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Key to mark scheme abbreviations

M

m or dM
A

B

E
Jorftor F
CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1
—-X EE
NMS
Pl

SCA

o

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.



MMO3

Q Solution Marks | Total | Comments
1(a) | 1=0.2(32)+0.2(18) Ml
I=10 Ns Al 2 Condone +10
(b) 0.09 : 5 _
Jo K(0.9t-10t7)dt =10 M1 Condone limits
10 0.09
2 3 _
k{OASt _?t l =10 AlF Condone limits
31,
1.215x107k =10 ml For substituting 0.09
k=8230 ALF 4
6
2 T' =L*(MLT?)? (ML")” M1 Al

a+pB-y=0
B+y=0 ml Getting three equations
-2p=1

__1

2 ml
1 AlF 5 Solution
Y==
2

a=1




Q Solution Marks | Total | Comments
3(@) | x=40cosbt Mi
y:—%(lO)ﬁ +40sin 0t M1 Al
1 X s . X
y=—5(10)(400089) +408m9.(40cos¢9) ml Dependent on both M1s
2
=——+ Xtan 0
y 320cos’ &
320y =—x’(1+ tan’ )+ 320xtan & ml | o
X tan® 6 — 320xtan 6+ (X* +320y) =0 Al 6 Answer Given (Condone missing
brackets)
(b)(P) | 1507 tan? @—320(150)tan O+ (150> +320x8)=0| M
1125tan’ —2400tan 6+1253=0 Al Correct quadratic
2400 £/2400% — 4(1125)(1253
tan@ = \/ ( X ) ml
2(1125)
tan6=1.22 , 0.912 AlF PI
0 =507, 2.4 ALF 5
b)(ii =42 .4° BIF For the smaller angle
(b)(ii) | 6 g
150
t= and cos42.4 > c0s50.7 El 2 | OE
40cosé

13




Q Solution Marks | Total | Comments
4(a) (=2i +3] + 6k)140 o
u, = =-40i +60j +120K | M1 A1 SR -
\/ (2)2 A (3)2 T 6)2 Simplification not needed
(2i —j +2k)60 .
Ug = =40i —20j + 40k SN .
B \/ 22 +() +2) Al Simplification not needed
AUg =(—40i + 60 +120K ) — (40i —20j +40k) | M1 Subtracting B from A
— —80i +80j +80k AlF 5
(0) | Arg=(4i—2j+3k)—(-3i+6j+3k)+ M1 A difference of initial p.v. +tX,U
p AYB
t(~80i +80j +80k) | A1F 2
or (7i —8j)+1t(—80i +80j +80k)
(©) | ATs =(7—80b)i +(—8+80t)j +(80t)k BIF
s® =(7—80t)* + (-8 +80t)” + (80t)° BIF
ds
255 =2(7 —80t)(—80) + 2(—8 + 80t)(80) + M1 Differentiation
2(80t)(80) =0 AIF
240t =15 ml Solving
t=0.0625 or L AlF
16
S =(7-80x0.0625)" +(—8+80%0.0625)> +
(80x0.0625)* Ml
$=6.16 km  or /38 km AIF 8
15
Alternative (Not in the specification)
Aand B are closest = 1. ,vg =0
[(7—80b)i -+ (—8+80t)j + (80t)K] . Bl M1
[-80i +80j +80k]=0 Al
—80(7 —80t) +80(—8 + 80t) + 80(80t) = 0 Al
240t =15 M1
t=0.0625 Al




Q Solution Marks | Total | Comments
5@) | v =u’ +2as
V' =07 +2(9.8)(2.5) M1
v=7 Al 2
(b)) | wW_ M1
7
w=7e
9.8,
0:7et—7t or (0=7e-9.8t) M1
tZlO_e (t:2xE) Al 3 Answer given
7 9.8
(i) | w=7¢
0=7€t- 221
2
o 10€’
-7 Bl 1 | OE
(©) | 0> =(7e)* +2(-9.8)h, Ml Or for correct method to find h,
=2.5¢’
k . Al
h, =2.5€e
0’ =(7€")’ +2(-9.8)h,
h, =2.5¢' Al
h =2.5¢'
Total distance = 2.5+2(2.5€*)+2(2.5¢") | ml
=2.5+5€ +5¢' Al 5
Alternative (not in the specification)
K.E. after each bounce =€ X K.E. before the bounce
P.E. at max. height after each bounce =
M1
€ x P.E. at max. height before the bounce (MD)
Height after first bounce = 2.5€’ (A1)
Height after second bounce = 2.5¢" (A1)
Total = 2.5+2(2.5€" +2(2.5¢") (m1)
= 2.5+5¢€ +5¢' (A1)
(d) | Motion in vertical line,
No air resistance,
B1 1

No energy loss,

Instantaneous bounce

12




Q Solution Marks | Total | Comments

6 (a) | Perpendicular to the plane:
y:—%gt2 c0s 20+ Utsin30 M1
0=—4.9t* cos 20 + utsin 30 Ml
t=0.108589568u or —usin30 Al

gcos20

Parallel to the plane:
x:—%gt2 sin 20 + ut cos 30 M1
200 =—4.9(0.108589568U)” sin 20 +
u(0.108589568U)cos 30 ml
u’ =2693 AIlF
u=>51.9 or 51.894 AlF 7 Do not accept /2693

(b) | y=—0tcos20+usin30=0 M1
t=2817899 or 2817580214 or om0 AIF Accept 3 significant fig.

gcos20
The greatest L distance =
—;9.8(2.817899)2cos20+51.9(2.817899)sin30 or |
m
__1 9.8(51.894s1n30)2 ——— 9(51.894sm30)Sin30
2 9.8c0s20 9.800s20
=36.5622 m or 36.5538
AlF 4
= 36.6 3sf
11
6 () | Alternative:
X=200co0s20 Bl
y=200sin30 Bl
200c0s20 =ucos 50t M1
= 292.4 Al
u
200sin30 :l(—9.8)(%)2 + USinSO(%) Ml
2 u u

u® =2693 Al
u=>51.9 Al

(b) | Alternative:
0= (usin30)’ —2gcos20.s M1
o (51.95in30y Al

2(9.8)0s 20 m

s$=36.6 Al




Q Solution Marks | Total | Comments
7 (a) | Momentum of A is unchanged L to the
line of centres
4musin30 =4nmv, sino M1
= 1) Al

2sinx
C.LM.: AT
4mucos30=4mv, cosa +3mv, MIA
2BU=4V,cos@+3Vy oo () | AIF OE
Restitution along the line of centres:
Vg —Vjcosa 5 MIA1

ucos30 9
5J3u
VB = VA cosa + 18 ................... (3) Bl Or equivalent, Could be in part (b)
23u=4 cosa+3 cosa+ 153u Solving (1), (2) and (3)
2sinx 2sin 18 ml Dependent on three M1s
37
6 2tan o
tana = \/g
a=60" or % AIF | 10
(b) | Impulse on B = Change in momentum of

B along the line of centres
Vg =— cos60 + 53u

2sin 60 18

u  5J3u 43

Vg =—F=+ (=—) M1

23 18 9

u  5J/3u
[=3m(——+ )—3m(0) MI
23 18
4mu
I=—— or 2.31Imu AlIF 3
V3
13

TOTAL

75






