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A light elastic string has natural length & and modulus of elasticity 3 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.
The particle is released from rest at A and falls vertically. When P has fallen a distance a + x,
where x > 0, the speed of Pis v.

(a) Show that

3gf

2-9 +x
V 2g(a +x)
2a

(b) Find the greatest speed attained by P as it falls.

SHIFT JALPHA i After release, P next comes to instantaneous rest at a point D

r (¢) Find the magnitude of the acceleration of P at D.
OPTN ' | CALC

(Total 14 marks)
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Figure 2
width tandard 2
One end 4 of a light elastic string, of natural length @ and modulus of elasticity 6mg, 000
is fixed at a point on a smooth plane inclined at 30° to the horizontal. A small ball B of = ‘R...
mass m is attached to the other end of the string. Initially B is held at rest with the string Shapefll ' 9 QO @
lying along a line of greatest slope of the plane, with B below 4 and AB = a. The ball is .'>), e
released and comes to instantaneous rest at a point C on the plane, as shown in Figure 2. Coar 00
Find V'Cu;-:;rvv Color
O
(a) the length AC, )
®) ]
(b) the greatest speed attained by B as it moves from its initial position to C. &
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Questions

Q1

Figure 1

L
A light elastic string, of natural length 3/ and modulus of elasticity A, has its ends attached to two
points A and B, where AB = 3/ and AB is horizontal. A particle P of mass m is attached to the

mid-point of the string. Given that P rests in equilibrium at a distance 2/ b’n AB, as shown in
Figure 1,

(a) show thatA = 13mg

The particle is pulled vertically downwards from its equilibrium position until the total length of
the elastic string is 7.8/. The particle is released from rest.

(b) Show that P comes to instantaneous rest on the line AB.

(Total 15 marks)
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Figure 2

B
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A light horizontal spring, of natural length 0.25 m and modulus of elasticity 52 N,
1s fastened at one end to a point 4. The other end of the spring is fastened to a
small wooden block B of mass 1.5 kg which 1s on a horizontal table, as shown in
Fig. 2. The block 1s modelled as a particle.

The table 1s initially assumed to be smooth. The block is released from rest when
it 1s a distance 0.3 m from 4. By using the principle of the conservation of
energy,

(a) find, to 3 significant figures, the speed of B when it 1s a distance 0.25 m
from A.

()
It is now assumed that the table is rough and the coefficient of friction between B
and the table 1s 0.6.

(b) Find, to 3 significant figures, the minimum distance from 4 at which B can
rest in equilibrium.

)

JUNE 2001 M3
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One end of a light elastic string, of natural length 2 m and modulus of elasticity
19.6 N, 1s attached to a fixed point 4. A small ball B of mass 0.5 kg 1s attached to
the other end of the string. The ball 1s released from rest at 4 and first comes to
instantaneous rest at the point C, vertically below 4.

(a) Find the distance AC.
(6)

3)

(b) Find the instantaneous acceleration of B at C.

JAN 2002 (02) M3
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Figure 1

&

A rod 4B, of mass 2m and length 2a, is suspended from a fixed point C by two
light strings AC and BC. The rod rests horizontally in equilibrium with AC

making an angle ¢ with the rod, where tan @ = 3, and with AC perpendicular to
BC, as shown in Fig. 1.

(a) Give a reason why the rod cannot be uniform.

(1)
(b) Show that the tension in BC' is $mg and find the tension in AC.

3)
The string BC is elastic, with natural length ¢ and modulus of elasticity kmg,
where £ 1s constant.

(c) Find the value of k.
4)

JAN 2002 (Q3) M3
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A light elastic string AB of natural length 1.5 m has modulus of elasticity 20 N. The
end 4 1s fixed to a point on a smooth horizontal table. A small ball § of mass 0.2 kg 1s
attached to the end B. Initially S is at rest on the table with 4B = 1.5 m. The ball S is

then projected horizontally directly away from 4 with a speed of 5ms~'. By
modelling § as a particle,

(a) find the speed of S when A4S =2 m.

)
When the speed of §'is 1.5 m s/, the string breaks.

(b) Find the tension in the string immediately before the string breaks.

)

JUNE 2002 M3
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EDEXCEL MECHANICS M3 (6679) - JUNE 2002

PROVISIONAL MARK SCHEME

gﬁﬁg:: Scheme Marks
2
4 (@) | 1x02x5 - 1x02x? = 1x 200" M1 Al Al
1.5
u' = 23—5 M1
u=2.89ms " Al 5)
2 ) 20)62
B) | 3x02x5—-3x02x1.5 = 3x s M1 Al
x* =0.34125 M1
r=20% _78N Ml Al (5)
1.5
(10 marks)




Figure 1
LA A AT TG A A ST A A A AT

120 cm

A particle of mass 5 kg is attached to one end of two light elastic strings. The other ends of the
strings are attached to a hook on a beam. The particle hangs in equilibrium at a distance 120 cm
below the hook with both strings vertical, as shown in Fig. 1. One string has natural length 100
cm and modulus of elasticity 175 N. The other string has natural length 90 cm and modulus of
elasticity 4 newtons.

Find the value of A.
(5)

JAN 2003 M3 (G1)
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EDEXCEL MECHANICS M3

PROVISIONAL MARK SCHEME JANUARY 2003

QNI:SE(;? Scheme Marks
1. :
T, = 175%x0.2 B1
IRk A
l 175x0.2 Ax0.3
1 + 00 49 M1 A1
Sg '
= A1=42 M1 Al (5)
(5 marks)

e




A light elastic string has natural length 4 m and modulus of elasticity 58.8 N. A particle P of
mass 0.5 kg 1s attached to one end of the string. The other end of the string 1s attached to a
vertical point 4. The particle 1s released from rest at 4 and falls vertically.

(a) Find the distance travelled by P before it immediately comes to instantaneous rest for the

first time.
(7)
The particle 1s now held at a point 7 m vertically below 4 and released from rest.
() Find the speed of the particle when the string first becomes slack.
)

JAN 2003 M3 (06)
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EDEXCEL MECHANICS M3 PROVISIONAL MARK SCHEME JANUARY 2003

Question Scheme Marks
Number
1 588
6. (a) i x*=0.5%9.8 (x +4) M1 Al Al
3x*—2x—8=0 M1 Al
Bx+4)(x—-2)=0, x=2
Distance fallen = 6 m M1 Al (7)
(b) % x 0.5V° = %x >8.8 x32-05%98x3 M1 Al Al
yv=143ms"’ M1 Al (5)
(12 marks)

e




JUNE 2003 M3

A particle P of mass m 1s held at a point 4 on a rough horizontal plane. The coefficient of friction

between P and the plane is <. The particle is attached to one end of a light elastic string, of

3
natural length ¢ and modulus of elasticity 4mg. The other end of the string 1s attached to a fixed

point O on the plane, where O4 = 3 a. The particle P is released from rest and comes to rest at a
point B, where OB < a.

Using the work-energy principle, or otherwise, calculate the distance 4AB.

(6)

Back to Edexcel M3 @



EDEXCEL MECHANICS M3 (6679) — JUNE 2003

PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
1.
R =mg | Bl
<
0, F =uR=pumg |Bl
Attempt to relate Fdto EPE MI1
a,»
: _ Ame(y) M1 Al ft
3 mgd =
2a
Final answer: d = 2a Al (6)
(6 marks)




A particle P of mass m is attached to one end of a light elastic string of length @ and modulus of
elasticity 5 mg. The other end of the string is fixed at the point 4 which is at a height 2a above a

smooth horizontal table. The particle 1s held on the table with the string making an angle S with the
horizontal, where tan = 3.

(a) Find the elastic energy stored in the string in this position.

3)
The particle 1s now released. Assuming that P remains on the table,

(b) find the speed of P when the string 1s vertical.
3)

By finding the vertical component of the tension in the string when P is on the table and AP makes
an angle @ with the horizontal,

(c¢) show that the assumption that P remains in contact with the table is justified.

JAN 2004 M3

S
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EDEXCEL 6679 MECHANICS M3 JANUARY 2004 PROVISIONAL MARK SCHEME

4. (a) Length of string = a

. 49
(b) Energy equation: Yamv® + a’ = (— mga)c
36

2a

2

Vv = 3 \/5ga or equivalent

Bl

M1

Al (3)

MI1A1%

Al (3)




2
(c) When string at angle & to horizontal, length of string = “

siné
— Vert. Comp. of 7, Ty, = T sinf = mg( ?a —a) sinf MI1Al
2a sinf
= & 2 —sing)
2
(J) R+Ty=mgandfindR=.... M1

R= mg-— %(2 —sinf)= % sind | Al

—> R >0 (assind>0), so stays on table | Al (5)

[Alternative final 3 marks: As fincreases so Ty decreases M1

Initial 7y (string at Sto hor.) = %mg Al

= T= %mg < mg, so stays on table Al] [11]

Back to Edexcel M3 @




JUNE 2004 M3

2,

P

Two light elastic strings each have natural length a and modulus of elasticity 4. A particle P of
mass m 1s attached to one end of each string. The other ends of the strings are attached to points 4
and B, where AB 1s horizontal and AB = 2a. The particle 1s held at the mid-point of 4B and
released from rest. It comes to rest for the first time in the subsequent motion when P4 and PB

make angles & with 4B, where tan &= %, as shown in Fig. 1.

Find A in terms of m and g.

Bagk to Edexcel M3 @



a 2a
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a

Second MO if treated as equilibrium

3mg= A M1 Al
Third M1 for solving for 4

(7 marks)
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JAN 2005 M3

A particle P of mass 0.5 kg is attached to one end of a light inextensible string of
length 1.5 m. The other end of the string 1s attached to a fixed point 4. The particle 1s moving,
with the string taut, in a horizontal circle with centre O vertically below A. The particle 1s
moving with constant angular speed 2.7 rad s'. Find

(a) the tension 1n the string,
4)
(b) the angle, to the nearest degree, that AP makes with the downward vertical.

3)

Back to Edexcel M3 @
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JUNE 2005 M3 (01)

1. Figure 1

A particle of mass 0.8 kg 1s attached to one end of a light elastic spring, of natural length 2 m
and modulus of elasticity 20 N. The other end of the spring is attached to a fixed point O on a

smooth plane which is inclined at an angle « to the horizontal, where tan & = 3. The particle

is held on the plane at a point which 1s 1.6 m down a line of greatest slope of the plane from
O, as shown in Figure 1. The particle is then released from rest.

Find the initial acceleration of the particle.

(Total 6 marks) @




28R

edexcel s::

Question .
Number Scheme Marks
1.
2 2
HL T= 0’;04 (=4) accept -4 | M1 Al
T [ mgsina+T =ma M1 Al
mg
4 0.8gx0.6+4=0.84 M1
a=10.88=10.9 (ms"‘) accept 11 | Al
[6]
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IUNE 2005 M3 (Q3)

A light elastic string has natural length 2/ and modulus of elasticity 4mg. One end of the string
is attached to a fixed point 4 and the other end to a fixed point B, where 4 and B lie on a
smooth horizontal table, with AB = 41. A particle P of mass m 1s attached to the mid-point of

the string.
The particle is released from rest at the point of the line AB which is % from B. The speed of

P at the mid-point of 4B is V.

(a) Find V in terms of g and L.
(7)

() Explain why ¥ is the maximum speed of P.
(2)
(Total 9 marks)
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edexcel s

S®E

Question
Number Scheme Marks
3. (a)
A M X B
b } @ |
21 1l 31
4mg(21)  4mg(21)
Elastic energy when Pis atX: E= mg (31) + mg (31) (= 40mgl) MI Al
2/ 21 9
2 2 2 4 2
1o Amglt _4mg(3l)  4mg(3]) MIAI=Alft
2 21 21 21
1 8 32
—V*v4gl=—gl+—gl
2l TE TS TS
V2= %gl solving for ¥* M1
8gl : .
V= T or exact equivalents | Al (7
(b) The maximum speed occurs when a=0 B1
At M the particle is in equilibrium (the sum of the forces is zero) = a=0 B1 (2)

The alternative method using Newton’s Second Law is considered on the next
page.

[9]
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edexcel sz

Question

Number Scheme Marks
3. Alternative using Newton's second law.
(a)
A 1] M X /M B
| < f——* |
21 X
dmg (1 + dmg (-
HL 7 dmegl+x) . 4mg(l-x)
’ /
N2L nﬁ:@-nmg%x M1 Al
This is SHM, centre M
[ 2 _8g
a=—, 0 =—72 Al, Alft
3 /
2 2f{ 2 _2 , 8g(l’
Vi=o (a ~X ) = v —l— E_X Depends on showing SHM | M1
8¢l 8¢l [
At M, x=0, V? = % , V= (%) or exact equivalents '-{ M1, A1 (7)
(b) The particle is performing SHM about the mid-point of AB. [ B1
The maximum speed occurs at the centre of the oscillation (when x=0) B1 )

[9]
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Figure 1

v

P FN

A particle P of mass 0.8 kg is attached to one end of a light inelastic string, of natural length
1.2 m and modulus of elasticity 24 N. The other end of the string is attached to a fixed point 4.
A horizontal force of magnitude F newtons is applied to P. The particle P in in equilibrium
with the string making an angle 60° with the downward vertical, as shown in Figure 1.

Calculate

(a) the value of F,

3)
(b) the extension of the string,

3)
(c) the elasticity stored in the string.

2)

JAN 2006 M3
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January 2006 6679 Mechanics M3 Mark Scheme

%ﬁ:g‘;’: Scheme Marks
1. (@ —  F=Tsin60° T Tcos60°=0.8g bothl M1
[or Z Fcos60°=0.8gcos30°] (M2)
F =0.8gtan 60° ~ 14 (N) accept 13.6| M1 Al
A3)
(b) T = F).Sg (=15.68) allow in (a)| M1
sin 30°
24 x x
HL 15.68 = — x=0.78 (cm) accept 0.784 | M1 Al
A3)
24 x x°
v E = ~6.1(J accept 6.15| M1 Alft
©) 1, ~610) p
2)
Total 8 marks




One end of a light inextensible string of length / 1s attached to a fixed point A. The other end
1s attached to a particle P of mass m which is hanging freely at rest at point B. The particle P

is projected horizontally from B with speed V(3g/). When AP makes an angle @ with the
downward vertical and the string remains taut, the tension in the string 1s 7.

(a) Show that T=mg(1 + 3 cos 0).

(6)
(b) Find the speed of P at the instant when the string becomes slack.

3)
(¢) Find the maximum height above the level of B reached by P.

)

JAN 2006 M3

Back to Edexcel M3 @



January 2006 6679 Mechanics M3 Mark Scheme
(uestion Scheme Marks
Number
6. (a) A
N/
) v
C
B Tu= V(3gl)
Energy %m(u2 —vz):mgl(l—COSQ) M1 Al
[v2 =gl +2glcos 9]
2 —>
N2L T —mg cos 0 =~ M1 Al
mgh (1+2cos &
_ mgk( ) -
1§
T =mg(1+3cosf) * cso| Al

(6)

®




(b)

(c)

T'=0 = cosﬁz—%

% %
T v :(g_lj sin & :(g_l) .—2\/2
g 3 3
VvV =u-2gh = 2gh=£l.§ - h:il
309 27
H=1(1-cosf)+ Al _ 40
21 27

B1
M1 Al
3)
—» M1
» M1 Al
M1 Al
5)
Total 14 marks
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Two light elastic strings each have natural length 0.75 m and modulus of elasticity 49 N.
A particle P of mass 2 kg is attached to one end of each string. The other ends of the strings
are attached to fixed points 4 and B, where 4B is horizontal and 4B = 1.5 m.

Figure 2

< 1.5 m———m—m—m

P
A @- B

The particle 1s held at the mid-point of 4AB. The particle is released from rest, as shown in
Figure 2.

(a) Find the speed of P when it has fallen a distance of 1 m.

(6)

Given instead that P hangs in equilibrium vertically below the mid-point of 4B, with
ZAPB =2a,

(b) show thattan o+ 5 sin ¢ = 5.

(6)

JUNE 2006 M3
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Question

Number Scheme Marks
S. (a)
AP:\/(O.752 +12) =1.25 M1 Al

Conservation of energy

1 ) 49x0.5°

—X2XV +2X =29ox1 -1

2 2x0.75 % M1 A2 (1, 0)
for each incorrect term

Leading to v~1.8 (ms_l) Al ©)

accept 1.81




(b)

Hooke’s Law

Eliminating T

CSO

2T cosa =2g
_0.75
sin &
T = 49 (0,'75 —0.75)
0.75\ sin &
=49 _1 -1
sin o
9.8 _ 49 .1 1
cosa \sinax )

tana =5(1-sina)
S=tana +5sina *k

M1 Al

M1 Al

M1

Al (6)
[12]
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JAN 2007 M3

A particle P of mass m 1s attached to one end of a light elastic string, of natural length ¢ and
modulus of elasticity 3.6mg. The other end of the string is fixed at a point O on a rough
horizontal table. The particle 1s projected along the surface of the table from O with speed

\/(Zag). At its furthest point from O, the particle is at the point 4, where O4 = 3 a.

(a) Find, in terms of m, g and a, the elastic energy stored in the string when P 1s at 4.
3)

() Using the work-energy principle, or otherwise, find the coefficient of friction between P
and the table.

(6)

Back to Edexcel M3 Q




2

(a) EPE = 1 3.6mg 2 1 3.6mg (g)
2 a 2 a 3
= 0.2 mga
.y . 4a
(b) Friction = umg — work done by friction = ,umg(?j
Work-energy: tm.2ga = pumgd + 0.2 mga (3 relevant

terms)

Solving to find #: #=0.6

(b) 1°*M1: allow for attempt to find work done by frictional force (i.e. not just
finding friction).
2" M1: “relevant” terms, i.e. energy or work terms!
Al ft. on their work done by friction

M1 Al
Al

)
M1 Al

M1 A1V

M1 Al
(6)




Figure 1

A light elastic string, of natural length 3/ and modulus of elasticity A, has its ends attached to
two points 4 and B, where 4B = 3/ and 4B is horizontal. A particle P of mass m is attached to
the mid-point of the string. Given that P rests in equilibrium at a distance 2/ below AB, as
shown in Figure 1,

(a) show that 1= lsﬂ

®)

The particle is pulled vertically downwards from its equilibrium position until the total length
of the elastic string is 7.8/. The particle is released from rest.

() Show that P comes to instantaneous rest on the line 4B.

(6)

M3 JUNE 2007 (Q7)
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(2)

4
cosa = —
5
A(2.51-1.51
Hooke’s Law T = ( : > )(: 21]
1.51 3
T 2T cosax =mg (Tzsngj
ZXEXi:mg (2/1:5mgj
3 5 3 8
AZISmg *

AP=((150)" +(21)")=2.51

16

CSO

M1 Al

Bl

M1 Al

M1 Al

M1

Al

®
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(b)

Energy

Leading to

1

Emv2 +mgxh=2x

h=A((3.91)" ~(1.51)" ) =3.61

ISmg y (2.4[)2
16 2x1.51
v=0 3k

ft their A

CSO

M1 Al
M1 Alft=Al
Al (6)

[15]
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JAN 2008 M3 (01)

A light elastic string of natural length 0.4 m has one end A attached to a fixed point. The other
end of the string 1s attached to a particle P of mass 2 kg. When P hangs in equilibrium
vertically below A4, the length of the string is 0.56 m.

(a) Find the modulus of elasticity of the string.

3)

A horizontal force 1s applied to P so that it 1s held in equilibrium with the string making an
angle 6 with the downward vertical. The length of the string is now 0.72 m.

(b) Find the angle 6.
3)

Back to Edexcel M3 @




January 2008
6679 Mechanics M3
Mark Scheme

edexcel

Question Scheme Marks
Number
1.(a Ml
@) T or % =mg (even T=m is M1, A0, A0 sp case)
Ax0.16 ) Al
04 ¢
= A=49N or3g Al (3)
(b) ' :
Special case 1" sin @ = mg
giving @ =30 is M1 A0 A0 unless mg
there is evidence that they think Ois R(T) T'cos6 = mg or Cos 0= 7 MI
with horizontal — then M1 A1 A0
0.32 ;
49.0—4.0059:19.6 or 4g.cos =2g or 2mg.cos@ =mg (ft on their 4) Alft
= cosf=1 = 0=60° (or % radians) Al (3)
6

®




JAN 2008 M3 (04)

A particle P of mass m lies on a smooth plane inclined at an angle 30° to the horizontal. The
particle 1s attached to one end of a light elastic string, of natural length ¢ and modulus of
clasticity 2mg. The other end of the string is attached to a fixed point O on the plane. The

particle P is in equilibrium at the point 4 on the plane and the extension of the string is ; a.

The particle P 1s now projected from 4 down a line of greatest slope of the plane with
speed V. It comes to instantaneous rest after moving a distance 7 a.

By using the principle of conservation of energy,

(a) find Vin terms of g and g,
(6)
(b) find, in terms of a and g, the speed of P when the string first becomes slack.

4)

Back to Edexcel M3 @




4. (a)

(b)

Energy equation with at least three terms, including K.E term

1

—mV?*+..
2
2 2
+.. l.zﬂ.a—,+mg.la.sin30,:l.zl.9i
2 a 16 2 2 a 16
—y= [
2

Using point where velocity is zero and point where string becomes slack:

1

2
—mw =

2 2
mg.gi,—mg.%.sin%

1
2 a 16

:,Wz/&ﬁ
8

Alternative (using point of projection and point where string becomes slack):

Lmw? —%mVlz,: et _Ted
16 8

So w = 1/3‘1—g
8

M1

Al, Al Al

dML1 Al (6)

M1

Al, Al

Al 4)

MI1,A1 Al
Al

10

Back to Edexcel M3

e



In part (a)
DM1 requires EE, PE and KE to have been included in the energy equation.

If sign errors lead to V? = — % , the last two marks are MO A0

In parts (a) and (b) A marks need to have the correct signs
In part (b) for M1 need one KE term in energy equation of at least 3 terms with distance

3a

— to indicate first method, and two KE terms in energy equation of at least 4 terms with

x a y e
distance Z to indicate second method.

M1 Al Al
SHM approach in part (b). (Condone this method only if SHM is proved)
2
Using v = @*(a® — x*) with @ = 28 and x=2.
a 4 Al

; . f3
Using ‘a’ = 7 to give w= %g-

Back to Edexcel M3 @



Figure 1

A light elastic spring, of natural length L and modulus of elasticity A, has a particle P of
mass m attached to one end. The other end of the spring is fixed to a point O on the closed end
of a fixed smooth hollow tube of length L.

The tube is placed horizontally and P is held inside the tube with OP = 5L , as shown in

Figure 1. The particle P is released and passes through the open end of the tube with
speed V(2gL).

(a) Show that A = 8mg.
4)

The tube is now fixed vertically and P is held inside the tube with OP = 1 L and P above O.
The particle P is released and passes through the open top of the tube with speed u.

(b) Find u.
)

JUNE 2008 M3 (01)
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June 2008
6679 Mechanics M3
Mark Scheme

Question Scheme Marks
Number
2 B1
Q1(a) ol *? EPE stored = li(lLJ (z A—L]
2L\2 8
KE gained = %m 2¢gL (=mgL) Bl
EPE=KE= % = mgL ie. ﬂ=8mg* MIl1Alcso
(C))
M1
(b) )
EPE = GPE + KE
P
2
l l&"_g(lLJ _8mel oL L AlAL
2 L \2 8 2
M1A1 (5
M- S e E
9 Marks

®




> —mg

Figure 1

A particle P of mass m 1s attached to one end of a light elastic string, of natural length a and
modulus of elasticity 3mg. The other end of the string is attached to a fixed point O.

The particle P is held in equilibrium by a horizontal force of magnitude § mg applied to P.

This force acts in the vertical plane containing the string, as shown in Figure 1. Find

(a) the tension in the string,
)

(b) the elastic energy stored in the string.

“4)

JAN 2009 M3
(02)

Back to Edexcel M3
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(@) (<) M1 A1

(T) A1
M1
, 5
Leading to T= gmg A1 (5)
(b) HL T=25 o 2pg=3mee ft their T M1 A1ft
a 3 a
5
e=—a
9
ax2 3 5V 25
=ZX ﬂx(—aj == mga M1 A1 (4)| Back to Edexcel M3
2a 2a 9 54

[9] @




Figure 2

One end 4 of a light elastic string, of natural length @ and modulus of elasticity 6mg, is fixed
at a point on a smooth plane inclined at 30° to the horizontal. A small ball B of mass m is
attached to the other end of the string. Initially B is held at rest with the string lying along a
line of greatest slope of the plane, with B below 4 and AB = a. The ball is released and comes
to instantaneous rest at a point C on the plane, as shown 1n Figure 2.

Find
(a) the length AC,

)
(b) the greatest speed attained by B as it moves from its initial position to C.

(7)

JAN 2009
M3 (25)
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Question

Alternative approaches to (b) are considered on the next page.

NGiTEeR Scheme Marks
5 (@) | Let x be the distance from the initial position of B to C
GPE lost = EPE gained
2
HprEina0 2 M1 A1=A1
2a
: a
Leading to x = P M1
AC = Ta A1 (5)
6
(b) The greatest speed is attained when the acceleration of B is zero, that is
where the forces on B are equal.
(X) T =mgsin30°= 2" M1
a
e=2 A1
12
1 , 6mg( a ; a i i _
CE —my’ +—=| — | =mg—sin30 M1 A1=A1
2 24 &12 12
6
Leading to y= \/ (gaj . N50 MIAT  (7)
24 12
[12]
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Question

Number Scheme Marks
5 Alternative approach to (b) using calculus with energy.
Let distance moved by B be x
CE lmv2 + bmg x* = mgxsin 30° M1 A1=A1
2 2a
V=gx— 6—gx2
a
: d/, dv 12g
For maximum v —(v)=2v—=g—=x=0 M1 A1
dx ( ) dx a
a
xX=—
12
6 2
SOCOE N
12 a \ 12 24
ga
V= = A1 7
V5 ”




Alternative approach to (b) using calculus with Newton'’s second law.

As before, the centre of the oscillation is when extension is 4
N2L mgsin30°—T = mx
a
bmg| —+x
Lyt ( 12 ) _
2 a
6
a a

M1 A1

M1 A1

A1

M1 A1 (7)

Back to Edexcel M3
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A light elastic string has natural length 8 m and modulus of elasticity 80 N. The ends of the
string are attached to fixed points P and Q which are on the same horizontal level and 12 m
apart. A particle 1s attached to the mid-point of the string and hangs in equilibrium at a
point 4.5 m below PQ.

(a) Calculate the weight of the particle.
(6)
(b) Calculate the elastic energy 1n the string when the particle is 1n this position.

3)

JUNE 2009 M3
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6679 Mechanics M3
Mark Scheme
Question Scheme Marks
Number
Q1 (a) Resolving vertically: 27 cos@ =W M1A2,1,0
Hooke’s Law: T= 80 23'5 M1A1
W=84N A1
(b) 2
EPE = 2x 80; 3("5 ,=245 (or awrt 245) M1A1ft,A1
X
2
(alternative XT° _ 245)
[9]
€




JAN 2010 M3
30N (04)

Figure 3

A particle P of weight 40 N is attached to one end of a light elastic string of natural
length 0.5 m. The other end of the string 1s attached to a fixed point O. A horizontal force of

magnitude 30 N is applied to P, as shown in Figure 3. The particle P is in equilibrium and the
elastic energy stored in the string is 10 J.

Calculate the length OP.
(10)

Back to Edexcel M3 @




Number Scheme e
Q4. o
30N
T Tcos@=40 M1 attempt at both equations | M1 A1
- T'sin@ =30 A1
leadingto 7 =50 M1 A1
2
E="* _10 B1
2a
HL T= Ax_ 50 M1
a
leadingto x=0.4 M1 A1
OP=0.5+0.4=0.9(m) A1ft (10)

[10]
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JAN 2010 M3 (QT)

A light elastic string has natural length @ and modulus of elasticity 5mg. A particle P of

mass m 1s attached to one end of the string. The other end of the string 1s attached to a fixed
point A. The particle is released from rest at 4 and falls vertically. When P has fallen a
distance g + x, where x > 0, the speed of P 1s v.

(a) Show that
v =2g(a +x) - 3% .
2a

4)
(b) Find the greatest speed attained by P as 1t falls.
(4)

After release, P next comes to instantaneous rest at a point D.

(¢) Find the magnitude of the acceleration of P at D.

(6) D




Q7.

(a)
1 , 3mgx’
—my® + =mg(a+x
2 1a m8(ar)
: ) 3gx’
leading to v’ =2g(a+x)- 5 3
a

(b) Greatest speed is when the acceleration is zero
Ax  3mgx 2a

T = =mg = XxX=—
a 2a & 3
2
v2=2g(a+2a)—3gx(2aj (:8ag)
3 2a 3 3
2
v==+(6ag)
3
3gx’
() v=0 = 2g(a+x)- 5 =0
a

3x* —4ax—4a’ =(x—2a)(3x+2a)=0

x=2a
At D, mjé:mg—/lxza
a
¥ =2¢

CSO

accept exact equivalents

ft their 2a

M1 A2 (1, 0)

A1 (4)

M1 A1

M1

A1 (4)

M1

M1 A1

M1 A1ft

A1 (6)
[14]
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Alternative to (b)
3gx’

v =2g(a+x)-
g(a+x)-=-
Differentiating with respect to x

o g 38
dx a

—=0=>x=— M1 A1

2
v2:2g(a+2aj—3gx[2aj (z&ﬁj M1
3 2a 3 3

V(6ag) accept exact equivalents | A1 (4)

Back to Edexcel M3 @



Q7.

Alternative approach using SHM for (b) and (c)
If SHM is used mark (b) and (c) together placing the marks in the gird
as shown.

Establishment of equilibrium position
T:lx:3mge:mg - e=2_a
a 2a 3
N2L , using y for displacement from equilibrium position

img(y+e) 3g

my =mg — =
a 2a
P
2a
Speed at end of free fall u> =2ga

Using 4 for amplitude and v* = @’ (az = xz)

2 3g 4a’
u>=20a when y=—=—g = 2oa==-2| 4*-—
= AR 8" 24 9
a=%
3
; 4a 3g) 2
Maximum speed Aa)=—><»\/ == |==+(6a
& 3 (2aj 3\/( g)
; : , 4a 3g
Maximum acceleration A®w” = —x O =2g
a

bM1 bA1

bM1 bA1

cM1

cM1

cA1

cM1 cA1

cA1

Back to Edexcel M3
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Figure 2

A particle of mass 0.5 kg 1s attached to one end of a light elastic spring of natural length 0.9 m
and modulus of elasticity 4 newtons. The other end of the spring is attached to a fixed point O
on a rough plane which is inclined at an angle 6 to the horizontal, where sin § = %. The
coefficient of friction between the particle and the plane 1s 0.15. The particle 1s held on the
plane at a point which i1s 1.5 m down the line of greatest slope from O, as shown in Figure 2.
The particle 1s released from rest and first comes to rest again after moving 0.7 m up the
plane.

Find the value of /.

9)

JUNE
2010 M3

Back to Edexcel M3
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Question

Number Scheme Marks
Q3
R
E
0
B!
2 2
EPE lost = 230" Ax0.1 (:l j M1 A1
2x0.9 2x0.9 36
R(T) R=mgcosb M1
:O.ngg:OAg
F=uR=0.15x0.4g M1 A1
P.E. gained = E.P.E. lost — work done against friction
2 2
0.5gx0.7sing = 2200 _AXOL 150 040%0.7 M1 A1 A1
2x0.9 2x0.9
0.19444 :0.5X9.8><O.7><%+0.15><0.4><9.8><0.7
A=12.70......
A=13N or12.7 A1

[9]

®




Figure 4

A small ball of mass 3m is attached to the ends of two light elastic strings AP and BP, each of
natural length / and modulus of elasticity kmg. The ends 4 and B of the strings are attached to
fixed points on the same horizontal level, with AB = 2[. The mid-point of 4B is C. The ball

hangs in equilibrium at a distance 4 / vertically below C as shown in Figure 4.

(a) Show that k= 10.
(7)

The ball is now pulled vertically downwards until it is at a distance 2/ below C. The ball is

released from rest.

(b) Find the speed of the ball as it reaches C.
(6)

JAN 2011
M3

Back to Edexcel M3 Q



Question

Number Scheme Marks
6.
(@)
> B1
length AP = length BP:ZI
kmg (31 M1A1
E:E:#=%km (orT=..)
R(T) T,cos0+T,cos6=3mg  (or2Tcos6 =3mg) M1A1
1, 3.1, 3 {3 A
—hmg x—+—kmg x—=3m or —kmg x==3m
PR R A (2g5 gj
3
—kmg =3m
10 4 4
A1

k=10 *

(7)




(b)

initial extn = El —Il = §l
5 5

2
E.P.E. lost —2x%_2xmﬁ(8—lj -

2]

2
P.E. gained =3mg x 151 = 36r5ngl

5

%x I 4 36mgl _ 1285mgl

S 256gl  T2gl
15 15

= \/(@glj

128mgl

B1

M1A1

M1A1

A1

(6)
[13]
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A particle P of mass m is attached to one end of a light elastic string of natural length / and
modulus of elasticity 3mg. The other end of the string is attached to a fixed point O on a

rough horizontal table. The particle lies at rest at the point 4 on the table, where 04 = %l.

The coefficient of friction between P and the table 1s u.

(a) Show that u > %
4)

The particle 1s now moved along the table to the point B, where OB = %l, and released from

rest. Given that u = % , find

(b) the speed of P at the instant when the string becomes slack,
)

(c) the total distance moved by P before it comes to rest again.

3)

JUNE 2011 M3
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(@)

7, R
6
0 T
mg
3mg (1 1
T=""S 20 ==
1 (6 ) 28
R(T) R=mg R(—) F=T:%mg
F < uR
—mg < umg
1
> %
#23

Bl

M1

- -

M1

Al

(4)




(b)
2
EP.E. lost= - x>"8 (11) _3mel B1
2 1 \2 8
- 1 /
Work done by friction :Emg > Bl
8 2 2 & 2
.
4
v=_el
Al
)

GCE Mechanics M3 (6679) June 2011 5
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Question

Number Scheme Marks
(0
3mel 1
£ —, mex M1 Al ft
8 2
x_3_l Al
4
(3)
12
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JAN 2012
M3 01

A particle of mass 0.8 kg 1s attached to one end of a light elastic string of natural
length 0.6 m. The other end of the string 1s attached to a fixed point 4. The particle is released
from rest at 4 and comes to instantaneous rest 1.1 m below 4.

Find the modulus of elasticity of the string.
(4)

Back to Edexcel M3 @



January 2012
6679 Mechanics M3
Mark Scheme

Question Scheme Marks
Number
2
1. |Epp=24x93 Bl
1.2
GPE lost = EPE gained M1 (used)
2
0.8x9.8x1.1:’1’;02'5 Alft
A=414Nor4l1 N Al




JUNE 2012 M3 backto el M3

A particle B of mass 0.5 kg 1s attached to one end of a light elastic string of natural length
0.75 m and modulus of elasticity 24.5 N. The other end of the string is attached to a fixed
point 4. The particle 1s hanging in equilibrium at the point E, vertically below 4.

(a) Show that AE =09 m.
(3)

The particle 1s held at 4 and released from rest. The particle first comes to instantaneous rest
at the point C.

(b) Find the distance AC.

)

(c) Show that while the string is taut, B i1s moving with simple harmonic motion with
centre F.

4)

(d) Calculate the maximum speed of B.

(2)



Question

N BER Scheme Marks
7 M1
(@) Useoszkzmg
a
: Al
ro 25 s,
0.75
: ; Al
x= 2PX038 _ 15 4E—07540.15=09(m) (**)
24.5
A3)
(b) Using gain in EPE = loss in GPE M1
Ax® _24.5x% _ Al
- T
. =0.5g(0.75 + x) Al
Form quadratic in x and attempt to solve for x : DM1
24.5x* =5.5125+7.35x, 24.5x* -7.35x-5.5125=0,
135+ \V7.35% + 4% 24.5%5.5125
49
+
(or 40x? —12x-9=0, x= 12“‘/1:?)”600 )
x =0.647...(m) AC ~1.4(m) Al
)

Back to Edexcel M3
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(€)

(d)

Using F' = ma and displacement x from E:

24.5(x +0.15)

0.75

R —%x, so SHM

0.5¢g - = 0.5

Max speed = their a x their @

= (0.647 - 0.15) x ,/%

~4.0 ms’ (4.02)

M1
A2,1,0

Al

M1

Al

\~7

4)

(2)
14




Back to Edexcel M3

JAN 2013 M3

A particle P of mass 1.5 kg is attached to the mid-point of a light elastic string of natural
length 0.30 m and modulus of elasticity A newtons. The ends of the string are attached to two
fixed points 4 and B, where AB 1s horizontal and AB = 0.48 m. Initially P 1s held at rest at the
mid-point, M, of the line 4B and the tension in the string 1s 240 N.

(a) Show that A = 400.
3)

The particle 1s now held at rest at the point C, where C is 0.07 m vertically below M. The
particle is released from rest at C.

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

(6)
(c¢) Find the speed of P as it passes through M.

(6)




Question

Number Scheme Marks
) Ax18
7 (a) T=Tx:>240= - MIALl
2 =400 Al
(b)
24 cm
T T
7
0
1.5g
Extension = 10 cm or 20 cm (used in (b) or (c)) B1
T_400x10_(800J MIALfR
15 3
R(T) 2Tcosf-1.5g=(+)1.5a MIALl
1600, 7 15x9.8=(+)1.5a
3 25
a=89.75... a=90 ms™”or89.8 (positive) Al

Back to Edexcel M3 @



(c)

2
EPE.= 1 x 400 x 0.2
2 0.3

2 2
1.5gx0.07+l><1.5v2 — 200 x 0.2° 200x0.18
2 0.3 0.3
2 2
y? = —1 200 x L - 200x0.18 —1.5gx0.07
0.75 0.3 03

v=232..=23ms"

B1ft (any
correct EPE)

MI1A1Al

Mldep

Al
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JUN 2013 ® M3

A particle P of mass 0.5 kg 1s attached to one end of a light elastic spring, of natural length
2 m and modulus of elasticity 20 N. The other end of the spring is attached to a fixed point 4.

The particle P 1s held at rest at the point B, which 1s 1 m vertically below 4, and then
released.

(a) Find the acceleration of P immediately after it 1s released from rest.

(4)
The particle comes to instantaneous rest for the first time at the point C.

() Find the distance BC.
(6)

Back to Edexcel M3 Q



Question

Number Scheme Marks
3.
(a) Weight + thrust = mass x accn. M1
20»¢] B1(thrust
0.5xg+ =0.5a Alg‘t )
a=g+20=29.8~30(ms?) Al
4)
(b) Change in GPE = mg(x+1) Bl
2 2 Bl
EPEatB = 2*L o EPEatc =20X*
252 2362
2 2 MI1Al
Conservation of energy: 20x1 +mgh = 20 x h=x+1
2 2x2
5+0.5g(x+1) =5x"
5x* -0.5gx—(5+.52) =0
0.5g ++/(0.5g)% +20(5+0.5g) Mldep
S 0 =1.98
Distance BC=1+1.98=2.98 (m) Al
(6)
[10]

®
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JUNE 2013 M3

A particle P of mass 2 kg 1s attached to one end of a light elastic string of natural length
1.2 m. The other end of the string is attached to a fixed point O on a rough horizontal plane.

The coefficient of friction between P and the plane 1s % . The particle 1s held at rest at a point

B on the plane, where OB = 1.5 m. When P is at B, the tension in the string 1s 20 N. The
particle 1s released from rest.

(a) Find the speed of P when OP = 1.2 m.
(7)

The particle comes to rest at the point C.

(b) Find the distance BC.
(2)

Back to Edexcel M3 Q




Question

Number Scheme Marks
4
A
@ |7T=7
]
20 2%03 MI1A1
1.2
A=80 N Al
2 2
Initial EPE = 2% = 89X0-3° 5y Bl
21 2.4
2
80x0.3 —0.4x2g><0.3=%><2v2 MI1Alft
V2 =0.648

v=0.80 or 0.805 ms™

Al (7)




Notes for Question 4

(2)

M1 for attempting Hooke's Law, formula must be correct, either explicitly or by correct substitution.

Ax0.3

Al for 20=

Al for obtaining A =80

nan 2
B1 for the initial EPE % (=3 J) their value for 4 allowed. May only be seen in the

eqaution.

M1 for a work-energy equation with one EPE term, one KE term and work done against friction
(Award if second EPE/KE terms included provided these become 0). The EPE must be
dimensionally correct, but need not be fully correct (eg denominator 1.2 instead of 2.4)

Alft for a completely correct equation follow through their EPE

A1cao for v=0.80 or 0.805 mustbe 2 or 3 sf

NB: This is damped harmonic motion (due to friction) so all SHM attempts lose the last 4 marks.




(b)

Comestorest 0.4x2gxy=3

B 3
04x2x9.8

y =0.38 or 0.383 m

Alternatives:
Energy from string going slack to rest:

%x2x0.648:0.4x2gxx

x=0.8265...
y=0.3+0.08265...=0.38 or 0.383

NL2 to obtain the accel when string is slack (_Z?gj and v’ =u’ +2as

0=0.648+2x(—£)s

~0.648x5
4g

BC +0.3=0.38 or 0.383

M1

Al )
[9]

M1 Complete
method
Al

MI1Al
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(b)

M1 for any complete method leading to a value for either BC. If the distance travelled after the string

becomes slack i1s found the work must be completed by adding 0.3 Their EPE found in (a) used
in energy methods.

MS method is energy from B to C ie work done against friction = loss of EPE.

OR Energy from point where the string becomes slack to C  ie work done against friction =
loss of KE and completed for the required distance

OR NL2 to obtain the acceleration (_Z?g) while the string is slack and v’ =u” + 2as to find the

distance and completed for the required distance

Alcso for BC =0.38 or 0.383 (m) must be 2 or 3 sf




JAN 2014 M3

A particle P of mass m 1s attached to one end of a light elastic spring, of natural length / and
modulus of elasticity 2mg. The other end of the spring 1s attached to a fixed point 4 on a

rough horizontal plane. The particle 1s held at rest on the plane at a point B, where AB = %l :

and released from rest. The coefficient of friction between P and the plane 1s 211- :

Find the distance of P from B when P first comes to rest.

®)
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2 2 )
2mg [1,) . :ng(llﬂ) MIAI;MI A 1
21 (\2 4 2
8x* +2x—1>=0 ML Al
(4x—1)(2x+1)=0 Mldep
1 1
x= Zl or — 51 Al
. 1, 1 3
distance =~/ +—1 =1
1stance > + 4 4 Al
9
Notes
M1 for the difference of 2 elastic energy terms, not nec in a complete energy equation.
Al for a correct difference
M1 for a work energy equation, loss of EPE = work done against friction(not dep on previous
mark)
Al for a fully correct equation

MIldep for re-arranging to a three term quadratic, dependent on the second M mark, or use the
difference of 2 squares to get a linear equation

Al for a correct 3 term quadratic, terms in any order

Mildep for solving the resulting quadratic, usual rules. Dependent on all second and third M marks

Al for xzil xz—%l need not be shown

Alcao and cso distance = %l
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JUNE 2014 ® M3

One end 4 of a light elastic string AB, of modulus of elasticity mg and natural length a, 1s
fixed to a point on a rough plane inclined at an angle 6 to the horizontal. The other end B of
the string is attached to a particle of mass m which is held at rest on the plane. The string AB
lies along a line of greatest slope of the plane, with B lower than 4 and AB = a. The
coefficient of friction between the particle and the plane 1s u, where u < tan . The particle 1s
relecased from rest.

(a) Show that when the particle comes to rest it has moved a distance 2ag (sin 8 — u cos 6)
down the plane.

(6)

() Given that there i1s no further motion, show that x> %tanﬁ.

) @




Question

Nutibas Scheme Marks
3(a) R =mgcos0 Bl
WD against friction=gxmg cos & Bl
o M1 A2
Lxmg cos 6 = mgxsin 6 — mégx
a
Al (6
x =2a(sin@— pcos ) ** ©)
L Bl
(b) T mg2a(sin @ — y1cos ) _ T
e . VIN
No motion if 7 < mgsin € + uumg cos
2mg(sin @ — pcos @) <mgsin @ + umg cos O DMI
Al 9
_;_tan 0 S /1 %k ( )
11
Notes
(a) B1 correct equation perpendicular to the plane
B1 correct expression for work done against friction
M1 work-energy equation
A2 fully correct; A1 one error;
A1l correct expression for x no errors in the working
®) B1 use Hooke's law to obtain a correct expression for 7

M1 using NL2 parallel to the plane to set up an inequality for situation where no motion
A1l correct inequality
DM1 solving to get an inequality for

Al correct inequality and no errors in the working

If only error is use of < instead of <, deduct final A mark only

Back to Edexcel M3 @



Figure 3

One end of a light elastic string, of natural length / and modulus of elasticity 3mg, 1s fixed to a
point 4 on a fixed plane inclined at an angle « to the horizontal, where sin o = £.

A small ball of mass 2m is attached to the free end of the string. The ball is held at a point C
on the plane, where C is below 4 and AC = [ as shown in Figure 3. The string is parallel to a
line of greatest slope of the plane. The ball is released from rest. In an initial model the plane
1s assumed to be smooth.

(a) Find the distance that the ball moves before first coming to instantaneous rest.

6

In a refined model the plane is assumed to be rough. The coefficient of friction between the
ball and the plane is z. The ball first comes to instantaneous rest after moving a distance 2 /.

(b) Find the value of .
(6)

JUNE 2014 M3
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Question

Number Scheme Marks
4
2 MIAI
(a) 3megx” =2mgxsina BI(Al one-
21 pen)
3x’ =4xl><-?i
5
5x* =4xl
x=—1 DMIAl  (5)
(b) R=2mgcosa (= —mg] Bl
MIAIft,
3mg iI2 =2mglex——, /1§mgle BIft (Al one-
21 25 5 5 5 pen)
6=12—-16u
3
161=6 ,ll=§ DMIAL1 (6)
(11]




JAN 2016 IAL M3

Fixed points A and B are on a horizontal ceiling, where AB = 4a. A light elastic string has natural length 3a and modulus of
elasticity A. One end of the string is attached to A and the other end is attached to B. A particle P of mass m is attached to the

midpoint of the string. The particle hangs freely in equilibrium at the point C, where C is at a distance —a vertically below the
&)

-—

ceiling.
Smg
4

(a) Show that A =

The point D is the midpoint of AB. The particle is now raised vertically upwards to D, and released from rest.

(b) Find the speed of P as it passes through C.

(Total for question = 10 marks)
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R(T) 2T sin6 = mg

sin¢9=2 or cos0=i
5 5
5
T=—m
6 4
T=).x20
3a

MIAl

Bl

Ml

Al cso (5)
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(b) EPEatD= e atC= s (or equivalents with half strings) B1 (either)
2x3a 2x3a
2 2
lmv2 - e = 0 +mg xza MIAl
6a 2
o
V= yr ag dM1
3!7ag
v= Al (5) [10]
2
@) |
Ml Resolve vertically Must have 2T
Al Correct equation
B1 A correct trig value for an angle - seen implicitly or used
Ml Hooke's law inc attempting the extension in terms of a
Alcso | Obtamn the given value of A from cormrect working

(b) _ . _ .
Bl Obtain the comrect EPE at either start or finish of the motion. May be those shown (full

strings) or half of these (half strings) (May have already sub their 1)
Ml An energy equation with the correct number of terms. EPE terms to be of the form % =
Al A fully correct equation
Al Solve to v* = ...
Al A correct expression for v Any equivalent form
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Question Mark Scheme Examiner's Report

This was one of the more successfully answered questions and there were many correct, or almost correct, solutions.

It was again surprising that many candidates failed to draw a diagram, meaning that their equations then concerned undefined
forces and unspecified angles. Although the majority knew how to tackle part (a), the given answer (although needed here)
generated a number of probably manipulated but error-free solutions. Many of these failed to show any calculations of lengths or

: 3 24
angles or the general statement 2T cos & = mg but simply wrote a numerical equation straight away | 2 « —x—=m -an

\ 5 3 )
impressive feat without a diagram. As before, they should be encouraged to show every step of their reasoning and calculations.
There were a number of errors in Hooke's Law due to confusion between original lengths, extended lengths, whole and half strings
but somehow almost all ended up claiming to have 'proved' the result.

The correct theory for (b) was well known and there were again many successful solutions. The most common error was to
overlook the initial EPE, losing nearly all the marks, but a small minority left out both, settling for PE = KE. There were a number
X AX

or and errors in simplifying correct EPEs. Again, some could have rescued lost marks by

[ 2/

quoting the formula first. A few lost the last mark of an otherwise correct solution by applying the Vv incompletely to their answer.

of errors in the EPE formula

A very few tried to solve (b) using SHM but without a clear idea of what x or ¥ were measuring.
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JUNE 2016 IAL M3

A particle P of mass m is attached to one end of a light elastic string, of natural length / and modulus of elasticity 4mg. The other

end of the string is attached to a fixed point O on a rough horizontal plane. The coefficient of friction between P and the plane is

W o

5
The particle is held at a point A on the plane, where ()4 = —/, and released from rest. The particle comes to rest at the point B.

(a) Show that OB </

(b) Find the distance OB.

(Total for question = 7 marks)
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%uestion Scheme Marks
umber
amg(L1) |
(a) EPE at A =& ‘ =m_gl| B1
2] 8 )
: e < S
Work done against friction from A to natural length = gmg‘ ZI l Bl
mgl N mgl M1
8 10
. P 1s still moving when string goes slack. 1e OB </ Al cso 4)
2 mgl
—megx = —— M1
(b) e
xX= i] Al
16
9 3 15
OB=—]—-—I=—1 Alft 3)
4 16 16
[7]
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(b)M1
Al

Alft

Al
Alft

Correct EPE at start

Correct work done against friction from release at A4 to string becoming slack.

Either showing the inequality above or using an equation to show P has KE at natural
length. Comparing the 2 energy terms even 1f incorrect scores M1 EPE to be dimensionally
correct

Drawing the required conclusion. with evidence. from correct working.

The two B marks can be awarded n (b) - Award Bl for work done against friction from
release to comung to rest again.

Work-energy from start to B
Correct distance moved

< i e 5
Subtract their distance moved from —/

ALT for (b): Work from natural length to B:
Find KE at natural length (may have been done 1n (a)) and then find further distance moved
by any valid method.

1
Correct distance moved from natural length = EI

Subtract their distance moved from /.
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Question Mark Scheme Examiner's Report

Most candidates did not realise that having the particle moving on a rough table significantly complicated the situation as friction
might cause the particle to stop moving before the string became slack. Hence the significance of part (a) was not appreciated
and OB was calculated first and then stated to be less than /. The best solutions either used the inequality approach shown in the
mark scheme or showed that the particle still had kinetic energy at the instant when the string became slack. The most common
error was to assume that there was still some EPE after the string had gone slack and an extra EPE term was included in the
energy equation. A more worrying error was to consider just forces and not consider energy at all.
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JAN 2017 IAL M3

A particle P of mass 4m is attached to one end of a light elastic string of natural length / and modulus of elasticity 3mg. The other
end of the string is attached to a fixed point O on a rough horizontal table. The particle lies at rest at the point A on the table,

where OA = — [. The coefficient of friction between P and the table is p.

3

|
(a) Show thaty = —

4

The particle is now moved along the table to the point B, where OB = 2/, and released from rest.

7

Given that y = %

(b) show that P comes to rest before the string becomes slack.

(Total for question = 9 marks)
Back to Edexcel IAL M3 ‘




Question

e Scheme Marks
(a) F < udmg Bl
3 1
>1
o= . > Alcso 1)
(a)B1  Correct mnequality or equation provided clear this 1s maximum friction.
Ml Resolve horizontally including use of HL (correct formula) and an attempt at the extension
(1e not /) Mass can be m or 4m
Alft Correct inequality follow through their max friction
Al Obtain GIVEN inequality with no errors seen.
If = used throughout and mequality only at final stage, BIMI1 only unless they convince you.
NB If 1t 1s not clear that max friction 1s being used. only M mark 1s available.
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(b)

(Assume string retumns to 1ts natural length)
3mgl’
21

2
Work done against friction = % x4mg x|

EPE =

1 » 3mel®* 2
—x4mv" = s —;x4mg><l

v’<0 = string does not become slack.

Bl

Bl

MI1AIlft
Al cso (3) [9]

(Altermative: Assume extension 1s x when particle comes to rest)

EPE lost = 27 _ mex’ B1(either)
21 21
,)
Work done agamnst friction = ?x 4mg x(1-x) Bl
s T o =§mg(1 —x) MI1Alft
21 21 5
x= %I . (x=1) posextat x= LI . at rest before string becomes slack | Alcso
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(b)B1 Correct EPE when extension 1s /
Bl Correct WD against friction

Ml Attempt energy equation with KE. EPE and WD terms. EPE term to be of the form k%’ g

mass m or 4m.
Alft Correct equation, follow through their EPE and WD terms. All signs to be correct.
Alcso  Solving for v’ or stating v> <0 (from a fully correct equation) and giving the conclusion. No

errors anywhere 1n the working.

ALT For last 3 marks: Show WD to nat length = 1mitial EPE (M1A1) Correct conclusion (Al)
ALT Bl Either of the 2 required EPE terms correct
Bl Correct WD against friction
M1 Attempt energy equation with a difference of EPE terms and a WD term. EPE terms to be of

the form k%’

Alft Correct equation, follow through their EPE and WD terms. All signs to be correct.
Alcso  Solve for x and state conclusion. No errors seen
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Question Mark Scheme Examiner's Report

Only a very few scored all four marks for (a). The majority did not give an adequate reason for the inequality and earned only one
mark for a question that they probably considered simple. Inequalities in "Show" questions should always be given careful
consideration so that the real reason for the inequality is identified. An ideal solution here needed three stages: tension = Ax//,
tension = friction and friction, yR. Statements such as F ...T, supported by vague statements such as "Because it does not move"
do not justify the inequality and the often seen statement that F = uyR is not true unless it is made very clear that this is the
maximum possible friction.

Although the underlying principles were well known, many attempts for (b) were not well executed. Most students managed to
score two marks by finding correct expressions for the initial EPE and the work done against friction but these were most often
then used in equations which contained no other energy terms. Valid equations involved assuming either a final EPE at the point
where the particle stopped or some KE when the string reached its natural length. Alternatively, a very neat solution showed by
inequality that the initial EPE was insufficient to provide the necessary work for the particle to reach the point where the string
became slack.
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JUNE 2017 IAL M3

A light elastic string has natural length 0.4 m and modulus of elasticity 49 N. A particle P of mass 0.3 kg is attached to one end of
the string. The other end of the string is attached to a fixed point A on a ceiling. The particle is released from rest at A and falls
vertically. The particle first comes to instantaneous rest at the point B.

(a) Find the distance AB.

The particle is now held at the point 0.6 m vertically below A and released from rest.

(b) Find the speed of P immediately before it hits the ceiling.

(Total for question = 11 marks)
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%:?nsgg? Scheme Marks
2 49(y-04)’
@ | 03g(x+04)=*_ OrR 03g-20"09) MIAIAl
2x0.4 2x0.4
5x*-024x-0.096=0 dM1
_024% J0.24% +20%0.096
' 10
x=0.1646....(neg not needed) y=0.5646... (0.24 need not be shown) | dM1
AB =056 or 0.565m AB=y=0.56 or 0.565 Al (6)
52
(b) &=1><0.3v3+0.3gx0.6 MI1A1Al
08 2
s D b5 :
Do L o i
031 08 .
v=21lor 214 ms™ dM1A1 (5
[11]
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M1 Use an energy equation with x as the extension at B or y as the distance fallen. There must be

a PE term and an EPE term. EPE term to be of the form kATx

AlAl Deduct one mark per mcorrect term.
dM1 Simplify to a 3 term quadratic, terms 1n any order. Depends on first M mark
M1 Solve their quadratic by formula or completing the square. Allow calculator solution only if
x =0.1646 or the final answer 1s correct. Depends on both previous M marks.
Al Correct length of AB. Must be 2 or 3 sf.
Find v at natural length by SUVAT and then use energy. No marks until the energy equation
seen. then mark as above. (A1A1l deduct one per error.)

Forming an energy equation from release to 4. Must have 3 terms, an mtial EPE. a PE and a

(b)M1

KE term. EPE term to be of the form k/Tl- and extension = 0.165
Al Any two terms correct.
Al Completely correct equation.

dM1 Solve their equation to v* = (4.5733..) or v=_.. Depends on the M mark above (in (b))
Al Speed=2.10r2.14ms"

NB Use of g =9 81 produces the same 3 sf answers. Exceptionally allow this.
SHM solutions must first prove SHM and find the centre (equilibrium position). Send to

review
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Question Mark Scheme Examiner's Report

Part (a) tended to be all or nothing. If students realised that they needed to use energy, they generally formed a correct
quadratic, and solved for the correct answer. The most popular approach was the main mark scheme method, with virtually all
students remembering to add 0.4 at the end. Those who used just x in both the PE and EPE terms could not obtain a 3 term
guadratic and lost the last three marks. Of those who did obtain a quadratic, some used the formula and showed their working
and others just wrote down a calculator answer. When this answer was wrong, they lost the last two marks. The answer had to be
to 2 or 3 significant figures because a numerical value of g had been used but some students had not read the rubric Very few
used SUVAT to find the speed when the string became taut, but they generally got to the correct answer. A large number of
students unfortunately found the distance at equilibrium, rather than rest, scoring no marks.

Most students recovered in (b), with the majority knowing to use energy and many getting the correct answer. Here it was more
common to consider two stages, using energy to find the speed as the string became slack and then using SUVAT to complete.

In both parts of the question there were examples of the EPE formula not being used correctly — missing the 2 in the denominator
or using the total length of the string instead of the extension. Another error was to put the GPE on the wrong side of the energy
equation.

However, many completely correct solutions were seen.
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JUNE 2019 IAL M3

One end of a light elastic spring, of natural length / and modulus of elasticity 2mg, is attached to a particle of mass m. The other
end of the spring is attached to a fixed point A on a rough horizontal plane. The particle is held at a point B on the plane, where
AB = 1.25/, and released from rest. The particle first comes to instantaneous rest at the point C on the plane, where AC = 0.9/.

Find the coefficient of friction between the particle and the plane.

(Total for question = 6 marks)
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Question

e Scheme Marks
2 2
c 2mg(0.251) o 2mg(0.11) B1 either
21 21
WD against fnction: 0.35/mg Bl
2mg(0.251)° 2mg(0.1)’
e ib/ B L\ T MIAL
21 2]
by
u=0.15 [or 7_) MIA1 (6)
[6]
Bl A correct expression for EPE. either at the start or end of the motion.
Bl Correct expression for Work Done against friction
Ml Attempt at an energy equation with a difference between 2 EPE terms and a WD. EPE must
T e
Al Correct equation
Ml Solving to find . Independent. but must have 3 terms. but condone EPE added.
Al e N

#=0.15 (Of %] o.e. (g cancels)
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JAN 2020 IAL M3

A light elastic string has modulus of elasticity 2mg and natural length /. One end of the string is fixed to a point A on a rough

plane inclined to the horizontal at angle a, where gina = —. A particle, P, of mass m is attached to the other end of the string.
5
1
Initially P is held at rest on the plane at the point B, where B is above A and AB=—1 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 u, where y < tan a.

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

(a) show that

9% + 6le — 107
774131 + 2¢)

Given that e = |

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

(Total for question = 11 marks)
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Question

Number Scheme Marks
. 3] 3\ 1 2mg ,
(a) Mg S a x 7+e = Jmg COS ar X ?+e +5x e MI1B1B1A1
3 ( 3] ) 44 [ 3 ] e
lte =L —te |+—
SV2 51 2 ) 1
,_ I +6le—10"  x A
41(31+2e) =0
(a) M1 | Attempt a work-energy equation with a GPE term. a single EPE term and the work done against

Bl
B1
Alft

dM1

Alcso*

friction. . (Allow EPE = k%)

Correct EPE at C. (Ignore any extra EPE terms for this mark)
Correct GPE

Correct equation. Follow through their EPE and GPE terms providing they are of the correct form

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

Given result obtaimned with no errors seen and at least one line of correct rearrangement. Must be
exactly as printed on paper.
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(b) e=1 =>,u=% or 0.25 B1
1
F = gmg Blft
Change 1n acceleration 1s due to change of direction of F
. = . .
F=2mg-mgsma+F, =§mg and > =2mg—mgsma —F, =gmg M1
- F - F& 2 i,
Mag of change in accel =——= = f =3920r39 (ms™) M1A1 (5)
m
[11]
(b)
Bl 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. [
Ml Attempt 2 equations of motion to find resultant force. (Use of Change = 2F ) would imply this
mark.
Ml Subtract and divide by m to obtain the mag of the change in the acceleration.
2
Al | Must be %. or3.90r3.92 (ms?)
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Question Mark Scheme Examiner's Report

Whilst almost all candidates attempted to form an energy equation with the correct terms, it was very common for a mistake to
appear, usually in the distances used in both the work done and GPE terms (often 0.5/ + e, rather than 1.5/ + e). The EPE terms
was usually found correctly and trig mistakes were rare. The algebra involved in reaching the given result was fairly complex and
the clarity of working was variable, with many candidates often making fairly large jumps towards the given solution. Inevitably,
candidates that made a mistake in forming their original equation managed to arrive at the given result. It should be remembered
that no credit will be given for this, so if your equation is not yielding the required result, you should go back to the first line and
look for the error.

In part (b) most candidates were able to pick up the first mark and most did find a correct friction, often embedded in their
equations. However, the majority did not realise the need to form two equations and those that did often ommitted a term, losing
the final 3 marks.
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-1

Figure 2

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

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

(a) Find the tension in the string.

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

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.

(Total for question = 8 marks)

0CT 2020
IAL M3
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Question

T Scheme Marks
(a) cosé =% Bl
2T cos@=12 M1A1
2T(1)=12='>T=@=7.5(N) Al
5 8
4)
(b) Ext=2(2.5)-3=2m
x2 :
7.5=T$,{=11.25(‘N)‘ M1A1*
2
o |[TEMDEE _aem MIA1
x3
2
(8]
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Al*

(c)
M1

Al

cos@ =:;- seen or implied.

Resolving vertically. with 2 equal tensions (1mplied) and weight.
Correct equation.

15 _ -
S 7.5N accept any equivalent fraction, since g not used.

Use of Hooke’'s Law with their tension to form equation in 4. Must be using natural length of
3 (or 1.5 for half string). but condone incorrect extension for M mark.

11.25 or any equavalent fraction.

Attempt at EPE i 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 1n an
energy equation.

7.5 J. Accept any equivalent. Must be a clear answer (not embedded).
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Question Mark Scheme Examiner's Report

This was very straight forward and was answered well on the whole, but part c) did cause problems for some.

Part a). The vast majority answered this fully correctly. Correct trigonometry was used with a correct vertical resolution.

Occasional errors involved the use of only one component of the tension used or candidates doubling the tension found to give an
answer of 15N.

Part b) No problems at all. Some used the whole string while other used the half string in equal measure.

Part c). There were many fully correct answers, but a significant number left this blank. It was evident that many candidates were
unclear on when the bead was moving at its maximum speed. Some thought this was when it became slack and therefore EPE=0.
Others involved EPE in an energy equation with kinetic energy in some attempt to find the speed.
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JAN 2015 IAL M3

A light elastic string has natural length 5 m and modulus of elasticity 20 N. The ends of
the string are attached to two fixed points A and B, which are 6 m apart on a horizontal
ceiling. A particle P is attached to the midpoint of the string and hangs in equilibrium at
a point which is 4 m below AB.

(a) Calculate the weight of P.

The particle is now raised to the midpoint of AB and released from rest.

(b) Calculate the speed of P when it has fallen 4 m.

(Total for question = 11 marks)
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Question

i i Scheme Marks
(a) Length of string/half string = 10 m/ 5 m (or extn =5 m) B1

e I i Y M1, Al

l 5
2T cosa =mg M1

4
2x20x§=mg Alft
Weight=32N  (Accept mg = 32) Al (6)
(b) PE lost ="mg"x4
: 20x5° 20x1’

EPE ed = -

e 2x5 2x5

” 2 2 - &
B ey, LENE TN MIAIAL
2 2x5 2x5
16 , 20x5° 20x1*
— v =32x4- - DM1
g‘ [ 2%5 2x5 J
v =5g
v=7, 7.0 or 7.00 Al (5) [11]
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(a)

(b)

B1 correct length of complete or half string or correct extension(need not
be shown explicitly)

M1 apply Hooke's law x =1

Al correct tension obtained

M1 resolving vertically, both tensions resolved

- . : 4
Alft substitute their tension and cosa = =

Al correct weight obtained (no ft)

M1 energy equation with KE, PE and two EPE terms - all calculated with
correct formulae

AlA1l Deduct one A mark per error (if m 1s substituted early, ft their m)
M1 Substitute their mass (not weight)

Al correct value forv 7, 7.0 or 7.00 only acceptable
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Question Mark Scheme Examiner's Report

Part (a) was generally answered very well, with most correctly identifying the required lengths and most candidates finding the
tension in the half string. When going on to resolve most made an acceptable attempt at resolving and it was generally only
strange slips in copying across tensions that lead to trouble. Most actually identified their answer as weight, although some did
only label it mg. The commonest problems encountered in this part of the question involved mixing up numbers for the string with
those for the complete string. There was also some confusion about the natural length of the string; some candidates appeared to
think this was 6 m whist some were inconsistent and sometimes used 5 m and other times used 6 m.

Part (b) certainly caused more problems and for candidates with full marks in (a) it tended to be 0 or 5. Almost all realised that
they had to use energy and gave a KE, GPE and EPE term, but a large number failed to include an initial EPE. Where all four terms
were present, the correct answer was generally reached, unless they were carrying forward an incorrect weight from (a). Any
candidate who made any sensible attempt (even if missing an EPE term) did go on to correctly use their mass from (a).
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Figure 2

Figure 2 shows a light elastic string, of modulus of elasticity A newtons and natural length 0.6m. One end of the string is attached
to a fixed point A on a rough plane which is inclined at 30° to the horizontal. The other end of the string is attached to a particle P
of mass 0.5kg. The string lies along a line of greatest slope of the plane. The particle is held at rest on the plane at the point B,
where B is lower than A and AB = 1.2m. The particle then receives an impulse of magnitude 1.5N s in the direction parallel to the
string, causing P to move up the plane towards A. The coefficient of friction between P and the plane is 0.7. Given that P comes to
rest at the instant when the string becomes slack, and the value of A.

(Total for question = 8 marks)

Back to Edexcel IAL M3




Question
S Scheme Marks
05u=15 wu=3ms? Bl
Work done agamnst friction =0.7x0.5cos30g x0.6 MIAl
OEERY Bl (LB PY Bl
2x06 \ 2 ,
1x0.6® 1 MIAI1Al
—— +—x0.5%9=0.7x0.5c0s30g x0.6+0.5x g x0.6s1n30 Ft EPE and
2x06 2 Woik
A=3340... =330r334 Al [8]
Bl Correct value for u, seen explicitly or used.
Ml Attempt the work done against friction. Weight must be resolved (sin/cos interchange
accepted.) Distance moved to be 0.6 m. Mass can be 0.5 or m
Al Correct work done. Mass can be 0.5 or m
Allow both of the above marks 1f the work done against friction 1s embedded 1n some
incormrect work eg including other forces to form a resultant force.
Bl Correct mmitial EPE Need not be simplified.
The work done and the EPE may not be shown explicitly. Check the equation if necessary.
M1 Attempt a complete work-energy equation. Must have an EPE. a GPE. aKE and a
(dimensionally correct) work against friction term. The final KE may be included provided 1t
becomes 0 here or later. EPE term must be of the form L3 k =%. lor2
:ig Deduct one per error. Follow through their EPE and work.
Al Correct value of 1.2 or 3 sfonly.
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Figure 2

The ends of a light elastic string, of natural length 4/ and modulus of elasticity A, are attached to two fixed points A and B, where
AB is horizontal and AB = 4/. A particle P of mass 2m is attached to the midpoint of the string. The particle hangs freely in

equilibrium at a distance —/ vertically below the midpoint of AB, as shown in Figure 2.
7

-

20
(a) Show that ) = —mg.

r -y
\7 )

The particle is pulled vertically downwards from its equilibrium position until the total length of the string is 6/. The particle is then
released from rest.

(b) Show that P comes to instantaneous rest before reaching the line AB.

(Total for question = 13 marks)

AN
2019
IAL
M3

Back to Edexcel IAL M3 @




Question

Number Scheme Marks
(a)
A
P
v
R(T): 2T cos6=2mg M1Al
3
cos € = g (or other correct trig function) Bl
T=/lx1 or Ax0.5] MIAL
4] 21
T _omg _4
3 4
20 MIlAlcso
A== &
38 )
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(b)

Dist below AB=1V3* 22 =I5 (or 2.231)

EPE at start: =

Ax(21)"  20mg . (21y’ [ B lOmgl]
2 x4l 3 8l 3

GPE gained if P reaches AB = 2mgi\J5 =4.47__mgl

E <447..
3

-- P cannot reach the line AB

Bl

MI1Al

Bl

M1

Alcso (6)

(13]
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Question

Rt Scheme Marks

(a)M1 | Resolve vertically. Must have 2 tensions. both resolved and (2)m or (2)mg not resolved
Al Fully correct equation
Bl Correct sine, cosine or tangent. seen explicitly or used 1n an equation
Ml Use Hooke s law for the full string or half string with their attempt at the extension
Al Fully correct equation
M1 Eliminate 7 between their 2 equations to obtain an expression for 4
Alcso | Correct given result obtained from correct working

(b)
Bl Correct mitial distance below the level of AB

2

M1 Calculate the mnitial EPE. formula to be of the form fx kE=20ocl.

k % natural length

Must use the full string or 2 x half strings
Al Correct mitial EPE Need not be simplified
Bl GPE gained if P reaches AB

Ml Compare the mitial EPE with the GPE — using exact or decimal results
Alcso | Correct work and a conclusion (exact or decimals results used)

Back to Edexcel IAL M3 @



Alternatives for last 3 marks:
ALT1 | Assume P stops at distance x below AB

Bl GPE gaimned 2mg(1~/§—x)
M1 Attempt an energy equation with mitial and final KE zero and show 1t has a positive, real

root
Jar + x* -2 2
lOr;rgl o 20;’1g " ( '*'4*1 ) _ 2mg(1\/§-x)

Final KE must be 0. 2 EPE terms needed
Alcso | Correct work and a conclusion

ALT 2 | Assume final extension 1s x Simular work may be seen with final extension 2x

Bl | GPE gamed 2mg{1~/§—\j(2l+%) -412]

Ml Attempt an energy equation with mitial KE zero and show 1t has a positive. real root

Dy om.%. ng[leg-\/(21+§) 47 ]

3 3 4]

Final KE must be 0. 2 EPE terms needed
Alcso | Correct work and a conclusion
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ALT3 | Assume P stops after nsing a distance x
Bl GPE gamned 2mgx
Ml Attempt an energy equation with mitial and final KE zero and show 1t has a positive. real

100t
(\/41- +(15 - x) -71]
10mgl i 20mg

3 3 4]
Final KE must be 0. 2 EPE terms needed

Alcso | Correct work and a conclusion

= 2mgx

Alternative for last 2 marks:
Ml Attempt an energy equation including the KE at level of AB and solve for v’
Alcso | v <0 so P cannot reach the level of AB (Equation must be correct)

Warning: n (b). use of HL with extension 2/ can also lead to the “correct” result, but scores
MO as 1t 1s not an energy solution. (May possibly gain the B marks but this 1s unlikely.)
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Question Mark Scheme Examiner's Report

Part (a) was answered well by most candidates. When the answer is given it is advisable that candidates show clearly the separate
equations they are using and clear working to make it clear how the answer was obtained. Marks were sometimes lost when
candidates forced the result by fudging the lengths in their Hooke's Law equation.

Not many candidates got full marks for part (b). The most common fully correct approaches were to calculate the initial EPE and
to show that this was less than the GPE required at AB or to set up an energy equation with KE being the difference of EPE and
GPE and showing that v2 would have to be negative. Errors in the initial EPE were often seen with some candidates confused over
two strings or one string, mixing up the wrong extension with the wrong natural length. The most common response was to
successfully calculate the initial EPE, but then to calculate the height reached incorrectly assuming that all of the initial EPE was

5
converted to GPE. This height of — / was then compared with / | /s.
3 -

Those who attempted an energy equation involving a final extension of x or distance moved up as h often struggled to arrive at
the correct equation and usually did not or could not go on to solve it.
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A particle of mass 0.9 kg is attached to one end of a light elastic string, of natural length 1.2 m and modulus of elasticity 29.4 N.
The other end of the string is attached to a fixed point A on a ceiling.

The particle is held at A and then released from rest. The particle first comes to instantaneous rest at the point B.

Find the distance AB.

(Total for question = 5 marks)
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Question
M Scheme Marks
29.4(y-1.2Y
B2} nyung. MIAI1AL
2x1.2 )
V¥ -312y+144=0
- o (¥ DMI1Al
y= S J3'l' Ll , ¥=2556..=26 or 2.56 (m)
2 (5)
[3]
M1 Attempt an energy equation with a GPE term and a single EPE term of the form & onch
Al Either term correct
Al Both terms correct
DM1 | Obtamn a 3 term quadratic and attempt 1ts solution. Formula to be correct (1if shown). This
mark can only be awarded for a calculator solution if final answer 1s correct.
Alcao | Correct distance AB. Second solution for quadratic need not be shown.
29 4x°
ALT: - =09x98(x+1.2) etc (solvesto1.356..) MIAIAI

Second M mark here requires completion to distance 4B

If SUVAT (or energy) used to natural length. the first M mark 1s for the
energy equation with an EPE term and second M mark 1s for solving and
completing to required distance
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Question Mark Scheme Examiner's Report

This question was also answered very well, with many students getting full marks. By far the most popular approach was the
alternative on the mark scheme, possibly because this did not require the squaring of an awkward bracket. Its rare for students to
fail to complete this method by adding on 1.2. The solving of the quadratic equation was very often completed with no supporting
working and a few students lost both marks as a result. The only common mistake was to find the distance to the equilibrium

position by using Hooke's law. As this was an elastic energy problem such an approach scored no marks. Any students who tried a
more elaborate approach than the two given in the mark scheme tended not to get through a whole valid method.
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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 fixed point A on a rough horizontal plane. The particle is held at rest on the plane at a point B,

where AB = — [, and released from rest. The coefficient of friction between P and the plane is —

4

Find the distance of P from B when P first comes to rest.

(9)

(Total for question = 9 marks)
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) - 2 . x
i"é[[l,] -f]=lmg(l1+x} MIAIMIA 1
" 1 | B 2 ;
8x° +2b—1* =0 o
(4x=1)(2x+1)=0 Mldep
X= lI or —lI
el 2 Al
. o
dlstancc=31+zl=zl Al
9
Notes
Ml for the difference of 2 elastic energy terms, not nec in a complete energy equation.
Al for a correct difference
Ml for a work energy equation. loss of EPE = work done against friction(not dep on previous
mark)
Al for a fully correct equation

Mldep for re-arranging to a three term quadratic. dependent on the second M mark. or use the
difference of 2 squares to get a linear equation

Al for a correct 3 term quadratic. terms 1n any order

Mldep for solving the resulting quadratic, usual rules. Dependent on all second and third M marks

Al for x= %1 xX= —%1 need not be shown

Alcao and cso distance = %1
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Question Mark Scheme Examiner's Report

Most recognised this as a work-energy question and found a correct expression for the work. Many of these, however, overlooked
the fact that there would be a final as well as an initial EPE, allowing a very brief solution and only one available mark out of 9.
Candidates should consider whether their solutions warrant the marks allocated. Algebraic errors which caused the reasoning not
to result in a 3 term quadratic equation also proved very costly. Candidates should probably be reminded that evidence of a full
solution to a quadratic equation should be shown. Some candidates used a 2 stage method, considering the motion to the natural
length and then the extension and this method was usually completed successfully.
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