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EDEXCEL FOUNDATION T4 S~
Stewart House 32 Russell Square London WC1B 5DN
JANE 2000
Advanced Supplementary/Advanced Level
General Certificate of Education
Subject MECHANICS 6617 Paper No. M2
Question
number Scheme Marks
1.| Finding r [@t+2)i+(1-4t)j] Bl
' Differentiating again to give r=2i-4 j (any notation) M1Al
Method for magnitude: V{22 + (-4)} ; = V20 or 4.47 (ms”) 'M1A1 (5)
R .
[Note: use of consecutive}_values of t substituted and “second differences found”,
giving 2 i -4 j scores BOMO, but allow M1A0 for magnitude.]
2.| (a) Shape | Small circle Large circle  Decoration
Relative masses 100w 400 = 500w - M1Al
@ @ &)
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) ]
Appropriate moments equation: Ml
[Most likely: using B: 30=5¥ ; using D: 4x20-1x10= 5y (14)
' using A: 4x30=5% (24);usingE:4x20+1x50= 5y (26) ]
Answer: 6 cm Al 5)
bewnse.  wwd
b Cpn_10 CG drawn verticalor- -~ CGA- M1
A Method to find @ [or (50 -0)} Ml
24 tan0=10 or tan(90-6)= AG ,or equivalent AlY
G AG 10 :
Answer:—22.6° (this answer only) Al 4)
' )

[Note: If finding AC to vertical, then can score first three marks ]
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EDEXCEL FOUNDATION

Stewart House 32 Russell Square London WCI1B 5DN .
TuEE £ 2004
Advanced SupplementarylAdvanceﬁ Level

General Certificate of Education

Paper No. M7,

Question
pumber Scheme Marks
3.| [Wherever <or2 used in scheme, can be replaced by =]
3 Resolve—>: 8=F Bl
Resotve T: R=6mg A 1
M(4): S 2a cos 30° =mg sin 30° (a+ 5x) 1A1
' “F <0.5R” = S<3mg , Mi
F
= (a+50)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° + Smgdsin 30° M1AIAl
d=2a-x BI;“F <0.5R” = F<3mg Ml ,rest as scheme.
M(centre) : Rasin 30° + 5mg(x ~ a)sin 30° = (F+8) acos30° ;S <3mg etc.
Mark as scheme. ]
[Note (i): MR - 30° to the ground glves k= ( 6-V3) or0.493
(i) The same answer is obtained if only error is sin/cos conﬁ:smn both score 7/9.
(iii) m used for mg throughout, no penalty; inconsistent, as scheme but max -2]
4.| (a) Impulse = change in momentum

3.5i+3)= Ol[(101+25_|) (ui+vjpl _ M1A1
Answer: u1+v_|—-( 25i—5j)ms?! Al 3)
{(b) Complete method to find height s above hit position : M1
Correct equation in s only: 0 = 625 - 2(9 8)s; s=25(25/g) - 1e(251g)* Al
Answer: 329m or 3%m : Al 3
(c) Method for fotal time: 0=25t¢—4.9¢ =>t=5.10s MiAL
or “half time” 0 =25 -9.8¢ =1 =255s ‘ N !
Horizontal distance =10 xt=51m [ fr VO o on] MIAIY (4)

[Notes Ifiand j j mterchanged then can score Ms in (b) and (c); allow \l for 25x2.04 "51
[Use of answer in (a) can score M marks in (b)(c) only

[ Use of V2sin’0 and V2 sin 20 : M1 method for V or 6, Al both correct for first two marks]
2g g
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EDEXCEL FOURDATION
Stewart Hoﬁse 32 Russell Square London WC1B 5DN
IaNg 2004
Advanced Supplementary/Advanced Level

General Certificate of Education .

Subject MECHANICS 6.678 Paper No. ML
Question 7 ‘
number ‘ Scheme Marks
5.| (a) Using work/energy equation: ‘
@) P.E.=+0.5gh, =+ gsin20° ; (i) KE.= 1x0.5%25 M1,A1;B1
- 3x05x25 = 0.5gh+2R M1Al
Solving forR; R =145 o V.l MI1A1 (7)
[ Note: 2( R + 0.5 x 9.8 x sin 20°) = 3 (0.5)25 scores first 5 marks, mark as scheme ]
- Alternative method: : _
Speed equation fora: 0=2512a(2) (a=16.25) MI1Al
Equation of motion: (R + 0.5 x 9.8 x 5in 20%) = 0.5a M1Al
Totally correct equation: —( R+0.5x9.8x sin 20°) = _O.Sa:’a -ve Al
.+ Solving for R SM1AL
(b) Complete method for s . :
[Work/energy equation: 3x 0.5x25 =sR+0.5x9.8 x5 5in40° Mi1A1Y
or —(R+0.5gsin40°)=0.5a (a=-9.2) and 0=25+2as ] : v
Answer: §= 136m o V% Al 3)
6| @ v v,  CoM: 4mu+4mu=2mvi+4mv, 1
—2u —u = qu =v; +2Vv2
A B '
O O
2m 4m NEL: 3(2u—-u)=v; -V 1
' . W
Solving to find vo ;  v2= 3711 , : e.r.».kw\ M1 Alcso(6)
(b) Substitute for v;in one equation; vi=vV2— iu=u MiAl ()
© ->w > W CoM: Am(Zu)=4mw;+mw: (ML
- 3u -0 = 6u =4w; + W2 |
B oC
4m m NEL: e (Gu)=w; —wW Al
Solving for wyas fle) : wi =3u(4—¢) or easf{iwyze= 2(6u — Swy) M1A1l
: 10 3u -
Requirement is that w; >candidate’s vi = u; = e <% | \ MLAl (8}
[Note: If w; or € not found (not asked for): Setting wy=v=u= W= u=e=3 .
is M1A1 but need to deal with inequality for final M1A1]
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General Certificate of Education -

Subject MECHANICS 6-4,71%

Paper No. M.2.

Question
number, _ Scheme Marks
7.0 @ U, = 2375sinaf= 19) Bl
Complete method to find time, e.g —2.4= 23.75sina t— 3 gt’ M1Al
Solving to findt; t=4 - M1Al (9)
(b) dv=~%t’
= v=—-—l—t3+c MI1Al
12
t=0,v=18 :>v=18—-1—12—t3 Al 3
(c) Putting v=0 expression in (b) | Ml
Solving equation [dependent on previous M1 and M1 in (b)] Ml
Finding T = 6, with no wrong working seen L 80 WL\ZJXCH’\ Alcso (3)
(d) Distance — travelled by package = 23.75 cosa x4;; =37 m M1AIY
[ only on 14.25 x 4]
. _ 1 4 . _\!
Forlorry s= 18t-z§t MI;AT"
Showing s = 662 for lorry, and distance them between is just under 10m Al cso (5]

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

%L,\& P 25]6len
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Subject MECHANICS 6678

- PMT:

PﬁperNo. M2
Question .
pumber . Scheme Marks
[ Work dwme = Loss i KE. |
Rx200 - £ xlyx25" MIB=AI |
R =625 Al u
2. |(d
~ T T=fofemi,000) o
Ry e .
1500y N2+ 1000 -1000- 1500x4-# »
=1500 a ML
a= (-) 045 (ms™) cao (A L
4
(b -~ T = tos0 -i-lS'Oqu-sx;‘_: (=1225) M1 A
P= T’v 80000 = 2225 v My
V=36 (ms™) aceps 360 |1 u“ |
) The Wis{zme Is lfké, l'o'n_mazsc m-ll-.speed Bi L " @ :
3 |w o g-brkegy T
t=2 a = Jzi_*g'_ LA
N2L  F =ma =34i +l-§=»i, Mi
!f, = _/_(3-61+|-€1') = .01 (axeodcao |MIP 5
® = (et > [ g N ptal
r = (£+c)L + (36 l;{:-rc,_)‘} cé’whulr
Usmg =0, T =CE+3)L +(3 -4k Hi
E=4, T =€Ti +28{ (w) A s
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January 2002

Advanced Supplementary/Advanced Level

| General Certificate of Education
Subject MECHANICS wus6 £5733 Paper No.
| Question | g
number Scheme ! Marks
b ) _ ABC  WXYZ  Temglelr . |
~ N L - T T S Y Bt; 8ip
c.m. i;.'.. Za ¥ 818l
M8 uud x +98 = uea’-xfsss; LA
solomg 15 X = 2a ¥ cso | Al 7
(») -
McAB) or M(2Y) |
KMxFa+ M %’.a = M(1+4)3a KHxSa =M(Za-22a) |Hi A2(1,0) _
. 2 Kz-g— vl ' ' Tk
solvmg o K=z .s-s-org_a“ At H @ |
S. () - \
D HCF‘) Txlasm9= Wa +1W(2¢|-x)f’ M n201,0)
.Txg‘ﬁ-a = SWq -2Wax
4‘:_} - Tz 55 ""-‘"W * wollmim s
A X l l > G o éa
w w (b uce) W:la =Wa+2Wx ML R
x = 3’=a 0. |/ 3
) R(*) X=Tesb= .55.(5,.%) Wxk [ pi A
= 2w V' )anl oy @@
T T [atpmabee B T T
R(*) Iw + Tsmb =3w
Zwe S(a-1=M 2 _ 3y M Al
éa 5
=%
Xx=za ]| 3
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" General Certificate of Education
 Subject MECHANICS 6% 65673 Paper No. M2
Question
| pumber | . Scheme Marks
. “ . -
é. P'é, Q@ (@) LM wmu = mx +2my BI
NEL -y =~cu MiAl
> Y
— — . ,
) Solvivg 4o y ‘-‘-!’;—(ue)u # cso |t M 5
(l)) Obizamimg ) Xx = -g-(t—Ze) u  alwangdas  EME By
Diechen unchanged implies x>0 M
e<—'— : l}w €20 L L 4
Y- -;E_-' ", x= J—u
Pred K.E = ""(‘L“) ‘Lz”(tz") ("' = nu) rMi B
Loss m K.E= -an —';i% mags = -‘—i-nu [ ML AT b
(4) Heat, sourd | (umk dene ) intoraal Fornas |4 IR
1 {ta) (D) Uy = 50 5m60", v, = 81,8l
O" = (20 sm60)" ~ 1xq.9x5S Mi
S = 249 .
| Haght & 260 =. Aoepr. 265 |1 o d
I(») . TO =80smE0°~9.8¢ K L
_ = T, Cs) : | ﬂz:q-r?_-OT_ .11 ..5'
&) Ux =50 cos 60° (= uo) 8(
LM 10050 = l-tpwv +eoxg80 M
V=c-)20 ¥ cso |#! 2
(DLlet N be pomt o groind vohially belos B
ON = 50 cos 60° > theiv (b) (z20239) . - [MI.
v 2649 = Lxdgxe" 9 £2735 a.wl-[ ML B
CN = 20 x7.35 &~ 147 avrk MBI
= 14O (m) wat 36 P & @




EDEXCEL MECHANICS M2 (6678) — JUNE 2002

PhysicsAndMathsTutor.com

PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
1. (a) | Differentiating: a= 31 —5] (sufficient) M1Al 2
- . — 3 2 - 5 2 -
(b) | Integrating : r=( Et -2t)i- Et j (+C) M1A1
Using initial conditionsto find C (3i); r(t=2)=5i-10] M1; Al
Distance = V{5 + (10)*} ; = 5V5 or 11.2 or 11.18 (m) M1;Al  6)
(6 marks)
2 (@ |0<t<3  v=2t*-1it}(+C) Evidence of integration for M1 | M1 Al
t=3 = v=9ms* Al (3)
27
(b) [t=3 :_T(+C) Bl
Using t =3 and candidates’ v=9to find C; C =18 M1; Al ft
Substituting t = 6 in expression forv; v=135ms M1; Al (5)
(8 marks)
3 (a) | Change in KE: 1 x 80 x (8°-5%) [loss: 2560 — 1000 = 1560 J] B1
Change in PE: 80 x g x (20 —12) [loss: 15680 — 9408 = 6272 J] Bl
WD by cyclist = 20 x 500 — (loss in K.E. + P.E.) M1 Al ft
=2168 Nm (allow 2170 and 2200) Al 5)
(b) | Equation of motion: F-20=80x 0.5 [M1 requires three terms] | M1 Al
Power =F;x5; =300W M1 Al
(9 marks)

(ft = follow through mark)




EDEXCEL MECHANICS M2 (6678) — JUNE 2002

PhysicsAndMathsTutor.com

PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
4, (@) | Shape Square Semi-circle Lamina L

Relative masses 100 121 7(39.3)  100-12% 7(60.7) M1 Al

20 _
Centre of mass 5 = (2.12) X B1 B1
from AB 3
20
M1 Al

Moments about AB: 100 x 5 - 124 7 x 3, - (100- 121 2)x
T

Answer: 6.86 cm

Al (cao) (7)

(b) Correct angle, diagram sufficient M1
Method to find & [or (90 — 6)] M1
tan @ = 10_)_(° Al ft
5
Answer: 32.1° Al (cao) (4)
(11 marks)
5 (@) |x=ucosat; y=usinat-igt B1; Bl
o X ) x?
Eliminatingt: y=usin « -390 — M1
ucosa (ucosa)
y=xtan o - g_xz M1
2u’ cos® @
ox*
y=xtan o — ) ~(l+tan’ ) * Al (5)
u
9.8)( X2 2
—2 = xtan 45° - 1 +tan” 45°
(b) 14’ ( ) M1 Al
Simplifying “correctly” to quadratic of form ax?+ bx + ¢ = 0 (may be M1
implied, e.g. x¥*— 20x — 40 = 0; —0.05x* + x + 2 = 0; 4.9x* - 98x — 196 = 0)
Solving for t (2.205s), x =14 cos45°t, x=21.8m M1 Al (5)
() |21.8. =14cos45°t ; t=2.25s M1 Al (cao)
)
(12 marks)

(ft = follow through mark; cao = correct answer only; cso = correct solution only;
* indicates answer is given on the examination paper)

2
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EDEXCEL MECHANICS M2 (6678) — JUNE 2002

PhysicsAndMathsTutor.com

PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
6. @ | «w >V, CoM: mu= —-mvy+3mv, M1 Al
—>u 0 -
A GO B O = u=-vy +3v;
m 3m NEL: eu=vy +v; M1 Al
Solving : vi=1 (3e-1)u M1 Al
vo=1(l+e)u Al (7)
Speed of B after hitting wall = i%(l +e)u (V%) B1 ft
. 3 1
For second collision  vo* > vy ; T d+eu > 2 (3e-21u M1
. 7
Solving, e< 3 M1 Al
Finding lower bound using v;>0; e> 3 M1

Complete range: % <e< g

Al (cso) (6)

(13 marks)
7 €)] F = 0.6R (seen anywhere) M1
Moments about B:
Rx2acosa+Fx2asina=Wxacosa | M1A1
: 12 . 5
Usingcosa = =— and sino = —
CRRT 713 M1
y Solving for R
ﬁR+£R:EW:>30R:12 M1
13 13 13
2
= R= s W= Al (6)
. _ 6
(b) | Resolve «»: Tcos f=F, =0.6R = 25 M1 A1l
Resolve J : Tsin B+R=W Tsinﬂzgw M1 Al
Complete method for g [e.g tan f=25]; [=68.2° M1; Al (6)
Complete method for T: substitute for Sor V {(0.6 W)? + (0.24 W)?} M1
T=0.646..W = k=0.65o0r0.646 Al 2
(14 marks)

PMT
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EDEXCEL MECHANICS M2

PROVISIONAL MARK SCHEME JANUARY 2003

%ﬂﬁti(e)rn Scheme Marks
1 (@ | Useof (8+ A)m Bl
i:3mx4+Aimx4=(8+ A)mx 2 M1
Solvingto A =2 *) M1A1l (4)
j: B mx (=3) +2mx 2=10mx k M1A1l
k=-1.1 Al 3)
(7 marks)
2 @) T, = % (= 2000) M1
N2L: T, - 1200 = 1000 x f M1 Alft
f=0.08 Al (4)
(b) | Work Energy 3 x 1000 x 147 = 1200d M1A1
d=81% awrt 81.7 | Al 3
(c) | Resistances may vary with speed o1 @

(8 marks)

PMT



EDEXCEL MECHANICS M2

PhysicsAndMathsTutor.com

PROVISIONAL MARK SCHEME JANUARY 2003

Question
3. NB, () R=3mg B1
M(B)
mgacos o+ 2mg x32acos a+ Frx2asin o =Rx2acosa | M1 A21,0
Solvingto Fr = 2 mg M1Al
R
mg
2mg
A Fr
Fr<uR= 2mg<u3mg M1
12>+ (leastvalueis 1) M1A1l 9)
(9 marks)
4 (@
] > O
MR 483° 12a° 60a’ B1, B1ft
1 _
CM 4a (—):—3 x 4a X Bl
2 > 4 <
48a° x 4a— 12a ><§a=60X M1A1l
Solvingto x = i-‘éa *) Al (6)
44
(b) 1Mx4a:Man M1Al
1
ST Al 3)

(9 marks)

PMT



EDEXCEL MECHANICS M2

PhysicsAndMathsTutor.com

PROVISIONAL MARK SCHEME JANUARY 2003

Question
number Scheme Marks
5. (a) |v= [adt =20 -8t (+) M1A1l
Usingv=6,t=0;v=2t*-8t +6 M1A1l (4
v=0=>2t"-8t+6=0,=t=13 M1A1
S= J(th —8t+6) dt = [2t3-4t% + 6t M1A2,1,0
:0—2% M1
Distanceis (£)22m Al (7)
(11 marks)
6 (@ LM.2u=2x+y M1A1l
NEL y—xzéu M1A1l
. 5
Solving to x = §u *) M1Al
8 *
y=gu ) Al ()
8
(b) (€] §eu Bl
L.M 1—Ou—geuzw M1Al
9 9
1(5 8
NEL w==| -u+—-eu M1Al
3(9 9 j
. 25
Solvingto e= . accept 0.7812s | M1 Al (7)
(o) | Q till has velocity and will bounce back from wall colliding with stationary P. | B1 Q)
(15 marks)
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EDEXCEL MECHANICS M2

PROVISIONAL MARK SCHEME JANUARY 2003

Question
number Scheme Marks
7. (@) | | =0.4(15i + 16j + 20i — 4j) (= 0.4(351 + 12j) = 14i + 4.8)) M1
1| = \(14% + 4.8°) or 0.4V(35% + 129) M1 for any magnitude | M1 A1
=14.8 (Ns) Al (%)
(b) | Initial K.E. = 1 m(15° + 16°) (= 240.5m=96.2J) M1
2 mv = Z m(15° + 16%) = mx 9.8 x 1.2 ~leachincorrectterm | M1 A2, 1,0
V2 = 504.52 M1
v=22(ms? accept 22.5 | Al (6)
15
(c) | arccos 25 =48° accept 48.1° | M1A1A1AlL
(4)
(d) | Air resistance
Wind (problem not 2 dimensional)
Rotation of ball (ball is not aparticle) any 2 | B1, Bl (2
(16 marks)
Alt (b) Resolve T with 16 and 9.8 M1
(1) w?=16+2x (-9.8) x (-1.2) M1A1
(v* =279.52, vy ~ 16.7......)
V2 = 15%+ 279.52 M1A1
v=22(ms? accept 22.5 | Al (6)
16.7
Alt (c) arctan = = 48° M1AL1ALAL

(4)
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EDEXCEL MECHANICS M2 (6678) — JUNE 2003

PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
1. (@) | x= J6t—2t2 dx M1
= 3t°- 2¢° Al
v=0=6t-2t’=0 = t=3 (or 0) M1
t=3:x=B8x9)- (% x27) =9m M1 Al
(5 marks)
2 (@) | 1=0.2[(15i + 15j) — (—10i)] M1
= 5i + 3j M1
1] = V(5% +3%) =34 =58 Ns M1AL  (4)
(b)
//‘ 3 tand =32 = @=31° (nearest degree) M1 Al (2)
0
5}
(c) | KE Gain = £ x 0.2[(15% + 15%) - 10%)] = 351 M1AL (2
(8 marks)
| ’ A 7
Area: 6a’ a* 5a’ (ratio) | B1
2a) 8a
CM from AD: 3 (2a+?):? X B1B1
6 x 3_a — 1 8_a = 5X M1
2
x =192 Al (5)
15
(b) M(X),
™
m >m=— Al 4
: 45 @
mg
(9 marks)

(ft = follow through mark)
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EDEXCEL MECHANICS M2 (6678) — JUNE 2003

PhysicsAndMathsTutor.com

PROVISIONAL MARK SCHEME

Question Scherme Marks
Number
4, (a) c M(A),
7 40g x 2 +60g x2=Tsin ax 3 M1AZ2,1,0
< use of sin o= £ Bl
v
oT
A 60g + 120g = —
; g g 5
/] — T=100g =980 N (*) Al ®)
7 40g 60g
(b) | (=): X=Tcos a Bl
(1) Y + T sin « =100g M1 Al
R=(X?+Y? = (784% + 3929 M1 Al
= 877 N (3 sf) Al (6)
(c) | Cable light = tension same throughout = force on rod at D is 60g Bl (1)
(12 marks)
5 (@ | (>):ucosaxT=8
ux ¢ xT=8 M1
uT =10 (*) Al )
(b) (M): =4 = u sin ozT—%gT2 M1 Al
2
—4:u><§(£j—£x9.8(£j M1
5 u 2 u
M1Al  (7)
vV, =ucosa=2 B1 ft
Ve =(-usin a) + 29 x 4 M1
=V, =98 (= %) Al ft
49/5 7
tan p= —— = — M1 Al 5)
= 2815 " 4 cao (5)
(12 marks)

(ft = follow through mark; cao = correct answer only; (*) indicates final line is given on the paper)

PMT
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EDEXCEL MECHANICS M2 (6678) — JUNE 2003 PROVISIONAL MARK SCHEME
Rumber Scheme marke
6. (a F (#): F = 20 + 64g sin & M1

=64.8N Al
20 P=Fv=648x5=324W M1A1  (4)
649
(b) 20 («): 64g sin « — 20 = 64a M1 Al
a 7 a=0.3875ms? Al
v>=5%+2 x 0.3875 x 80 M1
649 v=V87=93ms? (25sf) Al ()
()| £ x20=32N B1 (1)
(d) 32 = 20 Bl
a w 20 +64g sin @ — 32 = 64a M1 Al
F a=059ms? (2sf) Al (4)
649
(14 marks)




EDEXCEL MECHANICS M2 (6678) — JUNE 2003

PhysicsAndMathsTutor.com

PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
7. @ | u- -0 mu =mv; + 2mv, M1 Al
A@e@B eu=-vy +Vy M1 Al
S5 S vi= S(1-2e); vo= S(1+e) M1ALAL (7)
y v 3 3
1 2
u
(b) v1>0:>§(1—2e)>0:>e<% M1Al  (2)
© vw-o -0 2mvy = 2mvs + 4mvy ML
@) (s
S S Va= 2 (1-2¢)= 2 (1-2e)(L +e) M1 Al
Vs Vi 3 9
Further collision if vy > v
... u u
ie. |f§(1—2e)> 5(1—2e)(1+e) M1
ie.if3>1+e (as(1-2e)>0)
ie.if2>e M1
which is always true, so further collision occurs Al cso (6)
(15 marks)

(cso = correct solution only)

PMT
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EDEXCEL MECHANICS M2 (6678) — JANUARY 2004

PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
1. @ | T= 10000 or equivalent M1 Al
T-R-400gsin =0 M1 Al
R =220 Al
(5 marks)
2. (a) a = 2ti — 6j M1
t=4: a=28i-6j dep. M1
IF| = 0.754/(8° +6%) =7.5N M1 M1 A1l (5)
(b) I =9i-9j B1
. .3 . .
9i—-9j= 2 (v— (271 - 30j)) M1 Al f.t.
v=39%-42jms* Al 4)
(9 marks)
3. a 1 1 .
() §X2X102—§X2><Vz=2933|n300 M1 Al Al
v=84mst(840ms™) Al (4)
Or (a=-gsin 30°)
v = 10% - 29 sin 30° x 3 M1 Al Al
v=84mst(840ms™) Al (4)
(b) R = 2g cos 30° Bl
ar; Lo w102— 1 2% 7% 29 x 35in 30°
o XEX D T o xex i agxasin B2 (-1e.e.0.0)
_1 2 1 2 C afo
3,L1R—E><2><10—E><2><7—29><3SIn30 M1
u=0.42(4) Al (5)
OR R=2gcos 30° Bl
2 2 B2 (-1e.e.0.0
_w:E;_F;_ngingoo ( )
2x3 2
—uR —2g sin 3002—% X 2 M1
1= 0.42(4) Al ®)
(9 marks)
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EDEXCEL MECHANICS M2 (6678) — JANUARY 2004

PROVISIONAL MARK SCHEME

Question

Number Scheme Marks
4. (a) M(B), N 2a cos #=W a cos 0+ %W 37a sin @ M1AZ2 (-lee)
Nz W dep. MLAL  (5)
8
(b) R=ZW;  FeN=w B1; B1
F<uRorF =R M1
% <u * (exact) Al c.s.0. (5)
(©) It does not bend Bl 1)
Or has negligible thickness
(10 marks)
5 (a) 2ut = 735 M1 Al
0=3ut—% gt® M1 Al
eliminating t dep. M1
u=245* Al (6)
(b) t= 1 =15 M1 Al (2)
49
Initially: v2 = (2u)? + (3u)?
© y (2u)” + (3u) M1
(7803.25)
Lot m 657 = mgh M1 Al
2 2
h =180 m (183 m) Al 4)
OR  v,*=65"—(2u)® (1824) M1
vy? = (3u)? - 2gh M1 Al
h =180 m (183 m) Al 4)
(12 marks)

(ft = follow through mark; cao = correct answer only; (*) indicates final line is given on the paper)
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EDEXCEL MECHANICS M2 (6678) — JANUARY 2004

PROVISIONAL MARK SCHEME

ﬁﬂ?ﬁgg? Scheme Marks
6. @ |u> -0 CLM: mu=mvy + 3 mv; B1
m 3m NIL: eu=—-vi+ Vv M1 Al
Vi Vo> solving, dep. M1
V= %(1 +e)* Al )
. u
(b) | Solving for vy Z(l—3e) M1 Al (2)
2 2
Ol Em q-se+ Lam qrep=Lms M1 Al fit. Al
2 16 2 16 6
o 1
e” = 3 dep. M1 Al
1
e Al 6
. ©)
u 1
(d)|vi= 2 (1-3x §) =0 = at rest. Alcs.o. 1)
(14 marks)
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PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
7. (a) |AD: 10mx =3m %a +3m x 5a M1 Al
X =2.25a* Al (€©)
(b) | AB:  10my =2mx2a+3mxa M1
y =0.7a Al @)
2.5a — X
(©) tan = ——=— M1 Al fit.
y
0= 20° Al 3)
Ii
A “ B
Gl O S
10mg 2a
P
D 5a C
M(0), 10mg x % =P x2a|M1A1LA1L
(OR:4mg><576l -3 mg x S?a =P x 2a)
_omg .
P= e (exact) Al 4)
_ omg _
() §=—,~ R=10mg B1; Bl
F=S2+R? = M (10.1 mg) MLAL  (4)
(16 marks)
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MARK SCHEME

Question Scheme Marks
Number
1 @ F =090 _1800) B1
20
N2L %— 750 = 1500 ft their F | M1 A1ft
a=07 (ms?) Al
1
F / = JE— =
) F 750+1500g><10 (=2220) M1A1
750
o, '1800g P = 2220 x 20 = 44400
Accept also 44000, 44 kW, 44.4 KW Al 3
2. (@ [ =mv-mu
—4i +4j = 0.2v —0.2x 30i M1A1
v=10i+20] (ms™) Al 3
(b) tan@ = 22 M1
10
6 =63.4° accept awrt 63° or 1.1° | Al 2
(©  FindKE.= %xO.Zx(lOz +207) (=50) fttheirv | M1ALft
K.E. lost = %XO.ZXBOZ—%XO.ZX(102+202) M1
=40 (J) cao Al 4
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MARK SCHEME

EDEXCEL MECHANICS M2 (6678) — JUNE 2004
Question Scheme Marks
Number
3. @ Rectangle Triangle Decoration
Mass Ratio 6 12 18 Ratio 1:2:3 | B1
CM from BG (—)1% 2 X B1
- 1
18><x=—6><1§+12><2 M1Al
X :g accept exact equivaents | Al 5
(b)
3
Q
Identification and use of correct triangle M1
1 N
tang =—— fttheir X | M1 A1ft
3+X
6=14.6° cao | Al

PMT
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EDEXCEL MECHANICS M2 (6678) — JUNE 2004

MARK SCHEME

In alternative, ignore any working associated witht = 2

Question Scheme Marks
Number
4. (@) p=(2t*~7t)i—5t, +3i +5] M1, M1
=(2t* -7t +3)i+(5-5t)] A1+Al 4
(b) q=(2-3j)t-7i M1Al
j: 5-bt=-3t = t=25 equating and solving M1Al
Att=25i: p,=2x25-7x25+3=-2
g, =2x25-7=-2 both | M1
p,=0, = collison cso | Al 6 10
Alternativein (b)
D 2A°-Tt+3=2t-7 = 2t°-9t+10=0
t=2,25 equating and solving M1Al
Att=25]: p,=5-5x25=-75
g, =—-3x25=-75 both | M1
p,=0d, = collision cso | Al

PMT
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MARK SCHEME

Question

Number Scheme Marks
. 5u
X y
@ LM 10mu = 2mx+ 3my M1A1l
NEL y—Xx=>5eu Bl
Solving to y=2(1+eju * CSO M1Al1 5
(b) X=2u-3eu finding x, with or withoute=0.4 | M1
x=0.8u Al
x>0 = P movestowardswall and Q rebounds from wall
= second collision ft any positivex | Alft 3
(© x=-0.4u Bl
Speed of Q on rebound is 3.6fu
For second collision 3.6 fu > 0.4u M1
f>% ignoref | 1 | Al 3 1
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MARK SCHEME

Question

Nurmber Scheme Marks
6.
«— B
N
A 4 10 rrg
a
mg
a v
RA
INZ AR
(@ M(A) NxZ2asina =mgxacosa +10mgx 2acoso M1A2(1, 0)
2N tan o = 21mg
N=7mg * CSO M1Al 5
(b) T R=1Ing B1
F. =0.6x11mg = 6.6mg Bl
ForminP F — P, = 7mg—6.6mg = 0.4mg M1A1l
Formax P F « P. = 7Mg+6.6mg =13.6mg M1A1
04mg| P| 13.6mg cso | Al 7 12

Note: In (a), if moments are taken about a point other than A, a

complete set of equations for finding N is needed for the first

M1. If thisM1isgained, the A2(1, 0) is awarded for the

moments equation asit first appears.
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MARK SCHEME

(l?\lulﬁi)? Scheme Marks
7. (a) Work-Energy Rx 60 =80x9.8x 24.4—%><80>< 207 M1A2(1, 0)
(=19129.6-16000 = 3129.6)
R=52 (N) accept522 | M1Al 5
(b) _81= ZOsinaxt—%gtz M1A2(1, 0)
4.9t*-12t-8.1=0 M1
t=3 (9 Al 5
(©) 20cosarx3=16x3=48 (m) fttheirt | M1A1ft 2
(d) Energy Emv —me 20° =mx9.8x8.1 M1A2(1, 0)
v=+(558.56)~24 (ms*) accept 236 | M1Al 5 17
Alternative to (d)
T v,=12-3g=-174 M1A1
— Vv, =16 Al
v=v(17.4° +16*)= 24 (ms™) accept 236 | M1Al 5
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January 2005

6678 Mechanics M2
Mark Scheme
Question
Number Scheme Marks
1. (a) M(A) W x4a=Tx8asin@ M1 Al
Y T Using a value of sin& and solving M1
T 'X T=3W% cso | Al 4
oy
b - X =Tcos8 M1 Al
=1 Al 3
2. (a) circle rectangle plate
Mass ratios o 200; 200-9x B1; Blft
Centres of mass 6 10 X B1
97x6+(200-97)% =200x10 M1
X ~10.7 (cm) cao { Al 5
() g=_>_ ftheir ¥ | M1 Alft
10.7
G =25° cao | Al 3

. PMT
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Question

Nurmber Scheme Marks
3. (@) KE lost is 4x0.6x(10° ~9%) (=5.71) Bl
PE lost is 0.6x9.8x12sin30° (=35.28 J) Bl
Total loss in energy is 41.0 (J) accept41 | M1 A1 4
(b) - R=0.6x9.8xc0s30° (=5.09) Bl
WE  40.98 = 1x0.6x9.8xc0s30°x12 fi their (a) — M1 Alft
H=0.67 or0.671 [ MI1A1 5 9
Alternative for (b)
2 2
_r-lo [: (_)E] awrt0.79 | Bl
2x12 24
N2L mg sin30°— ymg cos30° = m(—12 ft their a [ M1 Alft
4#~0.67 or0.671 M1 Al 35
4. @ F=6i+(2:+3)j B1
F =0.4(6i+11j) 0.4xsomething obtained by | M1
_ differentiation, with = 4
|F|=\[ (2_42 + 4,42) modulus of a vector | M1
= 5.0 accept more accurate answers | Al 4
(b) r=032+a)i+(i2 +22)(C) M1
Using boundary values, r=(3¢ +4:-3)i+(1f +3£ +4); Al
t=4, r=6li+494j 1 Al
OS =+ (612 +49 %2) ~78 (m) accept more accurate answers L{ M1 A1 5 9
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‘Number Scheme orks
3, (a) 50000 = Fx25 (F =2000) or equivalent | M1
- F=R+750 Ml
R =1250 %k cso | Al 3
(b) N2L 1500+ 2000 = 2500a ignore sign of 2 | M1 Al
a=14 (ms?) cao [A1 3
(c) Trailer: T+ R=1500x1.4 or Car: T-1500—-750=1000x—-1.4 | M1
T =850 (N) Al 2
(@) 25" =2x14xs (s=2232..) Ml
W =1500x s fitheirs | M1 Alf
=335 (k) accept 330 | Al 4
(e) Resistances vary with speeds Bl 1 13
6. 2u u (a) LM 6mu—2mu=3mx+2my Ml Al
—’ 4—
NEL y—x=3eu |: Bl
@ @ Solving to y =%u(9e+4) % csol{ M1 A1 5
x ¥ () Solvingto x=2u(2-3¢) oe _| M1 Al
x<0 = e>% l: M1 Al
2ze| 1 fitheireforglh | AR 5
(©) 2m[Lu(9e+4)+u|=2mu M1 Al
Solving to e=1 . awrt 0.78[ M1Al 4 14

PMT
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Question

Number Scheme . Marks
7. (a) T u,=32x% (=19.2) Bl
—20=19.2t— 4.9 ~1 each error | M1 A2(1, 0)
t~4.80r4.77 (s) Al 5
®) - u,=32x$¢ (=25.6) B1
d=256x4.77... M1
~1200r122 (m) Al 3
© T V] =102 42x9.8x4 [+} =447.04,v, ~21.14] ] Ml
V? =447.04+25.62 M1 Al
V=330r332 (ms™) Al 4
21.14 25.6
d tanf =—"—— orcosf@=——, ... ft their components | M1 Alft
@ 25.6 ( 332 J P
or resultant
8 ~ 40° or 39.6° Al 3 15
Alternative for (c)
im(V* —32*)=mgx4 [ M1 Al
Vi =11024 M1
V=330r33.2 (ms™) Al 4

There is a maximum penalty of one mark per question for not
rounding to appropriate dccuracy. '
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6678 Mechanics M2
Mark Scheme
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Question Scheme Marks
Number
iy P
1(a) Driving force = — Bl
Vv
21000 =600 v=35ms! M1 Al
Vv
(3)
P 1
(b) —=600+1200.9.— M1 Al
Vv 14
(= 1440 N)
21000 =1440 =>v = 21000 ~14.6 or15mst M1 Al
Vv 1440
(4)
2(a) B 4 x, C
i 5 (x=3)
A 4 Di
M(AB): 7x3.5+5x55+4x2=20xX M1 A2,1,0
= 20x=245+275+8=60 = X =3cm dep M1 Al
(5)
(b) X ! 35 kM M(XY):
¢ M x (3.5—3) = kM x 3.5 MLAL
M = k=1, AL

Y

6678 Mechanics

June 2005 Advanced Subsidiary/Advanced Level in GCE Mathematics
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3(a) v=(18-128)i +2cf M1 A1 Al
t=3: v=-9i+3q M1
|v| =15 = 92+ (3c)2 = 152 M1
= (3c2=144 = c=4 Al
(6)
(b) a = —24ti + § M1
t=42: a = -36i + § M1
ALV
©)
4 (a)
26 — 12.6t = x B1
0.1 \[/0.1 = 491 B1
X2
X =01=49x—— M1
12.6
= x=18m Al
(4)
(b) — ucosat=25 M1 Al
%—\ Tusinat =1gt? M1 Al
25 ‘
u.ﬁt =25
25
o] 4252
25 24u
42 4.9x2.5x% 252
7x24
= U=6.75or 6.8 mst M1 Al
(6)

6678 Mechanics
June 2005 Advanced Subsidiary/Advanced Level in GCE Mathematics
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5(a) 2u 2u
_> <—
amO O 2m
— —>
v 2u
CLM: 6mu—4mu =3mv +4mu M1 Al
=>v=-2u Al
NLI: 2u—-v=edu M1 Al
=deu=3u=e=2. M1 AL
(7)
(b) 2u 0
—> —>
omO Qm
—> —>
X y
Smy + 2mx = 4mu M1 Al
y-x=3.2u=2¢u Al
Solve: X=—2u M1 A1l
2u ( 2uso B does not overtake A M1
So no more collisions Al cso
(7)
6 (a) Y
A
X 0.5
<
P M(A):
x0.5sin 60 = 30g x1.5 M1 A2
30g
_ 2
P =90g.-% ~1020 N (1000N) Al
(4)
(b) - X =Pcos60=3P M1 AL
(509N (510N) )
) Y + Pcos30 =30g M1 Al
(= Y = -5838N)
resultant = /(X 2 +Y 2) = /(5097 +588%) ~ 778N M1 AL
or 780N (6)
(¢) In equilibrium all forces act through a point M1
P and weight meet at mid-point;
hence reaction also acts through mid-point so reaction horizontal Al cso
(2)
OR M(mid-point): Yx15=0 = Y=0 M1
Hence reaction is horizontal Al

6678 Mechanics
June 2005 Advanced Subsidiary/Advanced Level in GCE Mathematics
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(b) KE gained = 1 x 3x5% =37.5 J

Work-energy: Fx8=117.6-37.5=80.1
= F =10.0125~10 N

() R =39c0s30 (=25.46N)
F=R=u= ~ 0.3930r 0.39
M= 1= 5 46
(d) Work done by friction = 80.1 as before

Work-energy: 1x3xv? =1x3x2%+117.6-80.1
= v~5390r54mst

7(a) PElost=3xQgx8sin30=3xgx8x0.5 = 1176J ~ 118J

M1 AL
(2)

M1 Al

M1 ALV
Al

Bl
M1 Al

3)
M1
M1 A2,1,0V
Al
(5

6678 Mechanics
June 2005 Advanced Subsidiary/Advanced Level in GCE Mathematics



PMT
PhysicsAndMathsTutor.com

6678 Mechanics
June 2005 Advanced Subsidiary/Advanced Level in GCE Mathematics



PhysicsAndMathsTutor.com

January 2006 6678 Mechanics M2 Mark Scheme
Question Scheme Marks
Number
1. (a) Kinetic Energy = $x3x8* =96, J B1B1
)
(b) F=u3g B1
Work-Energy 139x12 =96 M1 Alft
u=0.270r0.272 Al
Alternative for (b) 4)
_8-0 8
2x12 3
139 Bl
1#3g=3x% M1 Al
Al
u=0.270r0.272 4)
6
2. €) F=(2t+4)i+(3-3t)j M1 Al
I, =10i —24] substituting t =3 | M1
It =(10% +24°) =26 (ms™) M1 Al
(%)
(b) 0.4(v—(10i —24j)) = 8i —12] ft their ¥, | M1 ALft
. i - Al
v=30i-54j (ms™
i (ms?) @)
8
. @ =% (=800) M1
800—-R =1000x0.2 ft their 800 | M1 Alft
R =600 * cso | Al
(4)
(b) 1OOOg><4—1O+Tr _R M1 Al
T - 7000 ML
U
M1 Al
U=~20 accept 19.7
P (5)
9

PMT
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January 2006 6678 Mechanics M2 Mark Scheme
Question Scheme Marks
Number
3 (a) 3u 2u
_> 4—
— —
X 8u/3
LM 6mu —2mu :2mx+%mu M1 Al
3]
X=—=U
3
8
NEL gu—x:Sue |’ M1 Al
i 2
Solving to ezg M1 Al
(6)
. 1 2 1 2 2
(b) Initial K'E;EX 2m(3u) X m(2u)” =11mu
2 2
Final K.E. == 2m Eu +Lem §u = 4mu? both | M1
2 3 2 3
Change in K.E.= 7mu® % M1 Subtracting and simplifying| M1 Al
to kmu® Alcso (3)
8 14
(©) m| —u+v|==—mu M1 Al
3 3
(v=2u)
e 2 _3 M1 Al
8, 4 (4)
13
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January 2006 6678 Mechanics M2 Mark Scheme
Question Scheme Marks
Number
5. @
12mX =6mx9 M1
X=43 Al
12my =16m—8m M1
= 2 Al
Yy=3 (@)
(b) (12+k)mx4=12mx4%+kmx3 ft their X | M1 A1ft
Al
k=6
©)
_ M1 Al
(©) 18mxAi=12mx%, = A=% )
d 4 ° ft thei
(d) tanﬁzy, = #=~83.7 t their A4, cao M1 ALlft Al
9
©)
12
6. (a) N
i
a
v
W
2a/ VY
R
IR
LR Bl
T R=5W B1
M(B): 4Wacos@ +W.2acosé + uR4asin @ = R.4acosb M1 Al
Having enough equations & solving them for # |: M1
1 =0.35 Al (6)
(b) 2 S=0B+kW B1
Use of F=0.35Sor F <0.35S M1
M(B ): kW4acos® +W.2acos 6+ F4asing = S.4acos¢ M1 A1l
Having enough equations & solving them for K M1
k=10 awrt 1.42 | Al
k4 fttheir k, accept > and decimals Alft (71)3
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January 2006 6678 Mechanics M2 Mark Scheme
?\Ilterﬁgg? Scheme Marks
7. @ u, =11cos30° B1
S 11c0s30°xt=10 = t=1.05 (5) cao | MTAL o
(b) s=11sin30°xt—4.9t* ~ 0.37 B1 M1 Al
Al
2-1)-0.37=0.63 (m
(2-1) (m) @
10
(©) V cos30°xt =10 t=——— M1 Al
V cos30°
s=Vsin30ox 0 49100 M1 Al
V cos30° V“cos @
V?=136.86 M1
Al
V ~12 accept 11.7
P (6)
(d) Band/or T are not particles
( They have extension giving a range of answers) Bl (1)
14
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General Instructions

10.

11.

The total number of marks for the paper is 75.

Method (M) marks are awarded for ‘knowing a method and attempting to
apply it’, unless otherwise indicated.

Accuracy (A) marks can only be awarded if the relevant method (M) marks
have been earned.

(B) marks are independent of method marks.
Method marks should not be subdivided.

For misreading which does not alter the character of a question or materially
simplify it, deduct two from any A or B marks gained, in that part of the
guestion affected. Indicate this action by ‘MR’ in the body of the script (but
see also note 10).

If a candidate makes more than one attempt at any question:

(@) If all but one attempt is crossed out, mark the attempt which is NOT
crossed out.

(b) If either all attempts are crossed out or none are crossed out, mark all the
attempts and score the highest single attempt.

Marks for each question, or part of a question, must appear in the right-hand
margin and, in addition, total marks for each question, even where zero,
must be ringed and appear in the right-hand margin and on the grid on the
front of the answer book. It is important that a check is made to ensure that
the totals in the right-hand margin of the ringed marks and of the unringed
marks are equal. The total mark for the paper must be put on the top right-
hand corner of the front cover of the answer book.

For methods of solution not in the mark scheme, allocate the available M and
A marks in as closely equivalent a way as possible, and indicate this by the
letters ‘OS’ (outside scheme) put alongside in the body of the script.

All A marks are ‘correct answer only” (c.a.o.) unless shown, for example, as
Al f.t. to indicate that previous wrong working is to be followed through. In
the body of the script the symbol should be used for correct f.t. and

for incorrect f.t. After a misread, however, the subsequent A marks affected
are treated as A f.t., but manifestly absurd answers should never be awarded
A marks.

Ignore wrong working or incorrect statements following a correct answer.

X
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Mark scheme

1. a=5-2t >v="5-t4+6
V=0 > P -5t-6=0 indep
t-6@t+1)=0 dep
t=6s
P =600 or 1000P =600 = P=14.4kW
2. (a) 24 24
(b) % — 1200x 9.8 xsin ¢ — 600 = 1200a
= a = 0.4ms3
3. (a) | = +£0.5(16i + 20j - (-30i))
= +(23i + 10j) indep
magn = V(23? + 10% ~ 25.1Ns indep
(b) v =16i + (20 - 10t)j
t=3 = v = 16i-10j indep
v = V(16° + 10°) =~ 189ms™ indep
4. (a) Total mass = 12m (used)
(i) M(AB): m.3a/2 + m.3a/2 + m.3a + 6m.3a + 2m.3a = 12m.x indep
5
= X = —a
2
(i) M(AD): m.a + ma +m.2a + 6m.2a = 12m.y indep
=>y-= ﬂa
3
(b) an o = 2a-4al3
5a/2
= a =~ 14.9°

M1 A1, Al
M1
M1

Al
(6)

M1 Al

()

M1 A2,1,0

Al
(4)

M1

M1

M1 AL
(4)

M1

M1

M1 Al
(4)

M1

M1 Al

Al

M1 Al

Al
(")

M1 Alf.t.

Al cao

(3)
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5. (a) Xa = 28t Xg = 35c0s o t B1B1
Meet = 28t = 35cos at = cos o = 28/35 = 4/5 * M1 Al
(4)
(b) ya = 735 — Yhgt?  yg = 21t — Y gt? B1B1
Meet = 735 =21t = t = 3.55 M1 Al
(4)
6. (a)
S mg
R M(A):
S.3a = 4mg.2acos o + mg.dacos a« M1Al
A F 4mg
:ﬁmga:S:Emg* Al
5 5
®3)
(b) R(M: R + Scose = 5mg M1 Al
R(—): F = Ssince M1 Al
F<uUR = pu > g * dep on both previous M’s M1 Al
(6)
(c) Direction of S is perpendicular to plank
or No friction at the peg Bl
(1)
7.(@ R =4gcosa = 169/5 = F = 2/7x16g/5 M1 Al
Work done = Fx25 = 224 or22] indep M1 Al
(4)
(b) Vx4Xxu? = 224 + 4gx2.5x3/5 M1 A2,1,0ft.
= U~ 6.37ms* or 6.4 ms™ Alcao
(4)
() Vx4xVv: = Yhx4xu® — 448 M1 A2,1,0ft.

[OR % x4xVv? =0 + 4gx25x3/5 — 22.4]

= V ~ 427 ms> or 4.3 ms™ Al

(4)
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8. (@ U—ooop
mQO O 4m
V — — W

mu = 4mw — mv
eu = W+ Vv

l+e de -1
- W= —u, V =
(5) ( 5

Ju

PMT

M1 Al
M1 Al

indep M1AlAl

(7)
4+ 4e
b W= u Bl f.t.
(b) ( o )
Second collision =>w’ > v
4+ 4e S de-1 M1
25 5
= e < 9/16 dep M1A1l
Alsov>0 = e > 1/4  Hence result (*) Bl
(5)
(c)
KE lost = % mu® — [Y2.4m{(u/5)(1+ )} + Y m{(u/5)(4e - 1)}] M1 Alft.
= 3
10

Al cao

(3)
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Question
Number Scheme Marks
1 [ 2 7
. | ~08(15"-10%)=50 (I) MIAL 2
(b) F=uR=u08¢g M1
Work-energy 1£0.8g %20 =50 ft their (a) | M1 Alft
[=0.32 accept 0.319 | A1 4 6
Alternative for (b)
, 15" -10°
V= +2as = a= =3.125 MI
2x20
N2L F =umg=ma=3.125m M1 Alft
(=032 accept 0.319 | A1 4
Alternative for (b)
50 .
WE F =£ (= 15) M1
50 :
F=uR=>—=pu08g ft thewr (a) | M1 AL ft
20 Al
=032 4
The first M1 for () could be scored in (a):
,
vi=pts20s =107 =157 - 2x20% (-)a = a= (—}% (b)M1
F:”fﬂjFZE.S (EF”I‘\r{IAl
WD=Fxd=25x20=50J

PMT
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F+800gsina =900

F=5733
W =5731x15=8600
=8.6 kW
NB. Going up hill is an error, not a Misread
1 .
(b) N2IL 800x9.8> 74_90D =800a *
43
a=-—— awrt —0.72
60
3
0= 15—4—1’"
60
T =21 accept 20.9

* If they are using their F from (a) then they need to have scored the
MI in (a) in order to score the MI here.

Alternative for (b)
WD: 57315 = L g0015°
3 2
s =157
Useof v* =’ +2as M1 for getting as far as an equation in a.
a=0.72 Al

finish as above.
2° Alternative for (b)
Ft=Change in momentum:
MI Using the correct F
M1 Use of the method to form an equation
Al Equation correct unsimplified but fully substituted
Al T =121

M1
Al

M1
Al

M1

Al

M1

Alcso

[ ==

PMT
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Question
Number Scheme Marks
3. (a) Large Small Template
Mass Ratios 247 8. 512 anything in ratio 9: 1:8 | B1. Blft
(1810 ¢200  ¢1610)
M(4) 9x24=16x1+8% MI1* Al
X =25 (cm) exact DM1* Al 6
. 1 .
M(axis 11M =12x—m ft their ¥
® (axcis) 4 MI1 7 Alft
( (36—-3)M =12 x%m )
3 DMI1 T A1 4
M =™ (o.ee.) 10
4.(a) i NEL 3v—(—v)=eu M1 Al
+—>
1 =8v Al 3
m @
(b) LM Smv=—mv+3kmv fitheiru | M1 Alft
v 3v (m > (u)=—mv+3kmv )
k=3 Al 3
(¢) |3 LM Omy =—-3my+11my fitheirk | M1 Alft
i) Q NEL 2y =ex3v M1
el —Ljm j‘=§1‘:’€=% * Cso Al 4
y y
(d) y= %1’ =1 = further collision between Pand Q0 | M1 Al 2 12
Al 1s cso — watch out for mcorrect statements re. velocity

PMT
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Question
Number Scheme Marks
5. (a) M(4) Tsinf@xda=mgx=2a+2mg=3a |MI* Al=Al
r-3me > 10, . DMI* Al 5
4 3
Accept 32.7m, 33m
2a a
l #rg 2mg
10 4. _8 |
(b) —  R=Tcos# —‘—mcx_—.—hmc * eSO | M1 Alft Al
ft their T
3
(c) T F+Tsin@=3mg — F=mg tt their T fllft
Or: M(B) Fx4a=mgx2a+2mgxa=F =mg
3
F=UuR = u=-
' 8 M1 A1 4 12

(a) Alternative approach:
— R=Tcost

Tt F+Tsinf=3mg
M(B)F = 4a=mg = 2a+2mg=a(—= F =mg)

2mg  10mg
sin @ 3

= mg+Tsind=3mg=T=

If they use this method. watch out for F=mg just quoted in (¢): M1A1

PMT
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(a)

(b)

(©)

(d)

N2L  (1.5" -3)i+2fj=0.5a

a=(3t"-6)i+4

v=( —61)i+2°) (+c)
t=2  —di+5j=-4i+8j+c  (c=-3j)
v=(r—6r)i+(2t°-3)j (ms™)

=3 v=0i+15j (ms™) * cso

Q=0.5(-3i+20j—(9i+15j)) (=0.5(-12i+5j))
Q|=0.5+/(5+12%)=6.5

. 5
acute angle 1s arctanﬁ ~ 23°

. , -5
or I'E(]Ull'Ed angle 15 arctan —
12

: 12
or acute angle is arccos— = 23°
13

. . —-12
or I'E(]llll'Ed angle 15 arccos ?

required angle 1s 157° awrt 157°, 203°

M1
Al

M1 Al
M1
Al
Al

M1
M1 Al

MI1 Al

[1-2

I

|t2

PMT
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Question
Number Scheme Marks
7. (a) Energy %m (24.5 —u” ) =mg x15 M1 A1=Al
u® =24.5° —30g =306.25
n=+30625=175 * cso | Al 4
(b) -  u =wucosf@=175208=14 Bl
Y/ = arccos -w:q =~ 55° accept 55.2° MI AL 3
- (0.96 rads, or 0.963 rads)
(c) T u, =usind=17.5x0.6=10.5 Bl
S—ut+—at = —45=10.5(—4.9¢ M1 Al
leading to 7=4.3, awrt r=43orr=43% Al
— BD=14x4%2 (14x1) it their 7 | M1 Alft
=60 (m)only Al 7 14
T Ndlternarive for (a)
— u, =ucost=0.8u. T u, =usinég=0.6u
v:=0.36u" +2x9.8x15=0.36u" +294
24.5% =u] +v] = 0.641° ,+0.360° +294 M1 Al.Al
' =30625 = wu=175 * cso | Al 4
Alternative for (b) — wu_=wcosf=175x08=14 Bl
T vl =u’sin’ 6+2x9.8x15=404.25
&/ 40425
w = arctan — ~55°  accept 55.2°
- " P M1 Al 3
: gsec” &
Alternative for (¢) Use of v =xtané —‘:’Ef—czxz M1
2u
-45:21‘_-#){&1‘1 Bl1.Al
4 2x17.57 16
x* —30x-1800=0 oe. Al
Factors or quadratic formula M1 Alft
BD =60 (m) Al

PMT
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For M marks, correct number of terms, dimensionally correct, all terms that need resolving are resolved.
Omission of g from a resolution is an accuracy error, not a method error.

Omission of mass from a resolution is a method error.

Omission of a length from a moments equation is a method error.

Where there is only one method mark for a question or part of a question, this is for a complete method.
Omission of units is not (usually) counted as an error.

When resolving, condone sin/cos confusion for M1, but MO for tan or dividing by sin/cos.

PMT

Question Scheme Marks
Number
1 Force exerted = 444/6 (= 74 N) B1
R+90gsin o = 444/6 M1 Al
= R =32 Al
(4)
B1 444/6 seen or implied
M1 Resolve parallel to the slope for a 3 term equation — condone sign errors and sin/cos confusion
Al All three terms correct — expression as on scheme or exact equivalent
Al 32(N) only
2 () a = dv/dt = 6ti-4j M1 Al
)
(b) Using F = %a, sub t = 2, finding modulus M1, M1, M1
eg. att=2,a= 12i—4j
F=6i-2j
IF| = V(6 +2) ~ 6.32N A1(CSO)
(4)

M1 Clear attempt to differentiate. Condone i or j missing.
Al Dboth terms correct (column vectors are OK)

The 3 method marks can be tackled in any order, but for consistency on epen grid
please enter as:

M1 F=ma (their a, (correct a or following from (a)), not v. F:% a).

Condone a not a vector for this mark.
M1 subst t = 2 into candidate’s vector F or a (a correct or following from (a), not v)
M1 Modulus of candidate’s F or a (not v)
Al CSO All correct (beware fortuitous answers e.g. from 6ti+4j)) Accept 6.3, awrt

160

6.32, any exact equivalent e.g. 2v10,40, —
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(@)

(b)

M (AF) 4a’a - a3al2 = 3ax
X = 5a/6

Symmetry = y = 5a/6, or work from the top to get 7a/6

M1 A2,1,0
Al
(4)
B1v
M1 ALY
Al

(4)

M1 Taking moments about AF or a parallel axis, with mass proportional to area.
Could be using a difference of two square pieces, as above, but will often use the
sum of a rectangle and a square to make the L shape. Need correct number of terms
but condone sign errors for M1.

Al Al All correct

Al A0 At most one error

Al 5a/6, (accept 0.83a or better )

Condone consistent lack of a’s for the first three marks.
NB: Treating it as rods rather than as a lamina is MO

B1ft x =y =their 5a/6, or y =distance from AB = 2a - their 5a/6.
Could be implied by the working. Can be awarded for a clear statement of value

in (a).
M1 Correct triangle identified and use of tan. 2615_—?2/6 is OK for ML1.
a
Several candidates appear to be getting 45" without identifying a correct angle. This
is MO unless it clearly follows correctly from a previous error.

Alft Tan o expression correct for their 5a/6 and their y
Al 35.5 (Q asks for 1d.p.)

NB: Must suspend from point A. Any other point is not a misread.
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4. (a)

(b)

PE lost = 2mgh —mgh sin ¢ (= 7mgh/5 )

Normal reaction R = mgcos a (=4mg/5 )

Work-energy: 1mv2 +£.2mv2 = 7mgh _§_4mg h
2 2 5 8 5
:Em\,?:m = V2:§gh
2 10 5

M1 Al

()
B1

M1 A2,1,0

Al
)

M1 Two term expression for PE lost. Condone sign errors and sin/cos confusion,
but must be vertical distance moved for A

Al Both terms correct, sina correct, but need not be simplified. Allow 13.72mh.
Unambiguous statement.

B1 Normal reaction between A and the plane. Allow when seen in (b) provided it is
clearly the normal reaction. Must use cosa but need not be substituted.

M1(NB QUESTION SPECIFIES WORK & ENERGY) substitute into equation of
the form

PE lost = Work done against friction plus KE gained. Condone sign errors. They
must include KE of both particles.

A1A1 All three elements correct (including signs)

A1AO0 Two elements correct, but follow their GPE and px their Rxh.

Al V? correct (NB kgh specified in the Q)
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5.(a)

(b)

63N

ﬂ_

k=

Y 29

M(A) 63sin30.14 = 2g.d
Solve: d = 0.225m
Hence AB = 45cm

R(—) X = 63 cos 30 (= 54.56)
R(T) Y = 63sin30-2g (= 11.9)
R = J(X*+Y? ~ 55.8,55.9 or 56 N

M1ALAL
Al
(4)
B1
M1 Al

M1 Al
©)

M1 Take moments about A. 2 recognisable force x distance terms involving 63 and
2(9).

Al 63 N term correct

Al 2g term correct.

Al AB =0.45(m) or 45(cm). No more than 2sf due to use of g.

B1 Horizontal component (Correct expression — no need to evaluate)
M1 Resolve vertically — 3 terms needed. Condone sign errors. Could have cos for
sin.

Alternatively, take moments about B : 0.225x 2g =0.31x63sin 30 + 0.45Y

or C: 0.14Y =0.085x2g

Al Correct expression (not necessarily evaluated) - direction of Y does not matter.
M1 Correct use of Pythagoras
Al 55.8(N), 55.9(N) or 56 (N)

OR For X and Y expressed as FcosO and Fsin6 .
M1 Square and add the two equations, or find a value for tan6, and substitute for
sing or coso

Al As above .

N.B. Part (b) can be done before part (a). In this case, with the extra information
about the resultant force at A, part (a) can be solved by taking moments about any
one of several points. M1 in (a) is for a complete method - they must be able to
substitute values for all their forces and distances apart from the value they are trying
to find..
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6. (@)

()

(©

0 = (35sin «)® —2gh
h = 40m

X =168 = 168 = 35cosa.t (=1t=8s)

Att=38, y:35$ino:><t—%gt2 (=28.8-1%.0.82 = —89.6 m)

Hence height of A = 89.6 mor90 m
vmv? = 1/2.m.35% + mg.89.6

= v = 54.60r55ms=

M1 AL
Al (3

M1 Al

M1 Al

DM1 Al
(6)

M1 Al

Al (3

M1 Use of v? =u? + 2as, or possibly a 2 stage method using v=u +at and
S :ut+£at2
2

Al Correct expression. Alternatives need a complete method leading to an equation
in h only.
Al 40(m) No more than 2sf due to use of g.

M1 Use of x = ucosa.t to find t.
Al 168 =35xtheircosa xt

M1 Use of s=ut +%at2 to find vertical distance for their t. (AB or top to B)

Al y:353inoz><t—%gt2 (u,t consistent)

DM1 This mark dependent of the previous 2 M marks. Complete method for AB.
Eliminate t and solve for s.
Al cso.
(NB some candidates will make heavy weather of this, working from A to max
height (40m) and then down again to B (129.6m))
gx’sec’ a
2u’®
M1 formula used (condone sign error)
Al x,u substituted correctly
M1 o terms substituted correctly.
Al fully correct formula
M1, Al as above

OR: Using y=xtana —

M1 Conservation of energy: change in KE = change in GPE. All terms present.
One side correct (follow their h).
(will probably work A to B, but could work top to B).
Al Correct expression (follow their h)
Al 54.6 or 55 (m/s)
OR: M1 horizontal and vertical components found and combined using Pythagoras
vy =21
vy = 28 — 9.8x8 (-50.4)
Al vy and vy expressions correct (as above). Follow their h,t.
Al 54.6 or 55
NB Penalty for inappropriate rounding after use of g only applies once per question.
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Question Scheme Marks
Number
7.
—Ph
mO Q 5m
—p —
CLM: mv+5mw = mu
() NLI: wW-V =eu gi
Solvev: v = %(1-5e)u, so speed = 1(5e—1)u (NB — answer given on paper)
6 M1* Al
Solvew: w = (l+e)u
* The M’s are dependent on having equations (not necessarily correct) for CLM and | M1* Al
NLI (6)
(b) After B hits C, velocity of B = “v” = 1(1-5.4)u=-%u M1 A1l
velocity < 0 = change of direction = B hits A A1CSO 3)
© velocity of C after = Zu Bl
When B hits A, “u” = %au, so velocity of B after = — %(-%u) = +u B1
Travelling in the same direction but £ <3 = no second collision M1
Al CSO
4)

B1 Conservation of momentum — signs consistent with their diagram/between the
two equations

B1 Impact equation

M1 Attempt to eliminate w

Al correct expression for v. Q asks for speed so final answer must be verified
positive with reference to e>1/5.

Answer given so watch out for fudges.

M1 Attempt to eliminate v

Al correct expression for w

M1 Substitute for e in speed or velocity of P to obtain v in terms of u. Alternatively,
can obtain v in terms of w

AL (+) u2 (v:-%‘”)

Al CSO Justify direction (and correct conclusion)

B1 speed of C = value of w = (i)% (Must be referred to in (c) to score the B1.)

B1 speed of B after second collision (J_r)%u or (J_r)%w

M1 Comparing their speed of B after 2™ collision with their speed of C after first
collision.
Al CSO. Correct conclusion .
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8.(a)

(b)

(©)
(d)

0<t<4: a= 8-3t

a=0= t=8/3s
2
S ovs .§—§.(§j = 32 ()
3 213 3

second M1 dependent on the first, and third dependent on the second.

s = 42 - 92
t=4: s =64-64/2 = 32m
t>4: v=0 =t =8s

Either
t>4 s = 16t—t* (+C)

t=4,s=32 > C = -16 = s = 16t-t'- 16
t=10 - s= 44 m

But direction changed, so: t=8,s=48
Hence total dist travelled = 48+4=52m

Or (probably accompanied by a sketch?)

t=4 v=8, t=8 v=0, so area under line = %x(8—4)><8

t=8 v=0, t=10 v=-4, s0 area above line = %x (10-8)x4
Hence total distance = 32(from b) + 16 + 4 =52 m.

Or M1, Alfort>4 % = -2, =constant

t=4, v=8; t=8, v=0; t=10, v=-4
M1, Al s:%t :3—22t, =16 working fort=4tot=8

M1, Al s :u_;rvt :_74t , =-4 working fort=8tot=10

M1, Al total = 32+14+4, =52

M1
DM1

DM1 Al
(4)

M1

M1 Al
(3)

B1 (1)

M1

M1 Al

M1 Al

M1

DM1 Al
(8)

M1A1A1

M1A1A1

M1AL
(8)
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M1 Differentiate to obtain acceleration
DML1 set acceleration. = 0 and solve for t
DM1 use their t to find the value of v
Al 32/3, 10.70ro better

OR using trial an improvement:
M1 lIterative method that goes beyond integer values
M1 Establish maximum occurs for t in an interval no bigger than 2.5<t<3.5
M1 Establish maximum occurs for t in an interval no bigger than 2.6<t<2.8
Al

Or M1 Find/state the coordinates of both points where the curve cuts the x axis.
DM1 Find the midpoint of these two values.
M1A1 as above.

Or M1 Convincing attempt to complete the square:

2
DM1 substantially correct gr—t — —g(t —g)z 3,54

2 2 9
DM1 Max value = constant term
Al CSO

M1 Integrate the correct expression

DM1 Substitute t = 4 to find distance (s=0 when t=0 - condone omission / ignoring
of constant of integration)

Al 32(m) only

Bl t=8(s) only

M1 Integrate 16-2t

M1 Use t=4, s= their value from (b) to find the value of the constant of integration.
or 32 + integral with a lower limit of 4 (in which case you probably see these

two marks
occurring with the next two. First A1 will be for 4 correctly substituted.)

Al s = 16t—t*— 16 or equivalent

M1 substitute t = 10

Al 44

M1 Substitute t =8 (their value from (c))

DM1 Calculate total distance (M mark dependent on the previous M mark.)

Al 52 (m)

OR the candidate who recognizes v = 16 — 2t as a straight line can divide the shape
into two triangles:

M1 distance for t = 4 to t = candidate’s 8 = %2 x change in time x change in
speed.

Al 8-4

Al18-0

M1 distance for t = their 8 to t = 10 =% x change in time x change in speed.

Al 10-8

Al10-(-4)

M1 Total distance = their (b) plus the two triangles (=32 + 16 + 4).

Al 52(m)
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Question

Number Scheme Marks
1. (a) KE lost is %x2.5x82 =80 (J) ML1Al (2
(b) Work energy  80=Rx20 ft their (a) M1 Al ft
R=4 Al 3)
[5]
Alternative to (b)
0°=8°-2xax20 = a=(-)16
N2L R=25x1.6 fttheira | M1 Alft
=4 Al (3)
2. | (@) p=(6t-6)i+(9t’-4)j (ms™) MLAL (2)
(b) o’ -4=0 M1
t=% DM1Al (3)
(© t=1 = p=5j fttheir p | B1ft
(+/-) 2i-6j=0.5(v-5j) M1
v=4i-7j (ms™) M1AL (4)

[

[9]

PMT
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Question

Number Scheme Marks
3. @ 20000=16F (F =1250) M1 Al
A F =550+1000x9.8sin & ft their F | M1 Alft
Leading to sin@ =4 cso | Al (5)
(b) N2L 22 550 +1000x 9.8 xsin# =1000a
(550+1000x9.8x - =1000a ) M1 Al
or 1250 = 1000a
(a=(-)1.25)
vi=u’+2as = 16°=2x1.25xy M1
y ~102 accept 102.4, 100 | A1 (4)
_ [9]
Alternative to (b)
Work-Energy 1x1000x16° ~1000x9.8x £ y =550y M1 M1 Al
y ~102 accept 102.4,100 | A1 (4)
4, @) Triangle Circle S
Mass ratio 126 9z 126 -97
(28.3) (97.7) B1BIft
X 7 5 X
v 4 5 y 4,7 seen | B1
126x7 =97 x5+(126—97)xX ft their table values | M1 Alft
x~758 (3287 w76 | AL
126 -9z
126x4 =97 x5+(126-97)xy ft their table values | M1 Alft
504 — 457
y~ 371 (— awrt 3.7 | Al 9
y ( 1269, ) (9)
(b) tan 6 = — fttheir X,y | M1 Alft
21-X
6 ~15° Al (3)

[12]
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Question Scheme Marks
Number
5. @ N B
2a
30°
a/ | mg
R v
T7/w13mg
A F
M(A) N x 4ac0s30° = 3mg x asin 30°+ mg x 2asin 30° M1 A2(1,0)
5 5
N=—mgtan30° (= —=mg =7.07...m) DM1 Al
4 443
—» F=N , T R=4mg B1, B1
Using F, = uR Bl
5 .
——mg = uR for their R
43 g=u M1
S Al
=— awrt 0.18
#1643 (10)
[10]
Alternative method:
M(B): mg x 2asin 30 + 3mg x 3asin 30 + F x 4acos30 = R x 4asin 30
11mgasin 30 + F x 4acos30 =R x 4asin 30
" '3 M1A3(2,1,0)
M rY° 2R
2 2 DM1Al
T R=4mg, B1
Using F, = 4R Bl
M1l Al

5 5
B35, =5
S TNE

PMT
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@) > 30=2ut
T -47.5=5ut-4.9t>
—475=75-4.9t eliminating u or t
o 75+47.5(: 25)
4.9
t=5 % Cso
(b) 30=2ut = 30=10u =u=3
(c) ) y =5u—9.8t=-34 M1 requires both
— X=2u=6 X and y

V2 =6 +(-34)°
v~345 (ms*) accept 35

Alternative to (c)
imvi —imvi=mxgx47.5 with Vv =6°+15"=261
Vs =261+2x9.8x47.5 (=1192)
V, ~345 (ms™) accept 35

BEWARE : Watch out for incorrect use of v2 =u? + 2as

Bl
M1 Al
DM1

DM1
Al
(6)

M1 Al
2)

M1 Al
Al
DM1

Al
®)

[13]

M1 A(2,1,0)

DM1
Al
®)

PMT
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Question Scheme Marks
Number
7. @ 2u u
— —
— —
X y
LM 4mu +3mu = 2mx + 3my M1 Al
NEL y—-X=3u Bl
Solvingto vy :%u X Cso M1Al1 (5
(b) X =%u or equivalent | B1
Energy loss 1x 2m((2u)2 —(Hu)2)+l>< 3m(u2 —(ﬁu)z) M1 A(2,1,0)
2 10 2 5 1Ly
= 2mu’ Al (5)
) gu
—
@ —>:
S t
LM 2 mu =3ms +mt M1 Al
NEL t-s=2eu [ B1
Solvingto s=2u(3-e) M1 Al
For a further collision ~ 1lu>Zu(3-e) M1
e>= ignoree <1 | Al )

[17]
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General Marking Guidance

o All candidates must receive the same treatment. Examiners must mark the first candidate
in exactly the same way as they mark the last.

o Mark schemes should be applied positively. Candidates must be rewarded for what they
have shown they can do rather than penalised for omissions.

o Examiners should mark according to the mark scheme not according to their perception
of where the grade boundaries may lie.

o There is no ceiling on achievement. All marks on the mark scheme should be used
appropriately.

o All the marks on the mark scheme are designed to be awarded. Examiners should always

award full marks if deserved, i.e. if the answer matches the mark scheme. Examiners
should also be prepared to award zero marks if the candidate’s response is not worthy of
credit according to the mark scheme.

o Where some judgement is required, mark schemes will provide the principles by which
marks will be awarded and exemplification may be limited.

o When examiners are in doubt regarding the application of the mark scheme to a
candidate’s response, the team leader must be consulted.

o Crossed out work should be marked UNLESS the candidate has replaced it with an
alternative response.
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Question Scheme Marks
Number
1. 1600
Tr Resolve 7 : T, + 20009 x sin o =1600 M1 Al Al
x 20009 (T, =816)
P=816x14 (W) ft their T, | M1 ALft
~11(kw) accept11.4 | Alcso (6)
[6]
2 (@) 3u 2u
—> —
— —>
X y =4eu
LM 12mu + 6mu = 4mx +12meu Bl
NEL deu—x=eu [ M1 Al
Eliminating x to obtain equation in e DM1
Leading to e :% E 3 cso | Al (5)
(b) X = 3eu or %u or 4.5u - 3eu seen or implied in (b) | B1
2
Loss in KE = l4m(3u)2 +13m(2u)2 —14m gu —13m(3u)2 M1 Alft
2 2 2 4 2
ft their x
= 24mu? —23§mu2 =§mu2 = 0.375mu? Al (4
[9]
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Question Scheme Marks
Number
3.
(a AKE = %><3.5(122 —82) (=140) or KE at A, B correct separately B1
APE =3.5x9.8x14sin20° (~164.238) or PE at A, B correct separately | M1 Al
AE = AKE+APE ~304, 300 DM1ALl (5)
(b) Using Work-Energy
F, = 4 x3.5gcos20° M1 Al
304.238...=F, x14 ft their (a), Fr | M1 AL ft
304.238...= 13.5g cos 20°x14
u~0674 ,0.67 Al (5)
[10]
Alternative using N2L
uR _ R F. = ux3.5gc0s20° M1 Al
vi=u’+2as = 8 =12"-2axl4
m (a:§j (2.857 ....)
N2L R K : {their F,}- mgsin20°=ma _ M1 Alft
ft their F,.
Leading to ¢ ~0.674 or 0.67 Al (5)
4. (a) N2L (6t-5)i+(t"—2t)j=0.5a M1
a=(12t-10)i+(2t* - 4t)] Al
v =(6t>~10t)i +(%t3 - Zthj (+C)  fttheira | M1 Alft+Alft
2 ; 2 .4 2 ;
v =6t —10t+1)|+(§t —2t —4)1 Al (6)
(b) When t=3, v, = 25i —4j M1
—~5i+12j=0.5(v—(25i - 4j)) ft theirv, | M1 Alft
v =15i+20j Al
V]=(15*+20*)=25 (ms™) cso | MLAL (6)

[12]
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Question
Number Scheme Marks
5. @)
R(T) R+Pcosa=W M1 Al
M (A) Px?2a=W x1.5acosa M1 Al
(P =§w COSO{]
4
R=W—Pcosa:W—%Wcosza DM1
1 2
:2(4—3005 a)W %k cso | Al (6)
: 2 2
(b) Using cosa =3 R= §W Bl
R(—)) UR=Psina M1 Al
Leading to yz%sina
(sina:\/(l—g):é)
\5
ZT awrt 0.56 | DM1 A1 (5)

[11]
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?\lﬁﬁgg? Scheme Marks
6. (@  M(Oy) (8+k)mx6.4=5mx8+kmx8 M1 A1l
16k=11.2 = k=7 * cso [DM1Al (4)
(b)  M(Oy) 27mX =12mx4+5mx8+7mx8 M1 Al
X =% 5.3 or better | Al
M (Ox) 27my =12mx2.5+8mx5 M1 Al
y=10 2.60rbetter | Al (6)
27
©) tang=Y - M1 Alft
X 72
0 ~ 26° awrt 259 ° | Al ©)

[13]
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(lg\luestion Scheme Marks
umber
7. (a) (¥) u, = 25sin30° (=12.5) B1
12 =12.5t + 4.9t° —1 each error | M1 A2 (1, 0)
Leadingto t =0.743 , 0.74 Al 5)
(b) (—) u, = 25c0s30° (: 2548 21.65} B1
OB =25c0s30°xt (~16.09458) ft their (a) | M1 Alft
TB=1.1(m) awrt 1.09 Al 4)
(c) (=) 15=u xt=t :E(:¥ ~0.693 or 0.69) M1 Al
uX
either (¥) v, =12.5+9.8t (~19.2896) M1
VZ=u?+v,” (~840.840)
V~29 (ms?), 29.0 M1AL (5)
[14]
or (¥) s, = 12,5t + 4.9t (~ 11.0) M1
L xo5? 4 mg xs, R
2 2
V~29 (mst), 29.0 M1A1
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Question Scheme Marks
Number
1 R T F = ma parallel to the slope, M1*
T —1500gsiné — 650 = 1500a Al
Tractive force, 30000 =T x 15 M1*
00 20000 _ 1500(9.8)() — 650
15009 =1 1(500)(14) d*M1
0.2 (ms?) Al
(5)
[5]
2 (a) P _ _
R(M):R =259 + 75g(=100g) B1
s & ° FzyR:F:i—éxlOOg M1
c =449 (=431) Al
(3)
(b) M(A): 1
25g x 2cos f + 75g x 2.8cos
R gx _ B gx B 72.1.0
759 =Sx4sin g
R(<):F =S
f 25g .
R S F 176gsin g = 260gcos S M1A1
B =56() AL
(6)
(c) | So that Reece’s weight acts directly at the point C. B1
[10]

6678/01 GCE Mathematics January 2009
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Question

Number Scheme Marks
3 (a) R R($) :R =109 B1
4
F=uR = F=-(10g)=56 B1
HuR < > 70 # 7 ( g)
. . 4
-.WD against friction = —(10g )50 M1
g - (209 ))50)
109
2800(J) Al
4)
" " 2 2 M1*
(b) | 70(50) — “2800" = 1(10)v? - 1(10)(2)
Alft
700 =5v2- 20, 5v? =720 = v =144 d*M1
Hence, v =12 (ms?) Al cao
4)
4
Or b) | N2L . 70-=R =10a M1*
(b) -) s
70—;><109 =10a, (a=1.4) Alft
AB (>):v? = (2 + 2(1.4)(50) d*M1
Hence, v =12 (ms™) Al cao
4)
[8]
4 (a)|v=10t-2t* s=vdt M1
3 Al
—5t* -2 (:0)
t=6:>s=180—144=3_6 (m) Al
(3)
®) S_J- vt — —432t™ (-K )_432 <) BL
t=6,s=“36”:>36:4%2+K M1*
=>K=-36 Al
d*M1
At t =10, s=@—36=7;2(m)
10 Al
(5)
[8]

6678/01 GCE Mathematics January 2009 3
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Question

Number Scheme Marks
5 (a) V - Q
MR 108 187 108 + 18« B1
Xi (=) _
4 6 X B1
from AD
P (b _
yi (V) 6 s ;
from BD
AD (-5): 108(4) + 187(6) = (108 +187) M1
x= 282+ 1087 ) se731 . = 469 (cm) (3sf) AG Al
108 + 18«
4)
(o)) P _
¥i () 6 E y Bl oe
from BD T
— M1
BD(): 108(6) + 187(- 2) = (108+187)y
Alft
= 504
=——— =3.06292... = 3.06(cm) (3s Al
y 108 + 187 (cm) ()
4)
()
vertical
D T M1
— y
0 =
12— 4.68731., dm1
6 =required angle — M
12— 4.68731.. Al
0 =22.72641... = 23 (nearest degree) Al
4)
[12]

6678/01 GCE Mathematics January 2009 4
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Question Scheme Marks
Number
6 (@) | Horizontal distance: 57.6 = p x 3 M1
p=19.2 Al
(2)
(b) | Use s=ut +%at2for vertical displacement. M1
1 2
—0.9:qx3—ng3 Al
9
-0.9=3q - = 3q-44.1
q= ﬂgz =144 *AG* Al cso
(3)
(c) | initial speed+/ p? +14.47 (with their p) M1
=576 = 24 (ms™) Al cao
(2)
@ | tana =24 %) (with their p) B1
Y
1)
(e) | When the ball is 4 m above ground:
3.1:ut+%at2used M1
3.1:14.4t—%gt20.e (4.9t°-14.4t +3.1=0) Al
2 —
144z J14.4) — 4(4.9)(3.1) seen or implied "
2(4.9)
t= % “8146'6 = 0.023389... or 2.70488... awrt0.23 and 2.7 AL
duration = 2.70488... — 0.23389... M1
= 2.47 or 2.5 (seconds) Al
(6)
or6 (e) | M1A1M1 as above
{ - 144£V146.6 AL
9.8
Duration 2 x “1942'6 0.e M1
=2.47 or 2.5 (seconds) Al
(6)
(f) | Eg. : Variable ‘g’, Air resistance, Speed of wind, Swing of ball, B1
The ball is not a particle.
1)
[15]

6678/01 GCE Mathematics January 2009 5
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Question

Number Scheme Marks
—»
7@ Before : Correctuse of NEL | M1*
After y—x=e(2u+u) o.. | Al
CLM (-): 3m(2u) + 2m(-u) = 3m(x) +2m(y) (= 4u=3x+2y) B1
Hence x=y-3eu,4u=3(y-3eu) +2y, (u(9e+4)=5y ) d*M1
Hence, speed of Q =1 (9e +4)u AG Al cso
)
(b) x:y—3eu:%(9e+4)u—3eu M1*
1 2u
Hence, speed P =g(4—6e)u :?(2—39) 0.e. Al
1 2u #
x=§u:?(2—3e):>5u:8u—12eu,:>12e:3 & solve for e d"m1
gives, e=3% = e=1 AG Al
4)
Or  (b) | Using NEL correctly with given speeds of P and Q M1*
3eu= 1(9e+4)u-;u Al
3eu=feu+2u-iu, 3Ze-2e=%4-1 & solve for e d*M1
te=2 = e=8 o e=1 Al
4)
: ~d [4d
(c) | Time taken by Q from A to the wall _V = B Mt
Distance moved by P in this time = E><9 (= E[ﬂ\ = gd ) Al
2y 2\5u/ 5
Distance of P fromwall =d —x(d\ =d-2d=3d AG d'M1;
B k J S 5T 57 Al cso
4)
: 1 1,9 1 5
or c) | Ratio speed P:speed Q =x:iy= —u:=(>+4u==u:>u =25 M1’
(©) P peed Q=xy = Ju: (G rAu=-u:y
So if Q moves a distance d, P will move a distance 2d Al
Distance of P fromwall =d - 2d ;= %_d AG CSO d'mM1; A1
4)

6678/01 GCE Mathematics January 2009 6
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Question

Number Scheme Marks
(d) | After collision with wall, speed Q = 2y = (%)= 1u their y B1ft
: M_x . X .
Time forP, T, = S%U , TimeforQ, T, = T from theiry B1ft
MW_x X
Hence T,, =T,, = S%U = Tu M1
gives, 2(%2 - x)=4x = L-x=2x, 3x=% = x=1d Al cao
(4)
or  (d) | After collision with wall, speed Q = 1y = %(57 =1u their y B1ft
speed P = x = Zu, speed P: new speed Q = Iu:iu = 2:1 fromtheiry B1ft
. 1 1
Distance of B from wall = —xﬁ;: d their — M1; Al
3 5 5 2+1
(4)
2" or (d) | After collision with wall, speed Q =1y =1 57“)= 2u theiry B1ft
Combined speed of Pand Q = 2u + fu=23u
3d
Time from wall to 2" collision = == x= from theiry B1ft
4
Distance of B from wall = (their speed)x(their time) = % X :—d , =2d ML; Al
u —_—
(4)
[17]

6678/01 GCE Mathematics January 2009 7
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Question

Number Scheme Marks
Q1 | =mv-mu
5i—3j= 1 v- L (3i+7])
4 4 M1Al
V = 23i - 5j AL
V| = v23% +5° =235 M1A1
[5]
2 a M1
@ @ % —8-2t
8-2t=0 ML
Max v =8x4—4% =16 (ms™) M1A1
4)
®) | [t —t2dt = at? —%t3(+c) M1A1
(t=0, displacement = 0 = ¢=0)
1
4T?-=T*=0
3 DM1
T2(4—%):0:>T:O,12 DM1
T =12 (seconds) Al )
[el
Q3 (a) | Constant v = driving force = resistance
= F=120 (N) M1
— P=120 X 10 = 1200W M1 -
b . .
(®) Resolving parallel to the slope, zero acceleration:
P 120+ 3009 sin &(= 330) M1A1A1
v
y=220 4 (ms™) Al
330 (4)
[6]
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Question Scheme Marks
Number
Q4 (a) Taking moments about A:
T
X D . 39 XO]S_EXOE M1A1A1
T:3\/§gx%:@(:62.4N) Al
c 4)
(b) T, 99
« +H=—(==2~44.1N)
\/E 2 Bl
eV o3g (v =3g-22 -39 L 147N MIAL
J2 2 2
= |R|=\/81+9x%z46.5(N) M1A1
21 0 . :
at angle tan 37 18.4" (0.322 radians) below the line of BA M1AL
161.6° (2.82 radians) below the line of AB
(108.4° or 1.89 radians to upward vertical) [ 1(3
Q5 (@) | Ratio of areas triangle:sign:rectangle =1:5:6 (1800:9000:10800) Bl
Centre of mass of the triangle is 20cm down from AD (seen or implied) Bl
= 6x45-1x20=5xYy M1Al
¥ = 50cm Al -
(b) | Distance of centre of mass from AB is 60cm B1
. ., 60 .
Required angle is tan 50 (their values) | M1A1ft
=50.2° (0.876 rads) Al
(4)
[°]

6678/01 GCE Mathematics June 2009 3
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Tumber scheme Marte
Q6 (@) | - x=ucosat=10 MIAL
0 y=usinat—%gt2:2 M1A1
i 10
ucosa
2=usina x —QX% i
ucosa 2 U“COS”«a
50g .
=10tan o ————— (given answer) Al
u<cos” o
o (6)
100g x 2
2 =10X1—m M1A1l
uzz%,u:wf%zﬂ.l (ms?) Al
%muzzm><9.8><2+%mv2 M1A1
-1
v=9.1ms Al
(6)
[12]
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Question Scheme Marks
Number
7 a
@ KEatX:Emv2=£><2><142
2 2 B1
GPEatY =
mgdsina[:2xgxd xlj Bl
25 B1
Normal reaction R = mg cosa M1
L 1 24
Friction = uxR==x2gx— M1A1
#xRog 9%
Work Energy: %mv2 - mgdsina = uxRxd orequivalent
106 = 14gd N 69d _ 20gd AL
25 25 25
d=25m 0
(b) | Work Energy
. 1 o1
First time at X: —mv® = —ml4
2 2
Work done = uxRx2d :leg xﬁx 2d
8 25
1 1 1 24
Returnto X: =mv® = =ml4°- =x2gx— x50
5 5 8 g o5 M1A1
v=8.9ms* (accept 8.85 ms™) | pM1A1
4)
OR: Resolve parallel to XY to find the acceleration and use of v* =u? + 2as
2a=2gsina—F,, =2gx—--29_89 M1AL
25 25 25
v =(0+)2xaxs=8g;v=289 (accept 8.85 ms™) DM1:A1
[11]
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Question Scheme Marks
Number
Q8 (a)
® ® ©
u \Y
0 > kv
Conservation of momentum: 4mu —3mv = 3mkv M1A1
Impact law: kv :E(u +V)
4 M1Al
- 3
Eliminate k: 4mu—3mv:3mxz(u +V) DM1
u=3v (Answer given) Al
(6)
b
®) kV:%(3V+V),k=3 M1,A1
(2)
() | Impact law: (kv+2v)e=v, —Vv, (5ve=V, —Vg) B1
Conservation of momentum : 3xkv—-1x2v=3v; +v, (7v=3v; +V,) B1
Eliminate v¢ - Vg = X(? —5e) > 0 hence no further collision with A. M1 Al
4 (4)
[12]

6678/01 GCE Mathematics June 2009 6
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Question Scheme Marks
Number
Q1. %: 6t—4 M1 Al
dt
bt—4=0=>t=% M1 Al
s=[3t"—4t+3dt=1"-2t"+ 3t (+c) M1 Al
t=%2=s=-2L+2sodistance is £ m M1 Al
[8]
2u u
Q2. E— +—
2m m
Vl V2
CLM: 4mu —mu = 2mv, + mv,
M1 Al
le. 3u=2v,+v,
NIL: 3eu=-v, +V, M1 Al
v,=u(l—e) DM1 Al
v, =u(l+2e) Al
[7]
Q3. 1x05x20° ; 0.5gx10 B1 Bl
10R=1% x 0.5x20° - 0.5g x 10 M1 Al
= R=51 DM1 Al
[6]

GCE Mechanics M2 (6678) January 2010
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Question

Number Scheme Marks
Q4. | (i) 1T = 0.25x40sin60=5+3 (8.66) one component
l« = 0.25(-20+30) =25 both | M1
| I]=+/75+6.25=9.01 (Ns) Al
M1 Al (4)
sing  sin60°
(i) 40 /1300
6=106° (3s.f) M1 Al
or tané = i% oee £ =106° M1 Al 4
[8]
Alternative to 4(i)
Use of I=m(v—-u) M1
30° +40° —2 x 30 x 40c0s60°  ( = 1300) M1 Al
| =0.25+/1300 =9.01 N's (3s.f.) Al
2nd Alternative to 4(i)
u=30i, v=40cos60i-+40sin60j=20i+20+3j
E %(—10i+20\/§j) = —2.5i + 53] M1
Al etc

GCE Mechanics M2 (6678) January 2010

PMT



PhysicsAndMathsTutor.com

Question

Number Scheme Marks
Q5. (a)
40 -~y B1 M1 AL
3.5
R=140 N Al (4)
(b)
ﬁ+7Og.i—40u:0 B1
u 14
40U -49u—-24=0 M1 A2,1,0
(5u-8)(Bu+3)=0 DM1
u=1.6 DM1 AL  (7)
[11]
Q6.
m(B) : Rx4cosa = F x4sina +20g x 2cosa M1 A2
1
Use of F = ER M1
Use of correct trig ratios B1
R = 160N or 157N DM1 Al
[7]

GCE Mechanics M2 (6678) January 2010
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Question Scheme Marks
Number
Q7. @) Rectangle Semicircles Template, T
24X 457 457 24x+97 | B2
« 4x3 4x3 " B2
3z 3z
24x% — 457 X (Mj _ 457X (Mj = (24x+97)X | M1 A1
3z 37
) - 4‘2x2 - 3‘
distance = ‘x‘ = 1 ** Al (7
(8x+37)
(b)
When x =2, M: 20 B1
16+ 37
6
tan9:4_‘;(‘:4_ 20 M1 AL
16+ 37
_ 48+ 97 . Al @
22+67
[11]

GCE Mechanics M2 (6678) January 2010
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Question Scheme Marks
Number
Q8. (a) X = ut B1
y = cut — 4.9t* M1 Al
o e : 4.9x°
eliminating t and simplifying to give y =cx————** DM1Al1  (5)
u
. 4.9x°
(b)() O=cx———; M1
u
2
0=x(c-22) 5 r=""C_10c M1 AL
u 4.9
(i) Whenx=5¢c, y=H M1
2
ez OC) 55 MIAL  (6)
10
(c) b 98 _o X M1 Al
dx u? 5
When x =0, Y _¢ B1
X j—
So, C——=— DM1 Al
5
X=5(c+-) Al (6)
[17]
Alternative to 8(c)
u u tanﬁzi_lzX B1
> = cu ¢ u
0
YV yY_7 M1 AL
cC ¢
7
uca v=u+at; -—-—=7c-9.8t M1
=14 c
y t—l(<3+1) Al
9.8 c
X=ut="7t; x:5(c+1) Al
C

GCE Mechanics M2 (6678) January 2010
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Question Scheme Marks
Number
5y 3t+5
ﬂ:3t+5
dt
v=[(3t+5)dt M1
v==3t +5t (+¢) Al
t=0v=2 = c=2 Bl
v=23t*+5t+2
t=T 6=3T?+5T+2 DM1*
12=3T2+10T +4
3T%?+10T -8=0
(3T -2)(T+4)=0 M1
T=2% (T=—4
~T=2%2 (or0.67) Al
[6]
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Question

Number Scheme Marks

Q2

(8) | K.E gained = 1x0.6x 4
P.E. lost = 0.6 x g x (12sin 30)
Change in energy = P.E. lost - K.E. gained

1
=06 nglEsinSﬂ—iKG.E x 4° M1 Al Al
=30.48
Work done against friction=30 or 30.5J Al (4)
(b) | r (T) R=0.6gcos30 B1
F _3048 B1ft
12
F=uR
30.48
H= M1
12x0.6g cos30
u=0.4987
#=0.499 or 0.50 Al 4

[8]
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Question

Number Scheme Marks
Q3 A
10 cm 10 cm
B 12 cm C
@ AB AC BC frame
mass ratio 10 10 12 32 B1
dist. from BC 4 4 0 X B1
Moments about BC:
10x4+10x4+0=32%X M1 Al
_ 80
X =—
32
X=2% (2.5) Al (5)
b
() B
0
D
C A
Mg Mg
Moments about B:
Mg x 65sin @ = Mg x(X cos @ - 6sin 6) M1 Al Al
12sin@ =X cosé
tan @ = x
12
0=11.768.... = 11.8° Al (4)
Alternative method :
C of M of loaded frame at distance 3 X from D along DA B1
.
tan@ = % M1 Al
0=11.768..... =11.8° Al
[°]
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Number Scheme Marks
Q4
7509
(a) T 15000 _ 750 M1
20
R(parallel to road) T =R +750gsiné M1 Al
R=750-750x9.8x%
R =260 * Al 4
(b)

7509

T :—18000 =900 M1
20
T - 260 — 750g x sinf = 750a M1 Al
900-260—-750%9.8x %
a=
750

a=0.2 Al (&)

[8]
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umber
Q5
(a) | =mv—mu
= 0.5x 20i —0.5(10i + 24j) M1
=5i-12j Al
|5i —12j| =13 Ns M1 Al 4)
(b) 5
0
12
tan 6 = 12 M1
5
0=67.38
0=67.4° Al )
© | KElost=1x0.5(10% +24?) - 1x0.5x 20"
M1 AL
=69J Al ?3)

[9]
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Number
Q6 D
o
2a
F 4
A R 2a a l
mg mg
(@) _ M1
M(A) 3axT cosd = 2amg +4amg AL AL
2
cos = ( =) — B1
6 ; v+ 4 /VI3
—T = 6m
V13 g -
T =mgvl3d = Al (5)
(b) | 3axT xcoséd =2amg +4aMg M1
(2 + 47 g)
T=¥f13£ 2mgv13 Al
mg + 2M g < émg
5
M=<z-—-m Al 3
z > cso (3)
[8]
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?\I%?TS]ESP Scheme Marks
Q7
(@) | Vertical motion:  v? =u?+2as M1
(£0sinf) =2 x5 x12 Al
(stngyr = 222X 12
0 = 2254 = 22.50 (accept 23) Al (3)
(b) | Vert motionP - R: s=ut+1at’
—36=4ﬂsin5‘1‘—%1‘: M1
%r‘ _ 40sinft —36 =0 AL AL
. 405in22.54 + v(40sin22.54)* + 4 x 49 ¥ 34
- 9.8
1=4.694... Al
Horizontal P to R: § = 40cos &t M1
(c) | Using Energy:
%mﬁ:—%mxéﬂ:=mxg><36 M1 AL
v =2(9.8x36+1x40%)
v=48.0.....
v=48ms™* (accept 48.0) Al (3)
[12]
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Question Scheme Marks
Number
Q8 —u y—
3m O A m O B e= 3
(a)
() | Con. of Mom: 3mu—mu =3mv+mw
2u=3v+w (1) M1# Al
N.L.R: L(u+u)=w-v M1# Al
u=w-v 2
- u=4v DM1#
v=4=iu Al
4
(i) | In(2) u=w-2u
w=25u Al (7
(b) | Btowall: N.L.R: Sux2=V M1
V=1u AlLft )
(©)
—>4u Jus—
»O Qe
B to wall: time:4a+§u=16—a B1ft
4 5u
Dist. Travelled byA:lu x16_a:£ B1ft
4 5u 5
1 1
Intsecs, A travelszut , B travels EUt
L t L t
Collide when speed of approach = 2 b g , distance to cover = M1$
4
4a —Ea
4da—¢a 16a 4 64a
2u 5 3u 1bu
Total time = 162 + 6da _1l2a Al 6
50 15u 15u * ©
15
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General Instructions for Marking

. The total number of marks for the paper is 75.

. The Edexcel Mathematics mark schemes use the following types of marks:

e M marks: method marks are awarded for ‘knowing a method and attempting to apply it’,
unless otherwise indicated.

e A marks: Accuracy marks can only be awarded if the relevant method (M) marks have been
earned.

¢ B marks are unconditional accuracy marks (independent of M marks)

e Marks should not be subdivided.

. Abbreviations

These are some of the traditional marking abbreviations that will appear in the mark schemes.

e bod - benefit of doubt

o ft - follow through

e the symbol \ﬁvill be used for correct ft
e cao - correct answer only

e Cso - correct solution only. There must be no errors in this part of the question to obtain
this mark

e isw - ignore subsequent working

e awrt - answers which round to

e SC: special case

e (e - or equivalent (and appropriate)

e dep - dependent

e indep - independent

e dp decimal places

o sf significant figures

e % The answer is printed on the paper

o |: The second mark is dependent on gaining the first mark
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%ﬁggp Scheme Marks
1.
(@) | Constant speed = Driving force = resistance, F =32. B1
P=Fxv=32v=384 M1
v=12 (ms’l) Al
(3
b M1
®) P=Fxv= 384=Fx09, F=3—g4
Their F -32=120a, M1
a=0.089(ms ) Al
(3)
[6]
2. M1A1l
| =(-6i +8j)=2(v—(5i+]))
3i+4j=v-5i-j
vV =2i+5j Al
2 M1 Al
KE =%><2><|v|2 ~(V2r+57) =29 (o)
[5]
3.
(@ | a=4t>—12t
Convincing attempt to integrate M1
v=t*—6t’(+c) Al
Use initial condition to get v =t*—6t* +8(ms ™). Al
(3)
(b) | Convincing attempt to integrate M1
t° _ Alft
S =E—2t3+8t(+0) Integral of their v
(2)
(c) | Settheir v=0 M1
Solve a quadratic in t? DM1
(t?—2)(t?—4)=0= atrestwhen t=+/2, t=2 Al
(3)
[8]
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umber
4.
(@) | Work done against friction = 50x uR M1
=50x%x30c0s20°x9.8 Al
Gain in GPE =30x9.8x50sin 20° M1 Al
Total work done = WD against Friction + gain in GPE DM1
=8480(J), 8500(J) Al
(6)
(b) | Loss in GPE = WD against friction +gain in KE 3 terms M1
30 9.8 x508in20° = 50 x ¥4 x 30 x 9.8 x €0520° + ¥ x 30 x V* -1ee A2,1,0
Y2 v? =50x9.8x(sin20° —¥4c0520°), DM1
v=102ms™. Al
©)
[11]
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5. A
@) 45
45°\ F
9cm
36 cm 18 cm
18 cm D
E
9cm 45
B 45
36 cm

C

Divide the shape into usable areas, e.g.:

Shape C of mass | Units of mass
Rectangle 27 x 9 (13.5,4.5) | 243 (6)
Right hand triangle | (30,3) 40.5 (1)
Top triangle (3,30) 40.5 (1)
Rectangle 9 x 18 (4.5,18) 162 (4)
Mass ratios | B1
Centres of mass | Bl
Take moments about AB: M1
6x13.5+1x30+4x45+1x3=132 =12X, A(2,1,0)
X =11(cm) solve for x (or y) co-ord Al
y =11(cm) using the symmetry B1ft
Alternative:
Shape C of mass | Units of mass
Small triangle (12,12) 5 x18x 18
Large triangle (15,15) 5 x 36 x 36
1 1 1 =
E><36><36><12—§><18><18><15 = 5(36x36—18x18)x etc.
Q)
(b)
X M1
0 tang=——
36—V
36-11 11 Alft
tand=—=0.44
25
6 =24° Al
11
(3)
[10]
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6.
(@) : 1 ., M1
Using s =ut+=at Method must be
clear
r=(3t)i+(10+5t-4.9t7)] Answer given ALAL
(3)
(b) | j component=0: 10+5t —4.9t2 M1
DM1
+4/ + 4/
quadratic formula: t = S++v25+19% = S+v221
9.8 9.8
T=2.03(s), 2.0 (s) positive solution only. Al
(3)
(c) | Differentiating the position vector (or working from first principles) M1
v=3i+(5-9.8t)j (ms?) Al
(2)
(d) | At B the j component of the velocity is the negative of the i component: 5 | M1
-9.8t=-3, 8=9.8t, Al
(2)
t=0.82
(©) | v = 3i - 3j, speed = /3% +3? = /18 = 4.24 (m s) M1AL
(2)
[12]
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7.
Taking moments about A:
35 =100 x 2x COS @@ MLAL
Resolving vertically:
R+ Scosa =100 ML AL
Resolving horizontally:
Ssina=F ML AL
(Most alternative methods need 3 independent equations, each one worth
M1A1. Can be done in 2 e.g. if they resolve horizontally and take
moments about X then Rx2xcosa =S x(3—2xcos® @) scores M2A2)
Substitute trig values to obtain correct values for F and R (exact or decimal | DM1
equivalent).
Al
S :—200\/§ , R :100——1600 _ 1100 ~40.74 | F = 20048 ~ 20.95...
27 27
200v8 248 M1
F <uR, 20048 < 4x1100, p>———=——.
HR, 2008 < 1 #5100 T 1t
Least possible x is 0.514 (3sf), or exact. Al
[10]
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Question

Number Scheme Marks
8.
a M1A1
@ KE lost ; %xmxBG—%xmxvzzfﬂ
Restitution:v= 1/3x6=2 M1AL
) 1 1 DM1
Substitute and solve for m: E>< mx 36 _EX Mmx4=64=16m
_ : Al
m=4 answer given
(6)
(b) 3m/s 2ml/s
% %
% T
Conservation of momentum: 6-8=4w-2v their "2" M1A1ft
Restitution: v+w="(2 + 3) their "2" M1A1ft
5
V=——W
3
DM1
Solve forw: —-2= 4w—2(§—w) = 6w—%
Al
4 6w
3
(w=4/18=2/9ms™)
w> 0 = will collide with the wall again Al
(7)
[13]
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EDEXCEL GCE MATHEMATICS

General Instructions for Marking

. The total number of marks for the paper is 75.

. The Edexcel Mathematics mark schemes use the following types of marks:

e Mmarks: method marks are awarded for ‘knowing a method and attempting to apply it', unless otherwise
indicated.

e A marks: Accuracy marks can only be awarded if the relevant method (M) marks have been earned.

e B marks are unconditional accuracy marks (independent of M marks)

e Marks should not be subdivided.

. Abbreviations

These are some of the traditional marking abbreviations that will appear in the mark schemes and can be used if
you are using the annotation facility on ePEN.

e bod - benefit of doubt

o ft—follow through

e the symbol vwﬁ be used for correct ft
e Cao - correct answer only

e SO - correct solution only. There must be no errors in this part of the question to obtain this mark
e isw - ignore subsequent working

e awrt — answers which round to

e SC: special case

e 0e - orequivalent (and appropriate)

e dep - dependent

e indep - independent

e dp decimal places

e sf significant figures

e % The answer is printed on the paper

o [ The second markis dependent on gaining the first mark
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Nurber scheme Marke
1.
T
500 N
7 1000g N
12000=TV M1
T -500-1000gsin@=0 M1 Al
B 12000
500+1000x9.8x
V =15 (accept 14.5) DM1 Al
©)
5
2.
—> 4u —»0
O O
V — —>X
4dmu = 3mx—mv M1 Al
que=x+V M1 Al
4u =3(4ue—v)—-v
4u =12ue —4v
Vv =(3e—1)u DM1 Al
v>0=3e>1 DM1
ce>1 FF Al
(8)
8

GCE Mechanics M2 (6678) June 2011 1
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Qlejerztggp Scheme Marks
3.
l=mv-mu M1
(a)
~4i+7j=0.5(v-12i)
4i+ldj=v Al
Speed =+/16+196 =~/212 ms™ (14.6 or better) M1 Al
(4)
(b)
tan @ :Z M1
7 2
0=74.0....
A 0 =174° Alft
2 2)
(©)
Gain in K.E.:%x0.5(212—122), =171 M1 Al
2)
8

GCE Mechanics M2 (6678) June 2011 2
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QNTJ??]%Z? Scheme Marks
4.
(@)
A B
a \\ a
G d c
a a
E D
ABDE BCD Lamina
Mass ratio 8a’p a’p 9a’p B1
8 1 9
Dist of C of M
From AE 2a 41a X Bl
8x2a+1x%a:97 M1
- 61 Al
X=—a (2.26a
272 2% @
(b)
a 27
tar"’5_6161_6 M1 AL ft
27
¢ =23.87...=24° (accept 23.9),0.417 radians Al
©)
7

GCE Mechanics M2 (6678) June 2011 3
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Question Scheme Marks
Number
5.
(@)
. 1 2 1 2

O.5g><23|n30=§><0.5u —Ex0.5><5 M1 Al

lu2 =0.5¢ —i—£><0.5><52

4 2

u=6.7ms" (accept 6.68) DM1 Al
(4)

(b)

R =0.5g cos30 Bl

F =0.5gcos30x u M1

Work done by friction =1.5F

%><0.5><52 =1.5F +0.5g x1.5sin 30 M1 Al Al

_ 1x0.5x5?—0.5g x1.5sin 30
0.5g cos30x1.5

#=0.40  (accept 0.4 or 0.405) Al
(6)
10

GCE Mechanics M2 (6678) June 2011 4

PMT



PhysicsAndMathsTutor.com

edexcel

advancing learning, changing lives

Q,\ﬁttl,gp Scheme Marks
6.
(@)
—>> (t-4)
P m
I
(0]
L
dt
v :%t2 —4t(+c) M1 Al
t=0v=6 =—=cCc=6 M1
.'.v:%t2—4t+6 Al
(4)
(b) v=0 0=t>-8t+12 M1
(t-6)(t-2)=0 DM1
t=6 t=2 Al
3)
3
(c) x:%—2t2+6t+k M1 A1 ft
63 2 2
xe—x2:€—2><6 +6° +k DM1
—| ——2x2°+6x2+k
6
__5l
3
) 1
.. Distance is 5§m Al
4)
11
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Question Scheme Marks
Number
7.
(@) D
3a
F4
A >R ?
2a ’ 2a
3mg 3mg
M(A) 3mgx2a+3mgx =T cosédx4a M1 A2,1,0
:EaT
5
%aT = 6mga + 3mgx
T:§m Ea><§mg:6mga+3mgx M1
4 5 4
15a = 6a +3x
Xx=3a ** Al
()
(b) R(—) R=Tsing M1
25 4
=—mgx— Al
4 5
=5mg ** Al
3)
25 3
(©) R(T) F+ng><§:3mg +3mg M1 A2,1,0
15 9
F=6mg——mg=—m
g 4 g 4 g
Im
u=r_ 499 DM1 Al
R 5mg 20
()
13

GCE Mechanics M2 (6678) June 2011 6
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Qlejerztggp Scheme Marks
8.
(@)
Horiz: x=ucosat Bl
Vert: y=usin a:t—%gt2 M1
2
y=usinax . X . 7 DM1
ucosa 2 u“cos” a
gx°
=Xxtang - ————— ** Al
y 2u? cos® «
(4)
9x° M1 AL
b =—7: —-7=tan4bx—————
(b) y 2x 7% cos? 45
2
—7=X- 9;32x
2
7oy X M1
5
x?—5x-35=0
5+425+4x35
X = 5 M1
x=8.92 or 8.9 Al
©)
(c) Time to travel 8.922 m horizontally = 8922 =1.802..s M1
7cos45
V= @ M1 Al ft
1.402
= 6.36 or 6.4 (m s7) Al
(4)
13
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General Marking Guidance

. All candidates must receive the same treatment. Examiners must mark the
first candidate in exactly the same way as they mark the last.

. Mark schemes should be applied positively. Candidates must be rewarded for
what they have shown they can do rather than penalised for omissions.

. Examiners should mark according to the mark scheme not according to their
perception of where the grade boundaries may lie.

. There is no ceiling on achievement. All marks on the mark scheme should be
used appropriately.

. All the marks on the mark scheme are designed to be awarded. Examiners
should always award full marks if deserved, i.e. if the answer matches the
mark scheme. Examiners should also be prepared to award zero marks if the
candidate’s response is not worthy of credit according to the mark scheme.

. Where some judgement is required, mark schemes will provide the principles
by which marks will be awarded and exemplification may be limited.

. When examiners are in doubt regarding the application of the mark scheme
to a candidate’s response, the team leader must be consulted.

. Crossed out work should be marked UNLESS the candidate has replaced it
with an alternative response.
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EDEXCEL GCE MATHEMATICS

General Instructions for Marking

1. The total number of marks for the paper is 75.
2. The Edexcel Mathematics mark schemes use the following types of marks:

« M marks: method marks are awarded for ‘knowing a method and attempting to apply it’,
unless otherwise indicated.

« A marks: Accuracy marks can only be awarded if the relevant method (M) marks have
been earned.

« B marks are unconditional accuracy marks (independent of M marks)

« Marks should not be subdivided.

3. Abbreviations

These are some of the traditional marking abbreviations that will appear in the mark schemes
and can be used if you are using the annotation facility on ePEN.

e bod - benefit of doubt

+ ft - follow through

« the symbol ) will be used for correct ft

e cao - correct answer only

* CSO - correct solution only. There must be no errors in this part of the question
to obtain this mark

e isw - ignore subsequent working

« awrt - answers which round to

» SC: special case

e o0e - or equivalent (and appropriate)

+ dep - dependent

* indep - independent

« dp decimal places

« sf significant figures

« 3 The answer is printed on the paper

. [ The second mark is dependent on gaining the first mark

4. All A marks are ‘correct answer only’ (cao.), unless shown, for example, as Al ft to
indicate that previous wrong working is to be followed through. After a misread however,
the subsequent A marks affected are treated as A ft, but manifestly absurd answers
should never be awarded A marks.
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General Principals for Core Mathematics Marking
(But note that specific mark schemes may sometimes override these general principles).

Method mark for solving 3 term quadratic:
1. Factorisation

( X+ bx+ c)= (x+ p)Kk+q),wherd pq =|c| , leading to x = ....

( @&+ b o= (mx+ p)ox+q), wherg pg=|¢and/mn=|a , leading to x = ...

2. Formula
Attempt to use correct formula (with values for a, b and c¢), leading to x = ...

3. Completing the square
Solving x* + bx + ¢ =0 ; (xt2)°tqtc g#0, leadingtox = ..

Method marks for differentiation and integration:
1. Differentiation
Power of at least one term decreased by 1. (x" - x"*)

2. Integration
Power of at least one term increased by 1. (x" - x"*)

Use of a formula

Where a method involves using a formula that has been learnt, the advice given in recent
examiners’ reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are mistakes
in the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication from correct
working with values, but may be lost if there is any mistake in the working.
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6678 Mechanics M2
Mark Scheme

Question

N Scheme Marks
umber
1 Use of m{—u) =1 M1
0.1 x ¢ — 30) = -2i — 4 Al
Solve forv: 0.1v=3i-2i—4] =i —4j DM1
v = 10i— 40j Al
4
2
(@ Speed = 8 +48? =+/2368= 487 (ms?) M1 Al
(2)
(b) a=2i- 6t] M1 Al
Whent=4, a =2i- 24j (ms? Al
3)
(c) r=t’i-t’j+C M1 Al
t=1,-4+j=i-j+C,C=-5+2 DM1
r = (t%- 5)i +(~t3 +2);
Whent = 4,r = (16-5) + (-64 + 2) = 11i - 63 DM1 Al

()
10
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Question Scheme Marks
Number
3
(a)
Driving force = F M1
Resolving parallel to the plan& - 20 7§ sin5=- 75 02=-15 A2 —lee
F = 5+ 79sin5°
P=Fv  Dworking at 12( 5 7§ sin3)= 8287.... DM1
= V830 Al
()
(b)
Loss in KE = gain in GPE + work done against resistance M1
%x 78 64 7% 9.8 sin5’d+20d =dx 84059... A2 —lee
=@8.6m DM1 Al

()
10

PMT
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Question Scheme Marks
Number
4
€)] For an appropriate division of the trapezium into standard shapes with
correct ratio of masses Bl
correct distances of c.o.m. from AB Bl
e.g three equilateral triangles of heigﬁ_}, mass nkg,
com éfrom bases of each
3
3md=(m><:—23x\/§ + 2xm><%\/§)—4—‘/73’m M1 AL
d= ﬂ AG Al
9
(5)
(b) Horizontal distance of c of m from D = 1m Bl
Vertical distance V3 —i —i (0.962....) Bl
tan‘1% M1 Alft
Angle = 439° Al
(5)
10
5
€)] Taking moments about A: M1
gx 0.k co20 =14T Al Al
T=18.4N Al
(4)
(b) T R+T co20=4g
R= 4-T co20° M1 Al
— F =T sin20 M1 Al
F=R=T sin20= u( 4-T co20°) DM1 Al
_ T sin20° — 029 Al
4H-T co0®
(7)
11
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Question Scheme Marks
Number
6
(@
u—»
u——» V— »
h V—» W—»
Momentum: u= U + Vv M1 Al
NEL: v-U =eu M1 Al
2v:u(1+g), v=1u><§=ﬂ DM1 Al
3 2 3 6
u':u—v:E Al
6
(7)
1 1 25 1 1 .
KE lost== m@d -| = m><—u2+—m><—u2j their speeds M1
(b) 2 (2 36 2 36 P
O (L A2 — lee
2 2 36
:1 mu?® xl—o = imu2 AG Al
2 35 36
4)
1(1 (55 1 %™ _5 25 M1 Al
Speedof C=| =u|=||| = |==F—=0G,=—u
© | 5P 2(2 (3))(3) 26 3 36 DM1 AL
(4)

15
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Question Scheme Marks
Number
7
@ | — distance =6 Bl
j 1 distance =12t—% gt? M1 Al
At B, 2(12t—%gt2j=6t M1 Al
(24-6)t = gt® DM1
18:gt,t:1—8é184;) Al
g
(7)
(b) I — speed =6 Bl
j T velocity =12 — gt -6 M1 Al
(Ospeed at A
= B+ 8=+ 72 § 4= 849(ms?) M1 AL
(5)
(© T speed =12 —gt +6 M1 Al ft
6
:a € 065) Al

3)
15
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Edexcel and BTEC Qualifications

Edexcel and BTEC qualifications come from Pearson, the world’s leading learning
company. We provide a wide range of qualifications including academic, vocational,
occupational and specific programmes for employers. For further information, please
visit our website at www.edexcel.com.

Our website subject pages hold useful resources, support material and live feeds from
our subject advisors giving you access to a portal of information. If you have any
subject specific questions about this specification that require the help of a subject
specialist, you may find our Ask The Expert email service helpful.

www.edexcel.com/contactus
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Our aim is to help everyone progress in their lives through education. We believe in every kind

of learning, for all kinds of people, wherever they are in the world. We've been involved in
education for over 150 years, and by working across 70 countries, in 100 languages, we have
built an international reputation for our commitment to high standards and raising achievement
through innovation in education. Find out more about how we can help you and your students
at: www.pearson.com/uk
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6678 Mechanics 2
Mark Scheme

General Marking Guidance

* All candidates must receive the same treatment. Examiners must
mark the first candidate in exactly the same way as they mark the
last.

e Mark schemes should be applied positively. Candidates must be
rewarded for what they have shown they can do rather than penalised
for omissions.

« Examiners should mark according to the mark scheme not according to
their perception of where the grade boundaries may lie.

*There is no ceiling on achievement. All marks on the mark scheme
should be used appropriately.

«All the marks on the mark scheme are designed to be awarded.
Examiners should always award full marks if deserved, i.e. if the
answer matches the mark scheme. Examiners should also be prepared
to award zero marks if the candidate’s r