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1. A light elastic string AB has natural length 11a and modulus of elasticity 6mg

A particle of mass 4m is attached to the point C on the string where 4C = 8a and a
particle of mass 2m is attached to the end B

A

P (4m)
0 ® (2m)
Figure 1

The end A4 of the string is attached to a fixed point and the string hangs vertically below
A with the particle of mass 4m in equilibrium at the point P and the particle of mass 2m
in equilibrium at the point Q, as shown in Figure 1.

(a) Find the length AP
3

(b) Find the length PO
3
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Figure 2
A light elastic string AB has natural length / and modulus of elasticity 2mg.

The end A4 of the elastic string is attached to a fixed point. The other end B is attached
to a particle of mass m. The particle is held in equilibrium, with the elastic string taut
and horizontal, by a force of magnitude F. The line of action of the force and the elastic
string lie in the same vertical plane. The direction of the force makes an angle @, where

3
tan o =1 with the upward vertical, as shown in Figure 2.

Find, in terms of /, the length 4B.
(©)
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B

Figure 2

A light elastic string AB has modulus of elasticity 2mg and natural length ka, where £ is
a constant.

The end A4 of the elastic string is attached to a fixed point. The other end B is attached to
a particle of mass m. The particle is held in equilibrium, with the elastic string taut, by a
force that acts in a direction that is perpendicular to the string. The line of action of the
force and the elastic string lie in the same vertical plane. The string makes an angle 6
with the downward vertical at 4, as shown in Figure 2.

21 3
Given that the length 4B = 0 a and tan 0 = 7 find the value of k.

6
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Figure 3

A particle P of mass 2kg is attached to one end of a light elastic spring, of natural length
0.8m and modulus of elasticity 12N. The other end of the spring is attached to a fixed
point 4 on a rough plane. The plane is inclined at 30° to the horizontal. Initially P is held
at rest on the plane at the point B, where B is below 4, with AB = 0.3 m and 4B lies along
a line of greatest slope of the plane. The point C lies on the plane with AC = 1 m, as shown
in Figure 3.

The coefficient of friction between P and the plane is 0.3
After being released P passes through the point C.

Find the speed of P at the instant it passes through C.
)

£
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2a

>B"\L V

Figure 2

A light elastic string has natural length ¢ and modulus of elasticity mg.
One end of the elastic string is attached to a fixed point O.
The other end is attached to a small smooth ring of mass .

The ring is threaded on a fixed smooth vertical pole which is a distance éa from O.

Initially, the ring is held at the point 4 on the pole with the elastic string horizontal.

The ring is then projected vertically downwards with speed +/ag and reaches the
point B, where AB = 2a, with speed V, as shown in Figure 2.
Air resistance is assumed to be negligible.

Find V in terms of @ and g.

)
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1.2a

Figure 1

A uniform rod 4B has mass m and length 2a.

The end 4 is freely hinged to a fixed point.

A light elastic string has modulus of elasticity 2mg and natural length L.

One end of the elastic string is attached to the end B of the rod.

The other end of the elastic string is attached to a fixed point C, where AC is horizontal.
The rod rests in equilibrium with the elastic string taut and vertical and BC = 1.2q, as
shown in Figure 1.

(a) Find, in terms of m and g, the tension in the elastic string.

3
(b) Find L in terms of a.

C))

Q\?ﬂ
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Figure 2

A smooth bead of weight 12N is threaded onto a light elastic string of natural length 3 m.
The points A and B are on a horizontal ceiling, with 4B = 3m. One end of the string is
attached to 4 and the other end of the string is attached to B.

The bead hangs freely in equilibrium, 2m below the ceiling, as shown in Figure 2.

(a) Find the tension in the string.

(C)

(b) Show that the modulus of elasticity of the string is 11.25N.
@

The bead is now pulled down to a point vertically below its equilibrium position and
released from rest.

(c) Find the elastic energy stored in the string at the instant when the bead is moving at
its maximum speed.

()

£
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@
kmg
B (m)
Figure 1
A light elastic string 4B has natural length 4a and modulus of elasticity 4.
The end 4 is attached to a fixed point and the end B is attached to a particle of mass m.
The particle is held in equilibrium, with the string stretched, by a horizontal force of
magnitude kmg.
The line of action of the horizontal force lies in the vertical plane containing the
elastic string.
The string AB makes an angle a with the vertical, where tana = 3
With the particle in this position, AB = 5a, as shown in Figure 1.
20mg
(a) Show that A= ———
“
(b) Find the value of .
C))
J

Q\?ﬂ
21




ANSWER >

Question 1 continued

(Total for Question 1 is 8 marks)

S
<

o8
R

%
KX
KX

%

22



ANSWER >

4 A
4.
A ¢ B
A
I ag
2
3a
2
D v
vV

Figure 3

A light elastic string has natural length 3¢ and modulus of elasticity mg.
One end of the string is attached to the point 4 and the other end is attached to the
point B, where 4B is horizontal and 4B = 4a.

A particle P of mass m is attached to the midpoint of the string.
The particle P is held at rest at C, the midpoint of AB.

The particle P is then projected vertically downwards from C with speed 1/3%

3
At the instant when P reaches the point D, where CD = 24 , the speed of P is V, as
shown in Figure 3. 2

. . L 1
(a) Show that the elastic energy stored in the string increases by — mga, as P moves
downwards from C to D. 2

3
Air resistance is modelled as a constant force of magnitude %mg
Using the model and the work-energy principle,
(b) find V in terms of a and g.
6))
\ y,
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Figure 1

A light elastic spring has natural length / and modulus of elasticity 4
One end of the spring is attached to a point 4 on a smooth plane.

The plane is inclined at angle 0 to the horizontal, where tanf = %
A particle P of mass m is attached to the other end of the spring.

Initially P is held at the point B on the plane, where 4B is a line of greatest slope of
the plane.

The point B is lower than 4 and AB = 2/, as shown in Figure 1.

The particle is released from rest at B and first comes to instantaneous rest at the point
C on AB, where AC = 0.7

(a) Use the principle of conservation of mechanical energy to show that

100
A=—m
o1 "%
6))
(b) Find the acceleration of P when it is released from rest at B.
“
\ y,
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2. Alight elastic string 4B has natural length 3a and modulus of elasticity 20mg

When the string is unstretched, two particles, each of mass m, are attached to the string,
one at P, where AP = a and the other at O, where 40 = 2a.

The end A4 of the string is then attached to a point X on a horizontal ceiling and the
end B is attached to another point Y on the ceiling, where XY > 3a.

The particles hang at rest in equilibrium and the two portions of the string, XP and YO,
both make an angle € with the horizontal, as shown in Figure 1.

Figure 1

Given that tanf = % , find XY in terms of a.
10)

Q\?ﬂ
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4. A light elastic string has modulus of elasticity 2mg and natural length I. One end of the
string is fixed to a point A on a rough plane inclined to the horizontal at angle a, where

3
sina = 5 A particle, P, of mass m is attached to the other end of the string. Initially P is
1
held at rest on the plane at the point B, where B is above A and AB = 5 I. The string lies
along a line of greatest slope of the plane.

The particle P is released from rest and moves down the plane along the line of greatest
slope. The coefficient of friction between P and the plane is ¢, where ¢ < tana.

Given that P comes to instantaneous rest at the point C, where AC=1+e, %

(a) show that

912 + 6le — 10¢*
4131 + 2e) ©

ﬂ=

Given thate = |

(b) find the magnitude of the instantaneous change in the acceleration of P at C.

)

£
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7.
Figure 8

A particle P of mass 0.5kg is attached to one end of a light elastic string of natural

length 2m and modulus of elasticity 3N. The other end of the string is attached to a

fixed point O on a rough plane. The plane is inclined at an angle 6 to the horizontal,

where sinf = 2

7
. o 5

The coefficient of friction between P and the plane is rE

The particle P is initially at rest at the point O, as shown in Figure 8.

The particle P then receives an impulse of magnitude 4 Ns, directed up a line of greatest

slope of the plane.

The particle P moves up the plane and comes to rest at the point 4.

(a) Find the extension of the elastic string when P is at 4.
®)

(b) Show that the particle does not remain at rest at A.
3

& J

£
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4. A light elastic string has natural length 2a and modulus of elasticity 2mg.
1
One end of the elastic string is attached to a fixed point O. A particle P of mass 5 m is
attached to the other end of the elastic string.
The point 4 is vertically below O with OA4 = 4a.
Particle P is held at 4 and released from rest. The speed of P at the instant when it has
moved a distance a upwards is +/3ag
Air resistance to the motion of P is modelled as having magnitude kmg, where k is a
constant.
Using the model and the work-energy principle,
1
(a) show that k= 1
)
Particle P is now held at O and released from rest. As P moves downwards, it reaches its
maximum speed as it passes through the point B.
(b) Find the distance OB.
“
\ y,

Q‘\’/ﬂ'
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Figure 2

One end of a light elastic string, of natural length / and modulus of elasticity 4, is fixed
to a point 4 on a smooth plane. The plane is inclined at 30° to the horizontal.

A small ball B of mass m is attached to the other end of the elastic string. Initially, B
is held at rest at the point C on the plane with the elastic string lying along a line of
greatest slope of the plane.

The point C is below 4 and AC =/, as shown in Figure 2.

The ball is released and comes to instantaneous rest at a point D on the plane.

51

The points 4, C and D all lie along a line of greatest slope of the plane and AD = 1

The ball is modelled as a particle and air resistance is modelled as being negligible.

Using the model,
(a) show that 1 = 4mg
O
(b) find, in terms of g and /, the greatest speed of B as it moves from C to D
)
\ y,

£
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Figure 7

A light elastic spring has natural length L and modulus of elasticity 4mg. One end of
the spring is attached to a point O on a horizontal surface. The other end is attached to

a particle P of mass 37m . The particle is at rest in equilibrium at the point £, with the

5
spring vertical and OF = §L’ as shown in Figure 7.

1
The particle P is then pushed vertically downwards through a distance 5 L and, at time

t =0, released from rest.

(a) Show that P then moves with simple harmonic motion about £, with period 7 /;—L
g

(6)
(b) Find the exact value of ¢ at the instant when P is first moving upwards and

2
decelerating with magnitude 3 g

)

£
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3.
P(m)
E
3
=1
5
Figure 1
A particle P of mass m is attached to one end of a light elastic spring of natural length /
and modulus of elasticity kmg, where k£ is a constant. The other end of the spring is fixed
to horizontal ground.
The particle P rests in equilibrium, with the spring vertical, at the point £.
. . . 3 R
The point £ is at a height gl above the ground, as shown in Figure 1.
5
(a) Show that k= 5
2
1
The particle P is now moved a distance Zl vertically downwards from £ and released
from rest. Air resistance is modelled as being negligible.
(b) Show that P moves with simple harmonic motion.
Q)
(c) Find the speed of P as it passes through E.
C))
(d) Find the time from the instant P is released to the first instant it passes through E.
2)
\ J

£
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6. Aparticle, P, of mass 0.4kg is attached to the midpoint of a light elastic spring of natural
length 0.8 m and modulus of elasticity 20N. The ends of the spring are attached to the
fixed points A and B on a smooth horizontal table, where AB = 1.2m. Initially P is at rest
at the midpoint O of AB where AOB is a straight line. The particle P now receives an
impulse of magnitude 2 Ns so that P starts to move directly towards B.

(a) Prove that P moves with simple harmonic motion.

C))

(b) Write down, in terms of z, the period of the motion. ]

0]

(c) Find the amplitude of the motion.

G R R RRRIAK, X2 &

&)

(d) Find the length of time in each complete oscillation for which AP is greater than 0.5 m.

)

%  \;>\ oSo%s /x(/'

£
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10a

A

Figure 6
The fixed points, 4 and B, are a distance 10a apart, with B vertically above 4.

One end of a light elastic string, of natural length 2a¢ and modulus of elasticity 2mg, is
attached to a particle P of mass m and the other end is attached to 4.

One end of another light elastic string, of natural length 4a and modulus of elasticity 6mg,
is attached to P and the other end is attached to B.

The particle P rests in equilibrium at the point C, as shown in Figure 6.

(a) Show that each string has an extension of 2a.

)

The particle P is now pulled down vertically, so that it is a distance a below C and then
released from rest.

(b) Show that in the subsequent motion, P performs simple harmonic motion.

C))
(c) Find, in terms of ¢ and g, the speed of P when it is a distance %a above 4.

C))

£
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Figure 7
Two points 4 and B lie on a smooth horizontal table where 4B = 4.

A particle P of mass m is attached to one end of a light elastic spring of natural
length / and modulus of elasticity 2mg. The other end of the spring is attached to A.
The particle P is also attached to one end of another light elastic spring of natural
length / and modulus of elasticity mg. The other end of the spring is attached to B.

The particle P rests in equilibrium on the table at the point O, where 4O =§l ,as shown
in Figure 7. 3

The particle P is moved a distance ll along the table, from O towards 4, and released
from rest. 2

(a) Show that P moves with simple harmonic motion of period 7, where

T=2n L
\'3g

(6)

(b) Find, in terms of / and g, the speed of P as it passes through O.
1

(c) Find, in terms of g, the maximum acceleration of P.
1)

(d) Find the exact time, in terms of / and g, from the instant when P is released from

rest to the instant when P is first moving with speed %@
6))
\ y,
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6. A particle P of mass 0.4kg is attached to one end of a light elastic string, of natural
length 0.8 m and modulus of elasticity 0.6 N. The other end of the string is fixed to
a point A on a rough horizontal table. The coefficient of friction between P and the

1
table is —
aels7

The particle P is projected from A, with speed 1.8ms ', along the surface of the table.
After travelling 0.8 m from 4, the particle passes through the point B on the table.

(a) Find the speed of P at the instant it passes through B.

6))
The particle P comes to rest at the point C on the table, where ABC is a straight line.
(b) Find the total distance travelled by P as it moves directly from 4 to C.

(6)
(c) Show that P remains at rest at C.

3

Q\?ﬂ
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6. The fixed point 4 is vertically above the fixed point B, with 4B = 3/

A light elastic string has natural length / and modulus of elasticity 4mg
One end of the string is attached to 4 and the other end is attached to a particle P of
mass m

A second light elastic string also has natural length / and modulus of elasticity 4mg
One end of this string is attached to P and the other end is attached to B.

Initially P rests in equilibrium at the point £, where AEB is a vertical straight line.

(a) Show that AF = %l
C))

The particle P is now held at the point that is a distance 2/ vertically below 4 and
released from rest.

At time ¢, the vertical displacement of P from E is x, where x is measured
vertically downwards.

(b) Show that % = —87gx
C))

(c) Find, in terms of g and /, the speed of P when it is él below E.
3)

(d) Find the length of time, in each complete oscillation, for which P is more than 1.5/
from A, giving your answer in terms of g and /

(©))

£
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Question 6 continued
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( Leave | \
blank »
6. A light elastic string has natural length ¢ and modulus of elasticity % mg. A particle P
of mass m is attached to one end of the string. The other end of the string is attached to a
fixed point 4. Particle P hangs freely in equilibrium at the point O, vertically below A.
(a) Find the distance OA.
2
The particle P is now pulled vertically down to a point B, where 4B = 3a, and released
from rest.
(b) Show that, throughout the subsequent motion, P performs only simple harmonic
motion, justifying your answer.
(6)
The point C is vertically below 4, where AC = 2a.
Find, in terms of ¢ and g,
(c) the speed of P at the instant that it passes through C,
3
(d) the time taken for P to move directly from B to C.
Q)
- J
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( )

6. A particle P of mass m is attached to one end of a light elastic spring of natural
length 2/. The other end of the spring is attached to a fixed point 4. The particle P hangs
in equilibrium vertically below A4, at the point £ where AE = 6/. The particle P is then
raised a vertical distance 2/ and released from rest.

Air resistance is modelled as being negligible.

(a) Show that P moves with simple harmonic motion of period 7 where

/
T=4r, |—
g

®

(b) Find, in terms of m, [ and g, the kinetic energy of P as it passes through £
3

(¢) Find, in terms of T, the exact time from the instant when P is released to the instant
when P has moved a distance 3/.

@
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4 N &

6. A particle P of mass 1.2kg is attached to the midpoint of a light elastic string of natural
length 0.5 m and modulus of elasticity 4 newtons.

The fixed points 4 and B are 0.8 m apart on a horizontal ceiling. One end of the string is
attached to 4 and the other end of the string is attached to B.

Initially P is held at rest at the midpoint M of the line 4B and the tension in the string
is 30N.

(a) Show that 1 =50
3

The particle is now held at rest at the point C, where C is 0.3 m vertically below M.
The particle is released from rest.

(b) Find the magnitude of the initial acceleration of P
(6)

(c) Find the speed of P at the instant immediately before it hits the ceiling.
(6)

Q\?ﬂ
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Figure 5

A particle P of mass m is attached to one end of a light elastic string of natural length a
and modulus of elasticity 2mg. The other end of the string is attached to a fixed point O
on a rough plane which is inclined to the horizontal at an angle «

The string lies along a line of greatest slope of the plane.

The particle P is held at rest on the plane at the point 4, where O4 = a, as shown in
Figure 5.

The particle P is released from A and slides down the plane, coming to rest at the
point B. The coefficient of friction between P and the plane is u, where u < tana

Air resistance is modelled as being negligible.

(a) Show that AB = a(sina — ucosa).
)

3 1
Gi that t =— du==-
iven that tang = - and p= o

(b) find, in terms of ¢ and g, the maximum speed of P as it moves from 4 to B

)

(c) Describe the motion of P after it reaches B, justifying your answer.

(©))

£
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7. A particle P of mass m is attached to one end of a light elastic string of natural length /
and modulus of elasticity 2mg. The other end of the string is attached to a fixed point 4
on a smooth horizontal table. The particle P is at rest at the point B on the table, where
AB=1.

At time ¢ = 0, P is projected along the table with speed U in the direction 4B.
At time ¢

» the elastic string has not gone slack

* BP=x

* thespeedof Pisv

(a) Show that

3 2gx’
/

2 2
v =U

4
(b) By differentiating this equation with respect to x, prove that, before the elastic string

o . . . . ,21
goes slack, P moves with simple harmonic motion with period 7, |[—
g

Given that U = \/%

(c) find, in terms of / and g, the exact total time, from the instant it is projected from B,

©))

that it takes P to travel a total distance of %l along the table.
(6)

£
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R

A

5m

v

P (1.25kg)
I @ 1
A 0 B

Figure 5

Figure 5 shows two fixed points, 4 and B, which are 5m apart on a smooth
horizontal floor.

A particle P of mass 1.25kg is attached to one end of a light elastic string, of natural
length 2m and modulus of elasticity 20 N. The other end of the string is attached to 4

A second light elastic string, of natural length 1.2m and modulus of elasticity 4 newtons,
has one end attached to P and the other end attached to B

Initially P rests in equilibrium at the point O, where 40 =3 m

(a) Show that 1 =15
3)

The particle is now projected along the floor towards B
At time ¢ seconds, P is a displacement x metres from O in the direction OB

(b) Show that, while both strings are taut, P moves with simple harmonic motion
where X =—18x

4
The initial speed of P is 10ms '

(c) Find the speed of P at the instant when the string PB becomes slack.
3

Both strings are taut for 7" seconds during one complete oscillation.

(d) Find the value of T’
(©)
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7. A particle P of mass m is attached to one end of a light elastic string of natural length /.
The other end of the string is attached to a fixed point on a ceiling. The particle P hangs
in equilibrium at a distance D below the ceiling.

The particle P is now pulled vertically downwards until it is a distance 3/ below the
ceiling and released from rest.

Given that P comes to instantaneous rest just before it reaches the ceiling,

51
(a) show that D = 3
(6)

(b) Show that, while the elastic string is stretched, P moves with simple harmonic

2
motion, with period 2z, |—
3g
(6)

(c) Find, in terms of g and /, the exact time from the instant when P is released to the
instant when the elastic string first goes slack.

(C))

Q\?ﬂ
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7L

A

v

4.5L P

A

m."

Figure 7

A particle P of mass m lies at rest on a smooth horizontal table.

One end of a light elastic string, of natural length 3L and modulus of elasticity mg, is
attached to P. The other end is attached to a point 4 on the table.

One end of a second light elastic string, of natural length 2L and modulus of elasticity
2mg, is also attached to P. The other end is attached to a point B on the table where
AB =TL.

The particle P rests in equilibrium on the table at the point £, where AEB is a straight
line and AE = 4.5L, as shown in Figure 7.

The particle P is now held at the point C on AB, where AC = 5L, and released.

(a) Show that P moves with simple harmonic motion with centre £ and period 7 3L
g

Y
(b) Find, in terms of L and g, the maximum speed of P.
3
(¢) Find, in terms of L and g, the exact amount of time, in any one oscillation, for which
the speed of P is less than or equal to \/%
(6)
\ y,

£
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Tm
Figure 4

The fixed points 4 and B are 7m apart on a smooth horizontal surface.

A light elastic string has natural length 2m and modulus of elasticity 4N. One end of
the string is attached to a particle P of mass 2kg and the other end is attached to 4

Another light elastic string has natural length 3 m and modulus of elasticity 2N. One
end of this string is attached to P and the other end is attached to B

The particle P rests in equilibrium at the point O, where AOB is a straight line, as shown
in Figure 4.

(a) Show that 04 =2.5m.

C)
The particle P now receives an impulse of magnitude 6 N's in the direction OB
(b) (i) Show that P initially moves with simple harmonic motion with centre O

(i1) Determine the amplitude of this simple harmonic motion.

®)
The point C lies on OB. As P passes through C the string attached to B becomes slack.
(c) Find the speed of P as it passes through C

(2)
(d) Find the time taken for P to travel directly from O to C

3)

£
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< QUESTION

Question Scheme Marks
Number
1(a) T,,=6mg Ml
8a
AP = 16a Al
3)
1(b) g = 6mgy Ml
3a
y=a Al
PO =4a Al 3)
)

Notes for question 1

1(a) M1 for resolving vertically for the system

M1 Use of Hooke’s Law to set up an equation using their tension
MO if 11a is used for natural length

Al cao

1(b) M1 MO if 11a is used for natural length

Al cao

Al cao




< QUESTION

Question Scheme Marks
Number
2. Fcosa=mg
M1 Al
Fsina=T Al
T=ngx or T=2mg(,;\B—I) M1
2

g mg = ﬂ dM1

4 |

AB = E Al

8
(6)
Notes

M1 Resolve vertically or horizontally, correct no. of terms, condone sign errors and sin/cos
confusion (or use trig on a right-angled triangle of forces)

Al Correct vertical equation

Al Correct horizontal equation (A2 for T = mg tan« from triangle of forces)

Hooke’s Law. Must clearly be an extension and not AB. Since x is not defined in the question,

M1 other extensions may be used including (AB — 1) or xI where x is found to be the constant g .

Substitute trig (not necessarily correctly) to produce an equation in ‘X’ (and I) only,
dMm1 . , ) .
dependent on previous M’s and on having two equations.
Al Cao Accept 1.3751, 1.41, 1.38I




< QUESTION

ﬁuestion Scheme Marks
umber
1. I;,/(x+1)dx M1
2 33
= 5[(x+1)z]0 Al
31 2 31
joi(‘/(XJrl)) dx jOE(X-i-l)dX L
or
j'os\/(x+1)dx J';,/(x+1)dx
3 3
;sz +x} ;B(xﬂ)z}
=—2 - 30 or > =" 30 Al
5L 07 3l 0’|
_8 Al
"0 (0.80 or better) 5)
©)

Notes
Use of J';‘/(x +1)dx . Limits not needed. Accept k xI:,/(x+1)dx where k is a constant. To

give the mark for ‘use’ we must see an attempt at integration. An attempt at integration is
seen when the powers increase by 1.
Al Correct integrated expression with correct limits

31, ——=\2
Useof'w(—+]))m(

3
M1 jo (X +1)dx

constant multiple if it appears on both numerator and denominator. We must see the correct
formula and an attempt at integrating the numerator

Al Correct integrated expression for the numerator in the correct formula with correct limits.
Correct answer. This question comes with a calculator warning: the correct answer must
Al come from integrated expressions ie both previous A’s must have been awarded.

Numerical substitution does not need to be seen.

M1

. Limits not needed. The formula must be correct but allow a

Lo
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%‘;‘;Sltég? Scheme Marks
4
2(a) cos@ =§ Bl
2T cos@ =12 MI1A1
2T(EJ=12:>T=@=7.5(N) Al
5 8
4)
(b) Ext=2(2.5)-3=2m
752222 1 12112508 * MIAT*
(2)
2
(© EPE:mﬂ.S(J) MI1Al
2x3
(2)
[8]

(@
4 N
B1 cosf = 3 seen or implied.

M1 Resolving vertically, with 2 equal tensions (implied) and weight.
Al Correct equation.

15 . . .
Al T= 5 =7.5N accept any equivalent fraction, since g not used.
(b)

M1 Use of Hooke’s Law with their tension to form equation in A. Must be using natural length of
3 (or 1.5 for half string), but condone incorrect extension for M mark.

Al1*  11.25 or any equivalent fraction.

©

M1 Attempt at EPE in equilibrium position. Must have same extension as (b). Condone missing
half in EPE formula. If using half strings, then they must include the EPE of both strings.
Must be using natural length of 3 (or 1.5 for half string). Allow if an embedded term in an
energy equation.

Al 7.5 J. Accept any equivalent. Must be a clear answer (not embedded).
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%‘;ﬁ%ﬁ? Scheme Marks

3 AGPE =2gx0.75sin30(=6.86) Bl
For a correct EPE term Bl
WD =2gcos30x0.3x0.7(=3.56) M1A1
12(0.5)° 12(0.2)°
#+6.86 =¥+0.7x5.09+1x2v2 MI1Al

2x0.8 2x0.8 2
V' =487=v=221(ms") (22) Al
[7]

B1 Correct unsimplified change in GPE.

12(0.5)  12(02)

B1 For a correct EPE term or
2x0.8 2x0.8

M1 Complete method to find Work Done.
Al Correct unsimplified expression for Work Done.

M1 Forming an energy equation. Must have 2 EPE terms, change in GPE, WD and KE. Must be
dimensionally correct, but follow through their GPE and WD and condone missing half in
EPE terms.

Al Fully correct (unsimplified) equation.
Al 221o0r2.2 cao

Note: answers using constant acceleration score no marks.
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Question
Number

Scheme

Marks

3

0 bt | o

SARN%

2
Attempt to find final extension: ([370) + (Za)ZJ -a

Ml

Method to find at least one expression for EPE

M1

Two correct expressions for EPE (final and initial)

Al

2 2
mgfa) mgfa
2a(2j ’ 2a(2)

GPE Loss = mg x2a

Bl

Use of conservation of mechanical energy

Ml

1 mg(aY 1 mg (3aY
mg><2a+—mag+—g e I T -1l i
2 2a\2 2 2a \ 2

mga _ lsz N 9mga
8 2 8

( 1
2mga + Emag +

Al

(7 ) Jpaz

Al

0]

Notes for question 3

M1

Complete method to find the final extension (their OB — a). May see use
of the 3,4,5 triangle or Pythagoras to find OB. May be implied by a
correct final extension.

M1

2
Method using EPE formula at least once. EPE must have the form %

where A is modulus of elasticity, x is their extension and £ is a constant
(condone k£ = 1).

Al

Two correct expressions for EPE

B1

GPE term seen or implied

M1

Use of the principle of conservation of mechanical energy. All required
terms present and of the correct structure with no extras (2 EPE, 2KE,
GPE). Condone sign errors.

Note there are different rearrangements. For example,

2 2
Initial = Final mg><2a+lmag+E a :lmV2+£ 3a
2 2a \ 2 2 2a \ 2

Lo
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< QUESTION

Question
Number Scheme Marks
1 1 mg(3aY mg(a\)
Gain = Loss —sz——mag+—g 24 _nerd =mgx2a
2 2 2a \ 2 2a \ 2
Al Correct unsimplified equation
Al Correct answer in terms of @ and g, accept 1.3,/ag or better
Question
Number Scheme Marks
1 . 1
Use of — [ »* dx with y == (ax—x?
4(a) L y=—(ax=x")

2 M1
. . 1)(1 )
to integrate the expression 5 —(ax—x")| oe
a

(l)L a*x’ _ 2ax* +x_5 Al
2)a*| 3 4 5

Use of [y dv with y = (ax—x?)
a

Correct integration

to integrate the expression l(ax -x7) oe Mi
a
Correct integration
llad x Al
al 2 3
Correct use of centre of mass formula for y with y = l(ax -x%)
a
1 K ]. 2\2 Ml
5 [Flax-¥yd  p
—_*<99 _ 60
y . . 2
j = (ax—x7)dx 6
0
— 1
=)—a Al
(y ) 10
R P
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MARK SCHEME - IAL M3 (WMEO03) - June 2025 - Q1 M3.2a Hooke's law & elastic energy

QUEsstaq Scheme Marks
Number
- lf
1.2a
B
1(a) M(A), M1
Mgx$AC =T xAC Al
1
(T=) 5m Al
(©)
1(b) Use of HL with T M1
1 2mg
—mg=——-(1.2a-L Alft
>MI =" ( )
Solve for L M1
(L =) 0.96a or ﬁa Al
' 25
(4)
@)
Notes for question 1
(@)
Take moments about A or another complete method to obtain a
dimensionally correct equation in T and mg. All required terms present
with no extras. Accept with consistent sing or cosé present in both
M1 terms or neither. For example,
Mgx$ AC=TxAC, Mgacosa=T2acosa, 0.8aMg=1.6aT,
Mgasin g =T 2asin g
Al A correct unsimplified equation
Al Correct answer
(b)
Use of Hooke’s Law and their T to obtain a dimensionally correct
equation in L and a only. Accept consistent omission of m and/or g.
M1 T must be of the form kmg where k is a constant.
HL must be of the form 2&-23=5) o /1(L—Ll.2a)
If HL is seen in (a) it must be used in (b) to earn the marks.
Alft A correct equation, ft on their T
Complete method using their T and an attempt at HL to solve a
dimensionally correct equation and find L in terms of a only.
M1 T must have the form kmg where k is a constant.
HL must have the form 1(1'25_ L) or /1(L—Ll.2a) or ;L—LX where x is a
multiple of a.
Al Correct solution including working from part (a).

‘ .
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MARK SCHEME -

IAL M3 (WMEO3) - June 2025 - Q1

M3.2a Hooke's law & elastic energy

CQuesitior Scheme Marks
Number
(0]
a
30°
P
2. Vertical equilibirum M1
R+Tsin30° =mg Al
N2L horizontall
y , M1
T c0s30° =mrew
Al
T c0s30° = macos30° (lj
2a Al
Solve for R dM1
3m
(R=)2H Al
4
@)
Notes for question 2
Resolve vertically to form a dimensionally correct equation with all
M1 required terms present and no extras. Condone + sign errors and sin/cos
confusion on the T.
Al Correct unsimplified equation
Use N2L to form a dimensionally correct horizontal equation of motion.
All required terms present with no extras. Accept any form of circular
2
acceleration re®, V—. Accept correct consistent omission of cos30°.
M1 r
Accept ‘ma’ if acceleration is replaced correctly with a circular form in
subsequent working. Condone sin/cos confusion. An incorrect
expression for the radius is marked as an accuracy error and not a
method error.
Al Correct equation in T, m, g (and a) with at most one error.
Al Correct equation in T, m, g (and a)
Dependent on both previous M marks. Solve a dimensionally correct
dami . . -
equation to find R in terms of m and g only.
Al Correct answer, accept 0.75mg . Must be in terms of m and g,

&
RA
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IAL M3 (WMEO3) - June 2024 - Q1 M3.2a Hooke's law & elastic energy

General Principles for Mechanics Marking
(NB specific mark schemes may sometimes override these general principles)

Rules for M marks:

o correct no. of terms

o dimensionally correct

o all terms that need resolving (i.e. multiplied by cos or sin) are
resolved.

Omission or extra g in a resolution is an accuracy error not method error.
Omission of mass from a resolution is a method error.

Omission of a length from a moments equation is a method error.
Omission of units or incorrect units is not (usually) counted as an
accuracy error.

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

Any numerical answer which comes from use of g = 9.8 should be given
to 2 or 3 SF.

Use of g = 9.81 should be penalised once per (complete) question.

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

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

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

Accept column vectors in all cases.

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

Mechanics Abbreviations

M(A) Taking moments about A
N2L Newton’s Second Law (Equation of Motion)
NEL Newton’s Experimental Law (Newton’s Law of Impact)
HL Hooke’s Law
SHM Simple harmonic motion
PCLM Principle of conservation of linear momentum
RHS Right hand side
LHS Left hand side
Question Scheme Marks
Number
la
1 T="— B1
@ 4a
A
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MARK SCHEME - IAL M3 (WMEO3) - June 2024 - Q1

M3.2a Hooke's law & elastic energy

Question Scheme Marks
Number
T cosa =mg M1Al
Aa 3 20m
280 mg=> =9 AL*  (4)
4a 5 3
1(b) T sina = kmg M1Al
20mg 1.4 kmg M1
3 45
4
k= 3 Al 4)
(@)
Notes for question 1
Mark parts (a) and (b) together
1(a)
Bl Use of Hooke’s Law
For a relevant equation in T. Must be dimensionally correct with the correct
number of terms, condone sign errors and sin/cos confusion.
Eg
M1 e Resolve vertically: T cosa =mg
o Parallel to string: T = kmg sina + mgcosa
e Triangle of forces: T =./(mg)? + (kmg)?
Al Correct unsimplified equation
AL* Given answer obtained from complete and correct working. Must include a line
of working before reaching the given answer.
1(b)
For a relevant equation in k (a second equation). Must be dimensionally correct
with the correct number of terms, condone sign errors and sin/cos confusion.
Eg
M1 e Resolve horiz: Tsina =kmg
e Perp to string: mg sina = kmg cosa
e Triangle of forces: tanq = 9 = 2
mg 3
Al Correct unsimplified equation
M1 Complete method to produce an equation in k only (replace T and trig)
Al Any equivalent fraction. Accept 1.3 or better
Lami: T - fmg__ _ ——
sin 90 sin(180—a) sin(90+a)
MO for an EPE approach

&
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MARK SCHEME -

IAL M3 (WMEO3) - June 2024 - Q1

M3.2a Hooke's law & elastic energy

Question Scheme Marks
Number
sinf = cosf =
Ja?-d?  [a?-d? d? | Ja?-d?  [a®-d? d?
= =\ = =1
a a a a a a
2(a) Rcos&=mg Rsind=mg M1A1
mga
-8 AL (3)
d
mv? mv?
2(b) Rsing=— Rcos@=— M1A1Al
r r
mga +a’-d?’ mv?
X = DM1
d a \/az _d?2
_ (9@ -d*) Al (5)
d
(8)
Notes for question 2
2(a)
Resolve vertically to form an equation with the correct number of terms and the
M1 correct structure. Dimensionally correct, condone sign errors and sin/cos
confusion
Al Correct equation
Al Correct answer.
2(b)
Form a horizontal equation of motion with the correct number of terms, condone
2
. . . . . v
M1 sign errors and sin/cos confusion. Dimensionally correct. Accept - or ro® for
of acceleration. Condone use of a for radius at this point but MO if a is used for
acceleration.
Equation with at most one error. An error in the acceleration term is one error
Al (incorrect form of acceleration or radius).
Al Correct equation (must use the correct form of acceleration and correct radius).
DM1 Dependent on previous M. Eliminate R and trig to form an equation in v, g, a and
d
Al Correct answer ISW
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MARK SCHEME - IAL M3 (WMEO3) - June 2025 - Q4

M3.2a Hooke's law & elastic energy

QUEsstaq Scheme Marks
Number
4(a) AD = 2.5a (seen or implied) Bl
Method for the difference in 2 EPE terms (at C and D)
Eg
. . mg(5a—3a)’ mg(4a—3a)°
Considering the whole string 9( ) - 9( )
2(3a) 2(3a) M1
mg(sa—2a) mg(2a—2a)?
Considering two half strings 2x| 2 (fa-ia) 9(2a-32)’)
2(3a) 2(3a)
1 mga* Al*
2
(©)
GPE term, mg (:%a) Bl
Work-energy equation with all required terms M1
g Al
3ay 1 ., 1 [Bag 1 1 3a
mg| — |=—mV°——m|,[— | +—mga+-mg| —
4(0) g(zj 2 2 [ 2) Zg 59(2) Al
v= 22 Al
10
()
(8)
Notes for question 4
(a)
Bl Seen or implied eg DB = 2.5a or 2.5a used correctly in EPE expression.
Complete method using 2 EPE terms to form an expression for the
change in EPE, accept subtraction either way round. The EPE terms
2
M1 must have the form /12—):where | is the relevant natural length, i.e.
(ga or 3aj and x is the extension, in terms of a, at C or D respectively.
Al* Given answer obtained from fully correct working.
(b)
B1 Correct GPE term , mg (%a) seen or implied

RA
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Complete method to form a dimensionally correct work-energy
equation. All required terms present and no extra: GPE change, 2 KE
and change in EPE. May use the EPE change from (a) or start again with
2 EPE terms of the correct structure (kmg). The work-done against

M1 resistance must have the form %mg x distance where distance is in terms
of a. Condone % sign errors on terms.
Allow different rearrangements of the work-energy prinicple.
For example, Loss = Gain+ WD, Initial — Final = WD
Al Correct unsimplified equation with at most one error
Al Correct unsimplified equation
Correct answer in terms of ag. Accept 1.7./ag or better.
Al If the answer is in decimal form it must be rounded correctly.

Calculator display for /i—g is 1.702938637




< QUESTION

Question

Number Scheme Marks
Form an energy equation from Ato B M1
5(a) 1, .
Emv =mgrcosa —mgrsina Al
v? =2gr(cosa —sina) * Al*
Q)
N2L towards OwithR=0 M1
5(b 2
(®) mgsina = mv Al
r
Eliminate v?
%mgrsina:mgr(cow—sina) M1
(8sina=2cosa =) tana=§* Al*
(4)
Expression for the horizontal component of the speed of P at C. M1
Condone cos/sin confusion.
For example,
. 8ar Al
Wcosd or W, .. =vsina | =
horiz ( 13\/5]
Method to form relevant equation for the motion from A to C or B to C.
- : ; . . . M1
Condone cos/sin confusion, consistent with their horizontal component.
[1] Energy from Ato C
5(c) %mW 2 =mgrcosa
[2] Energy fromBto C
1 1 . Al
“mW?2-=mv’ =mgrsina
2 2
[3] Vertical motion under gravity from B to C
(wsing)? = (vcosaz)2 +2grsina
Dependent on the previous M only. Follow their notation.
Use method [1] or [2] to find an expression for the speed of P at C in dM1

terms of g and r only.

Lo
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2a | Change in GPE M1 | Condone sin / cos confusion
=mg x1.3Isin#(=0.5Img)
2 2(0.31)? B1 | One correct term for EPE
epe— A" or gpe— 2031
21 2l
Energy equation B to A M1 | Dimensionally correct with all the
required terms. Condone sign errors
and sin / cos confusion
A2 (031 )2 Al Correct unsimplified equation
—-——==0.5Img
2l 2l
A= 1 100 Al* | Obtain given answer from correct
=A=MY working. Must see evidence of
simplification.
[5]
2b | Equation of motion M1 | Dimensionally correct with all the
required terms. Condone sign errors
and sin/cos confusion.
T- ind= S .
mgsing=ma Al Correct unsimplified equation
Axl_ mgsin @ =ma
| Al Correct unsimplified equation with
100 5 HL used to replace T
—mg—--—mg=ma
91 13
a 5 Al | Accept 0.71g or better.
=79 If g = 9.8 is used, accept 7.
Note: If g =9.81 is used then penalise once per complete question.

SHM equations can only be used if the motion is proven to be SHM first.

[4]

©)
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Question
Number Scheme Marks
2 Y
0
atx
0
* (m)
First relevant force equation M1
Correct unsimplified equation Al
Relevant force equations:
e Horiz T,cos@ =T,
Vert Tsin@=mg or 27 sin@=2mg
o // T, =T, cos@+mgsinb
Perp T,sin@=mgcos® (accept T,tan&=mg )
e Lami — L =— S =— d
sin(90+6) sin(180—6) sin90
L _mg T
cosfd sinf sin90
It may be useful to note the simplified expressions for tensions are
Sm 4m -
T = Tg , T, = Tg but need not be seen explicitly.
Second relevant force equation M1
Correct unsimplified equation Al
Hooke’s Law for either tension
20mg 20mg
= x == B1
T=—1 or T,=—1 Y
a a
Solve their relevant force equation(s) and HL to find x or y M1
7 7
x=2, y=12 Al Al
12 15
(XY =) 2(a+x)cosO+(a+y) DM1
=4q Al
(10)
Notes for question 2
First relevant force equation. All required forces present with no extras,
M1 condone sign errors and sin/cos confusion. MO if Ty, =T}, or T, =1, .
Condone W instead of mg.
Al Correct unsimplified equation. Condone W instead of mg.




< QUESTION

Question
Number Scheme Marks
Second relevant force equation.To be relevant, it must be possible to
combine with the first force equation to find both 7, and 7, . All required
Mi forces present with no extras, condone sign errors and sin/cos confusion.
Condone W instead of mg. MO if Ty, =Tp, or T, =T, .
Al Correct unsimplified equation. Condone W instead of mg.
Correct use of Hooke’s Law. Accept with extension in terms of the
lengths PX and QY.
B1 20mg 20m
28 (PX —a) EE (QY —a
Bg j=—" r-—T 270
a a
Solve their relevant force equation and HL to find the unknown
M1 extension (x or y) or length PX or QY in terms of a. HL must be of the
X
form k_ where k is a constant. If using W, it must be replaced with mg.
a
One correct (x or y) or (PX or QY)
S S C )
12 15
Al Both correct (x and y) or (PX and OY)
DM1 Dependent on the first two method marks. Complete expression for XY
with calculated x and y, condone sin/cos confusion.
Al cao




< QUESTION

Question

Number Scheme Marks
. 3/ 3/ 1 2mg ,
4(a) mgsina x ?+e = umg cos o X ?+e +EXTe MIBI1BI1A1
3(3l 4u( 3l e
S| =te|l=—"| =+e|+—
502 512 /
P 91° + 6le —10€ %* AMIAT 6
41(31+2e) eso ()
1
(b) e=1 :>,u=z or 0.25 Bl
1
Fz;mg B1ft

Change in acceleration is due to change of direction of ¥
. 8 . 6
P =2mg—-mgsina +F, :§mg and £5, =2mg—mgsina - F, =§mg M1

Mag of change in accel = hoh = Z?g =3.92 0r3.9 (ms™) MI1A1 (5)
m

[11]

(a) M1 | Attempt a work-energy equation with a GPE term, a single EPE term and the work done against

Ax’
friction. . (Allow EPE = kT)
B1 Correct EPE at C. (Ignore any extra EPE terms for this mark)
B1 Correct GPE
Alft Correct equation. Follow through their EPE and GPE terms providing they are of the correct form

dM1 At least one line of correct working to rearrange towards x =. They do not need to reach x = for
this mark.

Alcso* | Given result obtained with no errors seen and at least one line of correct rearrangement. Must be
exactly as printed on paper.

(b)
B1 Correct numerical value for # seen anywhere in (b). This might be implied by later working.
B1ft Correct value for F, seen anywhere in (b). Follow through their & but must be dimensionally
correct. U
M1 Attempt 2 equations of motion to find resultant force. (Use of Change = 2F ) would imply this
mark.
M1 Subtract and divide by m to obtain the mag of the change in the acceleration.

2
Al Must be ?g ,or3.9or3.92 (ms?)




< QUESTION

Question

Number Scheme Marks
7(a) 05u=4->u=38 B1
V5 V45 39
Fmax=?><0-5g><7(=ﬁ=2.1) Bl
1 ) 3x2
E><O.5><82=0.5‘g(x+2)sml9+Fr(x+2)+2)<2 M1A1Al
64 = 14(x + 2) + 3x?
3x24+14x—36=0 M1
x =1.8(m) (1.84m) M1A1
®)
3x1.84
by |T= ——(=276) B1ft
0.5a =276 + 1.4 — 2.1 (= 2.06) Acceleration down slope, so
. . M1Al
particle does not remain at A.
@)
[11]
ALT (@) | 0.5u=4->u=8 B1
V5 V45
Epax = — X 0.5 x — (= 2.1) B1
5 7
1 3(d — 2)?
Z 2 = i A M1A1A1
2><0.5><8 0.5gd sinf + F.d + X2
64 = 14d + 3(d — 2)?
3d2+2d—-52=0 M1
d=38-x=18(m) (1.84m) M1A1
®)
3x1.84
ALT (b) | T = T(= 2.76) B1ft
Upslope: FE,..(= 2.1), Downslope: 0.5g sin6 + T (= 4.16) M1
4.16 > 2.1 so there is a resultant force down slope, so the particle does not Al @)

remain at A

Lo
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(@)
B1 Initial speed seen.
B1 Maximum friction seen/used. Award if only seen in (b).

M1  Energy equation with KE, GPE, EPE and WD. If they split the motion up to find the
speed when the string begins to extend (= 6 ms™) only award this mark once they have the

equation containing EPE. Allow with EPE = lexz.

Al  Equation with at most one error.

Al  Fully correct equation.

M1  Produce a3terminxord equalling zero (see ALT). This is independent.
M1  Solve a 3 term quadratic to find the extension or distance travelled.

Al  Correct extension. Must be 2 or 3 s.f.

(b)

B1ft Correct expression for the tension at A ft their extension.

M1  Consider the three forces parallel to the plane.

Al  Correct conclusion from comparison of the three forces. Correct working with
numerical values seen. Could be an acceleration or correct statement about the forces
up/down the slope.




< QUESTION

Question
Number Scheme Marks
kmg 21
3(a) mg=——— M1
I 5
5
k=—* Al* 2
2 (@)
3(b) mg —T =mx Ml
Smg
mg———-—x+— |=mx DMI1A1
21
—2—‘§x=5c',hence SHM.* Al* (4
3(0) w= 22 4=l B1 ft; Bl
21 4
v=am=—Ix 52 M1
4 /
1 (5gl
L [i oe Al “
4N 2
1 2
3(d) il M1
4 o
7 |21
Z 2 e Alft (2)
2\5¢g
a2
Notes for question 3
3(a) M1 for mg = T and use of Hooke’s Law
Al* Given answer correctly obtained
M1 for equation of motion, dim correct with all necessary terms, allow a for
3(b) acceleration and condone sign errors. Accept7 or attempt at 7, which may not
have a variable extension.
DM1 for equation of motion, dim correct with correct terms, and use of
Hooke’s Law with a variable extension measured from £ and now need X,
condone sign errors. Depends on the first M mark; both M marks can be
awarded together.
Al for a correct unsimplified equation
Al* for a correct equation and conclusion
BI ft for a dimensionally correct @ or ”, seen explicitly or used. B1 for a =
3(c 1
© |1,
4
M1 for use of v=aw or Vv’ = @’ (a2 —xz) with x = 0 later
Al cao
Use of energy: Bl gain of GPE B1 either EPE M1 energy equation with
change in GPE, change in EPE and KE. Al cao
1 2
3(d) M for use of —x =
w
Al cao

Lo
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Question

Number Scheme Marks

1
WD against air resistance = kmga; PE Gain = Emga ;
4(a) 11 B2,1,0
KE Gain = —x—mx3ag
2 2

2mg

Initial EPE= 2"€ (24)" ; Final EPE = 278 ¢* BI; Bl
4a 4a
2mg PN | 1 1
kmga=—=(2a) —a" )|——mga——x—mx3a MI1A1
& G 2" £
1
k=—* Al* 7
1 @)
4(b) Log—Lmg 10 M1
B g 4 g
1 1 2mg
—mg——mg — x=0 Al
2 g 4 & 2a
1
X=—a Al
4
03:%“ Alft (4)

an

Notes for question 4

4(a) B2 for all 3 unsimplified terms. B1 BO for 2 out of 3 corrrect

B1 for the initial EPE

B1 for the final EPE

M1 for the work-energy equation with all necessary terms, condone sign errors.
Al for a correct equation.

A1* for the given answer correctly obtained. At least one step of working to be
seen.

M1 for a vertical resolution with the correct terms (7 does not need to be

4(b) substituted) Must have acceleration = 0 for this mark
Al for a correct equation with 7 replaced.
Al cao
Alft 2a + their x

Use of uniform aceleration equations scores 0/4

Alternative, using work-energy

M1 for an equation with GPE, EPE, KE and WD terms — all but KE using a
variable distance (OB or the extension).

Al correct equation

DMI (Al on e-pen) Obtain an expression for 1 in terms of their unknown
distance and find their distance when this is maximum by calculus or
completing the square

Al cao

T
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MARK SCHEME - IAL M3 (WMEO3) - June 2022 - Q4

M3.2a Hooke's law & elastic energy

Question Scheme Marks
Number
4(a) Energy from Cto D
I A(1Y
mg—sin30°=—| — M1A1A1
4 2114
A=4mg * Al* (@)
(b) The greatest speed is when the acceleration of B is zero
. 4mge
) T=mgsm30°=—g M1
|
e=— Al
8
1 4mg (1Y |
Energy:  —mv?+ LY (L mg —sin 30° M1A1A1
2 21 (8 8
|
v:\/ g_l _vo9t DM1Al (7)
16 4
[11]
Notes
(a)
M1 Attempt the energy equation from C to D. Must use a vertical height for PE. EPE must have the form
kx2 Must have 1 PE term and 1 EPE term.
Al Correct loss of PE
Al Correct final EPE
Al* Correct answer correctly obtained
(b)
M1 Resolve along the plane using HL to find T
Al Correct value for the extension
M1 Form the energy equation with an extension they have found. MO if I/4 is used for the extension.
Must use a vertical height for PE. EPE must have the form kx> Must have 1 PE term, 1 KE term and 1
EPE term.
Al Two correct terms
Al Completely correct equation
DM1 Solve for v. Dependent on previous M.
Al Correct expression for v
4(b) . .
ALT 1 Using integration
M1 AL As above, for finding correct value for e. This may be embedded in a complete method.
ML Uses F=ma to and attempts to integrate. Must have the correct number of terms and weight resolved,
. 4 . X 2085V
_fgsm SO—ﬂdx = J'vdv leading to gx_29x —+cC
| 2 | 2
Correct integration with at most one slip/error
21 Completely correct integration but ¢ may be missing
DML Find value for ¢ (when x= %, v=0 gives c=0) and sub in e to find an expression for v
Al Correct expression for v

RA
148

< QUESTION




< QUESTION

4(b .
A(Lzl' 2 Using SHM

M1 A1 | As above, for finding correct value for e. This may be embedded in a complete method.

M1 Al Correctly uses F=ma to show that the motion is SHM

Al Correct proof of SHM
M1 Uses vV = aw to find an expression for v
Al Correct expression for v

Q‘\’/ﬂ'
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Question
Number Scheme Marks
7(a) General equation of motion for General equation of motion for
particle, measuring up from E. particle, measuring down from E.
. . M1
T_3mg :3mx 3mg_T:3mx
2 2 2 2
Use HL in equation of motion with | Use HL in equation of motion with
L L
extension (% + x] extension (% + xj DMI
Correct equation Correct equation
4 .. "
mg 3—L—x _3mg:3mx 3mg 4mg 3—L+x :3mx Al
L \ 8 2 2 2 L 8
Complete conclusion
—8—gx:5c' s SHM * Al
3L
Identify @ from SHM method and use to find the Period DM1
=38 or 0= |3
3L 3L
2 3L 3L AlY
Period = =2 =27 |22 =7 |22 *
0} 8g 2g
(6)
7(b) Correct amplitude, g = %L Bl
Use of SHM displacement equation with amplitude substituted. No need
to substitute for w.
[1] x=-acoswt
[2] x=acoswt Ml
[3] x=asinwt
[4] x =—asinwt
Complete method to find an equation for a relevant time. No need to
substitute for w.
M1
Either
2
Use ¥ =—w’xwith _Tg to find displacement. May start again with
2
N2L, HL and —Tg to find displacement. Must then combine
. L .
displacement of iz with one of [1], [2], [3] or [4] above to form an
equation in ¢ (and ).




< QUESTION

Question
Number Scheme Marks
Or
. 2g .. . . .
Substitute 3 and their a in the corresponding acceleration equation
to form an equation in ¢ (and )
[1] ¥=aw’cos(wt)
[2] i=-aw’cos(wi)
[3] i=-aw’sin(wrt)
[4] i=a’sin(w?)
Dependent on both previous M marks. Complete method to find the
required time. Where appropriate, must use the correct proportion of the
given period to find an expression for the required time. Must use the
correctw .
1 1
[1] ¢ =—>< cos” (——j
e ico perlod _ 5z _ period DM1
0} 2 3w 2
1
w 6a)
1
— L gin™ peI’IOd 77z perlod
w 2 6w 4
27 |3L
=222 e Al
3 V8¢
(&)
an
Notes for question 7
7(a)
Equation of motion in a general position ie 7 does not take a particular
value. Allow a for acceleration here. Required terms present with no
M1 extras. Condone sign errors but must have a difference between 7 and
3
weight. Condone missing 5 in ‘ma’ term only for this mark.
Dependent on previous M. Use of Hooke’s Law in a general equation of
motion with general position measured from E. Extension in HL must be
. 3L 3L
of the appropriate form: (——x) or (—erJ . Allow a for
DM1 8 8
. . 3m . ,
acceleration, condone sign errors. Must use the correct mass, 7 in ‘ma
term.
Al For a fully correct unsimplified equation. Must use X for acceleration.




< QUESTION

Question Scheme Marks
Number
Correct SHM equation and conclusion. Equation must have required
Al* form, ¥ =—@’x with ¥ for acceleration. Conclusion must include

‘SHM’

Dependent on both previous M’s. Use of 2z where @ has come from an
DM1 1)

attempt at using N2L at a general point.
Obtain the given answer for the period. Must follow from complete and
correct working. At least one line of working must be seen between

X= —z—ix and reaching the given Period.

E

g
e period = —” =

£

Al*
. a)z,/s—g , period = 2—7Z=7r 3L
3L w 2g
Note
The score of M1 DM1 A1 A0* DM1 Al* is possible if there is no
conclusion of ‘SHM’
The score of M1 DM1 A0 A0* DM1 A1* is possible if X is not used for
acceleration.
7(b)

B1 Correct amplitude, % .

Use of suitable SHM equation with their amplitude substituted. May be
M1 implied if starting with a corresponding velocity or acceleration
equation. No need to replace w.

All necessary steps completed to find an equation for a relevant time. No
need to replace w.

Complete method to find an expression for the required time. Must use
the correctw .

Correct value for required time in exact form, in terms of L and g

Al 27 13L& |3L L =x |6L
eg. — |—, = |— , 7 |—,—= |—
3\8 3Y\2¢g 6g 6\ g

M1

DM1

Lo
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MARK SCHEME - IAL M3 (WMEO03) - January 2020 - Q6

M3.2a Hooke's law & elastic energy

< QUESTION

Question Scheme Marks
Number
20(0.2—x) 20(0.2+x) .
6(a) - =0.4x MIALI
0.4 0.4
—100x =0.4%
X=-250x ..SHM dM1Alcso (4)
(b) Period = 27 oe BIlft €))
250
2
(©) v, =——=5ms" Bl
0.4
an=5 a > b (=0.3162...)m MIAlft  (3)
= = = = V. t
V250 10
(d) x=acoswt 0.1 ! cos~/250¢ x=asinwt 0.1 ! sin~/250¢ MI1AL1ft
= A=— = U =— t
10 o V10
1 o |
t= cos™ (0.1x~/10 t= sin” (0.1x+/10 Al
V250 ( Jor V250 ( )
Time for which 4P > 0.5
2r 1 T 1
=22 2~ cos'(0.1x~/10 = +2 sin™(0.1x+/10 dM1
V250 250 ( Jor V250 7250 ( )
=0.2393..s Alcso  (5)
[13]
(@)
M1 Attempt an equation of motion using a difference of 2 tensions obtained from Hooke's law and
having different variable extensions. X or a allowed. Can be in algebraic form.
Al Correct equation. X or a allowed but if @ used the signs must indicate it is in the same direction as
X Can be in algebraic form.
ami Rearrange their equation to the required form X = —@’x . Must be X . They cannot just lose terms to
get to the required form.
. . . . 42
Alft Correct equation, can be numerical as shown or algebraic (e. g. X= ——lxj , and state
m
conclusion. If algebraic this must include stating that their "@” " is positive.
(b)
Bift Correct period (numerical) as shown or equivalent. Follow through their @ from ¥ or a = +@’x
(0.40 or better)
(c)B1 Correct max speed, seen explicitly or used
M1 Using v, = aw to obtain a value for a
Alft Correct value, exact or decimal (0.32 or better)
()
M1 Use x=acoswt or x=asinwt with x ==%0.1, their w,a .
Alft Correct equation, follow through their @,a
Al Correct expression for time from their choice of equation (if only decimal seen, award for 2sf or
better 0.078997.. for cos,0.020349... for sin) Must have come from fully correct work in (a)
dM1 Complete correct method to obtain the required time. Dependent on previous M mark.
Alcso | Correct final answer. 2s.f. or better. Must have come from fully correct work in (a) and (d), although
they might not have used X
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< QUESTION

Question

Number Scheme Marks
2mge; 6mg(4a —e;) Bl
5(a) — or —/}
2a 4a
2mge, 6mg(4a—e;)
= M1Al
mg + 2a 4a
Solve to find either extension dm1
e, =2a and e, = 4a —e; = 2a* Al*
®)
ALT (a) | mg+22 =092 ¢ 4 e, =4a M1A1
Solve simultaneously to find either extension dM1
e, =2a and e, = 4a —e; = 2a* Al*
(b)
mg +2mg(2a—x)_6mg(2a+x) = mi M1A1AL
2a 4a
5
jc" = ——g oo SHM Al
2a
(4)
(c) w? = 5—‘9 B1ft
2a
5g a2
2 _29( 2 (%
Y T 2a (a ) MIAL
v= /159“ = Y3094 Al cso
8 4
(4)
3a., 5a
ALT (c) 2mga? . 6mg(3a)? or 2mg () or 6mg(5)? B1
4a 8a 4a 8a
2 2 2m (3_a)2 6m (5_‘1)2 2
2mga N 6mg(3a) _ 95 4 95 4 mga 4 mv M1A1
4a 8a 4a 8a 2 2
15ga
= Al
v ’ 8
(4)
[13]




MARK SCHEME - IAL M3 (WMEO03) - January 2021 - Q5 M3.2a Hooke's law & elastic energy < QUESTION

(@)
Bl  Correct use of Hooke’s law for either string. Must include an unknown extension.

M1  Resolve vertically, with two variable tensions and weight (MO for setting both
extensions as e )

Al Correct equation.

dM1 Solve to find either extension.

Al*  Correct extensions found for both strings, from fully correct working.
(b)

M1  Vertical equation of motion with two different variable tensions, weight and mx
(allow ma)

Al Equation with at most one error (allow ma for this mark, which does not count as an
error).

Al  Fully correct equation. Must now be m

Al i= —z—ix ~ SHM. Must have concluding statement.

(©)

B1ft Use of their w?

M1  Complete method to find speed at %a above A. Follow through their w. Needs
amplitude aand x = %a

Al  Correct equation. No follow through now.

Al Cso

ALT (a) using simultaneous equations

Bl Correct use of Hooke’s law for either string. Must include an unknown extension.

M1  Resolve vertically with two tensions in e; and e, and weight AND give a second
equation fore; + e,

Al  Both equations correct.

dM1 Solves both equations simultaneously to find either extension.

Al*  Correct extensions found for both strings, from fully correct working.

ALT (c)

Bl Use of correct EPE

M1  Complete method to find speed at %a above A. Allow with EPE = k’lsz. Must have
all terms.

Al Correct equation.

Al Correct final answer

N
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MARK SCHEME - IAL M3 (WMEO03) - January 2023 - Q7 M3.2a Hooke's law & elastic energy < QUESTION
Question Scheme Marks
Number

7(@) | T,-Ty=mx M1
2mg 2—I—x _mg 4—|+x =mX or mg 4—I—x _2mg 2—|+x =mX dM1A1
I \ 3 1 {3 I {3 I \ 3 '
—3|—gx:x' , S0 SHM Al
2r I
T=—"==271|—7*
By \3g M1 A1
I
(6)
1 39 1 34l
=Ix,[—= or =,/3gl or ,|[—— oe
) |2 T O VR Ty B1
1)
39
70 — orl.5g B1
(@)
7(d) X =acoswt =>V =—awsin ot M1
—%\/az—aa)sin ot tofindt M1A1
Solve for t M1
T |1
=— [— oe Al
3YV3g
(©)
(13)
Notes
(@)
M1 Equation of motion in a general position, allow a for acceleration, correct no. of terms,
condone sign errors.
dM1 Use Hooke’s Law to sub for the two tensions, allow a for acceleration. Extensions must be
different and of the form (d +x) where d is a multiple of I.
Al Correct unsimplified equation, allow a for acceleration.
Al Correct equation using X for acceleration.
M1 Use of 2z Their @ from their equation of motion, which must be in terms of x.
w
Al*cso Given answer correctly obtained — this includes proof of SHM with conclusion and correct
expression for the period.
(b)
B1 Cao Speed at O so must be positive. Unsimplified, ignore errors from subsequent
‘simplifying’ of surds.
(©)
Bl Cao Max acceleration so must be positive.

&
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< QUESTION

MARK SCHEME - IAL M3 (WMEO03) - January 2023 - Q7 M3.2a Hooke's law & elastic energy
(d)
Main
M1 Use of X=2aCosat tg obtain V = —a@SIN ot Sybstitution for aand @ is not required.
R = l = 3—g
M1 Use V=-awsinat with 2 and | to obtain equation in t only,
—%\/a =—awsin ot
Al Correct equation in t only
M1 Solve to find the required time, t
Al Cao for required time.
ALT1
M1 Use of X=asInat tg gbtain V=2awCosat Supstitution for aand @ is not required.
I _ 139
M1 3 a=— o= T ) o —./gl =awcos wt
Use V=awcosat with 2 and to obtain equation in t only, 4
Al Correct equation in t only
1
Solve to find t and then subtract from 4 period to find the required time.
M1
t== il = required time = 1 2z Lz L =z 1
639 4 39 6\3g 3V\3g
Eg
7 |1
Al t= 343q
Cao for required time, 9 oe
ALT?2
M1 Use of X=acosat or yse of X=2asinat gybstitution for aand @ is not required.
I _ 139
. sza)z(az_xz) . a=— o= T . L.
M1 Using with 2 and to obtain equation in x only.
2
(~34at| ~oa-x)
Al Correct equation in x only. (Solution leads onto the first M mark in (d))
Solves for t and then completes the method to find the required time.
M1 !I = Igcos( sl—gtj
e.g. or quarter period with sin method.
7 |1
AL “3\3g
Cao for required time, 9 oe
SPECIAL CASE where a =% s clearly stated as amplitude and consistently used in (b) (c) & (d)
1 /3¢
b B1L —,[—
(b) AT
39
C Bl —
(© ol
(d) Maximum M1 M1 A0 MO A0
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< QUESTION

%‘;ﬁ%ﬁ? Scheme Marks
6a) | F :%x0.4><9.8 (=0.56)(N) BI
1 1 MIAIAL
—x0.4" ==x0.4(1.8)* - 0.8x"0.56"
2 2 (ft their Fy)
v =1.00=v=1.0 or 1.00(ms") Al
(6]
1 6x°
6b) | Lx0.4(1.0)> =0.56x+25% MIAIBI
2 2(0.8)
0.375x* +0.56x-0.2=0 DMI
x=0.2977... Al
Total distance = 1.1 (m) (or 1.10) Al
(6)
ALT 1 | Work from A to C with total distance as the unknown
0.6(y—0.8)°
L0408y =0.56y+M MIAIBI
2 2(0.8)
0.375y2 —-0.046y-0.408 =0 DM1
y=1.0977... Al
y=1.1or1.10 Al
ALT 2 | Work from A to C with distance BC as the unknown
2
L0408y =0.56(y+0.8)+ 0.6y MIAIBI
2 2(0.8)
Rest as main scheme DMI1A1ALl
60 | 7=20C0BTT (003 MIALft
0.8
0.223 <0.56
Alcsoﬂ<
Tension less than Finax. Therefore particle will not move. cso.
3)
[14]




< QUESTION

(@)
B1 Correct friction seen. (Might be contained in WD) g or 9.8 acceptable.

Work-Energy equation with 2 KE terms and their WD by friction. All terms must

mi be dimensionally correct.

AlAl One each for the KE terms.

Al v=1.0 or1.00 (2 or 3 sf'as g has been used to obtain the speed at B)

(b)
Work-Energy equation with KE, WD and EPE. EPE term to be of the form
Ax?
" k xnatural length with k= Tor2
B1 Correct EPE term. M mark for the equation not needed for this mark.

Alft Fully correct equation. Follow through their EPE

Reducing to a 3 term quadratic in x, terms in any order. Depends on the first M of

(b)
Al x=0.2977...

DM1

Al 1.1 (m) or 1.10 (m) (2 or 3 sf'as g has been used to obtain the speed at B)

ALT 1

First 4 marks as main scheme notes.

Award A1A1 if final answer is correct, from a correct equation.
AlA1l
Award A1AO if answer correct but not rounded.

ALT 2 | Notes as for main scheme.

(©

M1 Use of Hooke’s Law for their extension at C.

Alft Correct tension. Follow through their extension. No need to simplify.

Alcso* Correct conclusion, from fully correct working including evaluation of tension.

T
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MARK SCHEME - IAL M3 (WMEO3) - January 2024 - Q6

M3.2a Hooke's law & elastic energy

6a In equilibrium Need all three forces.
M1 ; .
Dimensionally correct
I-e e Al | Unsimplified equation with at
mg +4mg T 4mg 1 most one error
Al | Correct unsimplified equation
51
Sl=8e=e= rR Obtain given answer from
* Al* | correct working.
AE:I+5—I:g Must see AE =
8 8
ALT1 M1 | Need all three forces.
(2l - AE) (AE-1) Dimensionally correct
Mg +4mg ———=4mg— Al | Unsimplified equation with at
most one error
Al | Correct unsimplified equation
AE — 13, Obtain given answer from
T8 Al* | correct working. Must see AE
ALT2 M1 | Need all three forces.
(l_ ej (l N ej Dimensionally correct
mg +4mg 2 — 4mg 2 Al | Unsimplified equation with at
I | most one error
Al | Correct unsimplified equation
o l AE 1+ P B8 Aq+ | Obtain given answer from
8 2 8 8 correct working
[4]
6b Equation of motion M1 | Need all terms. Dimensionally
correct. Condone use of a for
acceleration.
5l 3l Al | Unsimplified equation with at
rak rEk . most one error.
4mg | 4mg T Tmg=-m* Al | Correct unsimplified equation
Note: the question states x is
measured vertically down.
, 8mg . 809 Al* | Obtain given answer from
=M= X X=X correct working. Must use X
[4]
6C 2 2 2 2 H 3' .
Useof v: =w (a —X ) with a=— M1 Or use of equivalent correct
8 formula
_8g ( 9 1 2j Ay | Correct unsimplified
| \ 64 64 expression for v or v
V= \/a Al | Correctonly
[3]

&
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< QUESTION

6d 3l ¢ B1 | Use of relevant formula with
X=-g 05 correct amplitude

3l 3l
X=—CoSmt Or X=—sinat
8 8

Use of M1 | Complete method to find t or
I 3l required time
——=—cos wt 1 1
8 8 t=—cos‘l(——j
0] 3
or
L3 Ginet and correct use of £x 2% or
8 8 2 o 1. (1Y .. 1 .
t==sin"| = | with =period
0] 3 2
or
I 3l
—=—coswt and correct use of or
8 8 1 (1) .
1 t=>—cos™| = | with =
IZ'—COS_l(—) o 3
3
Required time Al | Orequivalent, accept

Ecos‘l(_—1)= Lcos‘l(_—lj 1.91 L, 1.35 l, 0.431
2] 3 29 3 29 g
|
3.82 [—
or ‘/Sg
T 2 . 1 1

-1
cost| — |=1.91...
or ( 3 j

[3]
(14)




< QUESTION

Question
Number Scheme Marks
gmge
6(a) 4 = mg M1
a
4
e=—a= AP = la Al
3 3
(@)
3 mg| x+ 4 a
() G MIAL
mx =mg —
a
3
mi=mg - T8 g = IMEX
4a 4a
$=—38  _ _wix . SHM DMIAI
4a
amp=—a KE= —% Bl
4 . . .
—a< Ea oe So string remains taut or String never goes slack, therefore Bl
always SHM
(6)
3g|((2a > (aY
2
vVi=—|—| —| = MI1Alft
© 4a [( 3 ) (3]
R - S Al
4 2
3)
3mg , 3mg . o,
Alt g 29 2@ ) MIALI
Energy = +mga+—my
2a
y=N9E Al
2
a a . a
(d) ——="—cos(wr) —="=sin(ot) —=x 3—} MIALft
g
cos(wt)=——
Qﬁ\"/ﬂ‘




< QUESTION

%‘;ii%g? Scheme Marks
(e 2
4a 3
2z |4a
= T g DMI1A1
4)
[14]

(a) M1 Resolve vertically. Can be in either e or AP.
7
Al AP = Ea

by M1 Form an equation of motion including weight and tension. Variable must be measured from
equilibrium position. If e is used, this must have been defined already in working (part (a)).
Acceleration can be X or a.

Al Correct unsimplified equation. Can use X or a, but if a used, it must be in same direction as x.

DM1 Solve to obtain X = Must be X now.

.3 .
Al X= —4—gx =—@’x..SHM Correct equation and statement.
a

B1M1 Correct/sufficient values found to establish string remains taut.
B1A1 Appropriate argument
© w1 Use of v* = @? (a2 - xz) with their o (ignore the dimensions of their w)
Alft  Correct equation in v and a. ft their @ and amplitude(really their AP. Condone failing to add a
to their extension in (a))

Al Correct v. c¢.s.0., but award if correct @ found with only sign error in (b)

Alt for first 2 Marks
M1 Energy equation. Must contain 2 EPE terms, GPE and KE.

Al Correct equation.

(d M1 Useof x="a"cos(wr) or x="a"sin(et). Amplitude must be consistent with their 4P.

Al Correct equation in @
DM1 Solve equation to find expression for z. Must now have a full method to find complete time.

Al Any correct equivalent. Must come from correct working throughout, but condone sign error
on acceleration in (b).




< QUESTION

QNuestion Sehome -
umber
Ax4l 1
“a ' M1 Al
6(a) % : mg
1
—mg(x+4l)
mg _22—1 =mx (or x replaced by —x on both sides) M1 A2,1,0
_§x=)’c' , hence SHM (with a):\/g ) Al
4] 4/
- 2_7[ M1
w
g g
8
6(b) Their @ x 21 —
Jel X
lm [ N
) g
3)
6(c) —[=2lcoswt —
3w
1
3 Al
3
4)
as)

Notes for question 6

6(a) M1 Resolving vertically and using Hooke’s Law

Al cao

M1 equation of motion in a general position with correct no. of terms,
allow use of accln instead of derivative

A2 for a correct equation, Al for an equation with at most one error
Al for correct equation in correct form

M1 Use of correct formula

A1* Given answer correctly obtained

6(b) M1 for use of correct formula

Al for correct speed

Al cao

6(c) M1 for complete method to find ¢

Al for correct equation(s) (@ does not need to be substituted for this
mark)

M1 for solving for ¢

Al cso

12
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< QUESTION

%‘iigg? Scheme Marks
ALT (1 5
(e) 1.5=4sin| =7t | =t, ="sin" MIA1
5 Vd
. (1 5
25=4sin| -zt | =t,=—sin"' Al
5 T 4
=ttt =zsin"1 (£)+ism (—5) 1.6862.. 1.7 or better Al
V4 4 V4 4
6(a) 72X 50 4x03 MIAI
/ 0.5
A=50 * Al* (3)
(b)
04m M
T
0.3
1.2g
Extension = 0.5 m (used in (b) or (c)) Bl
_30x05 (50) MIAIft
0.5
R(T) 2T cos0-1.2g =1.2a Ml
3
100><§—1.2x9.8:1.2a Alft
a=40.2 a=40or40.2 m s? (positive) Al (6)
1 0.5° BI1ft (any
(©) E.P.E.=E><50>< 0.5 correct EPE)
2 2
1.2gx0.3+l><1.2v2=l><50><0—5—l 5023 MIAIAl
2 2 5 2 0.5
2 2
LI Y N —25x£—1.2gx0.3 (=7.452) DM1
0.6 0.5 0.5
v=2.730... =2.7o0r 2.73ms"' Al (6)




< QUESTION

Question
Number Scheme Marks
[15]

(@)

M1 Use HL with 7' =30
Al Correct equation

Al* Obtain given value for 4 from fully correct working
(b)
B1 Correct extension, seen explicitly or used in (b) or (c) Extension 0.25 if half string used.

M1 Use HL to form an equation using A =50 and their extension.

Alft Correct equation, ft their extension

M1 Attempt a vertical equation of motion. Must have 3 terms with T’ resolved a could be negative.

Alft Correct equation with their value of 7
Al Correct value of the acceleration (positive). Must be 2 or 3 sf.
()

B1ft Either EPE correct, follow through their extension.

2

M1 Energy equation, from C to the ceiling. PE, KE and 2 EPE terms required. EPE of the form k xl—
Al Both EPE terms correct.
Al Completely correct equation

DM1 Solve for v? or v
Al Correct value for v. Must be 2 or 3 sf (unless penalised in (b)).




MARK SCHEME -

IAL M3 (WMEO3) (unused paper) - January 2022 - Q7 M3.2a Hooke's law & elastic energy < QUESTION
(l)\luestlon Scheme Marks
umber
. 2mgx’
7(a) EPE Gain = B1
a
PE loss = mgxsina B1
WD against friction = umg cosa x x B1
2 2
Hmgcosaxx= mgxsina — et M1
a
x=AB=a(sina— pcosa)* Al*
(%)
. 1, 2mg’
7(b) ,umgcosaxy:mgysma—gmv 5 M1A2,1,0
a
At max speed,
B . 2mgy M1
Hmg cosa =mgsina —
a
_1, Al
" 10
Use their y value to find the max speed M1
V= /% oe Al
50
@)
. 1, 2mg’
7(b) ymgcosaxy:mgysma—zmv BTy M1A2,1,0
a
3 2mgx 1
7(c) At B, nett force down plane = gmg ——:gmg M1
-y . 1 4 2
Max friction available = EX mg xg = gmg Bl
. 1 .
Hence, friction = gmg up and P remains at B. Al
3)
as
Notes for question 7
7(a) B1 correct expression
B1 correct expression
B1 correct expression
M1 for energy equation dim correct with correct terms, condone sign
errors
AT1* for given answer correctly obtained
7(b) M1 for energy equation, dim correct with correct terms, condone sign
errors
A2 for a correct unsimplified equation, A1 for for a correct unsimplified
equation with at most one error
M1 for finding the resultant force parallel to the plane and equating to 0
or differentiating energy equation wrt y and equating % to 0
y

13
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< QUESTION

Question Scheme Marks
Number
Al for correct value of y
M1 for using their y value to find the max speed
Al cao
7(b) M1 for energy equation, dim correct with correct terms, condone sign
errors
M1 for finding nett force up or down plane, correct terms, condone sign
7(c)
errors
B1 for max friction
Al correct conclusion and justification

14




MARK SCHEME - IAL M3 (WMEO3) - June 2024 - Q7

M3.2a Hooke's law & elastic energy

Question Scheme Marks
Number
2
7 | tmu?-Lmye 2 2mX M1 A1A1
2 2 21
2
V2 :uz——zgix * AL*  (4)
dv 4gx
7(b v—=——+— M1A1
(b) dx |
X':—Zl—gx,SHM (0= /zl_g) Al
. 2
Period = L=z 2. DMIAL®
o g (%)
2
7(©) ad_, /% OR -9 20 M1
2 I 2 |
1
a==1 Al
2
. 1 .
tlmefromx:atox:—l,tglvenby:llzllcos 2—gt M1
4 4 2 [
_7 L Al
3\ 2g
. 1 . . 1
Time = Zperlod + time fromx=atox=zl M1
5z |1
L Al 6
6 V29 (6)
(15)
Notes for question 7
7(a)
Use conservation of energy equation with 2KE terms and 1EPE term. Note there
M1 are rearrangements. Dimensionally correct, terms of the correct structure,
condone sign errors. EPE of the form %k x?
Al For an unsimplified equation with at most one error
Al For a correct unsimplified equation
AL* Given answer obtained from complete and correct working. Must include a line
of working before reaching the given answer.
7(b) Note: In (b) it is possible to score M1A1AQ DM1A1*
M1 For differentiating wrt x . Powers of v and x to reduce by 1 and Z—z seen.
MO for an approach that does not involve differentiating with respect to x eg N2L
Al A correct differentiated equation
Al Correct SHM equation. Must use X for acceleration and conclude SHM.
DM1 Dependent on previous M. Correct use of period = 2z
w
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< QUESTION

?\lt?;tt:(;? Scheme Marks
Given answer correctly obtained. Must include a line of working between
X = —w’x and the given answer. Eg
. 2 2r& \/ﬁ
period= —=—=7x,|—
Al* RO
|
Or
w= ,2—9 , period = 27z I—=7z\/2—7|
I \} 29 g
7(c)
M1 For use of U =aw OR energy equation with v =0 and x = a to find the
amplitude.
Al For correct amplitude, é
For a complete method to find the partial time with their calculated a and their w
o Useof x =acos(wt) where 1| =1| oS ’2_9,[ to give a partial time.
M1 4 2 |
. 1, 1,. |29 . I
e Useof x =asin(wt) where ZI :EI sin Tt to give a partial time.
For a correct partial time
Al e Useof x=acos(wt) = t=i§
e Useof x =asin(wt) = t= 1T op 132
w6 w 6
For a complete method to find the total time
e Usingx = acos(w t)
Total time = %period +timefromx=atox= %I
1 12 » |1
=7 |—+ — |[—
4 \g 3\2g
M1 e Using x = asin(w t) with is?”
. 1
Total time = 157
w 6
e Using x = asin(w t) with %%
Total time = %period — timefromx=0tox= %I
Total time = l7z A_z|L
2 \g 6\ 29
Al Correct answer of >z L =5—” L =7 2—5| 0.e
6 V2g 3 \8¢g 729

Lo
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< QUESTION

Question Scheme Marks
Number
20 (1) Ax0.8
(@) (T=) > 12
A=15* Al* (3)
15(0.8—x) 20(1+x
Either  1.25X= ( 12 ) - (2 )
(b) ' M1A1A1
20(1-x) 15(0.8+x
or 1253 = 200=%) 15(08+%)
2 1.2
X =—18x Al* 4
10
10=a18 > a=—— B1
(c) \/E oe
. , 10Y)
When string PB becomes slack v =18| | — | —0.8 M1
Ji8
v=9.4063... v=9.40r941ms™ Al (3)
10 .
d 0.8 =——sin+/18! M1AL
(d) 8 4
1 . (. .18
=——sin"| 0.8—— | (=0.0816... Al
b= [ 0 j ( )
PA becomes slack when X = -1
10 .
+1) = ——sin/18t M1
()= sin B,
t,= L sint V18 (=0.1032...) Al
Ji8 10
T=2(t+t,)=2 L it 0.8@ ¢ L in V18
J18 10 | 18 10 Al (6)
=0.3697...=0.37 or 0.370
Notes [16]
(a)
M1 Form an equation by equating the 2 tensions (found using HL)
Al Equation correct
Al* Correct answer correctly obtained
(b)
M1 Equation of motion for P. Acceleration can be a
Al Correct equation of motion with at most one error, acceleration may be a
Al Fully correct equation of motion, acceleration may be a
Al* Correct given equation, correctly obtained




< QUESTION

(©
B1 Correct amplitude, a =%,¥,@, 2.4 oe

M1 Use V2 = @? (a2 —xz) with x = 0.8 and their a and @

Al Correct speed when x = 0.8

(d)
M1 Use x = 0.8 to find the time until PB becomes slack using their a and @
Al Correct equation
Al Correct time (seen or implied) Allow consistent use of degrees.
NB There are alternative method for finding this time but a complete method for the time until PB
becomes slack must be used for the M mark to be awarded.
M1 Use X =x1to find the time until PA becomes slack (as before, alternative methods must be complete)
using theiraand @
Al Correct time obtained. Ignore consistent use of degrees.
Al Complete to obtain the correct value of T
ALT () Conservation of Energy, O to slack
M1 Dimensionally correct energy equation with 3 EPE terms and 2 KE terms

Bl (reat | 20x1° 1.25x10° 15x08" 20x18* 125xV’
as Al) 2x2 2 2x12  2x2 2

Al Correct answer. v=9.4063... v=9.40r9.41ms™

ALT Using cos
7(d)

10
M1Al | 0.8=—=cos+/18
V18 E

Al t =—=cos™ [0.8—] (=0.2886...)

M1

Al 1 1( \/1_8](

72t -7 oo’ ) Lo (002

=0.3697...=0.37 or 0.370

Al




< QUESTION

Question Scheme Marks
number
7(@) @ —mg M1A1
2
A(ZLII) =mg x3l M1A1Al
51
D=~ Al*
3
(6)
7(b) mg-T =mX or T -mg =mX M1
3mg ,2I . 3mg ,2I "
mg ——= (= + X) = mX or —=(=—Xx)—mg =mx
g 21 "3 ) 2l (3 )=mg dM1AL
39,
_EX:X hence SHM Al
. 2r 2« 39
eriod= —=— w= |2
R R FR M1
2l
—or |2« AlL*
39
(6)
7(c) —2—|=4—|c 3—gt M1A1A1
3 3 2l
=27 |4 Al
3 V39
OR
Complete method
1 2| 21 41 . [3g M1A1A1
t==2r |— where —=—sin,|—
273 " R TR
27 |2
t=—"— |— oe Al
3 \3g
OR
Complete method
1, [2 20 4 39 M1A1A1
t= 227 |[——t, where —=—c0S,|—
2\3g " 373 %t
t=2—” 2 or equivalent exact form. Al
3 V30
(4)
(16)
Notes
7(a)
M1 Use Hooke’s law in D and equate to mg
Al Correct equation




MARK SCHEME - IAL M3 (WMEO03) - June 2023 - Q7 M3.2a Hooke's law & elastic energy

< QUESTION

M1

2
Energy equation with correct no. of terms. EPE of the form % k=1

Al

Equation with at most one error

Al

Correct equation

Al*

Given answer correctly obtained

7(b)

M1

Equation of motion in a general position, allow a for acceleration, correct no. of terms,
condone sign errors

dami

Use Hooke’s Law to sub for the tension with extension measured from the equilibrium
position and allow a for acceleration

Al

Correct unsimplified equation, allow a for acceleration

Al

Correct SHM equation and conclusion. Must use X for acceleration and conclude SHM.

M1

Use of 2z where @ has come from an attempt at using N2L at a general point.
[

Al*

Obtain the given answer for the period. Must follow from fully correct working, including
N2L. At least one line of working must be seen between X = —w’x and reaching the given
answer.
Eg

2r  2rx

e period= —=—=2x 2l
0] ’379 39
2l
e = /3—9 , period:2—ﬂ:2;z 2
2l @ 39

(©)

M1

Complete method to find the required time. Do not ISW.
For example,

If the sine approach is used, it must include %T + their t value for M1.

If the cos approach is used with +%I, it must include %T — their t value for M1.

The correct @ must be used. For the method, condone any multiple of | for the amplitude.

Al

Equation with at most one error

Al

Correct equation

Al

Cao
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el Scheme Marks
Number
4 71[' »
« 4.5L , P
i ® i
A E B
Equation of motion for P at a general position
Tog —Top = MK M1
PB PA
Use HL in the equation of motion M1
2mg mg . Al
—(0.5L-x)——=(@.5L +x) =mX
oL ( ) 3L ( ) AL
Obtain SHM equation of the correct form and conclude
29, _% and SHM AL
3L
7(a) Use of o®= :—g with the formula period = 2z dm1
w
Must include working that leads to the given answer for the period.
For example
o Clearly identify @ within the period formula to reach the answer
. 2r 2 3L
period= —=—=7, |—
w 49 g
3L Al*
o Clearly identify @ and state the period formula to reach the answer
W= /4—9 , period = 2—”:7r st
3L 1) g
= (period=) =z st
g
@)
amplitude = 0.5L B1
7(b)
/49
Vi, =ax,[— M1
MAX 3L
_ 9t Al
3
@)
Method for use of SHM equation for displacement with their amplitude.
[1] x=acoswt
[2] x=asinwt
() [3] x=-acoswt M1
[4] x=-asinwt
[5] Any of the above with their x found after use of v = w’(a* —x?)

&
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Form SHM equation with v = 2-'2‘

[1] v=—awsin ot
[2] v=awcoswt M1
[3] v=awsin wt

[4] v=-awcoswt

[5] vV = o’ (a® —x?)

Correct equationing, L, t (and o).

gL gL .
2= - |[2= t
[1],/12 4/3 sine
/gL /gL
2= - (2= t
[2] 12 3 Cos®
gL gL .
[3] 1/—z,/—s.lna)t
12 3 Al
/gL fgL
2= - [2= t
[4] 12 3 cos @

2
[5] Correct expression for x: 2—'2' =0’ [% —x2] = X= L?

Accept answers from correct working which may include changing
methods eg using [1] initially then switching to [3] in order to use an
acute angle.

Correct expression for a relevant time. No need to replace @

1. 4,1 _ T
[1] tzgsm (—Ej (— 6@)
1 (1 _ T
[2] tzgcos [E] (_ 3w)
[3] tzisin‘l(lj [zij Al
w 2 6w
[4] tzlcos‘l(—lj (22_;:)
o 2 3w

[5] Correct for their approach above

Accept answers from correct working which may include changing
methods

Complete method to find the total time in terms of L and g

_a[ ) LR

[1] —4t= 4( 6)[2 gJ

[2] period —4t = ﬂ\/g—4(£){£ 3—LJ dm1
g 32\

731 |3L

3] 4t=4(gj[§ E]




MARK SCHEME - IAL M3 (WMEO03) - June 2025 - Q7 M3.2a Hooke's law & elastic energy
. 2 1 /3L 3L
[4] 4t—period = 4[—7[j = |— |-7 |—
3 )2\ g g
[5] Correct for their approach above
Accept answers from correct working which may include changing
methods.
vl L 0.e Al
39
(6)
(16)
Notes for question 7
(@)
Equation of motion in a general position ie the tension expressions
never take a fixed value. Allow a for acceleration here. Required terms
M1 : . .
present with no extras. Condone sign errors but must have a difference
between Tap and Tep.
Use of Hooke’s Law in an equation of motion in a general position with
M1 natural length and modulus of elasticity paired correctly. Accept
extensions in terms of L and x if they sum to 2L. Allow a for
acceleration for the method mark only. Condone sign errors.
Unsimplified equation with at most one error. Acceleration must have
Al the form X seen at some stage. Incorrect acceleration notation is an
accuracy error.
Al Fully correct unsimplified equation. Must use X for acceleration at some
stage.
Correct SHM equation and conclusion. Equation must be in the required
AL* form, ¥ =—w*x with X for acceleration and where w is correct in terms
ofgand L.
Conclusion must include ‘SHM’
dML1 Dependent on both previous M’s. Use of 2z where o has come from
w
an attempt at using N2L at a general point.
Obtain the given answer for the period. Must follow from a complete
and correct solution. At least one line of working must be seen between
K= —:—E x and reaching the given period.
Al* N.B.
The score of M1 DM1 A1 A1 A0* DM1 Al1* is possible if there is no
conclusion of ‘SHM’
The score of M1 DM1 A1 A0 A0O* DM1 Al1* is possible if X is not used
for acceleration.
(b)
Bl Amplitude =0.5L, seen or implied
M1 Complete correct method, amplitude x /3—8 No need for amplitude to
be substituted.
Al Correct answer in terms of L and g expressed as a single term then ISW.
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i.e. For the final A, accept% % but not %x /% until expressed

as a single term.

N.B. A score of MOML is only possible for the first 2 marks if [5] is

(c) used to find x but this is never substituted correctly into an SHM
displacement equation.

Method using SHM equation for displacement. Award if seen in part (c)
M1 with their amplitude substituted. This mark may be implied by using the
SHM equation for velocity in terms of t.

M1 Method using a relevant SHM equation with velocity, v = f—lz‘
Lo . gL

Al Correct equationing, L, t (and o) using v= 3

Al Correct expression for a relevant time. No need to replace w.

Dependent on both previous M marks. Complete method to find the total
time in terms of L and g only.

Correct answer intermsof Landg e.g = L z %
3g 3\g

Accept any equivalent expressed as a single term then ignore any
subsequent surd manipulation.

dMm1

f L. . I .
Al N.B. 4{% %] is not a single term until written without the

.. . 4r 3L
multiplication sign i.e. — |—
12\ g

Do not ISW if the method continues and is not complete at this stage.

Lo
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%‘;‘;ﬁg? Scheme Marks
7a) 4(x-2) _ 2(7-x-3) MIAIAL
2 3
6(x—2)=2(4-x)
x=2.5(m) * Al
“)
ALT | (T, =)47x=27y(=T3) x+y=2 MIAL
x—l or y=1.5 Al
2 T
Distance AO =2.5 (m) Al
2(1.5- 4(y+0.5 4(-y+0.5) 2(1.5+
gy 2057y) AH05) o o 4 +03) 2(15+y)
7bi) 3 2 2 3 MI1Al
(¥ measured towards B) (y measured towards A)
. 4 )
y=—§y=—a)y ..SHM MIALI
)
. ,_4
7bii) o =— B1
3
(20 =6 =), =3(ms™) Bl
v —aw—z—a Accept 1.2a or better Ml
max \/5 *
2
3=a— a=£ (m) Accept 2.6 or better Al
NE) 2
“)
7 pod2r 3 2 Mi
9 304 2
v=+6 (ms‘l) Accept 2.4 or better Al )
‘§’/.
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%ienslté(;? Scheme Marks

DEES ﬁsin(a)t) MIAL

2 2

1=0.53(s) or better Al

3)
ALT x:acoswtzl.Szﬁcos(i]t
2 3
time :zxﬁ—ﬁcos'1 1 MI1Al
272 2 3
t =0.53 or better Al

[17]

(@)

L. . . X
M1 Equate tension in the two strings. Must be using kA4 7 and the sum of the

extensions must be 2

Al Correct LHS

Al Correct RHS

Al* Given result found from fully correct working.

ALT

Obtain 2 equations using the tensions in the 2 strings and sum of extensions = 2

M1 x
Must be using kA 7
Al 2 correct equations
Al Correct extension for either string

Al* Obtain given result from fully correct working.




< QUESTION

b i)

M1 Equation of motion with two variable tensions. Allow a or )

Al Correct equation. Allow a or y

M1 Rearrange to required form. Must now be

Al Correct result, from fully correct working and concluding statement.

(i)

B1 Correct @ or @’

B1 Voux =3 OF 2V, =6 seen explicitly or used

M1 Use v, =a® with their @ or use v’ = @” (a2 —xz) with their @ andx =0

33

Al a= - (allow 2.6 or better)

(©)

M1 Use of V' =@’ (a2 - xz) with x =1.5and their @and @ OR attempt an energy

equation with the correct number of terms

Al | v=+6 (2.4 0rbetter)

7(d)

M1 Use of x =asin(r), with x =1.5and their wanda

Alft Correct equation. Ft theirwand a

Al 1=0.53 or better (¢=0.533021.....)

M1 Complete method using cosine.

Alft Correct equation (or equations) follow through their wand a

Al t=0.53 or better (r=0.533021.....)
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