M1AL
OR W?=6"-2gs (from ht. 11m to A)
N.B. All 3 equations are using positive UP
SolveforH (10.4) OR s=-0.6 so heightis 11-0.6=10.4 DM1
Height is 10 m (2sf) Al
(6)
(10)
Notes for question 7
7(a) M1 for an energy equation, dimensionally correct with correct terms,
condone sign errors
N.B. MO if not using energy.
N.B. If clearly using V, must include both horizontal and vertical cpts.
Al correct equation in v May find v first: (v® =180)
A1 correct equation in V then V?+(2V)? =180
Al* for correct given answer correctly obtained, by putting g = 10,

&
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< QUESTION

cancelling m’s and solving for V.

7(b) M1 for using perpendicularity at A to find S, the speed at A
Condone sin/cos confusion.

Al for correct unsimplified speed

M1 for complete method using energy to find an equation in S and H, or
S and h, correct no. of terms, condone sign errors

Al correct equation without S replaced

DM1, dependent on both M marks, solve for H

Al cao

OR

M1 for using perpendicularity at A to find W, the vertical velocity
component at A.

Condone 30° /60° confusion.

Al for correct unsimplified vertical component. Allow + or —.

M1 for complete method using suvat to find an equation in W and H,
condone sign errors,

N.B. They may find t first and then use that to form this equation.
Al correct equation without W replaced

DM1, dependent on both M marks, solve for H

Al cao




< QUESTION

5. For misreading which does not alter the character of a question or materially simplify
it, deduct two from any A or B marks gained, in that part of the question affected.

6. If a candidate makes more than one attempt at any question:

o [fall but one attempt is crossed out, mark the attempt which is NOT crossed
out.

o [f either all attempts are crossed out or none are crossed out, mark all the
attempts and score the highest single attempt.

7. Ignore wrong working or incorrect statements following a correct answer.

£
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General Principles for Mechanics Marking
(But note that specific mark schemes may sometimes override these general principles)

e Rules for M marks: correct no. of terms; dimensionally correct; all terms that need
resolving (i.e. multiplied by cos or sin) are resolved.

e Omission or extra g in a resolution is an accuracy error not method error.

e Omission of mass from a resolution is a method error.

e Omission of a length from a moments equation is a method error.

e Omission of units or incorrect units is not (usually) counted as an accuracy error.

e DM indicates a dependent method mark i.e. one that can only be awarded if a
previous specified method mark has been awarded.

e Any numerical answer which comes from use of g = 9.8 should be given to 2 or 3 SF.
e Use of g =9.81 should be penalised once per (complete) question.

N.B. Over-accuracy or under-accuracy of correct answers should only be penalised
once per complete question. However, premature approximation should be penalised
every time it occurs.

e Marks must be entered in the same order as they appear on the mark scheme.

e In all cases, if the candidate clearly labels their working under a particular part of a
question i.e. (a) or (b) or (¢),...... then that working can only score marks for that part
of the question.

e Accept column vectors in all cases.

e Misreads — if a misread does not alter the character of a question or materially
simplify it, deduct two from any A or B marks gained, bearing in mind that after a
misread, the subsequent A marks affected are treated as A ft

e Mechanics Abbreviations

M(A) Taking moments about A.

N2L Newton’s Second Law (Equation of Motion)

NEL Newton’s Experimental Law (Newton’s Law of Impact)
HL  Hooke’s Law

SHM Simple harmonic motion

PCLM Principle of conservation of linear momentum

RHS, LHS Right hand side, left hand side.

X2
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< QUESTION

Q Solution Mark | Notes
1 Driving force ( F) _ 35;)0 B1 Use of P=Fv
Equation of motion: M1 | Need all terms. Dimensionally
F—20V +480gsinfd =0 correct. Condone sign errors and
sin/cos confusion
3500 207 +40g =0 Al Correct unsimplified equation in
Vv V.
2012 =392V —3500=0 M1 | Form a 3 term quadratic equation
(= 0) inV
V=263 (26) Al 3 sfor2sf
Not % (follows use of
9.8)

3
51




< QUESTION

2a Allow column vectors throughout
U _dv M1 | Differentiate — at least 3 powers
A= going down by 1
(Ot 3¢ )i+ (67 —8) Al
=1. 5><((20 12)i+(24- 8)J) DMI1 | Substitute =2 and use F =ma
Dependent on preceding M1
=12i+ 24j Al Ignore magnitude of F if found
@
2b 52— =0 =t=5 B1 (Not moving when ¢ =0 so no
need to mention =0 )
Useof r= J'th M1 Integrate to find r — at least 3
powers going up by 1.
5, 1.4). (1, ). |Al Condone if no constant of
r= gt _Zt 1+ Et —ar i integration seen (since
t=0,r=0)
(625)_ (425) . Al Final answer 52i+210j or better
= — li+| —|j .
12 2 (52.083i +212.5j)
(C))

8]




< QUESTION

3a square | triangle | circle | T

mass 36 8 T 28—71
¢ 7
from 3a —a 4a d
AD 3

Mass ratio Bl

Distances from 4D or a parallel axis Bl

M(AD or parallel axis): M1 | Moments equation. Need all

terms and dimensionally
correct. Condone sign errors.
Al Correct unsimplified equation
for their parallel axis

36><3a—8><%a—7r><4a =(28-7)d

(108a—5—36a—47m =(28—7r)dj

g 324-56-127 4(67-37) Al* | Obtain given answer from
h 3(28-7) 4= 3(28-7) a correct working
Distance from BC is
(236 - 67[) a
3(28-7)
Allow 4/5 if seen.
3
3b 4(67-37) M1 | Complete method to form an
M(A): W x ma = kW x6a equation in & and W only

Dimensionally correct but

Or resolve vertically and use M(G), where G condone use of incorrect

is the centre of mass,

distsance(s)
T, +kW =W
4(67-3 4(67-3
TA ua = kW 6a _Ma
3(28—7:) 3(28—7:)
Al Correct unsimplified equation
4(67 —
ng H07237) s ossa
3(28 - 72')
k=0.51 Al Q asks for 2dp
3
[8]
‘yl
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M2.1b Projectiles

Q Scheme Mark | Notes
8a Use symmetry to find time taken: | M1 Or equivalent complete method using suvat to find the
—71=7-0t time taken e.g. find the time for vertical distance = 0
fo 14 (=1.428... Al Correct value seen or implied
g
Horizontal distance = 4t DM1 | Complete method using suvat to find the distance.
Dependent on the preceding M1
=571(m)or5.7(m) |Al 3sfor2sfonly 4scores AO
 scores AO (incorrect units)
[4]
8a Find speed and angle of projection | M1 Correct use of Pythagoras and trig.
alt
Speed =+/16+49 = /65 (msfl) Al Both values seen or implied.
Direction = tan’% (=60.3°)
u?sin2a DM1 | Or equivalent. Dependent on the preceding M1
Useof R=———
:5.71(m)or 5.7(m) Al 3sfor2sfonly
[4]
8b |v|:5:> v=4i+3jorv=4i-3j |Bl Correct vertical component seen or implied
-3=3-gT M1 Complete method to find T
eg.T= 14_ 2x 4
g g
T=0.6120rT =0.61 Al 3sfor2sfonly £ scores AO
2 scores AO (incorrect units)
[3]
8c 4\ (4 0 M1 Or equivalent method to find perpendicular velocity
7)\p)
16 4 16 . Al Correct vertical component
= P=-7 v=am—) Allow -2.28. ..
162 , DM1 | Complete method using suvat or energy to form an
((—)7) =7°-2gh equation in h only.
Dependent on the preceding M1
h=2230rh=22 Al 3 sf or 2 sf only cso (negative vertical component seen
at some point)
[4]
8c 4 4 Or equivalent method to find time when velocity
alt 7\ 7-qt)” 0 M1 perpendicular
t:§(= 0.947.") AL Correct time
9
> - —
h=7t-1gt DM1 OCrg)Ir;plete method using suvat to form an equation in h
h=2230orh=22 Al 3 sfor2sfonly cso
[4]
(11
A
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MARK SCHEME - IAL M2 (WMEO2) - June 2024 - Q7 M2.1b Projectiles < QUESTION

Q Scheme Marks Notes
7(a) | Horizontal distance M1 equation with correct terms, condone sign
errors
2ut =80 Al correct equation
Vertical distance or vertical speed M1 equation with correct terms, condone sign
errors
correct equation in t
0=ut _1 gt? Al Alternatives include —u=u-—gtor
2 O=u-git
Solve for u
eg.u L80_1 80 DM1 | Dependent on the two previous M marks
2u 2 4u?
u=14* Al* | obtain given answer correctly

If they consistently have u horizontal and 2u vertically, then mark as a misread. MIAOM1AOM1Al
Fortuitously, they do obtain the given answer

(6)
2 2 2 form an equation in v only (v is vertical
70) | vi=(7V17)°-28 M1 | component)
=>v=7(or-7) Al second value not needed
Use of suvat to find the required time ]
Check their logic. Have they found the Dependent on the first M mark.
time speed is < 717 or the time the speed DM1 | Complete _method to obtain the required time.
. condone sign errors
is > 7\/1_7 ?
5
7=14—-¢gt :t=7=0.71... Al Obtain a relevant value of t

For the required time to 2 sf or 3 sf

.5
Total time = 2X7 =140r1.43(s) Al AO for g ; follows the use of an approximate

value for g
The misread from (a) will give No further penalty for the misread if the
v=+637 =+7\13 (+25.2), critical penalty is already applied in (a)
value of time t = 0.282, required time 0.56
(s)
(©)
A
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M2.1b Projectiles < QUESTION

1 1
7;? Em(282 +14%) —Em(Y\/1_7)2 =mgh M1 form an equation in h only
=>h=75 Al Correct only
Use of suvat to find the required time ]
Check their logic. Have they found the Dependent on the first M mark.
time speed is < 7417 o the time the speed DM1 | Complete _method to obtain the required time,
. condone sign errors
is > 74172
1 R 5 15 .
7.5:14t—§><9.8t :>t=7,t=7 Al Obtain at least one relevant value for t
20 (15 5 For the required time to 2 sf or 3 sf
Total time :7_[7_7j = 140r1436) | 5y AO0 for g : follows the use of an approximate
value for g

The misread from (a) will give the same
value for h (7.5), t =5.43 and t = 0.28, so
required time 0.56 (s)

©)

7b alt | Use 7+/17 to form an equation in t only M1
=>7\17 = (14— gt)” + 28 Al | Or equivalent
Solve to find the required time Check their Dependent on the first M mark.
logic. Have they found the time speed is DML | Complete method to obtain the required time,
< 7+/17 or the time the speed is > 7+/17 ? condone sign errors
5 15 .
147 = 2gt — g°t? :>t=7, t == Al | Obtain at least one relevant value for t
20 (15 5 For the required time to 2 sf or 3 sf
Total time :7_(7_7) = 140r143(s) Al | AO for g : follows the use of an approximate
value for g
©)
(11)
7
A
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| | [ [
Question Scheme Marks Notes
Number
7a Equation for conservation of energy. MI Need all terms. Condone sign errors
1 XM X144+ Mx g x 20 = 1 mv2 Al Correct unsimplified equation with at most
2 2 one error
Al Correct equation (with or without m)
v=230r 23.2 Al Max 3 s.f.
[4]
7b 12cosfx5=40 M1 Horizontal motion
Condone sine/cosine confusion
(minimum=) 12cos@ =8 (ms™) Al Final answer : do not ignore subsequent
working
[2]
7c Speed = 10 = Vertical component =6 (ms?) | Blft Follow their horizontal component
(i)6:12sin0—gt M1 Vertical speed
\/g Al Correct equation for one value of t or for the
=12x——gt time interval.
3 Correct trig value seen or implied
(t=0.30.. and t =1.52..)
Time =1.52.. - 0.30.. = 1.22... (s) Al Correct interval
Required time = 5-1.22 (s) M1 Find required time — follow their 1.22
=3.78 (s) Al Or 3.8. Max 3s.f.
[6]
Alternatives for M1A1A1
Use of v=uU+at (M1)
—-6=6-—gt (A1) Or find time to top and double it
12 (A1)
g
Vertical speed: 6 =12sin6 - gt, (M1)
-6=12sin0—gt, (A1)
(A)

12
12=9g(t,-t,) . tz—t1=g
Alternatives for BIM1A1A1

22 (B1) Using energy
ht above A E 2.24... seen or implied e.g. by 22.24...
1 M1 22 .
Use of s:ut+§at2 (M1) 20+E used with 12sin @ is MO
Al
Q:lZsinet—lgtz (")
g 2
Time =1.52.. - 0.30..=1.22... (s) (A1) Correct interval
Speed 10, angle to horizontal (B1)
a = 10cosa =8
Time to top: 0=10sina — gt (M1)
10x0.6 = gt (A1)

t .
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< QUESTION

Al
Total time =E (AD)

[11]

INZ]
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M2.1b Projectiles

< QUESTION

8a | Condone use of & or a mixture of @ and o throughout but final answer should be in one
variable.
Equation for horizontal distance M1 Complete method using suvat.
Condone sine / cosine confusion
X=ucosat Al Correct only
Equation for vertical distance Complete method using suvat.
M1 Condone sine / cosine confusion and
sign error
. 1
y=usinat —Egt2 Al Correct only
t= X Substitute for t to obtain y in terms of
ucosa
, oML | % and «a _
_using. X _g( X j Dependent on the 2 preceding M
y ‘ucosa 2\ ucosa marks
gx? 2\ % Obtain given answer from full and
= y=Xtana _2_uz(1+ tan 0‘) correct working. Need some evidence
A" for the final step. 12 =1+tan’a
cos’ o
is not sufficient.
6
8b | Conservation of energy: M1 Method specified in the question.
Need all terms and dimensionally
correct. Condone sign errors
1 1
Em><252 :EmU2 +mg x 20 Al Correct unsimplified equation
U =153 (15) Al 3sfor2sfonly
3
8c | Use part (a) or work from first principles to 9.8x900 2
form an equation in tan @ M1 —20=30tan6 - ik (l+tan 0)
Obtain ~ 18.9tan*¢-30tan§—1.07 =0 Or 3 term equivalent Follow their U
(4410 tan’ @ —301tan 9—@ _ OJ Alft | Can be implied by a correct final
233 233 answer
=6 =58.3° or 58° Al 3 sfor2sfonly
3
(12)

KA
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M2.1b Projectiles

< QUESTION

Question

Scheme

Mark

Notes

3

Form impulse-momentum equation

M1

Dimensionally correct.

Accept answers in “vector” form, or as
separate components. Condone sine /
cosine confusion.

One correct equation Al e.g. one correct component of
I cos60°) 1|(12cosc 8
Isin60° ) 4||12sina ) (0
or
_(3cosa—2
| 3sine
| cos60° A2 8
Isin60° ) 4[|v,) (0
_(3cosa -2
| 3sina
if working parallel and perpendicular
to the initial direction
or one of 8sin60°=12c0s(30°+«a)
or I =0.25(12sin(30°+a)-8¢0s60°)
if working parallel and perpendicular
to the impulse
Form a second impulse-momentum M1
equation
correct second equation Al
Complete method to solve for | DM1 | Dependent on the two preceding M
marks. e.g. from
36=(1+4) +31° (41°+81-20=0)
I =+/6-1 (or 1.45 or 1.4) Al
[6]
3 2 M1 Use of | =mv—mu to draw a vector
alt triangle. Dimensionally consistent.
120°
|
2 Al Correct diagram
Form an equation in | M1 e.g. by using cosine rule
4+1%—-41¢c0s120°=9 Al Correct unsimplified equation
A correct cosine rule equation can
imply the first M1A1 if no diagram
seen
Solve for | Dependent on the 2 preceding M marks
DM1 | ,
1°+21-5=0
I =61 (or1.45or 1.4) Al
(6)

&
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M2.1b Projectiles

< QUESTION

Question | Scheme Mark | Notes
4a in 45° M1 Complete method using suvat
4—gT,=0 or T, = —\/ﬁsm 45
g
T, =0.408(0.41) Al | 3sfor2sfonly. Not 23
[2]
4b Height of Q above P: M1 Complete method using suvat and 7
and 4 for the initial vertical
components
h=(7T,—1gT2)-(4T,-1gT2) (=3T,) | Al Correct unsimplified expression in Ty
( Lo ) ( e ) (=31) or their Ty They do not need to have
substituted for Ty
(2.0408... - 0.8163...)
h=1.2(m) Alft | 2sfonly (3xtheirT,)
[3]
4c Correct time for P to reach B. Bl Seen or implied.
(75 ,0.816, or & or better)
Vertical component of speed M1 Complete method using suvat with
=7-gx2T, (=-1) 2Ty or their t for the time at B
MO if not using 7
¢ B +their 1 M1 Correct use of their 1 and 5 to find an
ana = equation in a relevant angle (e.g. 90 —
a)
a =11 Al 11 or better (e.g. 11.3)
If they use T in place of 2T1 can score BOMOM1AOQ
[4]
4d Form an equation in T, only M1 Complete method using suvat and
perpendicular gradients.
5 5
e.g. . =0
7))\ 7—dT,
Condone sign errors
(Vertical component of speed =+2)
(perpendicular direction is downwards
at 35.5° to the horizontal)
25
== 7-4T, Al Correct unsimplified equation
T,=1.080rT,=11 Al 3sfor2sfonly
[3]
(12)

&
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M2.1b Projectiles

Question Scheme Marks
5(a) Horizontal motion to find expression for the distance M1
(XY =)ucosét Al
Method using vertical motion to find relevant equation int,u, g, . | M1
Eg
e Using vertical distance =0 to find expression for time.
o Find expression for time to max height and x 2
Correct unsimplified equationint, u, g, 4. Al
usinHt—%gt2 =0
Solve to obtain the distance in terms of u, g and 4 DM1
i 25j Al*
XY = Ucos 0 x 2using _u“sin20
g
(6)
5(b 2 si °
(b) op - 20°xsin120° ML
g
CB=23(m)or CB =23.3(m) Al
2
5(c) Horizontal motion M1
12 =20co0s60°t Al
Vertical motion
y = 20sin 60°><1.2—%><g><1.22(—5) M1
Height above D = 8.7(m) or 8.73(m) Al
(4)
(12)
Notes
Over-accuracy or under-accuracy is penalised max once per
complete question. Penalise final A mark in the appropriate part.
Use of g = 9.81 or 10 is penalised max once per complete question.
Penalise final A mark in the appropriate part.
If both errors occur they could lose the final two A marks.
5(a)
M1 Use horizontal motion to find an expression for the horizontal
distance.
Al Correct unsimplified equation.
Method using vertical motion with relevant suvat to find an
equationint, u, g, & (condone use of 9.8).
M1 i i
MO if t = 2usin® ort= using is quoted (ie if it appears without
any evidence of method)
Correct equation, (condone use of 9.8)
Eg
Al . usinet—%gtzzo

&
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< QUESTION

e —usind=usind—gt
e usin@—gt=0 double the time.

DM1 Dependent on the preceding M marks. Solve to obtain the distance
interms of u, gand 6.

Al* Obtain given answer from correct working. Must recover g if 9.8 is
used. Must have XY = at this stage.

5(b)

M1 Complete method using result in (a), or using horizontal motion
from first principles, to find the horizontal distance CB.

Al Correct answer, 2sf or 3sf

5(c)

M1 Complete method for horizontal motion to obtain an equation in t. If
t=1.2 0.e. is seen in earlier working, it must be used in (c) to earn
the marks.

Al Correct unsimplified equation (t = 1.2)

M1 Method using suvat with vertical motion to obtain a relevant vertical
distance. Height of pole not required.

Al Correct answer, 2 sf or 3 sf



MARK SCHEME - IAL M2 (WMEO2) - October 2020 - Q8

M2.1b Projectiles

< QUESTION

Question | Solution Marks | Notes
Number
8a Horizontal component: p =8 Bl
Vertical component: —12=¢g—-3g M Complete method to find g using
suvat. Condone sign errors.
qg=174 Al 17 or better
Speed = /82 11742 Usp of P}fthagore}s to find speed
Ml using their velocity.
Independent M mark
=192 (19)(ms™') A1 | 3sfor2sf
6))
8b Use of Pythagoras to find vertical component Ml
vertical component = 16 Al Seen or implied Accept without +/-
—-6=6-9.8T Complete method using suvat to
DMI1 | find required time
Dependent on the previous M1
r=1.22 (1'2) Al 3 sfor2sf. Not @
49
“@
8b alt Use suvat and Pythagoras to form an equationin¢ | M1 Or an inequality
{24 (17. 4- gt)z -100 Al Correct .unsimpliﬁed equation for ¢
Accept inequality
Solve for T DMI Complete method to obtain 7'
Dependent on the previous M1
= 60
r=1.22 (1'2) Al 3 sfor2sf. Not —
49
“@
8c Velocity perpendicular )
9 M Complete method to find vertical
=> vertical component = 3 x8 component of velocity at B
16
=— Al
3
R 16 ) Complete method to find the
(—12) = (—j -2g (—h) DMI required vertical distance using their
3 vertical component of the velocity
Dependent on the previous M1
h=5.90 (5.9) (m) Al Max 3 sf
“@
8c alt 8 8 Complete method to find the time
. =0 andtime =3—¢ M1 from B to 4
17.4-gt || -12 rom 1o
Time =3-1.23...=1.768... Al
1, ) Complete method to find the
s=vi— Egt =12¢-4.9t DM] | required vertical distance using their
time
Dependent on the previous M1
s=5.9 (m) Al Max 3 sf

RA
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< QUESTION

Question Scheme Marks
Number
6a
Fa— "
Resolve vertically M1
IR+Ncosa=W Al
Take moments about 4 M1
7aN =4acosaxW Al
Obtain equation in R, W and « DM1
4

N:W><7cosa = Al* (6)

4 2
R:W—;Wcos a

4
=W[1——cos2 aj *
7

Alternative equations

Rsina+ Fcosa=Wsina
N+Rcosa=Wcosa+ Fsina
W.3acosa+ F.7asina = R.7acosa

M1
Al
. . M1
First 4 marks for alternative methods Al
DMI
Al* (6)
6a M1
Al Correct unsimplified equation
M1
Al Correct unsimplified equation

DM1 Solve for R in terms of /. Dependent on the 2 preceding M marks
Al* Obtain given answer from correct working

Alt: Parallel to the rod

Perpendicular to the rod

Moments about C

M1 Equation in R. All terms needed. Condone sin/cos confusion and sign errors

Al Correct unsimplified equation

Sufficient additional equations to solve for R in terms of . Dimensionally correct. All

terms needed. Condone sin/cos confusion and sign errors
Al Correct unsimplified equation

M1

13




< QUESTION

Question Scheme Marks
Number
6b R=W(1—ix—j=l7—W B1
7 10 35
Resolve horizontally M1
4 3 1
F=Nsing=—x——=x——=W
7 V10 Vo
6 Al
3
35
Use of F < uR M1
6
Su>— Al 5
M2 ©)
Notes [11]
6b B1 Seen or implied
M1 Obtain equation in
Al Correct unsimplified equation in F and W (trig. substituted)
(0.171W)
M1 Correct method to find the critical value. Condone with any symbol.
Al 0.35 or better (0.3529.....) from correct working
Final answer. Do not ISW

14




< QUESTION

Question Scheme Marks
Number
7a NB: sine/cosine confusion is not condoned in projectile questions M1
Use of conservation of energy
lm><252=lm><152+mgh Al
2 2
= h=200r20.4 (m) Al (3)
7b Vertical distance M1
20.4=25sinax3—-4.5x9.8 Alft
a =59°o0r59.3° Al (3)
7c Horizontal component of speed is constant M1
= 25cosa =15cos Alft
B =32°0r31.8° Al (3)
Vertical distance
7ealt | 50.4=—15sin fx3+4.5x9.8 M1
Alft
B=32°0r31.8° Al G)
Notes
7a M1 Need energy equation with all 3 terms. Must be dimensionally correct. Condone sign errors.
Al Correct unsimplified equation
Al Max 3 sf Not 1000 nor @
8
7b M1 Use of suvat to find o
Alft | Correct unsimplified equation in their 4
Al 0.554 rads. Max 3 sf From CWO
Te M1 Or horizontal distance travelled
Alft Correct unsimplified in « or their &
Al 0.554 rads. Max 3 sf From CWO
Tc alt
M1 Use of suvat to find f
. _ 1 2 . . . . .
Alft e.g. using s =vt 5 gt” . Correct unsimplified equation in their /
Al 0.554 rads. Max 3 sf From CWO

15




< QUESTION

Question Scheme Marks
Number

d Min speed = horizontal component = 25cosa (= 15cos S ) IXIII @)

=130r12.8 (ms™)

Te By considering vertical component of speed at B: Ml
15sin31.8°— g7 =—15sin31.8° Alft
T=1.60rl.61 (s) Al 3)

Notes [14]

7d M1 | Follow their angle. Must show working if using incorrect angle.
Al Max 3 sf From CWO

7e M1 Complete method using suvat to find T
Alft | Correct unsimplified equation in 7 - follow their angles.
Al Max 3 sf From CWO

16




< QUESTION

Question Scheme Marks
Number
2u 3u
g ‘
S 7
Change in KE
4m y 3m 473 Mi
—(4uz—vz)+—(9uz—wz)=—mu2 Al
2 2 24
(48v7 +36w” =43u”)
Equation for CLM M1
Need all terms. Dimensionally correct. Condone sign errors.
8mu —9mu = —-4mv +3mw Al
(u =4v— 3w)
M1
Impact law
Al
w+v=Seu
4y—uY u+3wY
48v2+36( 3 j =43y’ Or 48( 2 } +36w =43u’ DM1
Or ﬁ(1 +15¢)" +ﬁ(20e—1)2 =43
49 49
112v* = 32uv —39u” = 0 63w” +18uw—40u” =0 DM1
r
=(4v-3u)(28v+13u) =(21w+20u)(3w-2u)
Or 25200¢* =2023
Notes

The first 8 marks are available if they have ignored the information about the final directions
Work with their directions. Ignore the diagram if that is to the candidate’s advantage.

M1 Need all terms. Dimensionally correct. Accept +

Al Correct unsimplified equation in v, w or their v, w

M1 Need all terms. Dimensionally correct. Condone sign errors.
Al Correct unsimplified equation with their correct signs

M1 Must be used the right way round
Al Or equivalent in their w, v. Signs for v, w consistent with CLM eqn

DM1 | Form equation for v or w or e
Dependent on M marks scored for the equations used.
DM1 Solve for v or w or e . Dependent on the preceding M

17
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M2.1b Projectiles

8a Need all three terms and
Conservation of energy M1 dimensionally correct. Condone
sign errors.
1 1
Em x10> +mgh = 5 mx18? Al Correct unsimplified equation
h=114 (11) Al 3 sfor 2 sf only (not%)
3 .
8b Vertical distance M1 Complete method using suvat to
find angle of projection
. 1
1051n05><2.5—5g><2.52 =-11.4 Alft | Follow their &
50° or better (50.1618...)
Accept 50.3° from11.4
@ :.50'20 Al Seen or implied
or 10sina =v, =7.7678.... Might see sinaz = £ or
v, =48
Horizontal distance=10cos o x 2.5
M1
or {/100—v,” x2.5
=16.0 (16) (m) Al 3 sfor 2 sfonly
()
8c Using energy: )
1 1 M1 Complete method to find height
5mx64+mgs=5mx100 above 4
s =1.8367... Al 1.8 or better
Use of suvat to form equation in ¢ Ml
1.84 =10sin50.2x ¢ —4.9¢> Al Correct unsimplified equation
Solve for ¢ and find difference between Com.plete.method to find the
DM1 | required time Dependent on 2
roots .
previous M marks
7=0.98 or 0.978 Al 2 sfor3sf
()
8c Complete method to find
alt Use of Pythagoras MI vertical component of speed
Vertical speed
Al Awrt 4.8 or bett
J64—(10cos@)’ = 4.8... WL .6 of betler
Use of 10sina — gt ==%v to find ¢ M1
105in50.2° - gt, = 4.8 Al Correct unsimplified equations
10sin50.2 — gt, =—4.8 Could also find time to top
Complete method to find the
T=t-t=127.-029. DMI1 | required time Dependent on 2
previous M marks
=0.98 or0.978 Al Final answer. 2 sfor 3 sf
(6
8calt | Use of Pythagoras to form quadratic in ¢ Ml
(105in0—gt)2+(100056’)2 =64 Al
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Simplify and substitute for trig Ml
36+9.8°t* —150.5t =0 Al

Complete method to find the
T=t,-1t,=127..-0.29. DMI | required time Dependent on 2

previous M marks

=0.98 or0.978 Al Final answer. 2 sfor 3 sf
[14]
INA
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Q | Mark Scheme Marks | Marking guidance
) Seen or implied.
8 | Normal reaction between P and ramp Condone sin / cos confusion (implied by
a
@ (R)=0.3g cosa:(0.3gxg:2.82...j ML | e of L)
25 25
Work done against friction= % Rx15 M1 Use of WD = xR x distance with their R
=8.47(8.5)(J) Al 3sfor2sf
3
8 | Work-energy equation M1 All terms required. Dimensionally
(b) correct. Condone sign errors.
Follow their answer to (a)
10307 =103x257 4 (a)+03xgx(15sina) | Atft Correct unsimplified equation with at
2 2 Alft most one error.
Correct unsimplified equation
U=276 (28) Al 3sfor2sf
4
8 | Time to ground: M1 Complete method using suvat to form an
(c) equation in t
—15sina =Tt _% gt’ ALft Correct unsimplified equation in t ft their
4.2
t=1.88 (1.9) (s) Al | 3sfor2sf 3 jsAQ
3
8 | Vertical component of speed M1 Or use energy to find the speed
(d)
=+(7—(theirt)x9.8) (+11.459....) or
0.15x625+.3x9.8x their 4.2 =0.15v*
Alft (V = 26.59....)
condone Vv = l ‘567
Correct use of trig:  tang° = w M1 or cos@° = L
24 their speed
0=255(26) A1 | 3sforzsf
4
Reminder: The accuracy penalty for overspecified answers should be applied only once in any question (the
first time seen). Similarly for the use of g = 9.81. If they make both of these errors they lose 2 A marks. The
penalty applies to the final mark in any part.
[ (4]
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MARK SCHEME - IAL M2 (WMEO2) - June 2023 - Q7

M2.1b Projectiles

< QUESTION

Question Scheme Marks Notes
Q requires energy. Need all terms and
Energy equation M1 dimensionally correct. Condone sign
error.
Ta 1 ., 1 - .
Emv :Em(9+4)+ mg x 20 Al Correct unsimplified equation
v=20(20.1) (msfl) Al 2 sf or 3 sf only. Not 9+/5
@)
Complete method to find the direction as an M1 Complete method to find trig ratio for a
angle relevant angle
Correct unsimplified equation for a
Cosa = their (@) Alft relevant angle.
7b eir (a) Follow their part (a)
Or equivalent.
) 2 sfor 3sf.
o =81°(81.4°) below the horizontal Al Needs to be clear on a diagram or in
words where the angle is measured.
Accept “to the horizontal”
(©)
Complete method to find the direction as a M1
vector in i and j or as a column vector
7b _ Correct unsimplified equation. Follow
alt Component = /(a)? -9 AL | i part (a)
N . . 2 sf or 3 sf.
Direction 3i - 19.9] Al ISW after correct vector seen
@3) .
Form an equation in t M1 Complete r_nethod using suvat
Condone sign errors.
1
eg. —20=2t—=gt* or
c 2 Al Correct unsimplified equation
(-20.1...)sina=2—-gt
t=2.2(2.23)(s) Al 2 sf or 3 sfonly
(©)
: R NTT Horizontal component unchanged and
Perpendicular velocity =31 -4 Bl vertical not equal to +2. Seen or implied
Complete method to solve for vertical
S o\ (2 4E\ component
(3l * 21)'(?” ;LJ) =0 M1 If using angles, they should be using
56.3° for the perpendicular direction.
(a9 -1 Correct vertical component seen or
DV—((?") ZJJ(mS ) Al implied
Complete method to find the vertical
7d Use of suvat or use of energy to find relevant dM1 component of perpendicular velocity.
distance Dependent on the previous M1 Working
with 3i — 2j is not equivalent work
9\ _,
5) " 2°+2gs or Correct unsimplified equation for their
1 1 81 Al distance
=m(13)+mgs = —m[9+—j
2 2 4
h=20-5=19(19.2) Al 2 sfor 3 sf
(6)
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M2.1b Projectiles

7a Horizontal distance M1 Correct use of suvat
xX=ucosat Al Correct equation
Vertical distance Ml Correct use of suvat
o L, Correct equation. Correct signs.
y=usnat 2 gt Al Condone if not using “y”
X
1= =
ucosa
. X g X ? Dependent on the first 2 M marks.
y=usma. ucosa 2\ ucosa DM1 | Substitute for  to obtain y in terms
, ofxand &
X
=xtana —g—zsec2 a
2u
Obtain given answer from correct
2 working (final step needs to be
y=xtana — & 5 (1+tan2a) * Al* | explained).
2u Allow if sec’ o seen.
Must be “y” here
[6]
7b u=20,x=10,y>2 =
100g 5 Use given values to form
2=10tan6 - W(l +tan” 60 ) M1 quadratic in tan @ or equivalent
equation in one trig function.
& tan? 0—10tan 6+ 2.8 120 Allow working with =, <or>2
8 8
Critical values:
9°—=18.6° or 6° = 82.7° Al One correct value to 2 sf or better
Accept <or <
Range: 18.6 <0 <82.7 Al (19§H$82 or 83) max 3 sf
[3]
7 . i i
c =10 tan 40° - 9.8x100 (1 + tan? 400) Mi Us.e given formula to find vertical
2% 400 height
_ Can be implied by correctly
r= 6'3<03"') (m) Al substituted formula
Dependent on the first M1.
Conservation of energy DMI1 | Need all 3 terms. Dimensionally
correct. Condone sign errors.
1 mv? = 1 mx 400 — mgy Alft Corre(.:t unsimplified equation in y
2 2 or their y
v=17 (16.6) (ms") Al | 2sfor 3sfonly
[5]
Tc Complete method using suvat to
alt 20c0s40°¢ =10 , ¢ = 1 —0.653.... Vertical. component of speed e.g.
2 cos40° M1 by finding time taken then use of
Tv, =20sin40°— gt v =u— gt or finding vertical
distance and using suvat
6.5 or better (not final answer so
=6.5 (6.459...) Al allow > 3sf or a correct
unsimplified expression)
V= (vH )2 + (VV )2 DM1 | Correct use of Pythagoras
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Dependent on preceding M mark

Horizontal component of speed

— (o) .
< v, =20c0840°(=153....) AL | o on impliod
v=17 (16.6)(ms™) Al | 2sfor 3sfonly
[5]
7d 9 8> M1 Complete method to solve for x.
0=xtan40°~=—(1+tan® 40°)
800
x=40 (40.2) (m) Al 2sf or 3sf only
[2]
thl y=0=s 1= 40sin 40° (=2.623..) M1 | Complete method to solve for x.
g
x =20c0s40°x¢
x=40 (4(),2) (m) Al 2sf or 3sf only
[2]
7d 20%sin 80° M1 Complete method to solve for x.
Alt2 | Range=———
g
=40 (40.2) (m) Al 2sf or 3sf only
(2]
a16)
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