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QUESTIONS

14 questions - 129 marks - 4 sub-topics
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SUB-TOPIC 1.1

CONSERVATION OF MOMENTUM

Sub-topic 1.1 - 4 questions - 46 marks - lowest tariff first
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ANSWER >

1. A particle 4 of mass 3m and a particle B of mass m are moving along the same straight
line on a smooth horizontal surface. The particles are moving in opposite directions
towards each other when they collide directly.

Immediately before the collision, the speed of 4 is ku and the speed of B is u.
Immediately after the collision, the speed of 4 is v and the speed of B is 2v.

3
The magnitude of the impulse received by B in the collision is > mu.

(a) Find v in terms of u only.

3)
(b) Find the two possible values of .

)
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ANSWER >

( )

Question 1 continued

KA



ANSWER >

( )

Question 1 continued
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ANSWER >

Question 1 continued

(Total for Question 1 is 8 marks)
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ANSWER >

1. [In this question, i and j are horizontal perpendicular unit vectors.]
A particle 4 has mass 3kg and a particle B has mass 2kg.
The particles are moving on a smooth horizontal plane when they collide directly.
Immediately before the collision, the velocity of 4 is (3i — j)ms ' and the velocity of
B is (=6i + 2j)ms "’
. .. . . . 2. 0
Immediately after the collision the velocity of 4 is | —2i + 3 j|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 exerted on 4 by B in the collision.

&)

(c) Find, in terms of i and j, the velocity of B immediately after the collision.

(&)
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(Total for Question 1 is 9 marks)

Question 1 continued
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ANSWER >

4 N\
2. Two particles, 4 and B, are moving in opposite directions along the same straight line on a
smooth horizontal surface when they collide directly.
Particle 4 has mass 5m and particle B has mass 3m.
The coefficient of restitution between A and B is e, where ¢ > 0
Immediately after the collision the speed of 4 is v and the speed of B is 2v.
Given that 4 and B are moving in the same direction after the collision,
(a) find the set of possible values of e.
®)
Given also that the kinetic energy of 4 immediately after the collision is 16% of the
kinetic energy of 4 immediately before the collision,
(b) find
(1) the value of e,
(i1) the magnitude of the impulse received by 4 in the collision, giving your answer
in terms of m and v.
(6)
\ J
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ANSWER >

Question 2 continued

Q\Vﬂ
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ANSWER >

Question 2 continued

Q\Vﬂ
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ANSWER >

Question 2 continued

(Total for Question 2 is 14 marks)

Q\Vﬂ
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ANSWER >

4. A particle 4 of mass 2m is moving in a straight line with speed 3u on a smooth
horizontal plane. Particle A collides directly with a particle B of mass m which is at rest
on the plane.

The coefficient of restitution between 4 and B is e, where e > 0

(a) Show that the speed of B immediately after the collision is 2u (1 + e).
(6)

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

(b) Show that there will be a second collision between A4 and B.
3)

1
The coefficient of restitution between B and the wall is E

Find, in simplified form, in terms of m, u and e,

(c) the magnitude of the impulse received by B in its collision with the wall,

&)

(d) the loss in kinetic energy of B due to its collision with the wall.

&)
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Question 4 continued

N2
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ANSWER >

4 A%

Question 4 continued
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(Total for Question 4 is 15 marks)

Question 4 continued

N2
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SUB-TOPIC 1.2

IMPULSE IN VECTOR FORM

Sub-topic 1.2 - 6 questions - 41 marks - lowest tariff first
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ANSWER >

7
3.
2.8ms!
P
a
3Ns
Figure 2
A particle P of mass 0.5kg is moving in a straight line with speed 2.8 ms™ when it
receives an impulse of magnitude 3 N's.
The angle between the direction of motion of P immediately before receiving the
4
impulse and the line of action of the impulse is a, where tana = 3 as shown
in Figure 2.
Find the speed of P immediately after receiving the impulse.
)
\
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19




ANSWER >

Question 3 continued

(Total for Question 3 is 5 marks)

Q\Vﬂ
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ANSWER >

1. A particle P of mass 2 kg is moving with velocity (—4i + 3j)m s~ when it receives an
impulse (—6i + 42j) N s.

(a) Find the speed of P immediately after receiving the impulse.
Q)
The angle through which the direction of motion of P has been deflected by the impulse
is a°
(b) Find the value of a
(2)

INA
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(Total for Question 1 is 6 marks)

Question 1 continued

N2
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ANSWER >

1. A particle P of mass 0.5kg is moving with velocity (4i + 3j)m s~ when it receives
an impulse J N's. Immediately after receiving the impulse, P is moving with
velocity (—i + 6j)ms™.
(a) Find the magnitude of J.
C))

The angle between the direction of the impulse and the direction of motion of P
immediately before receiving the impulse is o.°

(b) Find the value of o
3)

INZ)
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ANSWER >

Question 1 continued

(Total for Question 1 is 7 marks)

Q\Vﬂ
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ANSWER >

4. A particle P has mass 0.5kg. It is moving in the xy plane with velocity 8ims™' when it
receives an impulse A(—i+ j)Ns, where 1 is a positive constant.

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 is 6°

Immediately after receiving the impulse, P is moving with speed 4 J1I0ms™
Find (i) the value of 4

(ii) the value of &
®)

INZ)
25



ANSWER >

Question 4 continued

(Total for Question 4 is 8 marks)

Q\Vﬂ
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ANSWER >

7
3. A particle P, of mass 0.5kg, is moving with velocity (4i +4j)ms™ when it receives an
impulse I of magnitude 2.5 Ns.
As a result of the impulse, the direction of motion of P is deflected through an angle of 45°
Given that I =(4i + «j) Ns, find all the possible pairs of values of 1 and y. )
\
\
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ANSWER >

e )

Question 3 continued

Q\Vﬂ
28



ANSWER >

4 N\

Question 3 continued

Q\Vﬂ
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ANSWER >

Question 3 continued

(Total for Question 3 is 9 marks)

Q\Vﬂ
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ANSWER >

7
3. Anparticle P of mass 0.4 kg is moving with velocity 7i ms™' when it receives

an impulse of magnitude 1.6 N's.

The velocity of P immediately after it receives the impulse is A(2i + j)ms™, where 1 is

a constant.

Find the two possible values of A

(6)

L
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ANSWER >

Question 3 continued

(Total for Question 3 is 6 marks)

Q\Vﬂ
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SUB-TOPIC 5.1

OBLIQUE IMPACTS BETWEEN SPHERES

Sub-topic 5.1 - 3 questions - 30 marks - lowest tariff first
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ANSWER >

Figure 3

Two smooth uniform spheres, 4 and B, have equal radii. The mass of 4 is 3m and the
mass of B is 4m. The spheres are moving on a smooth horizontal plane when they
collide obliquely. Immediately before they collide, 4 is moving with speed 3u at 30°
to the line of centres of the spheres and B is moving with speed 2u at 30° to the line of
centres of the spheres. The direction of motion of B is turned through an angle of 90°
by the collision, as shown in Figure 3.

(i) Find the size of the angle through which the direction of motion of 4 is turned as a
result of the collision.

(i1) Find, in terms of m and u, the magnitude of the impulse received by B in
the collision.

®

INZ)
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ANSWER >

( )

Question 4 continued

Q\Vﬂ
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ANSWER >

( )

Question 4 continued

Q\Vﬂ
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ANSWER >

Question 4 continued

(Total for Question 4 is 9 marks)

Q\Vﬂ
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ANSWER >

7.

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

B

(8i +2j)ms!

Figure 3

Figure 3 represents the plan view of part of a smooth horizontal floor, where 4B is a
fixed smooth vertical wall.

%
The direction of AB is in the direction of the vector (i + j)
A small ball of mass 0.25kg is moving on the floor when it strikes the wall AB.
Immediately before its impact with the wall 4B, the velocity of the ball is (8i + 2j)ms™!

Immediately after its impact with the wall AB, the velocity of the ball is vms™
1
The coefficient of restitution between the ball and the wall is 3

By modelling the ball as a particle,

(a) show that v =4i + 6j

(b) Find the magnitude of the impulse received by the ball in the impact.

(6

&)
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ANSWER >

Question 7 continued

Q\Vﬂ
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ANSWER >

Question 7 continued

Q\Vﬂ
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ANSWER >

Question 7 continued

Q\Vﬂ
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ANSWER >

Question 7 continued

(Total for Question 7 is 9 marks)

Q\Vﬂ
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ANSWER >

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

A smooth uniform sphere 4 has mass 0.2kg and another smooth uniform sphere B, with
the same radius as 4, has mass 0.4kg.

The spheres are moving on a smooth horizontal surface when they collide obliquely.
Immediately before the collision, the velocity of 4 is (3i + 2j)ms! and the velocity of B
is (-4i — jyms™!

At the instant of collision, the line joining the centres of the spheres is parallel to i
. i .3
The coefficient of restitution between the spheres is 7

(a) Find the velocity of 4 immediately after the collision.
(7)

(b) Find the magnitude of the impulse received by A4 in the collision.
(2)

(¢) Find, to the nearest degree, the size of the angle through which the direction of
motion of 4 is deflected as a result of the collision.

Q)

A
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ANSWER >

e )

Question 6 continued
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ANSWER >

4 N\

Question 6 continued

Q\Vﬂ
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ANSWER >

Question 6 continued

(Total for Question 6 is 12 marks)

Q\Vﬂ
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SUB-TOPIC 5.2

OBLIQUE IMPACTS WITH WALLS AND PLANES

Sub-topic 5.2 - 1 question - 12 marks - lowest tariff first
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ANSWER >

6. A particle P of mass m is falling vertically when it strikes a fixed smooth inclined plane.
The plane is inclined to the horizontal at an angle o, where 0 < o < 45°

At the instant immediately before the impact, the speed of P is u.
At the instant immediately after the impact, P is moving horizontally with speed v.

(a) Show that the magnitude of the impulse exerted on the plane by P is museca
&)

The coefficient of restitution between P and the plane is e, where e > 0

(b) Show that v = #*(sin® a + € cos” a)

3
(c) Show that the kinetic energy lost by P in the impact is
1 2 2 2
Emu (1-e“)cos” a
()]

(d) Hence find, in terms of m, u and e only, the kinetic energy lost by P in the impact.

)
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Question 6 continued

N2
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ANSWER >

4 A%

Question 6 continued

Q\Vﬂ
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(Total for Question 6 is 12 marks)

Question 6 continued

N2
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MARK SCHEMES

official mark schemes

&
RA
52



< QUESTION

Question Marks AOs
la ku u
either v va 2v
or Vv - 2v

Note that if they start with their 2v to the left this creates an
impossible situation (the particles need to pass through each other).
The maximum score is MIM1M1.

Impulse received by B: M1 34
3
> mu =m(2v—(-u)) Al | 11b

u

vV=— )
2 Al 1.1b
®)
INA
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MARK SCHEME - Option 3C: Further Mechanics 1 - June2022 - Q1 1.1 Conservation of Momentum < QUESTION

1b Use of CLM or Impulse-momentum for one option for A: M1 34
3kmu—mu = 2mv+3mv(= 5%)
3 11 Alft | 1.1b
or 3m(v—ku) = _=m 3mu(—+—j:3mku
2 4 2
3
k== Al 1.1b
4
Form a second equation in k
(3mku—mu:2mv—3mv(=—%)or3m(v+ku)=3mTuJ ML | 3la
1
k== Al 1.1b
4
()

(TOtal 8 Marks)

Notes

Form impulse-momentum equation for B (or A).
May be expressed as either | =mv—mu or I+mu=mv. Dimensionally correct.
Must be considering difference in velocities

Must have a correct combination of mass and velocity: pairing velocity of one with the
(@M1 | mass of the other scores MO

Allow for subtraction the wrong way round or impulse in the wrong direction.
Assuming that you have not seen an incorrect formula stated, allow for 2v+u without
overt evidence of subtraction.

Allow if the common factor of m is not seen

Correct unsimplified equation for B (or A).
Allow without m

Al

Al Correct answer only

Correct method to form an equation in k. Must be dimensionally correct
Condone sign errors in CLM.
Allows marks for CLM equation here if seen in (a) and used correctly to find k here.

(b) M1 | Rules for impulse-momentum as above. M1 is available if they have not reversed the
direction of the impulse. An equation which allows for the change in direction by using u
— v can score full marks.

Could be working with either option for the direction of motion of A

Alft Correct unsimplified equation in u, v or their v

One correct solution
Be aware that a sign error in the impulse-momentum equation for A can lead to a

Al fortuitous answer. A fortuitous answer scores AQ
IT\NI bl i mamvimnnd Amtnmissmism mama —7 Al 1\
M1 Correct method to form a second equation in k (reversing the direction of motion of A)
Al Second correct solution
IRA
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< QUESTION

Question Scheme Marks | AOs
1(a) Form an expression for total KE M1 3.1a
%x3x(32+(—1)2)+%><2><((—6)2+22) Al | 11b
=55 (J) Al 1.1b
3
1(b) Use of change in momentum M1 3.1a
. 2. .
3((—2I+§j)—(3l—j)] Al 1.1b
=(-15i+5j) (Ns) Al 1.1b
®)
1(c) Either: Use impulse on B to form equation M1 3.1a
(15i —5j) = 2(v, — (=61 +2j)) Al 1.1b
Vg = (1.5i—0.5j) (ms?) Al 1.1b
Or: Use CLM to form equation M1 3.1a
3(3i — j) + 2(~6i + 2j) = 3(-2i +§ i)+2v, Al | 11b
Vg = (1.5i—0.5j) (ms?) Al 1.1b
®)
(9 marks)
Notes: Ignore units in final answers
(@)
Form an expression for total KE, correct number of terms and dimensionally correct. Must
add 2 KE terms of the correct structure. Allow missing minus signs on components when
squaring.
M1 MO for use of (3i—j)’ unless recovered.
MO if KE terms are never added together.
MO for using %mv unless the correct KE formula is also stated. (Note that %mv is not
dimensionally correct)
Correct unsimplified expression for the total KE. If the 2 KE terms are incorrect when the
Al - L
total is formed, this is AO.
Al Cao
(b) N.B. Only penalise use of column vectors in final answers once across (b) and (c).
Penalise the first occurrence. Allow column vectors throughout working in (b) and (c).
.},5‘



< QUESTION

Use of change in momentum, dimensionally correct (mass x velocity). Must subtract

M1 momenta but condone in wrong order. Must use mass of 3kg with velocities of A or mass
of 2kg with velocities of B.
MO if speeds are used.

Al Correct unsimplified expression for impulse

Al Correct answer in i and j form. Penalise first occurrence if answer is given as a column
vector. ISW if they continue and find the magnitude.

(©)

M1 Either: Use of impulse-momentum equation with their Impulse. Must subtract momenta
(mass x velocity) but condone in wrong order. Condone sign error on LHS.

Al Correct unsimplified equation

Al Correct answer in i and j form. Penalise first occurrence if answer is given as a column
vector.
Or: Use of CLM equation with correct number of terms, condone sign errors. Masses and

M1 " - .
velocities must be paired correctly. MO if speeds are used.

Al Correct unsimplified equation

Al Correct answer in i and j form. Penalise first occurrence if answer is given as a column
vector.




< QUESTION

Question Scheme ‘ Marks AOs

2(&) —> x y&—
—y % 2v
Use of CLM M1 3.1a
5mv+6mv(=11mv) =5mx—-3my  (1lv=>5x-3y) Al 1.1b
Use of impact law M1 3.1a
v=e(x+y) Al | 11b
1lev =5ex —3ey v
= x=—(11e+3 .
{ 3v =3ex —3ey 8e( ) ML 3da
v
=—(5-11e Al 1.1b
Y=g (5-1le)
e>0 (= x>0) = 5-11e>0 M1 34
5
=0<e<— Al 2.2a
11
8)
(b) Form equation for KE M1 2.1
2
Lesmavi= 22 Lsma Y (110 +3) Alft | 11b
2 100 2 64e
(4(11e+3)=(+)80e) e =% Al | 11b
Impulse =-5m(v—Xx) M1 | 3.1a
__5 ( _Q_3_Vj
8 8e
& 11 Alft | 1.1b
Or 3m(2v —V——V)
8
. 15
Magnitude =Emv Al 2.2a
(6)

Alt(b) Form equation for KE M1 2.1
1><5m><v2=£><l><5mxx2 Al 1.1b
2 100 2
Av_@ P — BN - A1 1 1h

INZ)
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< QUESTION

Impulse =-5m(v—Xx) M1 | 3.1a
=-5m (v - ﬂj
2
Al 1,16
Or:3m (ZV + !J
2
. 15

Magnitude = I mv Al 2.2a

(6)
(14 marks)

Notes:

(M1

All terms required. Dimensionally correct. Condone sign errors

Al

Correct unsimplified equation

M1

Used correctly. Condone sign errors

Al

Correct unsimplified equation

M1

Use their correctly formed equations to solve for v or w or a multiple of v or w

Al

Both velocities correct

M1

Use their velocities (in general form — not by considering one specific value) to form
inequality for both moving in the same direction.

Al

Correct only.

(b)M1

Dimensionally correct. Condone 16% on wrong side Allow M or 5m

Alft

Or equivalent. Correct unsimplified equation. Follow their x Allow M or 5m

Al

Correct answer only Allow M or 5m

M1

Correct use of | =mv—mu. Must be subtracting.

Alft

Accept + Follow their x, y, e

Al

Correct only. Must be positive.




< QUESTION

4(a) S, =
T TB’ ? Vp
CLM: M1 3.1a
2mx3u =2mv, +mv, 2mx3u =-2mv, +mv,
Al 1.1b
(6u=2v,+V;) (6u=-2v,+Vvy)
Impact Law: M1 3.4
3ue=-V, +V, 3ue=v, +v, Al 1.1b
Solve for v, M1 2.1
(vg=) 2u(l+e) * Al* | 22a
(6)

4(b) Solve for v, M1 3.1a
Vy=Uu(2—e) vy =u(e-2) Al | 11b
Complete and correct Complete and correct
explanation: explanation:
0<e<1 =v,>0 0<e<1 =v,<0

) ) Al 2.4
= A continues to move = A continues to move
towards the wall towards the wall
= A will collide again with B. | = A will collide again with B.
(©)

4(c) Rebound speed or velocity of B = + %x 2u(l+e) Bl 34
tm[-u(l+e)-2u(l+e)] M1 3.1a
31+e)mu Al 1.1b

3

4(d) Attempt at KE loss of B M1 3.4
1
Em[(2u(1+ &)’ ~(u(t+e))’ | Al | 31a

2 2
M Al 1.1b
2
®3)
(15 marks)
Notes:

INA
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MARK SCHEME - Option 3C: Further Mechanics 1 - June2024 - Q4 1.1 Conservation of Momentum

(@)
Use of CLM, all terms required, dimensionally correct (mass x velocity in each

M1 term). Mass and velocity paired correctly. Condone sign errors on velocities.
Condone consistent extra g and/or consistent missing m (in every term).

Al Correct unsimplified equation.
Correct use of Impact Law, dimensionally correct, condone sign errors on

M1 velocity.
MO if separation and approach are on the wrong sides.

Al Correct unsimplified equation, the direction of A must be consistent with their
CLM.

M1 Use their correctly formed equations to solve for ve

AL* Given answer correctly obtained and exactly as printed. Working should include
an equation in vg only before reaching the given answer.

(b)

M1 Use given answer in (a) to solve for va. If seen in (a) it must be used in (b) to earn
this mark.

Al Correct expression seen for velocity of A after impact.
Correct and complete explanation with no incorrect statements. Must include all
of:
e O<e<lor0<e<lor 0<e<1or “forale’
e v,>0 orv, <0 (must be correct for their v,)

Al* e Must refer to the wall.
e A continues to move with unchanged direction or towards the wall (eg do not accept

descriptions for direction of travel as ‘to the right” or similar)

e Conclude second collision between A and B
Note: A0* for explanations that rely on comparing speed of vz and v,

(©

B1 Correct unsimplified expression for rebound speed or velocity of B, may be seen
on diagram or elsewhere in working. Accept positive or negative.

M1 Attempt to find difference in momenta, dimensionally correct (mass x velocity).
Must use given answer from (a) for VVb. Condone use of e or e’ in place of ¥2

Al Correct answer, must be positive. Accept any equivalent form that is either
factorised or reduced to 2 terms eg 3(1+e)mu , 3mu + 3emu

(d)
Attempt at KE loss of B: clear attempt at a difference in KE of B before and after

M1 impact with the wall. Must use velocity of B from (a). Condone use of e or e’ in
place of % .Dimensionally correct, condone subtraction either way round.

Al Correct unsimplified expression for KE loss of B

. . 3mu’(l+e)®  3mu’(l+2e+e’
Al Any equivalent factorised form eg (2 ) , ( 5 ) ,

\t.
RA
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< QUESTION

E O d

Instantaneous ()
rest

INA
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< QUESTION

3 Impulse momentum equation(s) M1 3.1a
3xcosar) 1(V,—2.8 (v 32 v - 24) Al 1.1b
3xsina ) 2 v, "5 V5 Al | Lib

v=%\/322 +24° M1 1.1b
=8(ms™) Al | 11b
Alternative working parallel and perpendicular to the impulse:
3 v, —2.8xC0S
_if . v, =7.68,v, =12.24
0) 2\v,+28xsina
v=+/7.68"+2.24* =8(ms™)
()
3alt
)y 6
7
2.8
Using cosine rule: M1
v? =287 +6°-2x2.8x6c0s(7— ) Al
Al
Solve for v M1
v=8(ms™) Al
()
(Total 5 marks)
Notes
Use of I =mv—mu in two dimensions. (i.e. resolving used) Dimensionally correct.
M1 Allow for a combined equation in vector format or for just one component. Condone
sin/cos confusion.
Allow if m seen but not substituted.
Al Equation for one component correct unsimplified
AL Equations for both components correct unsimplified
Allow A1A1 for a correct unsimplified vector equation
Allow A marks if in terms of m and a
M1 Correct use of Pythagoras for their components to obtain the numerical value of the speed

This may be seen or implied: an alert candidate might spot the 3, 4, 5 triangle.

B:yfﬂ‘
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< QUESTION

Al Correct only
Alt
Correct use of cosine rule in a dimensionally correct triangle. The lengths of the sides
M1 must be consistent, i.e. v, 2.8 and 6 or v, 1.4 and 3 and it must be a correct vector
triangle (vectors combined correctly)
Al Unsimpified equation with at most one error
Al Correct unsimplified equation
M1 Substitute for trig. and solve for v
Al Correct only
Q‘Q’/’@
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< QUESTION

1(a) Impulse-momentum: M1 3.1a
(—6i +42j) = 2{v —(-4i+3j)} Al 1.1b
Find magnitude of their v: \/(=7) + 24 M1 | 1.1b
25(ms™) Al 1.1b
(4)
1(b) Use scalar product cosa = (Chx 1)+ (3x29) M1 3.1a
J(4)? + 3 x| [(=T)? + 247
o = 37 or better Al 1.1b
)
1(b)alt 1 Use cosine rule in a vector triangle:
{(4)? +3}+{(-7)" + 247} - (3 + (-20)°) M1 | 31a
cosa =
2x5x[(=7)? + 242
o = 37 or better Al 1.1b
)
1(b)alt 2 Use inverse tan:
Eg a=tan (ﬁj —tan™ (gj
7 4 M1 | 3.1a
& =90—tan"| - | ~tan"* 3
24 4
o = 37 or better Al 1.1b
)
(6 marks)
Notes:
(@)
Dimensionally correct, mass x velocity. Must be subtracting momenta but condone subtracting in
M1 A
the wrong order. MO if g is included.
Al Correct unsimplified equation.
M1 Correct application of Pythagoras to find the magnitude of their v.
MO for an incorrect speed if there is no evidence of Pythagoras being used on their velocity.
Al Correct answer following the correct velocity.
(b)

A
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< QUESTION

M1

Complete method to find the required angle. Correct use of scalar product with their v. The

u-v . -
formula must be correct, cOSa = m MO if the fraction is up the wrong way. Do not ISW.
ullv

Al

cao in degrees

(b)altl

M1

Complete method to find the required angle. Correct use of cosine rule on (v — u) or (u — V) vector
triangle for their v. MO if using (v + u). Do not ISW.

Al

cao in degrees

(b)alt2

M1

Complete method to find the required angle. Correct use of inverse tan formulae for their v. Do
not ISW.

MO for tan™ (%) alone which also gives the value 36.869...

Al

cao in degrees

INA
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< QUESTION

Question Scheme Marks AOs

la Impulse-momentum equation M1 3.1a
J= O.5(—i +6j—4i —3j)
o Al 1.1b
(3 =0.5(-5i +3j))
Find magnitude of J: M1 1.1b
|J|2 =%(25+9), |J|=@ (N's) Al 1.1b
4)
[ 4i +3j
-5i + 3j
Correct use of trig M1 3.1a
a°=180°—tan™ 3 _tant3 or a°=tan™! 4 tant2 Alft | 1.1b
4 5 3 3
a=112 Al 1.1b
®)
1balt Use scalar product of xJ and 4i+3j to find the angle M1 3.1a
cosa’® = —20+9 Alft | 1.1b
J34 x5 '
a=112 Al 1.1b
3)
1balt Use of cosine rule in triangle of momenta or equivalent M1 3.1a
34+25-37
a°=180°-cos™| ———— Alft | 1.1b
( 2x5x+/34 J
a=112 Al 1.1b
®)
(7 marks)
Notes:
(2)M1 | Dimensionally correct. Must be subtracting, but condone subtracting in the wrong order.
Al Correct unsimplified equation
M1 Correct application of Pythagoras to find the magnitude. (from £J)
Al 2.9 or better (2.9154....) (from £J)

A
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< QUESTION

(b)yM1

Correct use of trig to find a relevant angle using 4i+3j and their J
ab

i.e. a° or 180°—-a° Allow
[al[b|

Alft

Correct unsimplified expression for the required angle. Follow their J A0 for

Do not ISW

ab

bl

Al

110 or better (112.166.....) or accept 247.8....°

INZ)
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< QUESTION

Question Scheme Marks AOs

4 Use of Impulse = change in momentum M1 3.1a
0.5(v-8i)=A(-i+]
( ) _( _) Al | 1.1b
(v=(-22+8)i+22j)
Use of Pythagoras: M1 31a
e.g. 160=(-22+8)"+(22)’
Al 1.1b
(160=44%-321+64+42°)
Form and solve quadratic in A : 84> -=321-96=0
(A*-421-12=(4-6)(2+2)=0) ML )21
=>1=6 Al 1.1b
Find the required angle: 180°—tan™3 M1 1.1b
6 =108 Al 2.2a
8)
(8 marks)

Notes:

M1 | Must be subtracting two values for momentum, but condone subtraction in the wrong order

Al | Correct unsimplified equation

M1 | Correct use of final speed with their v

Al | Correct unsimplified equation in one unknown or pair of simultaneous equations

M1 | Simplify and solve for A from correct working

Al | Correct positive solution only

M1 | Complete method to solve for

Al 108 or better (108.4349....)

INA
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< QUESTION

Question Scheme
3
(2i + 2j)
45° ~
i ai
. . . Correct interpretation of angle of deflection (velocity or
Momentum of P after impulse = ai (or aj) Bl 2.2a momentum a multiple of i or j)
Either | Useof I=m(v-u):
. L M1 3.3 Form vector triangle or equation for v or their ai
(1=)0.5(2ai —(4i+4j))(=(a-2)i-2j)
Use of Pythagoras to form equation in a M1 3.4 | Use trigonometry or Pythagoras’ theorem to form equation in a
2
6.25= 0'25((23_4) +16) Alft 1.1b | Unsimplified equation with at most one error. Follow their ai
( A2 —16a+7 0) Al 1.1b | Correct unsimplified equation
or  j24,2-2 M1
4
| = 2+ pj = =((x—4)i - 4i) M1
2
pu=-2 Al Dependent on 2" M (for impulse)
9
A== Al
4
INA

69




< QUESTION

or Use of I =m(v—u) to form vector triangle M1 33
Form equation in their a M1 34
1
6.25= 2’ +8—2aJ§xE
1 Alft 1.1b
[4x6.25= b? +32—2b\/3_2x$f0r velocity bi] Al 1.1b
(4a®-16a+7=0)
Qo Z, 1,23 i (Ns) M1 1.1b Complete correct method to solve to find a pair of values for A
2 2 2 and
or|= —g i—2j(Ns) Al 1.1b | Two correct pairs of values for A and p
or 1—_2i_3 i (Ns) M1 009y | USesymmetryin complete correct method to find one of the
2 other pairs of values for A and p
or I =-2i +%j (Ns) Al 1.1b | All four correct pairs
(They do not need to write out the impulse in full)
9)
(9 marks)
A
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MARK SCHEME - Option 3C: Further Mechanics 1 - June2025 - Q3 1.2 Impulse in Vector Form < QUESTION

3 Use of change in momentum M1 3.1a
(1)=0.42(2i+])-0.4x7i Al | 11b

Use of Pythagoras to form an equation for magnitude of impulse M1 1.1b

E.g.
1.6=(0.84-2.8)" +(0.42)’ Al | 14b
16=047((22-7) +2?)
50-281+39=0 = A=.. dv1 | 2.1
A=26, A=3 Al 2.2a
(6)

(6 marks)

Notes: Accept column vectors throughout

Form an expression for change in momentum in A, correct number of terms and

dimensionally correct. Must use velocities and both components. Subtraction may be
M1 | either way round. If present, ignore LHS. For the M mark, condone poor expanding of the

velocity i.e.(0.82i+0.4j) or (0.8i+0.44j)

MO if speed is used

Correct unsimplified expression for change in momentum, accept terms either way round.
Must use conventional vector notation ie column vector form or i-j form.

If present, ignore LHS.

AQ for unconventional vector notation, unless recovered.

Al

Correct use of Pythagoras (squaring and adding) to form an equation for magnitude of
impulse. Must use the given magnitude, /1.6 , and the change in momentum components,
to form an equation in A4 only. Other unknowns may be introduced to represent the

. a 22 7
M1 | impulse components. E.g. (bJ:OA( A j—0.4[0j

However, the M mark is only awarded when Pythagoras is used correctly to form an
2
equation in A only. E.g. (\/1.6) =a’+bh’ = 16=(0.82-28)"+(0.44)°

Al Correct unsimplified equation in 4 only.

Dependent on previous two M’s. Complete method using the change in momentum and
dM1 | magnitude of impulse to form a 3TQ in A only and solve to find two A values. No need to
see the method for solving 3TQ. Must reach A =...

Al Both correct values o0.e. eg 4 :%, A=3

€.
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< QUESTION

Parallel to line of centres: M1 3.1b
9mu cos 30° —8mu cos 30° = 4mv cos 60° —3mwcos &
(ucos30°=2v—-3wcosd) (ucos30°=2v—3w,) Al | 11b
Bl
TA: (w, =)wsing= 3usm30°( 3;) 34
T B : vsin60° =2usin30°(=u) (v = 2—”)
V3 Bl | 34
(w, =)wcosé = %(Zv ucos30°) = SU\S/_
3u
(w, =)w3|n0—? Ml | 1.1b
[:> tan @ = % 0= 72.2°J
Direction deflected by 77.8° (78° or better) Al 2.2a
Magnitude of impulse M1 3.1b
= 4m(vcos 60°—(—2u cos30° ) Al 11b
=4m| = 1 16 3 mu Al 2.2
2 sin 60° 3 -8
OR: magnitude = 3m(3ucos30°+wcos 6)
g  BUV3 [ 3uV3])_16V3
18 2 3
&)
(Total 9 Marks)
Ml Use of CLM parallel to the line of centres.
Need all 4 terms. Dimensionally correct. Condone sign errors and sin/cos confusion.

INA
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< QUESTION

Correct unsimplified equation. Allow e.g. W, in place of WC0S# and V, in place of vCOS60° .

Al
Allow if they have divided through by a common factor e.g. m

NB there is no mark for the correct use of the impact law because the candidates are not required
to find the coefficient of restitution. They might however find it as part of an alternative method.
In this case, the M marks below are for a complete correct method to achieve the required result.
Ignore work to find e if it is not used.

No change perpendicular to line of centres for one sphere. Allow e.g. W, in place of

Bl wsin 6.
B1

Check the diagrams — the vertical components are often shown there.
No change perpendicular to line of centres for both spheres

Use scalar product or solve simultaneous equations to find @ for a relevant angle using
Ml their wx

They need to get as far as § = a numerical value for a relevant angle

Al 78° or better

Use of | = mv—muin direction of line of centres. Condone subtraction in either order
Allow M1 if they think that they have subtracted but they have not actually taken account
of the change of direction.

M1 Allow M1 if they go direct to the correct expression with a + without telling you that they
have taken account of the change in direction

Allow M1 if they go straight to an unsimplified expression in surds using values already found
earlier.

Correct unsimplified expression.

Allow the negative of this

Any equivalent simplified form. Must be positive. Condone if they change sign at the very end
without explaining why. Accept 9.2(376...) mu (2 sf or better)

Al

Al

NB You might see candidates using the right angle and matrix multiplication to rotate the initial
velocity of B to find the correct components of the velocity of B after impact.




< QUESTION

Question Scheme Marks AOs

7(a) Component parallel to the wall: [%(I +]j).(8i +2j)} M1 2.1
=52 Al 1.1b
Use of impact law perpendicular to wall: M1 34
Component perpendicular to wall after impact
L
= —=(-1+]).(81+2]) |[=—~2
3[J§( I J)} V2 Al | 11b
For a complete method to find v M1 1.1b
= v =(5i+5j)+(-i+j)=(4i+6j) * Al* | 2.2a
(6)
(a) alt If v=ai+bj component parallel to the wall: M1 2.1
(8i+2j).(i+]j)=(ai+bj).(i+j) (a+b=10) Al 1.1b
Use of impact law: M1 34
-2 (8+20).(-i+])=(ai +bj).(-i+])  (2=-a+b) Al | 11
For a complete method to find v M1 1.1b
= v =(4i+6j) * Al* | 2.2a
(6)
(@) alt2 | Angle to wall =31° , component parallel to the wall: M1 2.1
=/68c0s31°=7.07 Al | 1.1b
Component perpendicular to the wall M1 34
=% 68sin31°=1.42 Al 1.1b
For a complete method to find v M1 1.1b
—v= (J5_2c0556.3°i ++/52sin 56.3°j) = (4i+6j) Al* | 2.2a
(6)
b 1 =0.25(4i+6j)—0.25(8i +2j
(b) (__) (_ _) N w1 | a1
(1=0.25(-i+]J)-0.25(3i-3])) (I1=(-i+]))

INA
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< QUESTION

Use of Pythagoras M1 1.1b
[1]=+2(Ns) Al | 11b
3
(9 marks)
Notes:
(M1 Use of scalar product or equivalent. Allow M1 if not using unit vector
Al Correct unsimplified expression for component parallel to wall
M1 Correct use of impact law perpendicular to the wall. Condone sign error
Al Correct unsimplified expression for component perpendicular to wall
M1 Complete method to solve for v
Al* Obtain given result from correct working
Use of I =mv—mu with velocities or perpendicular components of velocities. Must be
(b) M1 . B
subtracting but allow subtraction in either order.
M1 Correct use of Pythagoras to find modulus
Al Accept 1.4 Ns or better

Q‘yfﬂ‘
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< QUESTION

Question Scheme Marks AOs
6(a) 4
(-4i - j) ms*
B 0.4 kg
(3i +2j) ms* ) v
Use the model to find the component perpendicular to the line of
Perpendicular to line of centres: 2j B1 3.4 | centres.
Correct value seen or implied
CLM parallel to the line of centres M1 31b L{se of F:LM parallel to line of centres. Need all terms and
dimensionally correct. Condone sign errors
0.2x3-04x4=04w-02v  (-5=2w-v) Al 1.1b | Correct unsimplified equation.
. Correct use of impact law parallel to the line of centres.
Impact law parallel to the line of centres M1 3.4 Condone sign errors
Te=v+W =3=v+w Al 1.1b | Correct equation with % used.
. Complete strategy to find components parallel and perpendicular
Complete strategy to find V, M1 3.1b to line of centres, eg by using CLM and impact law
v, = —1—31i +2j (m 5_1) follow their 2j Alft 11b | Vjcorrect, follow their aj for 2j(a0)
)
6(b) . : _ 11 . .
Magnitude of impulse on A: 0.2 3—(—3) M1 3.1b | Evidence of use of m(v—u) parallel to the line of centres
11 4
=0.2 §+3 =3 (Ns) Al 1.1b | 1.3(Ns) or better
)
A
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Question

Scheme

< QUESTION

Notes

6(c)

. Complete method for finding the requir: le.
Use of scalar product to find the angle M1 31a plete met 0; or findi zgt € requi e: angle 1
' Allow for tan™* = or tan™ = and tan™* — or tan™* =
2 3 11 6
(3i+2j).(—%i+2j)
cosf = Alft 1.1b | A correct unsimplified expression Follow their V,. Do not ISW
157
J13x, [/
9
0=118° Al 1.1b | Correct answer only. (Q asks for the nearest degree) Do not ISW
Alternative method: 180° —tan™ % —tan™ 1—61
62° probably scores M1AOAQ
43 411
Or tan™ —+tan™ —
2 6
@)

(Total 12 marks)

N
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< QUESTION

Vi B == ..';sina
SN s a
~a
CLM along the plane: M1 3.1a
(m)usina =(m)vcosa Al 1.1b
Impulse-momentum perp to the plane: M1 3.1a
I =m(vsina —(-ucosa)) Al 1.1b
HY)
usin mu .
I =m( % tucosa) =— (sin? @ +cos? @) = museca* Al* | 22a
cosa cosa
(%)
6(a) altl 1 M1 3.1a
ITcoser u
v M1 3.1a
e
Impulse-momentum vertically.
Al 1.1b
lcosa=m(0—--u
( ) Al 1.1b
| =museca * Al* 2.2a
(%)
6(a)alt2 | jntroduce and use an !
expression for e
euUcoSa
CLM along the plane: M1 3.1a
usina unchanged Al 1.1b
Finds an expression for e together with Impulse-momentum perpendicular
eucos
totheplane tana =———% —e=tan’a and M1 3.1a
usina
I =m(eucosa —(—ucosa))
I =m(ucosatan® a —(-ucosa)) Al 1.1b
H)
usin mu .
I =m( % fucosa)=—" (sin? @ +cos? @) = museca* Al* | 22a
cosa cosa
(5)
Q‘Q’f’@
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< QUESTION

6(@)alt3 | yse a vector approach and I 0
magnitude of impulse [,u]
-V
0
NG’
CLM along the plane: M1 3.1a
(m)usina =(m)vcose  (thisleadsto v=utana) Al 1.1b
Impulse-momentum as a vector equation followed by Pythagoras to find the
magnitude.
iy M1 3.1a
I =m[ J and [I|=myVv?+u?
u
1] =m+u®tan® a +u’ Al 1.1b
I =m\/u2(1+tan2a) =myu?sec? a = museca* Al* | 22a
()
6(b) NEL: eucosa =Vvsina M1 34
Squaring and adding their expressions for v sina and v cosa. M1 1.1b
V2 =u®(sin® a +e”cos’ a) * Al* | 11b
@)
6(c 1 1 .
© KE loss = Emuz—zmuz(smzcwez cos’ a). M1 2.1
Use sin o +cos® & =1 to give
1 Al* 1.1b
KE loss = Emuz(l—ez)cos2 a*
)
6(d) Use tan’ & =€ oe to eliminate a in given expression from (c) M1 3.1a
1 1 1
KE Loss = —mu’(l-e) or —=mu’—(1-¢%) Al 1.1b
2 2 l+e
)
(12 marks)
Notes:
(®)
M1 Correct no. of terms, dimensionally correct, mass x velocity, condone sin/cos confusion.
Al Correct equation
M1 Dimensionally correct. Must be subtracting, but condone subtracting in the wrong order and
sin/cos confusion




< QUESTION

Al

Correct unsimplified equation

Al*

Given answer correctly obtained. Must be EXACT factorisation.

(b)

M1

Attempt at NEL

M1

Squaring and adding their expressions for v sina. and v cosa. to obtain V2.

Al*

Given answer correctly obtained. Must be EXACT.

(©

M1

Expression for difference of KE interms of m, u, & and e

Al*

Given answer correctly obtained. Factorisation must be EXACT.

(d)

M1

Complete method to eliminate « e.g. using tan’ & =e to eliminate «

s 1
Any trig identity used must be correct eg sec’ @ =1+e€ or cos’ @ = 1—
+e

Al

Correct answer.

Note: The diagram below is an aide for marking. In reality, the velocity
components cannot be represented by the side lengths of the snooker table.
The magnitude of PC is not the magnitude of U cos«a

D Ucosa I Ucosa=Vcosf c
« B
80-a—/3
Vv . .
eUsina=Vsing
u 904
Usina 90+ -y 0
90—¢, y
eUsina=Vsin B=W cosy
a+y-90 w
90—y
A B

eUcosa=el cos =W siny

NG
80




