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Mark schemes are prepared by the Lead Assessment Writer and considered, together with the relevant
questions, by a panel of subject teachers. This mark scheme includes any amendments made at the
standardisation events which all associates participate in and is the scheme which was used by them in
this examination. The standardisation process ensures that the mark scheme covers the students’
responses to questions and that every associate understands and applies it in the same correct way.
As preparation for standardisation each associate analyses a number of students’ scripts. Alternative
answers not already covered by the mark scheme are discussed and legislated for. If, after the
standardisation process, associates encounter unusual answers which have not been raised they are
required to refer these to the Lead Examiner.

It must be stressed that a mark scheme is a working document, in many cases further developed and
expanded on the basis of students’ reactions to a particular paper. Assumptions about future mark
schemes on the basis of one year's document should be avoided; whilst the guiding principles of
assessment remain constant, details will change, depending on the content of a particular examination
paper.
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Key to mark scheme abbreviations

m @ >» 3

Jor ft
CAO
CsSO
AWFW
AWRT
ACF
AG
SC
oe
A2,1
-Xx EE
NMS
PI
SCA

sf

dp
ISW

Mark is for method

Mark is dependent on one or more M marks and is for method
Mark is dependent on M or m marks and is for accuracy

Mark is independent of M or m marks and is for method and accuracy
Mark is for explanation

Follow through from previous incorrect result

Correct answer only

Correct solution only

Anything which falls within

Anything which rounds to

Any correct form

Answer given

Special case

Or equivalent

2 or 1 (or 0) accuracy marks

Deduct x marks for each error

No method shown

Possibly implied

Substantially correct approach

Significant figure(s)

Decimal place(s)

Ignore subsequent working
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Q Answer Marks Comments
1(a) (6, 5) B1
The centre of mass of the uniform E1 Allow any mention of symmetry of the
rectangular lamina is at its geometric centre rectangle
2
Q Answer Marks Comments
1(b) (3+4+7+9+11)X M1 Forms equation for x-coordinate of the
=3%x24+4x24+7%x10+9%x10+11x6 centre of mass. Condone one error
= 240
X=— A1 oe
3
(3+4+7+9+11)Y M1 Forms equation for y-coordinate of the
=3x2+4x8+7x8+9x2+11x5 centre of mass. Condone one error
— 167
Y = vy A1 oe

240 167
34 34

If M1 A0 M1 AO, then allow SC1 for
both x and y-coordinates given as
decimals AWRT 7.1 and AWRT 4.9
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Q Answer Marks Comments
1(c) M1: At least numerator or
1 167 173 denominator correct, ft their
~ O—H 32 173 coordinates for COM
tand = 540 = %40 240 M1 A1ft
— =7 A1: Both numerator and denominator
34 34 correct, ft their coordinates for COM
Pl by AWRT 36° or AWRT 54°
(173
O=tan"| —
240
_ ago AWRT 36°
=36 Al Unrounded answer is 35.785...°
3
Question 1 Total 9
Q Answer Marks Comments
2@ |1 4ks22 - iaxt22
2 2
AG Must be convincingly shown with
a correct numerical expression for the
=17.6 [J] B1 loss in kinetic energy seen
Accept —17.6 [J] following from correct
working
1
Q Answer Marks Comments
2(b)(i) | Forces in equilibrium in the direction
perpendicular to the plane
25=4x9.8cost M1
cosf = 25
4%x9.8
0 =50° A1 AWRT 50
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Q Answer Marks Comments
2(b)(ii) | Loss in KE = Gain in GPE
oe, such as calculates force down the
17.6 =4x9.8xh M1 | slope, 4x9.8xsin(50°) = 30.0289...
22
oe, such as —
176 ] 49
h|= 4%98 | 0.4489... A1 or forms an equation for the work
‘ done against the force down the slope
30.0289...d =17.6
J= h _ 0.4489...
sing  sin(50°)
d=0.58 A1 AWFW [0.58, 0.59]
3
Q Answer Marks Comments
2(c) - 25 |_ 2x0.58
| utv] 32+12
or
[ v—u } 1.2-3.2
Z‘ = =
| a —9.8xsin(50°)
t=0.2649... B1 AWFW [0.26, 0.27]
T =2x0.2649...
7 =0.53 B1 AWFW [0.53, 0.54]
2
Question 2 Total 8
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Q Answer Marks Comments
3(a) M1: Three-term force equation for the
P . van’s motion
— + ° J— =
V 2900¢ sm(3 ) 3000=0 M1 A1 A1: Correct equation
Pl by AWFW [1512, 1513] [newtons]
P =15x(3000-2900x9.8sin(3°)) m1
_ AWRT 23 000
P=23000 Al Unrounded answer is 22 689. ... W
4
Q Answer Marks Comments
3(b) 95000 Forms a three-term expression for the
+2900g sin(3°)—3000 = 29004 M1 resultant force set equal to 2900a
Pl by 4820.72... = 2900a
4o 6333.33... + 1487.38...— 3000
2900
_ AWRT 1.7
=17 | ms? A1
¢ [ ] Unrounded answer is 1.66... m s
2
Question 3 Total 6
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Q Answer Marks Comments
4(a)(i) | 0.24 B1 Correct value
rads™' B1 Correct units
2
Q Answer Marks Comments
4(a)(ii) | v=ro
v=50x%x0.24 M1
v=12 A1ft ft their angular speed
2
Q Answer Marks Comments
4(a)(iii) | 2 V2 2 o°r
—=umg => gU=—- or mor = umg = HU=——
r gr g
12° 72 0.24°x50 [ 72
= [z - 0.2938..} M1 |or u=— > {z - 0.2938..}
9.8x50 245 9.8 245
1>0.29 A1 | ACF, eg u>'2
245
2
Q Answer Marks Comments
4(b) As 0.18 < 0.29 [there is not enough friction Correct reasoning for their
to provide the resultant force to move 72
around a circle of radius 50 metres at 12 m E1ft 245 0.29 [ZSf] from part (a)(iii)
3*1] oe such as 2116.8 [N] < 3456 [N]
[so the] car cannot still move around the C702rrect statement for their
roundabout [in a circle of radius 50 metres E1ft 245 =0.29 [2 sf] from part (a)(iii)
—1
atizms ] EO E1 is not possible
2
Question 4 Total 8
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Q Answer Marks Comments
5(3) 2€2t
a=| 8cos4t B1 Pl
—6sin 3¢
e?! M1: At least two components correct
v=|2sin4t |+¢ M1 A1 A1: All three por_nponents correct
Condone omission of constant(s) of
2cos 3t integration for M1 A1
Whent=0
1 2
O|+c=|-5 M1 PI
2 3
1
c=|-5 A1
|1
e?! +1
v=|2sin4t-5 A1 ACF
2cos 3t +1
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Q Answer Marks Comments
S(b) When t=£
- -
6+
e +1 Substitutes 7= —— into their velocity
v=|-5+3 M1 12
vector, simplified or unsimplified
1+42 PI
. 2
T 2 2
Iv|= (eﬁ +1J +(—5+\/§) +(1+\/§)
v[=4.9[ms"] A1 | AWRT 4.9
2
Question 5 Total 8

10
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Q Answer Marks Comments
6(a) x=(ucosb)¢ B1 oe
. 1
y=(usm0)t—5gt B1
X
t:
ucos®

M1: Eliminates ¢ in both terms with

2
_ . 1 X at least one term correct
y=(using)x ucosf ng[ucoseJ M1A1 | A1: All correct with correct
substitutions shown
(using)x = xtand
ucosé
2
1 X gx2 1
-, 8% T2 2
2 ucost 2u“ cos“d
— gx2 x L gx2 sec?0
2u®  cos®0 2u?
gxz 2
y =xtanf —=—sec“0 A1
2u

y=xtané —&2(1 +tan26?)

2u
2 2
8X 8X 2
=xtanf — &= — =—-tan“f
Y 2u’  2u?
X2 x2
X tan20 — xtan6 + y + 8X _ A1 AG Must be convincingly shown
Yy gly
2u? 2u’

1"
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Q Answer Marks Comments
6(b) 2
9'8X2 tan’0 — 5tanf + 1.5 _
2x8 M1 Substitutes u =8, x=5and y=1.5
9.8x52 into the result from part (a)
+ —
2x82
Correct three-term quadratic equation
245, 20 _stano + 3 _ ¢ A1 or expression in tanf , ACF
128 128 Pl by correct discriminant, simplified
or unsimplified
Attempts to find the discriminant of
their quadratic equation by
[Discriminant =] substituting in the values of a, b and ¢
2 245 437 or
(-5) —4x(—jx(—} tand =
128 128 B1ft
[:_@:_1_1“1 5i\/(—5)2—4><($;:jx(gj
4096
2X &
128
4665
<
4096
: : Shows that the simplified discriminant
Hence, no real solutions, so no possible . :
E1 is less than zero oe and gives a
angle for the ball to pass over the wall )
correct conclusion
4
Question 6 Total 10

12
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Q Answer Marks Comments
7(a)(i
(@)i) S =ut +1at2
u=0 = a= 2—;
t
_2x3
a= 42
3 .
a=2=0375 [ms 2] B1 CAO, AWRT 0.38
1
Q Answer Marks Comments
7(a)(ii 3 _
@di |, _ 5 =0375 [ms 2] B1ft | AWRT 0.38
String connecting particles is inextensible E1 A valid explanation
2

13
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Q Answer Marks Comments
7(b) Equation of motion for A
T-5 25°)—-5gsin(25°)=5 o¢
~54g00s(257) ~5gsin(257) = 5a Bl | 7-44409..4=22583..
Equation of motion for B
11gsin(25°)—11 25°)-T =11 oe
gsin(25°) ~11ugoos(257) ~T' =11 B1 | 7407699, 4=41433..
Eliminates T using both of their
6gsin(25°)—16ugcos(25°) =16a M1 equations of motion
Pl by AWRT 28.5
6gsin(25°)—16a
= m1 Attempts to rearrange for u
16gcos(25°)
_ 6x9.8sin(25°)-16x0.375
a 16x9.8cos(25°)
AG Must be convincingly shown with
a correct exact form for x or
U= 0.133 A1 H

1 =0.1326... seen before final
answer

14
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Q Answer Marks Comments
7(c) Speed of A at 4 seconds
2x3 _
u\|= =15 [ms 1] B1
4
Acceleration of A after 4 seconds
Uses friction and weight to find
a=—pgcos(25°)— gsin(25°) M1 acceleration or forms a 3-term energy
equation
PI
or forms a fully correct 3-term energy
equation, such as
1 2
— -2 —x5x%x1.5
a=-5.32 [ms ] N >
= 5x9.8xssin(25°)
+0.133x5x9.8c0s(25 ) xs
2 2 5.625 = 49ssin (25’
2 2 vV —Uu
Ve=ut+2as = s= .
2a +6.517003(25 )s
02 —1.52 = 5.625
S = Ean. m1 49sin(25') +6.517 cos(25')
s=0.211...[m] A1
Will collide with peg after travelling
3+ 0.211... metres
Therefore, minimum value of x is 3.22 A1ft AWFW [3.21, 3.22]
to 3 sf 3 + their 0.211...
6
Question 7 Total 14

15
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Answer Marks Comments
mv? k . .
=— M1 Forms equation of motion
r r
k=6x0.52x2"" A1 oe k=15x2""1=075x2"
k=6x0.022x10"" A1 oe k=0.0024x10""=0.00024 x10"
6x0.5%x2" 1 =6x0.022x10"" M1 E:'m'”ates k
E — ix 571—1
2 1250
n—1 _ oe
5" =625 m1 PI
n=>5 A1 CAO
k=6x052x2%"
k=24 A1 CAO
Question 8 Total 7

16
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Q Answer Marks Comments
9(a) Forces in equilibrium in the vertical direction
RCOS(15O) — 20%9.8 M1 Fc_>rms equation fo_r vertical equilibrium
with at least one side correct
20x9.8
R— 20x98
cos(15°)
R =20209...
AG Must be convincingly shown with
B a correct exact form for R
R=203 Al or R =202.9... seen before final
answer
2
Q Answer Marks Comments
9(b)(i) | Forces in equilibrium in the horizontal
direction
[Reaction force from wall =]203 xsin(15°) M1
[Reaction force from wall =]52.5 [N] A1 AWRT 52.5
2
Q Answer Marks Comments
9(b)(ii) | 52.5[N] B1ft | ft their reaction force from (b)(i)
Newton’s third law E1 A correct explanation

17
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Q Answer Marks Comments
9(c) Clockwise moments about A
2.5x20%9.8xsind [=490sind] B1
Anticlockwise moments about A
5x52.5xcosl [=262.5c0s0] B1ft ft their reaction force from (b)(i)
Principle of Moments
490sind = 262.5c0s0 M1 Set.s thejr clockyvise moments equal to
their anticlockwise moments
15
tand =0.5357... |=—
28
0 = 28° A1 AWRT 28°
4
Question 9 Total 10

18




