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1. A particle of mass 2kg is moving with velocity (5i + 3j)ms™ when it receives an
impulse IN's, such that I = ai + bj
Immediately after receiving the impulse, the particle is moving with velocity A(i + j)ms™,
where A is a constant.
Given that the magnitude of I is /40, find the two possible impulses.
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Figure 2

A particle P of mass 0.3kg is moving with speed 5ms™' along a straight line on a smooth
horizontal plane. The particle receives a horizontal impulse of magnitude JNs. The
speed of P immediately after receiving the impulse is 8ms™. The angle between the
direction of motion of P before it receives the impulse and the direction of the impulse
is 60°, as shown in Figure 2.

Find the value of J.
(6)
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4. A particle P of mass 0.75kg is moving with velocity 4ims™ when it receives an
impulse JNs. Immediately after P receives the impulse, the speed of P is 8ms™!
Given that J = ¢(—i + 2j), where ¢ is a constant, find the two possible values of c.
(6)
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3d

A
\4

Figure 1

The point 4 lies on a smooth horizontal floor between two fixed smooth parallel
vertical walls WX and YZ, as shown in the plan view in Figure 1.

The distance between WX and YZ is 3d.

The distance of 4 from YZ is d.

A particle is projected from A4 along the floor with speed u towards YZ in a direction
perpendicular to YZ.

2
The coefficient of restitution between the particle and each wall is 3

The time taken for the particle to move from 4, bounce off each wall once and return to
A for the first time is 7

(a) Find 7, in terms of d and u.
6

The ball returns to 4 for the first time after bouncing off each wall once.
The further time taken for the particle to move from A, bounce off each wall once and
return to A4 for the second time is 7,

(b) Find 7, in terms of d and u.
)
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3. A particle P of mass 0.5kg is moving with velocity A(i + j)ms' when P receives an

impulse of magnitude \/g Ns

Immediately after P receives the impulse, the velocity of P is 4ims™

Given that 4 is a constant, find the two possible values of 1

(6)
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3. A particle P of mass 0.2kg is moving with velocity (4i — 3j)ms"'
The particle receives an impulse A(i + j)N's, where /1 is a constant.
Immediately after receiving the impulse, the speed of P is 7ms "
Find the possible values of 1
(6)
.
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Figure 2

A particle O of mass 0.25kg is moving in a straight line on a smooth horizontal surface
with speed 8ms ™' when it receives an impulse of magnitude / N's.

The impulse acts parallel to the horizontal surface and at 60° to the original direction of
motion of Q.

Immediately after receiving the impulse, the speed of Q is 12ms™'

As a result of receiving the impulse, the direction of motion of Q is turned through «°,
as shown in Figure 2.

Find the value of /
(6)
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[In this question, i and j are horizontal perpendicular unit vectors.]

A particle Q of mass 0.5kg is moving on a smooth horizontal surface. Particle Q is
moving with velocity (3i + j)ms™' when it receives an impulse of (2i + 5j)Nis.

(a) Find the speed of Q immediately after receiving the impulse.

(C))

As a result of receiving the impulse, the direction of motion of Q is turned through
an angle 6°

(b) Find the value of 8
2
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6ms! P
60°

\/ﬁNS

Figure 2

A particle P of mass 0.75kg is moving along a straight line on a horizontal surface. At
the instant when the speed of P is 6ms™!, it receives an impulse of magnitude V24 Ns.
The impulse acts in the plane of the horizontal surface. At the instant when P receives
the impulse, the line of action of the impulse makes an angle of 60° with the direction of
motion of P, as shown in Figure 2.

Find
(1) the speed of P immediately after receiving the impulse,
(i1) the size of the angle between the direction of motion of P immediately before

receiving the impulse and the direction of motion of P immediately after receiving
the impulse.
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1. A particle P of mass 1.5kg is moving with velocity (4i + 6j)ms™ when it receives an
impulse of magnitude 15Ns. Immediately after P receives the impulse, the velocity of
Pisvims™.
Find the two possible values of v.
Q)
. J
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2. A particle P of mass 0.5kg is moving with velocity (5i+ 3j)ms™'
The particle receives an impulse (-2i + 4j)N's, where A is a constant.
Immediately after receiving the impulse, the velocity of P is (xi + yj)ms™
The kinetic energy gained by P as a result of receiving the impulse is 22J.
Find the possible values of /.
)
. J
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1. A particle P of mass 0.3 kg is moving with velocity 5i ms™

The particle receives an impulse I N's.
Immediately after receiving the impulse, the velocity of P is (7i +7 j)ms‘1

(a) Find the magnitude of 1
4

(b) Find the angle between the direction of I and the direction of motion of P
immediately before receiving the impulse.
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2. A particle O of mass 3kg is moving on a smooth horizontal surface.

Particle Q is moving with velocity 5i ms™ when it receives a horizontal impulse of
magnitude 3./82 N.

Immediately after receiving the impulse, the velocity of Q is (xi+ yj)ms™, where x
and y are positive constants.

The kinetic energy gained by Q as a result of receiving the impulse is 138 J.

Find, in terms of i and j, the velocity of O immediately after receiving the impulse.
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1. A particle of mass 0.5kg is moving with velocity (2i + 4j)ms™' when it receives an
impulse of (—4i+ 6j)N's.
(a) Find the speed of the particle immediately after it receives the impulse.
)
(b) Find the size of the angle between the direction of motion of the particle immediately
before it receives the impulse and the direction of motion of the particle immediately
after it receives the impulse.
3)
. J
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1. [In this question, i and j are horizontal perpendicular unit vectors.|

A particle 4 has mass 2kg and a particle B has mass 3 kg. The particles are moving on a
smooth horizontal plane when they collide.

Immediately before the collision, the velocity of 4 is 5jms " and the velocity of B
is (3i— jyms™

Immediately after the collision, the velocity of 4 is (3i + 2j)ms "’

(a) Find the total kinetic energy of the two particles before the collision.
3)

(b) Find, in terms of i and j, the impulse received by 4 in the collision.

2

Given that, in the collision, the impulse of 4 on B is equal and opposite to the impulse
of Bon 4,

(c) find the velocity of B immediately after the collision.
3)
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5. [n this question, i and j are horizontal perpendicular unit vectors.]
A particle Q of mass 2kg is moving on a smooth horizontal surface.
Particle Q is moving with velocity 4i ms™ when it receives a horizontal impulse I N s.
The magnitude of I is 410 Nss.
Immediately after receiving the impulse, the velocity of Q is l(i +]j ) ms~', where A is a
positive constant.
(a) Find the value of 4.
)
(b) Find I in terms of i and j.
1
The angle between the direction of the impulse and the initial direction of motion
of Qis 0°
(c) Find the value of 6.
2
\ y,
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5. A particle P of mass 0.5kg is moving with velocity 6ims ™ in the xy plane.
The particle receives an impulse (ai + bj)N's, where a and b are constants.

As a result of the impulse, the direction of motion of P is deflected through 45°

32

The impulse has magnitude =N Ns.

Find the two possible impulses, giving your answers in terms of i and j.
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7. Particle 4 of mass 3m is moving in a straight line with speed 2u on a smooth horizontal
surface. Particle 4 collides directly with particle B of mass m, which is moving along the
same straight line and in the same direction as 4.

Immediately before the collision, the speed of B is u.
As a result of the collision, the direction of motion of B is unchanged and the kinetic

. . 48
energy gained by B is > mu?

(a) Find the coefficient of restitution between 4 and B.
®)

After the collision, B hits a smooth fixed vertical wall that is perpendicular to the direction
of motion of B. The coefficient of restitution between B and the wall is f.

Given that the speed of B immediately after first hitting the wall is equal to the speed of 4
immediately after its first collision with B,

(b) find the value of f.
2
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6. Two particles, 4 and B, are moving in opposite directions along the same straight line on
a smooth horizontal surface when they collide directly.
The mass of 4 is 2m and the mass of B is 3m.
Immediately after the collision, 4 and B are moving in opposite directions with the same
speed v.
In the collision, 4 receives an impulse of magnitude Smv.
(a) Find the coefficient of restitution between A4 and B.
(6)
After the collision with 4, particle B strikes a smooth fixed vertical wall and rebounds.
The wall is perpendicular to the direction of motion of the particles.
The coefficient of restitution between B and the wall is f.
As a result of its collision with 4 and with the wall, the total kinetic energy lost by B is E.
As a result of its collision with B, the kinetic energy lost by 4 is 2E.
(b) Find the value of f.
C))
\ J
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4. Two small balls, 4 and B, are moving in opposite directions along the same straight line
on smooth horizontal ground. The mass of 4 is 2m and the mass of B is 3m.
The balls collide directly. Immediately before the collision, the speed of 4 is 2u and the
speed of B is u. The coefficient of restitution between A4 and B is e, where e > 0
By modelling the balls as particles,
1
(a) show that the speed of B immediately after the collision is Su (1+6e).
(6)
After the collision with ball 4, ball B hits a smooth fixed vertical wall which is
perpendicular to the direction of motion of B.
5
The coefficient of restitution between B and the wall is 2
Ball B rebounds from the wall and there is a second direct collision between 4 and B.
(b) Find the range of possible values of e.
C))
\ y,
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7. Particle P has mass 3m and particle Q has mass km. The particles are moving towards
each other on the same straight line on a smooth horizontal surface.
The particles collide directly.
Immediately before the collision, the speed of P is 2u and the speed of Q is 3u.
Immediately after the collision, the speed of P is u and the speed of O is v.

The direction of motion of P is unchanged by the collision.

(3 -3k)
k

(a) Show that v= u

(©))

(b) Find, in terms of m and u, the magnitude of the impulse received by Q in
the collision.

2
The coefficient of restitution between P and Q is e.
Given that v#u

(¢) find the range of possible values of k.
6))
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5. A particle P of mass m and a particle Q of mass 2m are at rest on a smooth
horizontal plane.

Particle P is projected with speed u along the plane towards Q and the particles collide.
The coefficient of restitution between the particles is e.

As a result of the collision, the direction of motion of P is reversed.

(a) Find, in terms of u and e, the speed of P after the collision.

(6)
After the collision, Q goes on to hit a vertical wall which is fixed at right angles to the

direction of motion of Q. The coefficient of restitution between Q and the wall is 3
Given that there is a second collision between P and O

(b) find the full range of possible values of e.
O]

Q\?ﬂ
57




ANSWER >

Question 5 continued

%

58



ANSWER >

7

Question 5 continued

OO
10%%0%%

I
R EEIIIRKS

X
XL

INZ]
59




ANSWER >

Question 5 continued

(Total for Question S is 11 marks)

S
<

o8
R

%
KX
KX

%

60



ANSWER >

e ™)
8. A particle P has mass m and a particle Q has mass km, where k is a constant.
The particles are moving in opposite directions along the same straight line on a smooth
horizontal surface.
Particle P collides directly with Q.
Immediately before the collision, the speed of P is 6u and the speed of Q is u.
Immediately after the collision, the speed of P is 2v and the speed of Q is 3v.
As a result of the collision
» the direction of motion of P is unchanged
» the direction of motion of Q is reversed
The coefficient of restitution between P and Q is %
(a) Find v in terms of u only.
3
(b) Find the value of £.
3
After the collision, Q hits a smooth fixed vertical wall that is perpendicular to the
direction of motion of Q.
Particle Q rebounds and there is a second collision between P and Q.
The first collision between P and Q takes place at a distance d from the wall.
The second collision between P and Q takes place at a distance %d from the wall.
The coefficient of restitution between Q and the wall is f°
(c) Find the value of f
6))
\ y,
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8. Anparticle 4 has mass 4m and a particle B has mass 3m. The particles are moving along the
same straight line on a smooth horizontal plane. They are moving in opposite directions
towards each other and collide directly.

Immediately before the collision the speed of 4 is 2u and the speed of B is 3u.

The direction of motion of each particle is reversed by the collision.

473
The total kinetic energy lost in the collision is —— mu?

Find
(1) the coefficient of restitution between A and B,

(i1) the magnitude of the impulse received by A4 in the collision.
12)
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8. Two particles, 4 and B, have masses 3m and 4m respectively. The particles are moving
towards each other along the same straight line on a smooth horizontal surface. The
particles collide directly. Immediately after the collision, 4 and B are moving in the same

direction with speeds — and u respectively. In the collision, 4 receives an impulse of
magnitude 8mu.

(a) Find the coefficient of restitution between 4 and B.
(6)

When 4 and B collide they are at a distance d from a smooth vertical wall, which is
perpendicular to their direction of motion. After the collision with 4, particle B collides
directly with the wall and rebounds so that there is a second collision between 4 and B.
This second collision takes place at distance x from the wall.

. . L 1
Given that the coefficient of restitution between B and the wall is Z

(b) find x in terms of d.
(6)
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6. Two particles, P and Q, are moving in opposite directions along the same straight line on
a smooth horizontal surface so that the particles collide directly.
The mass of P is km and the mass of QO is m.
Immediately before the collision, the speed of P is x and the speed of QO is y.
Immediately after the collision, P and Q are moving in the same direction, the speed of P
is v and the speed of Q is 2v.

The coefficient of restitution between P and Q is %

The magnitude of the impulse received by Q in the collision is 5 mv

(a) Find (i) y in terms of v
(i) x in terms of v
(iii) the value of k&

&)

(b) Find, in terms of m and v, the total kinetic energy lost in the collision between
Pand Q.

(&)
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4. A particle P of mass 3m and a particle Q of mass Sm are moving towards each other
along the same straight line on a smooth horizontal surface. The particles collide
directly.

Immediately before the collision, the speed of P is u and the speed of Q is ku.
Immediately after the collision, the speed of P is 2v and the speed of O is v.
The direction of motion of each particle is reversed by the collision.

In the collision, P receives an impulse of magnitude 15mv.

(a) Show that u = 3v.
3

(b) Find the value of .
3

The coefficient of restitution between P and Q is e.

(c) Find the value of e.
3

The total kinetic energy lost in the collision is Amv*

(d) Find the value of 4.
3
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8. Particles 4, B and C, of masses 2m, m and 3m respectively, lie at rest in a straight line
on a smooth horizontal plane with B between 4 and C. Particle 4 is projected towards
particle B with speed 2u and collides directly with B.

The coefficient of restitution between each pair of particles is e.
(a) (1) Show that the speed of B immediately after the collision with 4 is 3 u(l +e)

(i1) Find the speed of 4 immediately after the collision with B.
Q)

At the instant when 4 collides with B, particle C is projected with speed u towards B so
that B and C collide directly.

(b) Show that there will be a second collision between A and B.

©
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( Leave |
blank
7. Particle 4 has mass m and particle B has mass 2m.
The particles are moving in the same direction along the same straight line on a smooth
horizontal surface.
Particle 4 collides directly with particle B.
Immediately before the collision, the speed of 4 is 3u and the speed of B is u.
The coefficient of restitution between 4 and B is e.
. . . .. . 542
(a) (i) Show that the speed of B immediately after the collision is ———u
(i) Find the speed of 4 immediately after the collision.
Y
After the collision, B hits a smooth fixed vertical wall that is perpendicular to the
direction of motion of B.
1
The coefficient of restitution between B and the wall is 3
Particle B rebounds and there is a second collision between A4 and B.
The first collision between A4 and B occurs at a distance d from the wall.
The time between the two collisions is 7.
1
Given that e = >
(b) find T in terms of d and w.
(6)
\ y,
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( )

7. Particle P has mass 4m and particle O has mass 2m.

The particles are moving in opposite directions along the same straight line on a smooth
horizontal surface.

Particle P collides directly with particle Q.

Immediately before the collision, the speed of P is 2u and the speed of Q is 3u.
Immediately after the collision, the speed of P is x and the speed of Q is y.
The direction of motion of each particle is reversed as a result of the collision.

The total kinetic energy of P and Q after the collision is half of the total kinetic energy
of P and Q before the collision.

8
(a) Show that y = 3 u
(6)
The coefficient of restitution between P and Q is e.

(b) Find the value of e.
3

After the collision, Q hits a smooth fixed vertical wall that is perpendicular to the
direction of motion of Q.

Particle Q rebounds.
The coefficient of restitution between Q and the wall is f.
Given that there is no second collision between P and Q,

(c) find the range of possible values of f.
3

1
Given that f= 1
(d) find, in terms of m and u, the magnitude of the impulse received by Q as a result of

its impact with the wall.

(0]
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( )

7. Particle P has mass m and particle Q has mass 5m.

The particles are moving in the same direction along the same straight line on a smooth
horizontal surface.

Particle P collides directly with particle Q.

Immediately before the collision, the speed of P is 6u and the speed of Q is u.
Immediately after the collision, the speed of P is x and the speed of Q is y.
The direction of motion of P is reversed as a result of the collision.

The coefficient of restitution between P and Q is e.

(a) Find the complete range of possible values of e.

)

3
Given that e = g

(b) find the total kinetic energy lost in the collision between P and Q.
C))

After the collision, Q hits a smooth fixed vertical wall that is perpendicular to the
direction of motion of Q.

Particle Q rebounds.
The coefficient of restitution between Q and the wall is f.
Given that there is a second collision between P and Q,

(c) find the complete range of possible values of f.

(©))
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( )

7. A particle P has mass 5m and a particle O has mass 2m.

The particles are moving in opposite directions along the same straight line on a smooth
horizontal surface.
Particle P collides directly with particle Q.

Immediately before the collision, the speed of P is 2u and the speed of Q is 3u.
Immediately after the collision, the speed of P is x and the speed of Q is y.
The direction of motion of Q is reversed as a result of the collision.

The coefficient of restitution between P and Q is e.

(a) Find the set of values of e for which the direction of motion of P is unchanged as a
result of the collision.

)
.. . . . 60
In the collision, Q receives an impulse of magnitude 7mu

(b) Show that e= 1
> ®)

After the collision, Q hits a smooth fixed vertical wall that is perpendicular to the
direction of motion of Q.

Particle Q rebounds and there is a second collision between P and Q.
The coefficient of restitution between Q and the wall is %

(c) Find, in terms of m and u, the magnitude of the impulse received by Q in the second
collision between P and Q.

(©))
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e ™)
5. A particle P of mass 2m and a particle Q of mass m are at rest on a smooth horizontal
plane. Particle P is projected with speed u along the plane towards O and the particles
collide. The coefficient of restitution between the particles is e, where ¢ > 0
(a) Show that the speed of Q after the collision is 20+ e
)
The total loss of kinetic energy due to the collision is k(1 — e’)mu’, where k is a constant.
(b) Find the value of £.
3)
. . . .. . 8mu
The magnitude of the impulse of O on P in the collision is e
(c) Find the value of e.
(2)
After the collision, Q goes on to hit a vertical wall which is fixed at right angles to the
direction of motion of Q. The coefficient of restitution between Q and the wall is f.
After Q has hit the wall, O has the same speed as P.
(d) Find the value of f.
3
\ y,
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P 0 R
® O @,

Figure 3

Three particles, P, Q and R, lie at rest on a smooth horizontal surface.

The particles are in a straight line with Q between P and R, as shown in Figure 3.
The mass of P is 2m, the mass of Q is 3m and the mass of R is 5m.

The coefficient of restitution between each pair of particles is e.

Particle P is projected with speed 2u towards Q and they collide.

(a) Show that the speed of O immediately after the collision is

4—”(@ + 1)
5
(5)
In the collision, the direction of motion of P is reversed.
(b) Find the full range of possible values of e.
3
. . . . 108
In the collision, the magnitude of the impulse exerted on Q by P is Y3 mu
4
(c) Show that e = 3
3
(d) Determine, with clear reasoning, whether there will be a second collision between
P and Q.
(6)
\ y,
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112



< QUESTION

Question | Solution Marks | Notes
Number
L 1=2[Ai+Aj—5i-3]] ML | Useof I=m(v—u)
=2(1_5)i+2(ﬂ_3)j Al Any equivalent form
_J _zg\? _1V Ml Correct use of Pythagoras
|]| 40= (/1 5) +(l 3) 10 and their impulse to form
an equation in A
AP—81+12=0=>1=20rA1=6 DM1 | Solve to find both values
for 4.
Dependent on the 2
preceding M marks
I=-6i—-2jorI=2i+6j Al And no others
(a=-6,b=—20ra=2,b=6)
)
Alternative working:
I(=ai+bj)=2(v—(5i+3j)) MIALl
= a210i+%j = (=a+10=b+6)
A2 +b* =40 = b —4b-12=0 Correct use of Pythagoras
or d>+4a-12=0 Mi and impulse to form an
equation in @ or b
Any equivalent form
b*—4b—12=0 =b=60rb=-2 DM1
I=—6i—-2jorI=2i+6j Al Or simplified equivalent

[3]




< 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

4 Use of I = m(v _ u) M1 | As a single vector equation or two
separate equations.
-1\ 3 3 Al | Any equivalent substituted form
c =—V-
2 4 0
4(3-c
V==
3 2¢
Use of Pythagoras Ml

Al | Correct unsimplified equation in c or a
component of v.

(5a” —32a=00r 5b* ~16b-192=0)

Simplify to 3 term quadratic and M1 | 502 _6c-27=0
solve for ¢

¢c=3 or c=—%(—1.8)

64 =%((3—c)2 +402)

Al | Correct only

(6
4
Alt M1 | Form vector triangle.
Dimensionally correct
6
e Al 1
Three correct lengths and |c0s 6’| = ﬁ
n seen or implied
3
Use of cosine rule Ml
Correct unsimplified equation in ¢ with
_ 2_
36=9+5¢* ~2x3/5ccos Al cos @ or their cosé
Rearrange as 3 term quadratic and 5 _
solve for c. ML | 5¢7~6c-27=0
9
c=3 or c=—§(—1.8) Al | Correct only

(6)
[6]




< QUESTION

22 Speed after first collision = gu B1 Sfaen or implied (possibly on
3 diagram)
Speed after second collision = iu B1 S_een or implied (possibly on
9 diagram)
Correct formula, dimensionally
Correct method for total time M1 | correct and including all 3
elements.
T, = d + 3d + 2d (: d + 9d + @j Correct unsimplified expression
u 2, 4, u 20 4u) |AL g1
3 9
Correct single term. Allow
_10d unsimplified fraction e.g.
T,=" Al " q0d
Y4
[5]
2b Follow through is on their T, and /
_10d  45d 9 .4
T, _ﬂ_u =5 (Tz = ZTIJ B1ft | O their §u
9 Any equivalent form e.g % .
[1]
(6)
‘§’/.
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3 Allow column vectors
Use of I =mv-mu M1 Must be subtracting
Accept + correct unsimplified
. . expression on right hand side.
(1=)£0.5((4-2)i+(-4)]) AL | (ignore the left hand side)
Allow 2i—%(i+]) or equivalent
_Use of ma_gnltude to form an equation M1 Correct use of Pythagoras
in one variable
5 1 2 2 .
5= Z((4—/1) +(-4) ) Alft | Follow their I
Form a 3 term quadratic (seen or
implied).
Not necessarily stated “= 0~
0=21?-81+6 (: (24-6)(4 _1)) DM1 | From I =ai+bj can obtain
4a*-8a+3=00r4b’+80+3=0
Dependent on the preceding M1
Solving not required for the M1.
From correct solution only.
A=3and 1 =1 Alcso | Do not need to see method of
solution.
[6]
3alt | Use of | =mv—mu to form a vector M1
triangle
Triangle with sides of length Al
5 . A,
—, |2i|and |=(i+
[ faian i+
M1
Use of cosine rule with 45° (%j
5 % 2 Alft | Correct unsimplified equation
5= 22+ [E] x2-2x2x E\/ECOS45° Follow their magnitudes
Form a 3 term quadratic (seen or
0=4"-42+3 (=(1-3)(4-1)) DM1 | implied)
Dependent on the preceding M1
A=3and A =1 Al Correct solution only
[6]
(6)
“
A

< QUESTION
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< QUESTION

118

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
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< 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)

&
RA
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Scheme

Mark

Notes

Useof I=mv—-mu

M1

NB: Column vectors are acceptable.
Condone wrong order but must be
subtracting.

Condone 5 in place of 0.5.

2i+5j=0.5(v—(3i+]))

(v=7i+11j)

Al

Correct unsimplified equation
Accept as a vector equation or as a
pair of equations, one for each
component.

Accept alternative notations
provided the meaning is clear.

Use of Pythagoras

M1

For their v
Independent M1 but they must have
av

V|=+121+49 =170 (ms’l)

Al

13(ms™)or better. (13.038.......)

[4]

2b

Correct use of trigonometry e.g.

‘1E—tan‘ll
7 3

0 =tan

(=57.5-18.4)

M1

Condone subtraction in either order.
Allow if both fractions are the other
way up.

Alternatives:

scalar product

g cos‘l( 21+11 J
V104170

cosine rule
4%29=10+170— 2410170 cos @

6=39.1

Al

Accept £39or better (39.0938...)
0.68(2) radians is M1A0
Accept +(360—-39)=+3210r better

(2]

(6)




< QUESTION

QNuestion Scheme Marks
umber
3 Use of mv=1+mu Ml
Component of momentum parallel to original Al
direction=6x0.75++/24 c0s 60 (=4.5+/6) Al
2
Use of Pythagoras: (%v=) (4.5+\/3) +18 Mi
v=10.9 (ms"'),11(ms") Al
Alternative for the 1st 5 marks:
Vector triangle for impulses or velocities Ml
Use of cosine rule M1
2
Gv] =45 +24-2x4.5x/24 xcos120° Al
Al
v=109 (ms™),11(ms") Al
Change in direction = tan™' i Ml
4.5++6
=314° (31°) Al (7)
Notes
[7]
M1 Need to consider both components.
Al Or equivalent
M1 Or equivalent.
Al Correct LHS
Al Or better
Must be using correct triangle - need 120° seen or implied
M1 Correct unsimplified
Al P
Al Or better
Or equivalent use of trig. With their components to find the required angle
[ 452+ (mv) 24
Eg angle=cos™ | ———————
2x4.5x(mv)
M1
Or from scalar product,
[ 6x9.27...
0§ | ——
6x10.9...
Al 0.548 radians (0.55 radians)
or better. Do not ISW
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Question Marks
Number | Scheme
1 _ o M1 Use of I =mv—mu. Must be using vi.
(1=)1.5{vi—(4i +6j)} Condone u, v confusion.
Ignore the left hand side
o Al Or equivalent seen or implied
=15{(v—4)i-6j} Condone subtraction the wrong way round.
Ignore the left hand side
— 152 =1.52 {(v—4)2+62} M1 | Use of modulus. Allow for p*+qg*=100
(100 _ (v—4)2 +36) Al Correct unsimplified equation in v
(Vz _8v_48— 0) Al _Corr<_act simplified equation in v seen or
implied.
=>v=12 Al One correct value
orv=-—4 Al Both correct values
[7]
laltl
15 - 5
Initial momentum = (6i+9j) Ns M1 Impulse momentum triangle.
Accept /117 Ns
6 ( 2 J Al Or equivalent
COSO =—| =—F——=
NETANRYE]
m? +117 — 2m~/117 cos a = 225 M1 Use of cosine formula (final momentum m)
m®-12m-108=0 Al Or equivalent
=>m=-60rm=18 Al
=>v=12 Al One correct value
or v=—4 Al Both correct values
[7]
lalt2 | |pitial momentum = (6i+9j) Ns M1 Impulse momentum triangle.
Accept /117 Ns
sing 3 Al Or equivalent
V13
_1_5 = “_117 M1 Use of sine formula
sina sind
:sinﬁzg L 0=369°0r 0=1431° | AL
_m__ _15 or —M 15 AL Correct equation in m
sin86.8 sina  sin19.4  sin(180-a)
=>v=12 Al One correct value
orv=—4 Al Both correct values
[71
‘ .
A

< QUESTION
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< QUESTION

123

la | Equation of motion M1 Dimensionally correct. Condone sign
error.
F —R=1500a Al Correct unsimplified equation in F or P
Use of P=FEv - [30 000 o :1500><0.6) ML Must be trying to use 30 kW but condone
20 error in zeros
R =600 Al Correct answer only
4
1b | Equation of motion Dimensionally correct. Need all relevant
M1 terms.
Condone sign errors and sin/cos confusion.
Allow with F.
30000 1 B Unsimplified equation with F substituted
v 100092 —500=-1500x0.2 Al | and at most one error
Correct unsimplified equation with F
Al substituted.
If F is never substituted, AOAO
V=147 (15) Al 3sfor2sf
4
(8)
2 st . . . Dimensionally correct. Must be
1%t equation e.g. Equation for change in KE | M1 subtracting but condone sign error.

1 PO 2 o2\ Correct unsimplified equation seen or
EXO'S(X Y _(5 +3 )) =22 Al implied (They might have used impulse-
2 2 ) 2 momentum first and done some work

(X Y _122) (1 +(24+3) _122) before substituting x and y.)
2" equation e.g. Impulse-momentum M1 Dimensionally correct. Must be
equation subtracting but condone sign error.
0.5(xi +yj)—0.5(5i +3j) = (-2i + 4j)
Al Correct unsimplified equation
((x=5)i+(y—3)j=—4i+24j)
NB: epen has M1A1A1 for the final 3 marks but this should be marked DM1DM1Al
Form a quadratic equation in A4 Dm1 | &9 12 +(3+ 2/1)2 =122
Dependent on the 2 preceding M marks
e.g. solve 44% +124-112=0o0r
Solve for 2 values of 1 DML | (3+ 21)2 -121
Dependent on the preceding M1
=4 or A=-_7 Al Correct only and no errors seen (watch out
for X =-1 used)
alt | Form a quadratic in'y omy | &9 1+y? =122 (y2 =121) Dependent
on the 2 preceding M marks
Solve for 2 values of y and use these to Dependent on the preceding M1
. DM1
obtain 2 values of 4
=>A=4 or A=-7 Al
7
A



< QUESTION

Question Scheme Marks Notes
Must be subtracting but
I =mv—-—mu M1 condone subtraction in
wrong order
_ N AT . correct unsimplified equation
L =0.3((7i+7j)-5i) (=06i+2.1j) |A1l Allow +
|I|=~0.6°+2.1° M1 Use of Pythagoras
_ % Al 2.2 or better (2.18403...)
(4)
e.g. use of trigonometry or
Correct method for a relevant angle | M1 scalar product for their |
gor90-46
From correct |
7
Correct trig ratio for the required eg. tand=- or
1b ; Al 2
angle and no other angle involved. 10
cosé =
\/§XS
74° or better (74.0546..°)
0=741° Al or 360 — 74 (286)
(1.29... radians)
@)




< 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

(©)]




MARK SCHEME - IAL M2 (WMEO2) - October 2024 - Q2

M2.4a Impulse, momentum & coefficient of restitution

Question Scheme Marks
2 Use of Impulse momentum equation M1
I =3(xi+yj)—3xb5i Al
(=3(x=5)i+3yj)
|I|2:9((x—5)2+y2):9x82(=738) M1
Equation for change in KE M1
l><3(x2+y2—25):l38 Al
2
(x*+y*—25=92)
(x=5)" +y? =82 DM1
X*+y* =117 =10x=60
v =6i+9j(ms™) Al
@)
AT Useof | = 382 cos6
3./82sin@ AL
| 3./82 cos 6 _3(XJ 3(5}
3J82sing y 0
1 =9((x-5)" +y*)=9x82 M1
Equation for change in KE
%xS(x2+y2—25)=138 M1 Al
Leads to 6 =83.66...
x=5+382cos0 =6 DM1
y= 3./82sin@=9 Al
v =6i+9j(ms™)
Notes
M1 Find the difference in momenta. Dimensionally correct. Condone
subtraction in wrong order. Must use both components. (Ignore
382 if it appears on LHS)
Al Correct unsimplified expression for difference in momentum.
Condone subtraction the wrong way round.
M1 Correct use of Pythagoras with 3v/82 and both components of
impulse. Ignore poor i-j notation, eg i? for this mark, if recovered by
correct subsequent working.
M1 Use change in KE to produce an equation in terms of x and y.
Dimensionally correct, requires 2 KE terms of correct structure.
Condone subtraction in wrong order.
Ignore poor i-j notation eg (xi)? + (yj)? for this mark, if recovered
by correct subsequent working.

RA
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< QUESTION

la | Use of I =mv—mu Mi Condone subtraction in the wrong
order.
—4 _ l x=2 Al Correct unsimplified equation
6 2\ y—4 Any equivalent form. Allow with v
Correct only. Seen or implied
v =—6i+16j (ms'l) Al SR: Allow 3/3 if stop at
v=6i—-16j(ms")
|V| =, [(_6)2 +16° M1 Correct use of Pythagoras with their v
—292 (=273 )(ms! Correct simplified value.
( )( ) Al 17 or better (17.088...... )
Allow 5/5 if working from the negative
of the velocity.
[5]
1b C‘fl“fecttuse fl>f trigonorlnetfy to find 2 vy | Fortheiny e +69.44.°,63.43.0
relevant angles - as values or in inverse or +1.212...0.4636..
tangent form
0=1180°—tan~! 16 tan~! 4 Alft Correct unsimplified expression for &
6 2 Any equivalent form
=47° Al 47° or better (47.121..) 312.9°
Accept radians (0.8224..)
(3]
1b | Use of scalar product with two relevant M1 For their v
alt | vectors
0 =cos”! —-12+64 Alft Correct unsimplified expression for
20292 cos @ or equivalent
=47° Al 47° or better (47.121..) 312.9°
Accept radians (0.8224..)
3]
(®)




MARK SCHEME - IAL M2 (WMEO02) - June 2024 - Q1 M2.4a Impulse, momentum & coefficient of restitution < QUESTION

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

5a

Impulse-momentum equation.

Ml

Dimensionally correct.
Subtraction seen or implied.
Condone subtraction in wrong
order.

(1)

2(2i+2j)-2(4i) (= (24-8)i+24j)

Al

Or equivalent
Ignore 4+/10 if seen here

(I =)160=(22-8)" + (24

DM1

Use of Pythagoras to obtain an
equation in 4 Dependent on the
previous M1

(:,0=,12—4,1—12)

Al

Or any correct unsimplified
equation in 4

=(1=)6

Al

Correct only.

SC Allow 5/5 in (a) if working with -I. They will lose marks later.

[5]

5a
alt

Form vector triangle for impulse or for
momentum.

Ml

Dimensionally correct. Must be
subtracting. Condone
subtraction in wrong order.

Correct triangle

Al

8

4/10
2,20

e.g.

160=64+812—32\/5/1><%

DM1

Use of Cosine Rule to obtain an
equation in A Dependent on the
previous M1

=0=84"-321-96

Al

Or equivalent equation in A4

=(1=)6

Al

Correct only

[5]

5b

1=4i+12j

Bl1ft

Follow their A
(T=(22-8)i+24j)

BO for a column vector. BO if
still in terms of lambda. Ignore

second solution for negative
lambda if seen

1]

5c

16

4x 410

tan 6° =% or cosf® =

Correct use of trig or scalar
product for the required angle
with their 1 provided both
components are non-zero

Do not allow for the reciprocal

Al

72 or better (71.56505...) from
correct work only

Ignore second solution for
negative lambda if seen

2]

Lo
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MARK SCHEME -

IAL M2 (WMEQ2) - June 2025 - Q5 M2.4a Impulse, momentum & coefficient of restitution
QUESTION SCHEME MARKS
NUMBER
5 Accept column vectors throughout the question.
Velocity in component form
eg M1 Al
v =(vcos45°)i + (vsin 45°)j OR Vv=A1itlj
Change in momentum in vector form M1 Al
0.5v—0.5(6i)
Use of magnitude of impulse to form an equation in one M1 A1l
unknown
€g
ﬂ = \/(O.Svcos 45° —3)2 +(0.5vsin 45")2
OR 3‘/_ = J(052-3)" +(0.54)°
_§| +§J
2 "o Al Al
3.3,
2 2
(8)

Notes for question

Accept column vectors throughout the question.

M1 Velocity after impact as components in variable form.

Al Correct unsimplified expressions
Eg v=(vcos45)it(vsind5)j or v=1itlj

M1 m(v—u) used in vector form.

Al Correct unsimplified expression, 0.5v—0.5(6i)

M1 Use of magnitude of impulse to form an equation in one
unknown.
Eg
# = \/(0.5v cos 45° —3)2 +(0.5vsin 45°)2 (: v= 3«/5)
or 3‘/_ - J(052-3)" +(0.54)° (=1=3)

Al Correct un3|mpllf|ed equation.

Al At least one correct expression for impulse must be in pi+gj
form for this mark

Al Two correct expressions for impulse. Do not penalise lack of

pi+qj form twice.

N.B. Case1: If solution appears as per scheme, then full
marks possible

Case 2: If no tin line one but two solutions emerge at end,

then full marks available
Case 3: If only one sign used in line one, and only one
solution appears at end, then max MTAOM1A1 M1A1A1AQ

RA
130

< QUESTION



< QUESTION

Question | Solution Marks | Notes
Number
7
% 2u % u
— v — W
v £
Ta KE gain = final KE — initial KE Ml KE equation for B.
Allow for change in KE
48 , 1 ) Al Correct unsimplified equation to
Emu —Emw ——mu find w
121 11
(Wz =—u’, w= —u)
25 5
CLM: 3m x 2u + mu =3mv + mw Ml All terms required. Condone sign
errors
11 8 Al Correct unsimplified equation in v
7mu=3mv+?mu v=§u and w or their w
Impact law: M1 Used correctly
w—v=e ( Qu— u) Al Correct unsimplified equation in v
and w or their v and w
Solve for e DM1 | Dependent on the preceding M
marks
3 3 Al
—u=eu, e=—
5 5
®
7b Impact law: fw=v Ml Condone sign error
8 Al 0.73 or better
f= 1 Final answer must be positive
@)
[10]




< QUESTION

6a
> e
e— >
o é—|
5mv=2m(v—(—x)) M1 | Useof [ =myv—mu
3
X = Tv Al Seen or implied
5mv=3m(v—(—y)) M1 Use of I =mv—mu or use of
or 2mx —3my =3mv—2mv CLM
2v L
y= ? Al Seen or implied
Correct use of impact law (not
= 3v n 2v M1 necessarily with values in
terms of v)
Allow v —v on LHS
12
e=— Al 0.92 or better
13
(6
6b | Speed of B after collision with wall = vf’ Bl Seen or implied
Use KE to form an equation in
1 _ f- Condone use of change in KE
2><2><3m( (vf) )——><2m(x v ) MI rather than loss
Condone 2 on wrong side
4 9 . . .
32|22 Al Correct unsimplified equation
9 4 for f
cao
1 1 1
(fz =—| f=— Al | NB: £ comes from
36 6 6
inconsistent subtraction.
“
[10]




< 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]
(€]




< QUESTION

4a
2u % % u
v &— — "
x %
Use of CLM M1 Need all terms, dimensionally correct.
Condone sign errors.
4mu —3mu =3mw—2my
(u 3 2v) Al Correct unsimplified equation
Use of impact law Ml Used correctly. Condone sign errors
_ Correct unsimplified equation. Signs
v+ w=3eu Al consistent with their CLM equation
u=3w=2v DM Dependent on both preceding M marks.
6eu =2w+2v Solve to find speed of B.
— Sw=u+6eu, w= lu (1+6¢) * |Al* Obtain given answer from correct
5 working
[6]
4b Check their diagram / directions and
" allow vy = 1(1 —9e) if correct for their
v:3eu—w=—(9e—1) B1 . 5
5 working.
Any equivalent form.
Must be seen or used in (b)
_u Seen or implied.
X = 7(1+6e) B1 Accept +
Second collision if
u u M1 Correct inequality to find the upper
7(1 +6e)> g(9e—1) limit for e, using their v and x
Final answer.
4 Or equivalent
(0 <) e< m Al Do not need to mention the lower limit,

but if they do it must be stated correctly
(strict inequality).

[4]




< QUESTION

7a TN N
—> =y
Use CLM M1 | Need all terms and dimensionally correct.
Condone sign errors.
Might see them using equal (and
opposite) impulses.
6mu —3kmu = 3mu + kmv ((3—3k)u =kv) Al | Correct unsimplified equation
(3-3k) . | Obtain given answer from full and
M A" 1 correct working
3
7b | Use of Impulse = change in momentum M1 | Must be subtracting.
Can be for either particle.
[1o]=[17=[3mu —3m.2u] = 3mu Correct only
or o AL | (Do not need to state that [1,| =|1,|if find
[kmv — (~3mku)| = ‘km. — u+3mku|=3mu 15])
2
7c | Use impact law: Seen or implied. If stated in (a) must be
M1 used here.
Must be used correctly but condone sign
errors
- 3-3k N .
V5uu =e or " u—u=>5ue Al | Correct unsimplified equation
NB: the second and third M mark are not dependent on the first M mark
Use V>U or e>0to form an inequalityink | M1 | Could use e..0 followed by v=u
Use e,, 1 to form an inequality in k M1
3-3k 1 3
T >1 and 3-3k,, 6k :>§,, k <Z Al | Correct answer only.
5
(10)
‘X'{‘



< QUESTION

Q Scheme Marks Notes
5@) —u —>0
vVE— — W

X

Use of CLM (or equal and opposite impulses): | M1 correct no. of terms, dim correct, condone

sign errors
mu = —mv + 2mw Al Or equivalent
Use of NEL: M1 correct way round, condone sign errors
euU=vV + W Al Or equivalent
Solve for v DM1 | Dependent on both preceding M marks
u(2e—-1 .
V= % Al Or equivalent
v consistently in the wrong direction gives Mark as a misread and allow )
u (1—2e) M1AOM1AOM1AL, but full marks if they
B later take account of the change in

direction to give the correct final answer

If the direction of v is correct in one equation
and incorrect in the other then mark as seen

(6)
50) | \EL atthe wall: x=Lw B1 Allow +/ -: they might be working with
3 velocities
u(e+1) . .
w= Bl Or equivalent expression for w

1 1 2e-1
_xu(e+ )>u( e-1) M1 use of their x > their v

3 3 3
4
e<— Al cao
5
1 4
—<e<— Al cao
2 5
®)
(11)

Lo
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< QUESTION

8a

6u u
2v 3v
Use of impact law M1 Used the rl.ght way round.
Condone sign errors
Correct unsimplified equation
3v=2v =l Al e.g. If see just L=lassume a
6u+u 3 Su 3
sign slip and allow M1A0OAQO
7
V= Eu Al Correct only. CSO
3]
8b Dimensionally consistent. Need all
Use of CLM terms. Condonc? sign errors.
(or equal and opposite impulses) M1 | Condone one slip in matching
speeds and masses. Condone
consistent omission of m.
it — ket = ey + 2mv or Correct unsimplified equation
Al Allow the marks if CLM stated
6u —ku =3kv+2v .
correctly in (a) and used here.
6—k=3k><%+2x%, gkzg’ kz% Al Correct only from correct work

only

3]

8c

This method looks at the total time between the two collisions between P and O

Speed of Q after rebound g1 | Seenor implied
= fx3v(=fxTu) ft is for correct use of their v
t, between collisions Seen or implied
_6d ( 3d 9d B1ft | For P distance 6d/7 at 2v
Taxovl 7y 494 ft is for correct use of their v
1, between collisions = 4 + d
v Tx3fv M1 For Q distance d at 3v and distance
. d N d d/7 at 3vf
CTu 49 fu
t,=t,= 3d _ d n d DM Equate times and solye for f
Tv 3v 21y Dependent on preceding M1
CARE E P f—l Al | Correct only fr t worki
77320 21 21 5 orrect only from correct working
[S]
See over for alternatives
= \'{,




< QUESTION

8c | This method looks at the time between the collision between Q and the wall and the
alt | second collision between P and Q

Speed of Q after rebound Blit Seen or implied
=fx3v (= fx 714) ft is for correct use of their v
Distance apart when Q hits wall SCFH or implied .
14u d d Blfi ft is for correct use of their v
= 37, (Z ?) Distance moved by Q — distance
u moved by P
tp for extra distance Additional time to second
_4d 14u( 4d ) M1 | collision = extra distance
o 3\ T Y divided by speed of P

Equate times to second collision
4d 14u d
t =tP:>—+—u=—+7uf DMI | and solve for f

213 7 Dependent on preceding M1

12 1 f= 1 Al Correct only from correct
3x2x49 49f° 2 working
[5]
8c | This method looks at how far Q travels after the rebound
alt
Speed of Q after rebound Lt Seen or implied
= fx3v(=fxTu) B ft is for correct use of their v
. 6d 3d BIft
¢, between collisions = =—
Tx2v\ Tv
Distance travelled by Q if f =1 Ml
= 3d x3y = 2 d
Tv 7
actual distance after rebound M1 | This is equivalent to
/= 9 3d d d
Zd—-d —x3y=—x3v+—-x3y
7 Tv 3v 21 fv
or 9d =d +i
7 7f
1 Al Correct only from correct
) working

8c | This method looks at distances
alt

Speed of Q after rebound Seen or implied

= fx3v (= f><7u) Blft ft is for correct use of their v

If #1 is the time for QO to the wall and # is Blft
the time between wall and second collision

distance travelled by P is (¢, +1, )%u

Lo
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< QUESTION

M1 | Equate dist for P and
(t1+t2)%u=gx7"‘tl quate distances for P and Q

1
Use %z Tuf xt, and solve M

Al Correct only from correct

. 1
Obtain f ) working

Q\?ﬂ
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< 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




< QUESTION

Question
Number Scheme Marks
g vt o Al
3
3u 2u 17 Al
—+—="5eu, e=—
4 3 60
Use of I=m(v—u) DMI
Al (12)
4m(2u +3—uj=11mu
4
Notes [12]
Al v or w correct
3_u+2_u_56u
Al 4 -

Must be attempting to subtract corresponding values for u and v

bm1 Dependent on the first 4 M marks

Al Or 3m (3u +2TuJ from correct solution only

18




MARK SCHEME - IAL M2 (WMEO2) - January 2021 - Q8

M2.4a Impulse, momentum & coefficient of restitution

142

Question Scheme Marks Notes
Number
v — —w
AN e
8a \\3;7n /J ‘\fm/‘
H % —>
5
u Terms dimensionally correct. Must be
Impulse on A: 8mu =3mv—3mx— M1 subtracting. Condone sign errors. Must be
3 combining correct mass and speed
v=3u Al
Terms dimensionally correct. Condone
sign errors
Impulse on B: 8mu =4mu +4mw M1 Or use CLM: 9mu—4mw=3m%+4mu
Must be combining correct mass and
speed
wW=u Al
Impact law: u _u_ e(3u +u) M1 Used the right way round. Condone sign
3 errors
. 1 Al
6
Award first 4 marks in order on the scheme. Marks for CLM equation, if used, should be given
in place of whichever impulse equation is not used.
Watch out for sign errors in the equations
If they have 3mv+4mw in the equation for CLM they might combine this with w=—u to obtain
a "correct" answer. The sign error in the CLM is due to a misread so the maximum score for this
double sign error is 4/6
[6]
2 Or find distances from the first impact:
8b GapwhethltswaII:? B1 sA=g+Et and sB=d—Et
3 3 4
Speed of rebound from wall =% Bl Allow +/ -
2d
Time to close gap = y 3 y M1
7+ -
3 4
8d
=— Al
7u
. 8d .
Distance from wall = ﬁx% DM1 Dependent on the preceding M1
2 AL
7 [6]
. d-x 3d —3x
gbalt | Time for A V (: r j B1
3
Speed of rebound from wall :% B1
‘ .
A

< QUESTION




< QUESTION

. d x
Time for B=—+— M1
u
u Y,
d+4x
= Al
u
Solve for x
3d -3x=d +4x DML | pependent on the preceding M1
L2 Al
7 [6]
[12]
%A
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MARK SCHEME - IAL M2 (WMEO2) - June 2022 - Q6

M2.4a Impulse, momentum & coefficient of restitution

6a

|

\% %ZV

|

They need to form three equations, one of which must be the impact law. Mark them
as you see them, so the first M1AL on epen is available for the first equation seen,
the second M1A1is for the second equation seen etc. If there are more than 3
equations, mark this as multiple attempts and all the marks for the equations actually
used in the solution. Treat the second and third A marks as follow through
marks if they are substituting values they have already found.

144

oy Dimensionally correct. Need all
Use of | =mv—mu for P or Q M1 terms. MO if m is missing on RHS
5mv =m(2v—(-y)) or o _
Al Correct unsimplified equation
-5mv =km(v—x)
Dimensionally correct. Need all
terms.
Use of CLM M1 | In CLM allow cancelled m and
or second use of | =mv—-mu
extra common factor (eg g)
throughout
kmx —my = kmv + 2mv
(kx —y =kv+2v) Al | Correct unsimplified equation
or —-5mv =km(v—x)
Use of impact law M1 Must be used WI'Fh e on the correct
side. Condone sign errors
1 - .
2v—v:g(x+ y) Al | Correct unsimplified equation
y=3v Al |cao
X =2V Al cao
k=5 Al cao
[9]
6b Dimensionally correct.
Accept change in KE.
KE lost M1 Not scored until they form the
complete substituted equation.
Correct unsimplified expression.
B s ooy 1 s Follow their x, y, k
= xkm(x*—v?)+ 5% m(y*-4v*) Condone sign change without
15 ., 5 Alft | explanation.
(: oS my j KE before =14.5mv?
KE after = 4.5mv?
=10mv? Al | Only
[3]
(12)
t .
A

< QUESTION



MARK SCHEME - IAL M2 (WMEO02) - June 2023 - Q4 M2.4a Impulse, momentum & coefficient of restitution < QUESTION

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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< QUESTION

Question Scheme Marks Notes
P
' 2X
A
' Q
3b Trig ratio for a relevant

angle

Use of trigonometry M1 In their working they
need a valid attempt to
find & or 90°—c.

tang = oY _ 64 Al Corre_ct u_nS|mpI|f|ed

2x 81 equation in x and y
Correct only.
Sx=dy Al | (x=1.125y) (Accept
8 x=1.1y or better)
©)

N2
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M2.4a Impulse, momentum & coefficient of restitution

147

u ku
2v v
Correct use of I =mv—mu:
4a Evidence of subtraction (can go
Impulse-momentum equation for P: M1 | straightto +you do not need to
see —(—)) and dimensionally correct.
Use of 3m
15mv =3m(2v—(-u)) Al | Correct unsimplified equation
9MV = 3mu = u—3y * AL* Obtain given answer from correct
- B working
CLM dimensionally consistent, all 4
Impulse-momentum equation for Q terms, condone sign error(s).
ané)CLM' q M1 | Correctuse of | =mv-mu:
' Evidence of subtraction and
dimensionally correct. Use of 5m
4a 15mv=>5m(v+ku), k= 2¥ and
alt . Correct unsimplified equation in u
substitute into CLM: Al and v P g
3mu —5m£u =5mv-6mv
u
—u—3y * AL* Obtain given answer from correct
- working
@)
Impulse-momentum equation for Q or M1 Dimensionally consistent. All
use of CLM: relevant terms.
15mv =5m(v—(-ku S .
4b ( ( )) Al | Correct unsimplified equation
or 3mu —5mku =5mv —6mv
2
10v =5ku =15kv = k = 3 Al | Correct only. Accept 0.67 or better
@3) _
Use of impact law: M1 Must be us_ed the right way round.
Condone sign error(s)
5 Correct unsimplified equation.
2 = ki =ex3Vx— ;
4c | 2v+v=e(utku) ( &x sz) AU Colow their k.
3
=e= 5 Al | Correct only
@)
7
A

< QUESTION



< 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

36x3a—8x%a—7rx4a =(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 m“ = 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 Md = 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]
‘\'{,
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< QUESTION

Resolving parallel and
perpendicular to the original
direction of motion

Use of J =m(v—u) M1 | Use of J=m(v—u) parallel or
perpendicular to original
direction

Jcos30°=2.4cosf Al One correct unsimplified

or Jcos60°=24sinf-1.5 equation

Use oszm(v—u) M1 UseofJ:m(v—u)to form

second equation
Al | 2" correct unsimplified

equation
The first 4 marks are available for a correct —2.4cos0 —J cos30°
equation in vector form. 24sin0 |\ Jcos60°+1.5
32 J? DM | Form an equation in J only

247 = T"‘T"‘ 1.5J+1.5° 1 Dependent on previous two

, M1 marks
(/2 +1.57-3.51=0)

J=13 Al 1.3 or better (1.268....)

6
NB Use of initial velocity parallel to final velocity or final velocity parallel to impulse
is a method error, not a misread

See over for alternatives




< QUESTION

4
Al
tl Resolving parallel and
perpendicular to the direction
of the impulse.
UseofJ=m(v—u) M1 UseofJ=m(v—u) in any
direction
J=03 (8 cosa —5¢cos 6()0) Al Correct unsimplified equation
Or 5sin 60° = 8sin o 2.4cosa =J+1.5cos60°
2.4sina =1.5sin60°
Use of J =m(v—u) ML | Use of J=m(v—u) in
perpendicular direction
Al Correct unsimplified equation
, 3V 3V 3 Form an equation in J only
24" = (J + Z) + (E) X7 DM | Dependent on previous two M1
1 | marks
(/2 +1.57-3.51=0)
J=13 Al 1.3 or better (1.268....)
Could have a mixture of the first 2 alternatives. M1AIMI1A1 for 2 independent
equations. DM1A1 for solving
()
4 J
Al
t \ Using vector triangle.
2
24 15
Impulse momentum triangle M1 | Form dimensionally correct
vector triangle (for impulse or
momentum)
Use of cosine rule M1 | Use of cosine rule in
momentum or velocity triangle
2.4 =J*+1.5° -3J cos120° Al | unsimplified equation in v or
mv with at most one error
Al Correct unsimplified equation
J*+15J-351=0 DM | Form a simplified equation in
1 J
Dependent on previous two M1
marks
J=13 Al 1.3 or better (1.268....)
(6)
[6]

Lo
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< QUESTION

5a

Moments about 4: M1 | Need all terms and
dimensionally correct.
Condone sign errors, incorrect
angles and sin/cos confusion
Or complete method to form
equation in 7 (and M).

SaxTsin55° =4acos20°x Mg Al Correct unsimplified equation
in 7 (and M).
_ 4co0s20° _ Or equivalent
" 55in55° Mg(=0.918Mg) Al (Exact or 0.92Mg or better)
(©)]

S5b | Resolve vertically M1 | Need all terms. Condone sign
errors, incorrect angle and
sin/cos confusion

J: Mg =V +T cos55° Al Correct unsimplified equation
(V=0.47...Mg) in T or their T
Resolve horizontally M1 | Condone consistent sin/cos
confusion
H =Tsin55° Al Correct unsimplified equation
(H=0.75..Mg) in T or their T’
Resultant 2 =/(0.4736.) +(0.7517.)7 | Ml | Substitute for Tand use
Pythagoras
=0.89 Al The Q asks for 2 sf
(V)

See over for further alternative




< QUESTION

S5b | Moments about B Dimensionally correct. Need
alt M1 | all terms. Condone sign
errors and sin/cos confusion
Mgacos20°+5aH cos70° = 5aV cos20° Al Correct unsimplified equation
Moments about C Dimensionally correct.

M1 | Condone sign errors and
sin/cos confusion

SaH =4aMg cos20° Al Correct unsimplified equation

Resultant l=\/(0.4736,.)2+(0,7517“)2 M1 | Use Pythagoras

=0.89 Al The Q asks for 2 sf
MIAIMIAL for 2 independent equations M1AL1 to solve for 4




< QUESTION

6a | GPE lost Need all terms. Condone sign
M1 . .
errors and sin/cos confusion
=3gx2-2gx2sinf Correct unsimplified. Accept
5 Al ==
=6g—-4gx—
(=6g-4gx2)
58 Al Must be positive.
1387 43.7(44)(J) Exact multiple of g or 3 sf or 2
sf
3
6b
Normal reaction =2g cos 0(= % g) B1 Condone %
F =§><R =9_g Use F = uR with their R
"8 13 M1 ( 441 )
65
Work done =2xF, Ml Their £,
Exact multiple of
(: lg—gj =13.6() 14() | 4, PEOE e
13 or3 sfor2sf. Not —
65
“
6¢c | Total KE gained Must be using work-energy.
= GPE lost - total WD against friction Dimensionally correct.
M1 .
Required terms and no extras.
Condone sign errors.
1
—(2+3)v* =(their(a))—(their(b)
2 (2+3)r"=( )= ) Aofe | Follow their (a) and (b)
§v2_5_8 18 40 -1 each error
2 T
- Eg _347 (ms’l) or 3.5(ms“‘) Al 3 sfor 2 sf (need to substitute
V13 for g)
“
6d | KE lost Must be using work-energy.
= GPE gained + WD against friction Dimensionally correct.
M1 .
Required terms and no extras.
Condone sign errors.
1 16 3 12
—x2x—g=2gxdsinf+=x2gx—d
2 T ETE 8 4713
L 2wy = 2gxdsing+dx P Aoy | Follow their (c) and their Fa
2 -1 each error
16, (10,,9 Y,
ERCERANES
d= 16 g cancels. 0.84 or better
19 Al (0.8421....)
[15]

Lo
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< QUESTION

7a -12=12—-gt M1 Use suvat to find time taken
t= ﬁ(: 2.45) Al
g
AB =06t Ml Horizontal distance
=147 (15) (m) 3sfor2sf
Not %90 (follows use of 9.8)
Al 144
Not — (do not accept g in the
4
denominator)
(C))
7b | Vertical component of velocity = (i) 8 B1
v =u?+2as M1 Complete method using suvat to
find &
=8 =12"-2gh Al Correct unsimplified equation
h=4.08 (4'1) 3 sfor2sf
200
Not Ty (follows use of 9.8)
Al 40
Not — (do not accept g in the
g
denominator)
(C))
7b 6 0 Correct expression for critical
alt | V=, )7 g t =12-gt=(%)8 Bl value(s) of z
B 1, Complete method using suvat to
48 8 240 200 o .
=——— 0o =————— Al Correct unsimplified equation
g & g g
h=4.08 (4.1) Al 3sfor2sf
“@
7b | Conservation of energy Need all terms and
M1 . .
alt dimensionally correct

A(B)1 | Unsimplified equation with at
most one error
Al Correct unsimplified equation

h=4.08 (4.1) Al |3sfor2sf
@

mgh—i—%mxlOz =%m(122 +6°)

See over for (¢)




< QUESTION

Te 6 . 6 =0 Mi Complete method to find
-12) \v vertical component at C.
=>v=3 Al
v =6i+3j (ms-l) Al Must be a vector in terms of i
and j

6)(6
If see (12}[ ] =0 leading to v =6i—3j mark as a misread: M1AOAO
v

(&)
[11]
Accept working in column vectors throughout apart from the final Al

£
155



< QUESTION

8a —> 2u &—
%v — W

—x —>
Use CLM: 4mu =2mv+mw Ml Need all terms. Condone sign
errors. Dimensionally correct
but allow with m cancelled
(4u =2+ w) Al Correct unsimplified. Signs
correct for their v, w
Use Impact law Ml Used the right way round.
Condone sign errors.
w—v=2ue Al Correct unsimplified. Signs
consistent with CLM equation.
:>4u=2(w—2ue)+w DM1 | Solve for v or w.
Dependent on previous 2 M
marks
Al* | Obtain given result from
correct working

3w=4u+4ue, w=§u(1+e) *

2 ) Al Or equivalent.
V=3 (2-¢) Must be positive
()
8b | 2>e so A moving towards centre B1 Correct statement about
direction of travel for 4
mw—3mu = mx +3my Ml Use CLM and impact law
Au  deu correctly to form simultaneous
y-—x=e [u + 3 + _) equations in x and y.
5 3 Al Both equations correct
e TFUTIEY unsimplified in u, e, x and y
3y—3x=e(Tu+4ue)
Ay = iue —éu e — Ay’ DM1 | Solve for x
3 3
_ S5 17, Al Allow for a correct constant
YETQE T e multiple of x
e>0,u >0 so B moving towards centre Al* | Obtain given answer from
from opposite direction, hence they correct working
collide.*
()
Alternative for last 3 marks;
C moving towards centre implies B moving
towards centre, so collision.
C moving away from centre , so y >0, DM1 | Consider direction of C

Su  deu_

x=w-3u-3y=——+ 3
y 3 3 y

Lo
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< QUESTION

=—%(8—4e)—3y Al

<0 because e<1 and y >0 hence B

moving towards centre from opposite Al*
direction, and they will collide.*

Obtain given answer from
correct working

[13]

£
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< QUESTION

Q | Mark Scheme Marks | Marking guidance

6 M(PV) Allow use of a parallel axis. Terms
(a) M1 dimensionally consistent. Could be
seen as part of a vector equation.
Condone error(s) in distance(s).

1 =
ax2ka® + (Za > kaj 2ka? =X x (2ka2 + 2ka2) Al Correct unsimplified equation

X —at 2a+lka - X = 6+K a * AL Obtain given answer from correct
2 4 working

6 M(PR) Allow use of a parallel axis. Terms
(b) dimensionally consistent. Could be
seen as part of a vector equation in (a)
but needs to be used here to score
mark(s) in (b). Condone error(s) in
distance(s).

If working from VU they might
assume that ¢ of m of QRST lies on
their axis. So long as they say that this
is what they have done (e.g. in a table
of values) this can score
M1AQ0AOM1ALftAO.

M1

“kax2ka’® +ax2ka® = y x 4ka’ Al Correct unsimplified equation

N[

_k+2, Correct answer (+) seen or implied

4 Accept distance from

Al VU:J_rsk_Z

<

a

Or distance from TS = i%

M1 Correct use of given ratio. Allow
reciprocal
(k+2)a 5 4 Correct unsimplified equation using
4 (6+k)a AL glvenkx afd their y B
) a— yVU or Za_ yTS
X X

Use angle to form equation in k

Ty
15 x

e.g

3

=k= 5 (=15) Al Correct only

©)

Lo
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MARK SCHEME - IAL M2 (WMEO2) - October 2022 - Q7

M2.4a Impulse, momentum & coefficient of restitution

< QUESTION

159

Q Mark Scheme Marks | Marking guidance
7 Check their diagram but remember that the
@) —> —> directions used in their equations might not
be consistent with the diagram. In this case,
ignore their diagram.
Va —> Ve ——>
1
EVB
Conservation of momentum Need all terms. Dimensionally correct.
M1 Condone sign errors. Condone m missing
throughout or g present throughout.
3mu +2mu = mv, +2mv, (5u =V, + 2VB) Correct unsimplified equation. Allow with
Al Vv, negative
Use of NEL M1 Used the right way round. Condone sign
errors
Vg —V, = e(3u _u) (Zue =V, _VA) Correct unsimplified equation. Allow with
Al Vv, negative. Signs consistent between the
two equations.
Solve for v, or vy DM1 | Dependent on two previous M marks
. 5+2e L .
Obtain v, = u * Al* | Obtain given answer from correct working
. 5-4e . e
Obtain v, = u Al Or equivalent. v, must be positive
7
/ Time for B to reach the wall t; = i Seen or implied. Allow dx3
(b) ®2u Bl PHee: (5+2e)u
. . 2
Speed of B after impact with wall = §u B1 Seen or implied. Allow %[5+_32e)
Distance travelled by A before B hits the wall . 1 . .
Substitute e = — and use their v, and their
—Ux i(: 9) M1 2
2u\ 2 t, to find distance
Time to close the gap M1 Correct formula with their relevant speeds
9 = u><t+2—u><t —% '[—ﬂ Al Correct unsimplified equation
2 3 3 100 PITIEC e
Total time d + 3d _ & 4d Al ISW Any equivalent form
=—t—=—|=— uiv
2u" 10u 100 5u ved
6
7(b) | Intime T, A travels x metres x = uT
alt | Btravels d metresint sec Equivalent statement
d=2ut First B1
B travels d —x metres in t” sec Correct value implied and Distance travelled
d-x =2ut’/3 Second B1 and first M1 by B after it hits the wall
t+t’=T Correct formula for time and Correct
T =4d/5u Second Al Correct answer
(13)
‘ .
A



MARK SCHEME - IAL M2 (WMEO2) - October 2023 - Q7

M2.4a Impulse, momentum & coefficient of restitution

< QUESTION

160

Question Scheme Mark Notes
Ta 2u
> g 3u
< —
Equation for CLM M1 Dimensionally correct.
All terms required.
Condone sign errors.
8mu —6mu = 2my — 4mx Al Correct unsimplified equation
(u=y-2x)
Equation for Kinetic energy M1 Dimensionally correct. Correct masses paired
(i or 2 must be used) with correct velocities. All terms required. No
§ sign errors. Condone 2 on the wrong side.
2mx? +my? = %(Zm <4u? +mx9u?)] Al Correct unsimplified equation
(170% = 4x* +2y)
Solve for y: DM1 Some working must be shown to obtain the
1702 = 2v2 + (v —u ) quadratic in 'y (and u).
, y (y 2) Dependent on the preceding M marks
=3y"-2yu-16u” =0 ((3y—8u)(y+2u)=0)
=>y=%u * Al* Obtain given answer from correct working
[6]
7b Use of Impact Law: X+ Yy =ex5u M1 Condone sign errors but must be used the right
way round.
1(8 8 A . 5u
=l =u-u|+=u Correct unsimplified equation. | X=—
- 23 3 Al 6
5u
7 Al Correct only
10
[3]
7c . . 8 B1 Allow *+
Velocity of Q after impact = f x 5u
No collision if fx&u<2u M1 Correct inequality with their values
i.c. speed of P > speed of Q Accept strict inequality. Dimensionally correct.
=0<f<3 Al Both ends required. (0 < f <0.3125)
[3]
7d 1 M1 Subtraction seen or implied with their <y
Useof | =£2m| y—| —=y .
4 Requires correct mass
Requires correct impact law
20 Al Or equivalent. Must be positive
|I|=?mu 6.7mu or better
20 20 i
Condone 3 mu — 3 mu with no
explanation
[2]
(14)
‘ .
A



MARK SCHEME - IAL M2 (WMEO02) - January 2024 - Q7 M2.4a Impulse, momentum & coefficient of restitution < QUESTION

Q Scheme Mark Notes
7a —> e — Sy If 6u and u are in opposite directions, mark as a
‘E lE sign error.
— >y
Need all 4 terms. Dimensionally consistent.
Use of CLM M1 Condone sign errors Condone x in the wrong
direction
6mu +5mu = 5my — mx o )
(11u=5y—x) Al Correct unsimplified equation
. Used correctly. Dimensionally correct.
Use of impact law M1 Condone sign errors
_ Correct unsimplified equation. Signs consistent
X+y =5eu Al with their CLM equation
Solve for x in terms of e and u: Dependent on the first 2 M marks. As far as
6x =25eu—11u DM1 | kx=..
or solve for e in terms of y and u: e =22 Dependent on the previous 2 M marks
Use x>0 (= y>%u): 25e>11 DM1 | Use correct inequality for their x
11 Or equivalent. Condone if 1 not mentioned.
—= <1 ; e -
25 < e( ) Al Allow with <1. AQ if incorrect upper limit. cso
[7]
7b 2 7 A
x:gu and yzgu B1 Seen or implied
Total KE lost M1 Complete expression. Dimensionally correct.
1 , 1 Correct masses connected to correct speeds.
=M 36u” + §5m xu Condone subtraction in the wrong order.

Allow inxandy

Alft | Correct unsimplified expression in m and u.
Follow their x, y with e substituted

)

—(lmxx2+£5mx yz]

2 2

:(1m><36u2 +35mxu2j
2 2

- lm><fu2+£5m><4—9u2
2 9 2 9

20 Al Or single term equivalent.

_eY 2
—zm Accept 6.7mu’or better
[4]
7c velocity of Q after collision with wall
=+fy (=J_rf xzuj B1ft | Follow theiry (in terms of u)
L 7 2 Correct inequality for their x, y
Second collision if fy > x 3 fu> §u DM1 | Dependent on the B1 and P moving away from
the wall
2 Correct only
;<< AL Need both limits
[3]
(14)
A
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< QUESTION

Question | Scheme Marks
2u 3u
X y
7(a) CLM M1
10mu —6mu = 5mx +2my Al
(4u=5x+2y)
Impact law M1
y—x=>5ue Al
4u =5x+2x+10ue(=7x+10ue) DM1
(x>0=) 10ue < 4u DM1
2 Al
=0, e<— o.e.
5
()
7(b) Impulse momentum equation M1
60 Al
—mu=2m(3u—(—
7 (3u=(-v))
or
—? mu =5m(x—2u)
Solve to find a correct expression for either x or y DM1

(y = %u , X= %u but may not be seen explicitlyj

Use both impulse equations | Using CLM and impact law from part | M1
and impact law with their x | (a) to form an equation in e (and u).
and y to form an equation in | For example

e (and u). 2u _ 4u—10eu
5ue=gu—gu 7 7
7 7
1(9 2) 1, Al*
=—|=u-=u|==
5u\7 7 5
(©)
7(c) 2, 3
7 7u
19 (3 B1ft
Speedof Q==x—u |==u
monta-3 (3
Magnitude of impulse = %x6—70mu M1
60 Al
=—mu
49
‘}'f‘



MARK SCHEME - IAL M2 (WMEO2) - October 2024 - Q7

M2.4a Impulse, momentum & coefficient of restitution

(©)
(15)
Notes

7(a)

M1 Form CLM equation. All terms required. Mass and velocity correctly
paired. Dimensionally consistent, condone consistent additional g in
each term. Condone sign errors.

Al Correct equation or equivalent. Condone consistent additional g in
each term. Condone +y.

M1 Use Impact Law. Dimensionally correct. Used the right way round
(separation and approach must not be interchanged). Condone sign
errors.

Al Correct equation or equivalent. Directions of P and Q after impact
must be consistent with CLM.

Dependent on the preceding M marks. Eliminate velocity of Q to
DM1 form an equation in x, e and u only.

( 4u —10euj

X=— /4
7

Dependent on all preceding M marks. May be implied by e<0.4
DM1 | Use direction of P to form an inequality in e (and u). Use correct

inequality for their diagram: if they had P changing direction should

now be using x<0

Al Both ends required 0,, e <0.4 but condone 0<e<0.4

7(b)

M1 Impulse-momentum equation. Dimensionally correct, using the
correct mass and velocity pair for a single particle. Must be
subtracting momenta but allow incorrect order. May use working in

4u —10eu 25eu +4u
terms of e from (a) x= - y= -
Al At least one correct unsimplified equation.
DM1 Solve impulse-momentum equation to find either y = %u or
2
X==u
7

M1 Complete method to form an equation in e (and u) only with the usual
rules for CLM and Impact Law.

Al* Obtain given answer from complete and correct working.

A0 for 0.2

7(c)

B1 1 . o 1
Follow gxthelr y from part (b). If y is given in terms of e then e = T
must be substituted at some point. Seen or implied. May appear on
diagram. Accept *.

RA
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< QUESTION

M1 Complete method using (a) and (b) and working from first principles
to find the impulse in the second collision between P and Q.
Must see:

e Usual rules for CLM and Impact Law to find Vv, or V, after
second collision.

CLM

10%—@ =5mV, +2mV,
Impact Law

%x(27u+37uj =V, -V,

e Then use of Impulse — momentum equation with usual rules to
find magnitude of impulse.
Impulse — momentum

Either | =2m Su__3u or | =5m 2u_2u
49 7 49 7

Al 1.2mu or better (1.2244897...)




MARK SCHEME - IAL M2 (WMEO2) - June 2025 - Q5

M2.4a Impulse, momentum & coefficient of restitution

< QUESTION

5(a) >u 20 %
P (2m) Q (m) 2V, /
2>V, 2V, fVoe—
CLM: 2mu =2mv, +mv,, M1A1
NEL: eu=-v,+ v, M1Al
2(1+e)u
(vm) 2N AL*
®)
5(b
( ) e.g. szm_eu (:E(z_e)j B1
3 3
2 2
KE After= 2x2m[Y2-¢)| +1im Mj M1A1
2 3 2 3
KE Loss = %meu2 — their KE after DM1
1 1
= =(1-e’)mu’ so k== Al
3( ) 3
®)
5(c
(© Bmu_ 20xeu g Bmu_ (U, o ML
9 3 9 3
e= 1 Al
3
(2
5(d) 2(1+e)uf . .
————— seen or implied, e does not need to be substituted. Bl
e
— - their speed of P, with their value of e used M1
to give an equation in f only.
f =§ or 0.625 Al
(©)
(15)
Notes for question 5
5(a) N.B. Mark CLM equation first.
M1 for a CLM equation, dimensionally correct with correct no. of
terms, condone sign errors, consistent extra g’s or cancelled m’s
Al for a correct equation
M1 for a NEL equation, with e on the correct side, condone sign errors
Al for a correct equation, consistent with the CLM equation.
Al* for given answer correctly obtained, with at least one line of
intermediate working.
N.B. Allow any fully factorised equivalent form.
5(b) B1 for a correct unsimplified expression in e and u for v, seen or

RA
165



< QUESTION

implied.
M1 for correct unsimplified expression, using their v, and the given v,

for KE after (must be adding the KE’s)
Al for a correct unsimplified expression for the KE After

DM1 for (%x 2mu? — their KE afterj using their v, and the given v,

condone Final KE — Initial KE.

Al Accept 0.33 or better.

N.B. Must be from correct working.

5(c) M1 for a correct impulse-momentum equation for either Q or P

i.e. do NOT condone sign errors.

Al Accept 0.33 or better.

5(d) Bl cao

M1 for equating their speeds of P and Q , with their e substituted, to
give an equation in f only, allow slip when substituting in their e value,
provided the method is clear.

N.B. Must be using a value of e where O0<e ,, 1

Al Accept 0.63




< QUESTION

QUESTION SCHEME MARKS
NUMBER
7 N.B. throughout this question refer to diagram for the direction

of speeds and then apply to equations.
N.B. Correct mass-speed pairings are needed for all M marks

2u
N _
¢
-
v w

PR

7(a) CLM M1
2m(2u) = 2m(-v) +3m(w) Al
Use of impact law M1
e(2u)=w+v Al
Al*
w= 4 (e+1)*
5
(®)
7(b) Find an expression involving v, e and u M1
2 Al
Correct expression Eg V = %(36 - 2)
Use v > 0to form an inequality in e,
2 Al
= —<ex<l
3
@)
7(c) Use of Impulse-momentum M1
108mu — 3mx 4_u(e +1) Al
25 5
ot AL*
5
@)
7(d) 0.16u Ladw
4
€=3
x y
v=0.16U, 4/25u Allow +/- B1
Use of CLM with their v M1

3m(1.44u) = 3m(—x) +5m(y)

3m (%“(e +1)j — 3m(=x)+5m(y)
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Use of impact law with their v M1
0.8(1.44u)=x+y
e[%(eﬂ)} =X+Yy
Correct expression Al
x=0.18U o.e.
Compare the speed of P after the first collision with the speed of | dM1
Q after the second collision. (v=0.16u and x=0.18u)
Since 0.18u >0.16u a third collision will occur (between P and | Al
Q)
(6)
(17
Notes for question
7(a)
M1 Equation for CLM. Dimensionally correct, all terms required.
Condone sign errors.
Al Correct unsimplified equation.
M1 Use of impact law. Condone sign errors but must be used the
right way round.
Al Correct unsimplified equation, signs consistent with CLM.
Al* Obtain given answer from correct working. Must be factorised
with (e+1) for this mark. Allow (1+e)
7(b)
M1 Find an expression involving their vp after the first collision with
u and e only for their direction
Al Correct unsimplified expression for vp after the first collision
with u and e for their direction.
Al Use the direction of P and their expression for v to form a correct
inequality in e, both ends required.
7(c)
M1 Use of impulse-momentum equation. Dimensionally correct,
condone sign errors.
Al Correct unsimplified equation.
Al* Obtain given answer from complete and correct working. At
least one line of working form equation to answer as a ‘Show
that’
7(d)
B1 Correct expression seen for speed of Q after the first collision.
Allow -0.16u ,-4/25u
M1 Form relevant CLM equation using given answer from (a).
Dimensionally correct, all terms required. Condone sign errors.
No need for e to be replaced.
M1 Use of impact law with given answer from (a). Condone sign
errors but must be used the right way round. No need for e to be
replaced.
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< QUESTION

Al Correct expression from correct working for the speed and
direction of Q after the second collision, e must be replaced.
Allow +/- answer 0.e

dM1 Compare the speed of P after the first collision with the speed of
Q after the second collision (v=0.16u and x=0.18u)
Dependent on two previous M marks. Velocities must have been
found in terms of u prior awarding this mark

Al Cso. Since 0.18u>0.16u a second collision could occur

between P and Q
N.B. if all that is seenis <. (v=0.16u and X=0.18u) and then

so second collision’. This is MOAO as no comparison has
occurred.
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