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la

mgR’® dv
Tz~ v
2X dx

M1

Form differential equation in v and x

only. Need to see av orv%

dx dx
Cannot get this mark using t.
Allow with both m’s cancelled.
Condone sign error.

gR j—de = '[vdv
2 X

M1

Separate variables correctly and
integrate at least one side.
Cannot get this mark using t.
Condone sign error.

Al*

Obtain given answer from correct
work. Must include at least one line of
working between integral and final
answer. Correct signs seen throughout
working.

2 2
Condone V? _ R +

C followed by
2X

V2 = gR?
X

Note: If the first line of working is
1 V2 - gR?

2V =10
integration of RHS, this scores
MOM1AQ*

+C

ALTL
(@)

M1

Form an energy equation with 2 KE
terms and the integral of the variable
force. Condone sign errors.

M1

Integrate the force wrt x. Condone sign
errors.

Al*

Obtain given answer from correct
work. Must include at least one line of
working and correct signs seen
throughout working.

[3]

x=3R,v’ =3gR

M1

Use initial conditions to evaluate C
in the given answer.

2
o B8
3R 3

Al

Or equivalent

X=R=v= %

Al

Accept 3§g

Answer must be in terms of g and R

[3]

ALT1
(b)

Use of definite integral instead of

finding + C
2 R
:|3R

% gR
[T |

M1

Use initial conditions in a definite
integral.




v _3gR = gR? ~ gR? AL Or equivalent
R 3R
3 11§R Ay | Accept 33gR
Answer must be in terms of g and R
(6)




2a | Change in GPE M1 | Condone sin/ cos confusion
=mgx1.3Isin@(=0.5Img)
PIE /1(0_3|)2 Bl One correct term for EPE
EPE="——or EPE=———*
2l 2|

Energy equation B to A M1 | Dimensionally correct with all the
required terms. Condone sign errors
and sin / cos confusion

212 2(0.3| )2 Al Correct unsimplified equation

—_—-— =0.5lmg

2| 2
1 100 Al* | Obtain given answer from correct

=A=mg — =g ™ 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-mgsing=ma Al Correct unsimplified equation

Axl_ mgsin & =ma

| AL Correct unsimplified equation with
(100 5 J HL used to replace T
—mg—-—mg =ma
91 13
5 Al | Accept 0.71g or better.

a=—
79

If g = 9.8 is used, accept 7.

Note: If g = 9.81 is used then penalise o

nce per

complete question.

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

[4]

©)




3a

Moment of S about the y-axis

M1

Use of formula () () [ xy*dx

No need to see the correct limits
here. The curve equation must be
substituted correctly and an attempt
to integrate seen (at least one term
must have a power of x raised by 1)
Note the correct expression for
integrating is

x(%x(3—x)]2 =%x3(3—x)2

=%(9x3 —6x* + x5)

Al

Correct integrated expression.

Al

Correct use of correct limits (0 and
2). No need to see a line of working
showing substitution of limits.

31
However, must see & or

equivalent numerical evaluation of
integral.

M1

Complete method to find the
distance. Formula must be the right
2

d
—(”)('O)ny X Must
M
have consistent use of & and of p.

way up X =

L
24

Al*

Obtain given answer from correct
working

[5]

3b

Correct use of trig

M1

Correct trig ratio to find a relevant
angle, a° or (90-a)°
Must use curve equation with x = 2

and (2 - EJ
24

Al

Or equivalent. Condone reciprocal.

Al

2 sf or better (35.2175...)
AO for use of radians.

3]

(8)




If angle is between incline and

vertical then sin@ = g cosd = g

Resolve vertically

M1

Need all terms. Dimensionally
correct. Condone sign errors and
sin/cos confusion.

Rsin@=mg + F cosé@

Al

Al

Unsimplified equation with at most
one error.
Correct unsimplified equation

Equation for horizontal motion

M1

Need all terms. Dimensionally
correct. Condone sign errors and
sin/cos confusion. Accept any form
of acceleration for the method mark
only.

Rcosé+ Fsin @ =mro®

Al

Al

Unsimplified equation with at most
one error. Direction of F consistent
with vertical resolution. Incorrect
form of acceleration is one error.

Correct unsimplified equation

Use of F =R

M1

Used, not just quoted.

F-1R
4

Substitute for trig and solve for max
[0

DM1

Dependent on all preceding M
marks. If more than two equations
are produced, the correct two must
be used.

(RZZOmg,FZSmg)
13 13

== /16_9
13r

Al*

Obtain given answer from correct
working

[9]

©)

Altl

Using N2L parallel and
perpendicular to the incline.

Perpendicular
R—mgsiné =mro’ cosé

Parallel
F +mg cos @ = mro’siné

M1
AlAl

M1
AlAl

Need all terms. Dimensionally
correct. Condone sign errors and
sin/cos confusion. Note that the
acceleration must have a sin/cos
component. Accept any form of
acceleration for the method mark
only. Mark A’s as above.

A1A0 Unsimplified equation with at
most one error
A1ALl Correct unsimplified equation




Curve equation

X2 + y2 — r2
5a
Using x-axis Use of correct integral. Limits
(p)_[ Xx 24/1% — x*dx not needed here.
or M1 | Accept an integral of the form:
Using y-axis X-axis: kj Xy r? = x2dx
1 2 .
(p)zjz(\/rz—xz) dx y-axis: k_[rz—xzdx
X-axis
2 3
=5 ()" )
3 Correct integration, ignore
) Al | limits. Correct expression.
y-axis
3
(o) 0%
2 3 Correct use of limits, 0 and r or
_§(p)r AL Crandr.
Using x-axis Complete method to obtain
1, _ f distance.
Eﬂr pX = ijxy dx
_ _ 0 Use of a correct formula,
Using y-axis r consistent with the axis and
lmzpy _ Plj v dx M1 | limits used, to find centre of
2 2° mass with curve equation.
or
1 o o must appear on both sides
Eﬂrzpy = PI y* dx or neither.
0
2
=93 _ aro AL Obtain given answer from
1 .2 37 correct working
2
ALT | Parametric approach .
1 xgpr cosé, y=rsind Curve equation
5(a) | Ky =r
Using x-axis Use of correct integral. Limits
2r3jzsinzecos 248 not needed here.
0 M1

Accept an integral of the form:
kre[sin*0cos ¢ do




Correct integration, ignore

- 3 ~
=2r {Sms 9}2 Al | limits. Correct expression.
0
2 5 .
=3 r Al | Correct use of limits
2 4 Complete method to obtain
-3 ' distance.
X=1 5 M1 | Use of correct formula.
5”" o must appear on both sides
or neither.
_Ar aqx | Obtain given answer from
37 correct working
_ _ [5]
ALT | Using y-axis Use of correct integral. Limits
2 not needed here.
5(a) [2sin' o M1
0 Accept an integral of the form:
kr3jsin3¢9 de
3 > 2 :
r JOZ (1_C05 ﬁ)smﬁ do Correct integration, ignore
z Al | limits. Correct expression.
{ cos® 9}2
=r’| —cosé+
3 0
2 4 -
= 3 r Al Correct use of limits
2 4 Complete method to obtain
-3 ' distance.
X= 1 M1 | Use of correct formula.
57” o must appear on both sides
or neither.
_Ar AL* Obtain given answer from
37 correct working
[5]
5b large | Small Small
removed | added
mass 87a> 2ral 27a? B1 | Correct mass ratios
A e B1 | Correct dist
AC 37 37 37 orrect distances
Moments about AC M1 | All terms required.

Dimensionally correct or
equivalent for a parallel axis.
Condone sign errors. If column
vectors are used, this mark is
awarded once the equation is
written separate to the column
vectors.




8ra’ ><16_a_ 9 ra’ ><8_a ol x 8a Al | Correct unsimplified equation.
3z 3z 3z
=8ra’d
96a 8d —d o da Al* | Obtain given value from
3, 4 =e=— correct working. Need to see at
least some simplification.
[5]
5c Moments about perpendicular axis through | M1 | Dimensionally correct.
A Need all terms.
Or equivalent for a parallel
axis
From A Alft | Unsimplified equation with at
4ax8ra’—2ax2za’ +6ax2za’ =8ra’x most one error.
Alft | Correct unsimplified equation
Follow their mass ratio
=X =5a Al | Correct only. If measured from
B, distance is a
Correct use of trig to find an expression for d X
tan & M1 tan6’=§or taneza where
X is distance from A.
4
tand=— Al | Only
S5z
[6]

(16)




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= g’ Obtain given answer from
* Al* | correct working.
AE:|+5§|:@ Must see AE =
ALT1 M1 | Need all three forces.
(21 - 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
T g Al* | correct working. Must see AE
ALT2 M1 | Need all three forces.
[l B e) (l N ej Dimensionally correct
ma +.4m 2 _am 2 Al | Unsimplified equation with at
g+amg | g I most one error
Al | Correct unsimplified equation
ool e L 13 Aq+ | Obtain given answer from
' 8 correct working
[4]
6b Equation of motion M1 | Need all terms. Dimensionally
correct. Condone use of a for
acceleration.
51 3l Al | Unsimplified equation with at
g rEk _ most one error.
4mg —=———4mg —=———mg = —mx Al | Correct unsimplified equation
Note: the question states X is
measured vertically down.
o g. ., 89 Al* | Obtain given answer from
= ~MX= X X=X correct working. Must use X
[4]
6C 2 2 2 2 H 3' .
Use of v* = o’ (a® - x* ) with a= 3 sy | OF use of equivalent correct
formula
_ 8_g(i|z 1 2] Ay | Correct unsimplified
| \ 64 64 expression for v or v°
V= \/a Al | Correct only

[3]




6d 3l ¢ Bl | Use of relevant formula with
X=gtose correct amplitude
3l 3 .
X =—C0Swt Oor X=—sinwt
8 8
Use of M1 | Complete method to find t or
I 3l required time
——=—coswt 1 1
8 8 t=—cosl(——j
0] 3
or
! 3 inat and correct use of 2x 2% or
8 8 2 o 1. (1) .. 1 .
t==—sin"| = | with =period
10} 3 2
or
I3l
—="coswt and correct use of or
8 8 1 (1) .
1 t=-—cos| = | with 7
ﬂ—COSl(—j @ 3
3
Required time Al | Orequivalent, accept
Ecos‘l(_—ljz '—cos-l(_—lj 191 | 135 |), 0430
0] 3 29 3 29 g
f I
3.82 |—
or | 89
—+—sm‘1(1j: — ﬂ+25in‘1(—]
0 o 3 89
cos™ (_—lj =191
or 3 e
ol 5] sl = 3
—|mr—cos| = ||=,|—]|m—cCcos| =
0] 3 29
[3]

(14)




Ta

Conservation of mechanical energy:

M1

All terms required.
Dimensionally correct

cos¢9=£,sin6’=E
13 13

%mu2 :%mv2 +mg(r+rcosé)

Al

Correct unsimplified equation

V2 :uz—ggr *
13

Al*

Obtain given answer from
correct working

[3]

7b

Equation of motion

M1

All terms required.
Dimensionally correct. Condone
sign errors and sin/cos
confusion.

Condone use of R=0

2

mv
R+mgcosfd =—
r

Al

Correct unsimplified equation.
Condone (strict) inequality the
right way round.

Use R..0and solve for u?

M1

Complete method to obtain u?
Condone use of R=00rR>0

2

—mgcosé..0

36 5 , 41
gr..—gr, u’..—gr

—ui-= .
13 13 13

Al*

Obtain given answer from
correct working.

Must have stated the inequality
R>0

If there is no reference to R, the
max mark in (b) is
M1A1M1AQ*

[4]

7c

BC:2rsin0:§r
13

Or equivalent
BC =1.846...r

Relevant vertical motion
Eg time to return to the level of BC

M1

Complete method vertically
using suvat

a 2vsin g _ 24y

t -
g 139

Al

Correct unsimplified expression
for time

Accept £x4 /g_r 24 J1br
139 13 13\13g

9% [ r
— [—, 0.65+/r
13\13¢g Vr

Relevant horizontal motion
Eg distance travelled by P

M1

Complete method horizontally

120
1699

=(vcoso)t =vx

Al

Correct unsimplified expression
for distance

0.87r, %r, 0.0892¢gr
2197

l16gr 120 160r 12 12
= X = X—<2rx—
13 169g 169 13 13

Al*

Obtain given conclusion from
correct working




hence falls into the bowl *

ALT 1 | Horizontal: time, T, required to travel | M1 | Complete method horizontally
for last | the length BC
3 marks

2rsin@ =vcosOxT Al

2r1§
T= o 5 =1.38+/r Correct unsimplified expression
4 EXE forT

t<T since 0.654r <1.38\r Al* | Obtain given conclusion from

hence falls into the bowl * correct working
ALT 2 | Horizontal: speed, V, required to reach | M1 | Complete method horizontally
forlast | C
3 marks

—Vsiné':VsinH—gzrsmg Al

V cosé c t unsimolified ]
orrect unsimplified expression
=V = \/g_r — \/13_97' forV
cosé 5
] 13gr  [16gr Al1* | Obtain given conclusion from

V<V since (== <43~ correct working

hence falls into the bowl *

SC: If range formula is quoted

correctly award M1A1M1AL.

2v®sin@cosé
Range = ——
g
[6]

(13)




