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1. | Pinding ¥ [2t+2)i+(1-4t)j] Bl
' Differentiating again to give r=2i-4 j (any notation) M1Al
Method for magnitude: V{2? + (-4} ; = V20 or 4.47 (ms?) M1A1 (5)
R .
fNote: use of consecutivebralues of t substituted and “second differences found”,
giving 2 i -4 j scores JOMO, but allow M1AQ for magnitude.]
2.| (a) Shape | Small circle Large circle  Decoration
Relative masses 100 n 400 = 500w - M1Al
)] @ (5)
Centre of mass
from B 30 0 y Bl
[Other likely alternatives: from D : (10,20); A: (0, 40)
tangent to larger circle at lowest point “E™: (50, 20) 1
Appropriate moments equation: Ml
{Most likely: using B: 30=5¥ ; usingD: 4x20-1x10= 53y (14)
' using A: 4x30=5% (24);using E:4x20+1x50= 5y 26)1
Answer: 6 cm Al (5)
Lotk wwd
b C 10 CG drawn verticalor- =~ CGA- . M1
A Methodto find 0 [or (90 -6)] Ml
24 tan®=10 or tan(90-6)= AG ,or equivalent AN
G AG 10 :
Answer:—22.6° (this answer only) Al )}
' ' )

[Note: If finding AC to vertical, then can score first three marks ]
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3.| [Wherever <or2 used in scheme, can be replaced by =]
'3 Resolve—>: 8=F Bl
Resolve T: R=6mg . 1
M(4): S 2acos 30°=mg sin 30° (a + 5x) 1Al
' “ £0.5R” = S<3mg , Mi
F
= (a+5x)tan30°< 6a, x (643 Da = k= (6¥3—1) or1.88}) MIAL (9)
5 ot ) .
[Alternatives:
M(B): R 2a sin 30° = F 2a cos 30° + mga sin 30° + 5mgdsin 30° M1A1IA1l
d=2a-x B1;“F <0.5R” = F<3mg MI,rest as scheme.
M(centre) Ra sin 30° + 5mg(x — a)sin 30° = (F +S)acos 30° ;S <3mg eic.
Mark as scheme. ]
[Note (i): MR - 30° to the ground glves k= ( 6—3) or0. 493
(i1 The same answer is obtained if only error is sin/cos conﬁjsmn both score 7/9.
(iii) m used for mg throughout, no penalty; inconsistent, as scheme but max -2]
4.| (a) Impulse = change in momentum

35i+3j= 01[(101+25_]) (ui+vjl _ M1Al
Answer: u1+v_1—( 25i—5j)ms™ Al ()
(b) Complete method to find height s above hit position : M1
Correct equation in s only: 0 = 625 - 2(9.8)s; 5= 25(25/g) - 3g(25/g)* Al
Answer: 32.9m o ¥%m : Al 3
(c) Method for total time: 0=25t—4.9¢ =>t=5.10s MIAL
ot “halftime” 0=25 -98+ =1 =255s ‘ N !
Horizontal distance =10 xt=51m [ fr VOt o Qoﬂ MIAIY (4)

[Note,s Ifiand j i mterchangcd then can score Ms in (b) and {c); allow \/ for 25x2.04 "51
[Use of answer in (a) can score M marks in (b)(c) only

[ Use of V2 sin®0 and V2 sin 20 : M1 method for V or 9, Al both correct for first two marks]
2g g
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5. | (a) Using work/energy equation: :
@) P.E.=+0.5gh,=+ gsin20° ; (i) KE.= 1x06.5x%x25 M1,A1;Bl1
- 3x05x%x25 = 0.5gh+2R M1Al
Solving forR; R =145 o V.l M1AL  (7)
[ Note: 2(R+0.5x 9.8 x5in 20°) = 3(0.5)25 scores first 5 marks, mark as scheme ]
- Alternative method: : _
Speed equation fora: 0=2512a(2) (a=16.25) MIA1
Equation of motion: (R +0.5% 9.8 xsin 20°) =10.5a MIiAl
Totally correct equation: —( R-+0.5x98x sin 20°) = _O.Satja -ve Al
.+ Solving for R >M1AL
(b) Complete method for s . :
[Work/energy equation: $x0.5x25 =sR+05x98xs sin 40° M1A1Y
or —(R+0.5gsin40°)=0.5a (a=-92) and 0=25+2as ] : .
Answer: s= 136m o V4% o Al 3)
6.{ @ —wvi v,  CoM: 4mmu+4mu=2mv;+4mvz 1
—2u —u = qu =v; +2W2
A B '
O O
2m 4m NEL: $(2u-uw)=v; -V 1
' wwde
Solving to find v2 ;  v2=3u - eT“Mh M1Alcso(6)
2 wed |
(b) Substitute for v, in one équation; Vi=Va—3U= U MiAl  (2)
© ->w —> W2 CoM: 4m(u)=d4mw;+mw (MIAl
- 3u —90 = 6u =4w; + W, |
o B 0 C 3
4m m NEL: e(zu) =W — W A1
Solving for wyas fle) : wy =3u(4—¢) or easf{wyze= 2(6u — Swy) MiAl
‘ 10 3u -
Requirement is that w, >candidate’s vi =u; => €< 2 | , MLAL (8}
[Note: If w; or e not found (not asked for): Setting wi=v=u=wW,=2u=€=3 :
is M1A1 but need to deal with inequality for final M1 Al]
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7.0 @ U, = 2375sinaf= 19) ' BI
Complefe method to find time, e.g —2.4= 23.75sna t— 3 gt MIAl
Solving to findt; t=4 : - MiAl (5)
(b) dv= -3¢’ .
o v= - fae MIAI
12
t=0,v=18 =>v=1s—-1-12—t~" . Al 3)
(c) Putting v=0 expression in (b) - M1
Solving equation [dependent on previous M1 and M1 in (b)] M1

Finding T = 6, with no wrong working seen IR\ wl\h&fv:\ Alcso (3)

(d) Distance — travelled by package = 23.75 cosa. X 4,.=5Tm MiAlY
[V only on 14.25 x 4 ]

Forlorry s= 18t-21-§ t* | MILALY

Showing s = 665 for lorry, and distance them between is just under 10m Alcso (3

[If lorry moving in direction CA, allow final answer of just under 124m]

%L)* Yl;\..,, 25|60\




