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Key to mark scheme abbreviations

M
m or dM
A
B

E
orftorF

CAO

CSO

AWFRW

AWRT

ACF

AG

SC

OE

A2,1

—X EE

NMS

Pl

SCA

c

sf

dp

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

candidate

significant figure(s)

decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see
evidence of use of this method for any marks to be awarded.

Where the answer can be reasonably obtained without showing working and it is very unlikely that
the correct answer can be obtained by using an incorrect method, we must award full marks.
However, the obvious penalty to candidates showing no working is that incorrect answers, however
close, earn no marks.

Where a question asks the candidate to state or write down a result, no method need be shown for

full marks.

Where the permitted calculator has functions which reasonably allow the solution of the question
directly, the correct answer without working earns full marks, unless it is given to less than the
degree of accuracy accepted in the mark scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.
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Q Solution Mark | Total Comment
1
va } -MLLT M1 !
2 M1: Dimensions of = pv’
=ML*T? 2
[pgh]= ML3LT2L M1: Dimensions of pgh
g2 M1
=ML"T
[P]and [C]: MLT2L? M1: Dimensions of P and C
) M1
=ML"T
Al Al: All simplifications correct
Hence, the equation is dimensionally E1 5 ] .
consistent E1: Correct conclusion
Total 5
Q Solution Mark | Total Comment
2 (a) X =70cos6t M1 MZ1: Correct expression for horizontal
dis.
(o X Al Al: Correct expression for t
70cos@
. 1,
y = 70sin 6t 5 gt M1 M1: Correct expression for vertical dis.
Allow sign errors.
y =70siné x —ix i minati
70cos0 2 m1l m1: Elimination of t
2
9.9 -~
70cosé
4.9x*(1+tan? )
y=Xxtan6 -
4900
x2(1+ tan? 9) Al 5 | Al: Correct result from correct
y=xtanf-—_————= AG working

1000
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(b)(i) 2 2 M1 M1: substituting -25 and 500 for y and

5 500tang . 5%0) (L+tan?0) ML s
1000 P
10tan?26—-20tan®+9=0 Al Al:Correct equation
2
tan @ = 201\/(20) _4(10)(9) ml m1: Solution by formula or completing
2(10) the sq. or by calculator
tand =132 , 0.684 Al Al: Correct tané values Pl by correct
6 values
0=52.8, 344 Al 5 Al: Correct angles to 3 sf
(i) 500 M1 M1:Substituting correct value for x and
t= 70c0s 34.4° their value for @into their expression for t
' (from part (a))

t=8.65 s Al 2 Al: AWRT 8.65 or 8.66
Total 12
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Q Solution Mark | Total Comment
4
3(a) | = j (10—2t)dt M1 M1: Integral with or without limits
0
| = [1Ot—t2]f, Al Al: Correct integration
=24 Ns Al 3 CAO
24 =2v-2(3) M1 M1: Impulse-momentum equation
(b)
v=15 ms? AlF 2 | FT their answer from (a)
C) T
I(lO —2t)dt = 2(11)-2(3) M1 M1:Correct impulse-momentum
0 equation
10T -T* =16
2 — =
T°-10T+16-=0 Al Al:Correct quadratic equation
(T-8)T-2)=0 m1 m1: Factorisation or use of the
formula, or use of calculator
T =2 and 8 seconds Al 4
CAO
Total 9
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Q Solution Mark | Total Comment
4(@) | CLM:3mucos30° =3mv, cosa+2my, | M1 M1: CLM, allow sign error
Al Al: All correct
_ M1 M1: NEL, allow sign error
Restitution: v, —v, cosa =§xu00530° 9
Al A1l: All correct
usin30° =v, sina B1 B1:Perpendicular component
unchanged
3ucos30° =3v, —2ucos30° + 2v,
Vg =UC0s30° Al ALl: correct expression for v,
3ucos30” =3v, cosa + 2u cos30°
3v, cosa = ucos30° Al ALl: correct expression for v,
v,sina  usin30° ml m1:Forming an equation to find o
3v, cosa " ucos30°
tan a = 3tan 30°
o =60° Al 9 Al: CAO
(b) Impulse = 2mxucos30°  OF M1 M1: Impulse momentum equation
=\3mu or 173mu  Ns Al 2 | A1 CAO
Total 11
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Q Solution Mark | Total Comment
5(a) . 1, M1: Expression for perpendicular
y—utsme—Egt cosa M1 height above the plane.
0=utsind e
=utsin 5 gt® cosa Al Al: Correct expression with y=0
(o 2using
gcosa Al Al: Correct t
X=ucosf—gtsina M1 M1: Expression for velocity
component along the plane
0=ucosé—gtsina Al Al: Correct expression with x=0
(U cosf
gsina Al Al: Correct t
2using ucosd OF _ _
gcosa  gsina ml m1:Setting the two times equal
=2tané
tana
3 =2tané
2
tang =— AG Al 8 | Al: CSO (Must see clear substitution
for tana
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(b) 1 ., . MZ1:Correct expression for x, allow sign
x:utcose—agt sina M1 error
ucosé =gtsina
20 = gt*si Ltesi OE
=gt’sina ) gt*sina m1 m1:Substituting 20 for x and substituting
for ucosé
2 40
~ gsina Al Al:Correct expression for t?
S — OE
9.8sin 33.69°
t=27126..=2.71 s AG Al 4 Al:CAO
(c) tgsina
U= oS M1 MZ1:Correct expression for u
2.7126...x9.8xsin 33.69° o
= 053687 OE m1 m1:Substituting
~18.4 ms* Al 3 Al: CAO, AWRT 18.4
Total 15
Q Solution Mark | Total Comment
6(@) | m(5u)+2m(2u)=mv, +2mv, M1 M1: Four non-zero momentum terms
Al Al: All correct
M1 M1: NLR, allow sign errors
vB—vA=E(5u—2u) 9
3 Al Al: Correct equation
V,+2vg =9u
Vp —V, =2U
3vg =1lu
1l AG
B™ g Al Al:Correct v, from correct working
11u
S
Al 6 : i
v, = S?U AG Al:Correct v, from correct working

9of12




MARK SCHEME — A-LEVEL MATHEMATICS — MMO3 - JUNE 2017

(b)
Bl B1: Velocity triangle, Pl from later
work
M1 M1:tan6 obtained from velocities
Al Al:Correct Sin @
m1l m1:Identifying the shortest distance
3 3s 5
d=sx or — Al A1:CAO
Total 11
(b) Alternative: Let D be the distance
between B and C at time t.
, 10 ¥ (11 Y Bl B1:Correct expression for D?
D =|s———t| +| —t
3 4
2
dD’ _ (1l ) 1
dt 3 3
2(%)&
4 4
2(5 _1lu tj(_ 11u j + 2(11‘1 tj 5| m MZ1:Finding the time for shortest
3 3 4 4 distance by calculus or completing the
square
11u
13 48s
t= > 3 5 or t=—— Al Al:Correct time
(ﬂu] (ﬂu) 275u
4 3
D (g 1lu 48s) (1l 48s m1 m1:Finding d with their t
3 275u 4 275u
, 2258
625
D=3 Al Al: CAO
5
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Q Solution Mark | Total Comment
7(a)
M
4 B
i S (
|
' B1 B1: Diagram, PI by correct method
48 km
20 km
A
52 = 20% + 482 —2x 20 x 48 cos 45° M1 M1: Cosine rule to find the relative
distance
§=236.6927... km
36.6927...
BVA™ 2 m1l m1:Dividing their distance by 2
=18.346... kmh™ Al AL:AWRT 18.3 or 18.4
sing _ sin45
20 36.6927... M1 M1: Sine rule to find 6
0 =22.669....
Bearing: 248° Al 6 | AL:AWRT 248
(b)(i)
B1 B1: Diagram, PI by correct method
sina_ sin37.6699...° ML ML: S e to find
- o dIne rule to 1nda o
18.346... 12 ET from (a)
Al Al:Correct values for a (Pl by correct

a=69.1161.." , 110.8838...

bearings)
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Bearings:
210° —69.1161...° or 210° —69.1161...°

=141 or 099°

Al 4 Al:Correct bearings , CAO
(if) Vg B
sin(180° —37.6699..- —69.1161..-) | ™! M1: Sine rule to find vg , (FT angle
12 from (b)(i))
sin37.6699...
vy =188 kmh™ Al 2 | AL:AWRT 18.8 kmh™, CAO
Total 12
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