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EDEXCEL MECHANICS M3 (6679) — JUNE 2002

PROVISIONAL MARK SCHEME

Question

Number Scheme Marks
1. (@) |a=0.25 Bl
2—” =2=>w=r Bl
[0
—0.125 = 0.25 cos wt M1A1l
(b) [t= icos‘l(— 0.5) M1
T
2
(6 marks)
2. (@) | (T)3mg cos a®° =mg M1 Al
a=cos™ () M1
=705 Al (4)
(b) | («-) 3mg sin a@=mr x 2gk M1 Al
Isina=r Bl
I= 2k M1Al (5)
(9 marks)
3. (@) | 2% =25a M1 Al
- dv
4 0.1x —y Y
5 € v dx M1
~8e 9= 1V (+0) Al
x=0,v=2 = ¢c=-10 M1
v2 =20 - 16e 0 Al (6)
(b) | 16=20-16e-0.1x = e ™ =1 M1
0.1x=1In4 M1
x=13.9 Al (3)
(c) | Appropriate comment. Bl (1)
(10 marks)




EDEXCEL MECHANICS M3 (6679) — JUNE 2002 PROVISIONAL MARK SCHEME
Question Scheme Marks
Number

2
4. (@) | 1x02x5 - 1x02xu*=1x 20(1055) M1 Al Al
25
2= = M1
3
u=2.89ms* Al (5)
2
() | 4x02x5°— x02x152= 1x Zf’; M1 Al
x* =0.34125 M1
2
T=ﬂ=7.8N M1 Al (5)
15
(10 marks)
5 (@) Cone Cylinder Whole
1 7(2r)*h ar’h 17(2r)%h + ar’h M1 Al
(4) 3) (7)
ih ih X B1B1
-4x 1h + 3xih = 7x M1 Al
X = Lh M1 Al cso (8)
(b) Use of G above N M1
tan a = r -
h _ﬁh 26 Ml Al
r=+h Al 4)
(12 marks)




EDEXCEL MECHANICS M3 (6679) — JUNE 2002

PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
_ 8mge
6. (@) | mg= n N M1
2a=A0 4a Al (2)
8mg " —+
b) [mg— —= (e+X) =mX e M1 M1 AL
(b) | mg — == (e +X) ol 1
X =- 2—gx $ ° " M1 Al
a %
a 2a
T=2z|— =72 (%) M1 Al @)
g g
v=do M1
2 Al fton w
% ga =d _g
a
d= 3 =aY2 _ 35 (awrt) Al 3)
2J2 4
(d) | Partly under gravity, partly SHM Bl B1 (2
(14 marks)
7. (a) | $mu® =mgl(L - cos 0) M1 AL Al
u= gl Al (4)
2
(b)| T-mgcos@ = M1 Al
Lmu® - 1 mv? =mgl (1 - cos 6) L AL
eliminating V2, T="9 (9cos 6—4) (%) M1, Al cso
3 (6)
(C) max T, 8 =0, Tyax = 5% M1
min T, cos 6= %, Tun = 2% M1 Al
CUIPS ) Al (4)
3 3
(14 marks)




EDEXCEL MECHANICS M3

PROVISIONAL MARK SCHEME JANUARY 2003

Question Scheme Marks
Number
1. :
T, = 175x0.2 B1
of o 1
l 175x0.2  Ax0.3 _
T T oo - 49 M1A1
5g '
= 1=42 M1 Al (5)
(5 marks)
2. (a) 3,4,5A B1
5l :
41 T R(T) T sin #=mg M1
smg
mg
m 2
(b) | R («) T+Tcos = al M1 A2
2
8 y smg _ mv M1
5 4 3l
v = ,/6gl Al (%)
(c) | Could not assume tensions same Bl (@D)]
(9 marks)
3. @ Cylinder half-sphere toy
a’hp 2 2r%p arthp + 2 2r%6p M1 Al
h +r Sl d B1B1
2 8
2, N 3 or 2 3
m‘hp(§+r)+47zrp§=(7zf hp + 47’ p)d M1 Al
_ 4= h? +2rh+ 5r® *) AL .
2(h+4r) 0
(b) d=r, = h? + 2rh + 5r° = 2r(h + 4r) M1, M1
h=+/3r Al 3)

(10 marks)




EDEXCEL MECHANICS M3

PROVISIONAL MARK SCHEME JANUARY 2003

QNTJerflttl)g? Scheme Marks
21
4. (a) — == =2 B1
®
2.4*=4 (a® - 0.5% M1 Alft
a=13m Al 4)
0)| Vmx=aw =26ms* B1 (1)
(c) | arctmex =aw’=5.2ms™ B1ft (1)
(d) 0.5=1.3sin 2t M1
t= L gin 1[92 M1 Al
2 1.3
.. Total time =4t =0.79 (2 dp) M1 Al (5)
(11 marks)
dv _ 48000
800 — =
> @ dt  (t+2)? M1
dt - 60
v =60 = +C
J(t-ﬁ-Z)z (t+2) (+c) M1 AL
t=0,v=0=c¢=30 M1 Al
v=30- =>v—>30ast—>
(t+2) ” Al ©)
(b) s= [vdt =30t-601In (t+2) (+c) M1 AL
substitute int=0and t=6 M1
s=180-601In8,——-601In2 Al, Al
~ 96.8 m Al (6)

(12 marks)




EDEXCEL MECHANICS M3

PROVISIONAL MARK SCHEME JANUARY 2003

Question

Number Scheme Marks
1 588
6. (@ 5 Xy X =05x98(x+4) M1 Al Al
3X°—2x-8=0 M1 Al
Bx+4)(x-2)=0, x=2
Distance fallen = 6 m M1 Al (7)
(b) 1 ose= ; 5i8 3?-05x9.8x3 M1 Al Al
v=143ms? M1 Al (5)
(12 marks)
7 @) 1 mu? — L mv? = mga (1 + cos 60°) M1 Al
v =u® -3ga Al A3)
2
(b) R + mg cos 60° = M1 Al
R= m(69<’;1—3ga)— mg
a 2
om
= >19 Al 3)
2
mg _ v? 2
(©) R=0atB= — = V' =jag M1
2 a
=9 o o M1 Al 3)
2 2
(d) (—)Bto C:vcos60° x t=a+/3 M1 Al
v
{= 2a+/3
v
C . 60° ) 5
NG NG (T) Bto C: 0=vsin60t— 1 gt M1 Al
2 2
_2vsin60° _ v+/3
g g
Za*/_-i:w-zga M1 Al
v g
= u® = 5ga
= u=,/50a Al @

(16 marks)




EDEXCEL MECHANICS M3 (6679) — JUNE 2003

PROVISIONAL MARK SCHEME

Question

Number Scheme Marks
1.
X R R =mg Bl
«——a—»T F A
O B TP F=uR=umg |Bl
mg
Y“——— d —¥
Attempt to relate Fd to EPE M1
a2
, _4mas) M1 Al ft
Zmgd = ——=5—
2a
Final answer: d = 2a Al (6)
(6 marks)
2 R (I) Rcosl0°=mg M1 Al
2
(<) Rsin10°= 1Y M1 ALft
2
Solving forr: r = 18 M1
g tan10°
r =190 (m) [Accept 187, 188]| Al (6)
(6 marks)
3 (@) | TXx(4-3x)=0.2a M1 Al
dv d(tv?)
1x(@4-3x)=02v— or Lix(4-3x)=02 —2 M1
dx d
Integrating :  v?= 2x*-x* (+C) or equivalent | M1 Al
Substituting x =6, v =0 to find candidate’s C M1
V= 2 —x3 + 144 Al (7)
(b) | Substituting x = 0 and findingv; v=12(ms™) M1; Al ft (2)
(9 marks)

(ft = follow through mark)




EDEXCEL MECHANICS M3 (6679) — JUNE 2003 PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
4. (a) () (T-S)cosf =mg M1 Al
A ;
(<) (T+9)sind =mrew? M1 Al ft
= m(lsin 8)w? | Al
_______________________________ Finding T in terms of I, m, wzandg M1
T=1m@Blw’+4g) (*) Al ©)
B
(b) | S= %m(Sla)2 - 49) any correct form | M1 Al (2)
(c) | Setting S > 0; 0’ > 2—? ™ (no wrong working seen) | M1 Al (2)
(11 marks)
5 (@) R
«——60cm——— T ; A=12N
0 P 1 B OB=85cm
«—X—>
08¢
Hooke’s Law: T = 102—2 [= 20x] M1
Equation of motion: ()T =0.8 X M1
_lex_ 0.8% X = —25x Al
0.6
Finding @ from derived equation of form X = —w?x M1
Period = 27 2?7[ *) no incorrect working seen | Al (5)
(b) | Substituting (candidate’s) wand a in w?a; = 25 x 0.25 = 6.25 (m s ) M1; Al (2)
(or finding Trax = 0.8a = a =5/0.8 = 6.25)
(c) | Complete method for x; x = 0.25 cos 10° (—0.2098) M1 Al
Using V2 = w?(@% - x%) = v = (+)5V[(0.25)? - (0.25 cos 10°)] M1 Al ft
v=(+)0.68 (ms™) Al (5)
(d) | Direction OB or equivalent B1 1)
(13 marks)

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

2



EDEXCEL MECHANICS M3 (6679) — JUNE 2003 PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
6. (a) | Energy: L mv? — 1 mu? = mga(l - cos @) M1AlAl
. _mv? M1 Al
Radial: (+R) + mg cos 0 =
2
Eliminating v and finding cos 6=, u+2¢a M1, Al (7)
3ga
(b) | Energy (C and ground): %m(&%j - %mvz =mga(l =cos ) M1 Al
T ) . 9ag 1 _ M1 Al
Eliminating v: sm — |72 mag cos & =mga(l + cos @)
cosf =2 M1 Al ft
0= 34° Al (7)
(14 marks)
'''''''''''''''''''''''''''''''''''' N N S .
Alt (b) Or energy (A and ground): 5 m — |72 mu“ = 2mga M1 Al
u’=1lga M1 Al
Using with (a) to find cos 6 = 2; 0=34° M1 Al; Al (7)
At Projectile approach: V, =vcos 6; V2= (vsin 6)> +2ga(L +cos 8) | |
(&%j =VE+ V= (&%j —v?=2ga(l + cos §) — M1 Al, then scheme

(ft = follow through mark)



EDEXCEL MECHANICS M3 (6679) — JUNE 2003 PROVISIONAL MARK SCHEME

Question

Number Scheme Marks
7. (@) V= ﬂjyz dx = %EJ(X—Z)A'dX M1
j(x—Z)“dx =1(x-2)° M1 Al
v=7 Al (4)
5
(b) | Using EJ xy? dx = %EJ x(x — 2)* dx M1
Correct strategy to integrate [e.g. substitution, expand, by parts] M1

[e.g. %ﬂj(u -2)*du ; %ﬂj (x> —8x* +24x% -32x* +16x) dx ]

2u® u® x®  8x° 32x°
=iz +—|or iz ——"—+6x"- +8x? M1 Al
‘ { 5 6 } ) { 6 5 3
81 -
= I limits need to be used correctly | Al (7)
Ve(p)X = ﬂ(p)J xy? dx seen anywhere | M1
X=1cm (*) no incorrect working seen | Al
(c) | Moments about B: 8A = 10W - 2W(3) M1 Al1Al
W
A=W 49w MIAL  (5)
12
(16 marks)

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



EDEXCEL 6679 MECHANICS M3 JANUARY 2004 PROVISIONAL MARK SCHEME

1. ; (a) () Tcos60°=mg =T =2mg * Bl (1)
() (<) Tsin60°=mro? M1A1
[Omission of m is MO]
e ............................. X Attempt atr = Lsin60° M1
(T sin60° = m Lsin60°w )
o= |9 Al  (4)
L
(c) Applying Hooke’s Law: 2mg = 3}“ (L - %L) ; A=3mg M1;Al (2)
cu)
[L in denominator is MO]
[7]
2. (a) Integration of —4e ™% w.rt.t togive v=2e 2 (+c) B1
Using initial conditions to find ¢ (-1) or v—-1= [f(t)]}, M1
v=2e% -1 ms? Al (3
(b) Integratingvw.rt t; x=—e ?—t(+c) M1;A1Y
Using t =0, x = 0 and finding value forc (c=1) M1
Finding t when v = 0; t =% In 2 or equiv., 0.347 M1:A1Y
[both f.t. marks dependent on v of form ae '+ b]
X=%(1-1In2)mor 0.153 m(awrt) Al (6)
[9]

[For A1, exact form must be two termed answer]



EDEXCEL 6679 MECHANICS M3 JANUARY 2004 PROVISIONAL MARK SCHEME

3. (@ F=

Lz [k may be seen as Gmim; , for example]

X

Equating Ftomgatx=R, [mg= %

mgR?

X2

*

Convincing completion [k = mgR?] to give F =

[Note: r may be used instead of x throughout, then r — xat end.]

dv _ (m)gR®

- 2

(b) Equation of motion: (m)a = (-) (m)%RZ ;o (mv— =
X dx X

2

Integrating: Yo v? = gR (+c) orequivalent
X

[S.C: Allow A1V if AO earlier due to “+” only]

Use of v2=%, x =R tofindc [c=-%gR] oruse in def. int.
2
[Using x = 0 is M0] [V = 2gR° _ 9R
X 2
gR

Substituting x = 3R and findingV; V = e

[Using x = 2R is MO0]
Alternative in (b)
mgR?

——dx ; = Yemv® — Yamu?

Work/energy (—)'[
R

mgR® mgR*

Integrating: [ n

R
1 = vomv? —1/zm397

Final 2 marks as scheme

[Conservation of energy scores 0]

M1

M1

Al (3)

M1;M1

M1A1l

M1

M1;AL (7)

[10]
M1;M1

M1A1IM1
M1A1



EDEXCEL 6679 MECHANICS M3 JANUARY 2004 PROVISIONAL MARK SCHEME

4. (@) Length of string = Ya
3
1
EPE=2— (L — a)?
2a
o 49
P ; = — Mmga
36

1
-~ mg
2

(b)  Energy equation: Y%amv® + a? = (2 mga)c
36

2 .
vV = 3 J/5ga or equivalent

(c) When string at angle @ to horizontal, length of string = s:'ZTaH
[

= Vert. Comp.of T, Ty, =T sin@d = m( _z—a -a)sing
2a sin@

mg )
= —(2-sind
2( )

() R+Ty=mgandfindR=....

R= mg- %(Z—Sine): %sine

= R >0 (assin@> 0), so stays on table

[Alternative final 3 marks: As @increases so Ty decreases M1
Initial Ty (string at Bto hor.) = %mg Al

= Tv< %mg < mg, so stays on table A1]

Bl

M1

Al (3)

M1Al%¢

Al (3)

M1A1

M1
Al

ALl (5)

[11]



EDEXCEL 6679 MECHANICS M3 JANUARY 2004 PROVISIONAL MARK SCHEME

5.

@) R I
% J A =48N

D A Ao
—06m— > & x"lO.Zg BA;=0.9m

Applying Hooke’s Law correctly : e.g. T= %
Equation of motion: (=) T=0.2 X

Correct equation of motion: e.g. —% =0.2 X

Writing in form X =— @ x, and stating motion is SHM

Period = 2T 2 _ T (no incorrect working seen)

o 20 10

[If measure x from B or A, final 2 marks only available if equation
of motion is reduced to X = - w? X]

(b) max v = aw with values substituted; = 0.3x20 =6 ms™
(c) Using x=0.3cos20t or x=0.3sin20T
Using x =0.15 to give either cos 20t =% or sin 20T =%

Eithert:£,5—” or T:i
60 60 120

Complete method for time:

T T
tb-t,, or ——-2t, or 2(— + T
2T 10 (0 * 7

Time = % s (‘must be in terms of )

M1

M1
Al

ALV
Al (5)

M1AL(2)
M1

M1

Al

M1

Al (5)

[12]



EDEXCEL 6679 MECHANICS M3 JANUARY 2004 PROVISIONAL MARK SCHEME

6. (@) Cylinder Hemisphere S
Masses (p)z(22)*(Ca) (p)% @ (p)Em’)  MIAL
[67a°] [18] [2] [16]
Distance of % a °a X B1B1
8
CM from O
Moments equation: 67a°(¥%a) — éna:*( Ea) = ?72‘8.3 X M1
8
T — 51
x= _a Al (6)
(b) Gy,
G above “A” seen or implied M1
as, or mg sina (GX) = mg cosa (AX)
A/ tan g =X - 28 M1
XG  35_%x
v 2
24
[GX = 2a - 2a= ﬁa,tana=@] a = 70.6° Al (3)
2 64 64 45
(c) FindingFandR : R=mgcosf, F = mgsing M1
Using F = 4R and finding tan g [= 0.8] M1
S =38.7° Al (3)

[12]




EDEXCEL 6679 MECHANICS M3 JANUARY 2004 PROVISIONAL MARK SCHEME

7. (a) Energy: ¥ mv?—% mu®=mgasin 6
v =§ga + 2gasind

2
(b) Radial equation: T — mgsinéd = mv;

T =3ng(1 + 2sin@) any form

(c) Setting T = 0 and solving trig. equation; (sin@ =-%) = 6 =210° *
(d) Settingv=0in(a) and solving for
sind =-% so not complete circle

OR Substituting & = 270° in (a); v*>< 0 so not possible to complete

(e) No change in PE = no change in KE (Cof E) sov=u
(f) When string becomes slack, V =% ga [sin€ =Y in (a)]

Using fact that horizontal component of velocity is unchanged

Jg_a cos60° = 393 CoS ¢
2 2
/1
= |— = ¢ =73.2°
12 ¢

CoS ¢

M1

Al (2

M1Al

Al%  (3)

MZ1;AL(2)
M1

Al (2

BL (1)
Bl

M1

M1AL (4)
[14]
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Question Scheme Marks
Number
1. Bl
1000 r.p.m = 100027 rad/s
v =0.035 x % =3.67ms™* (3 SF) M1 their r x their @ | M1 Al
(3 marks)
a 2a
2. Extn at bottom = —— —a = — (0.67a or better) M1 Al
cosa 3
22(2)
Energy: mga tan o = i S ) M1 Al Al ft
a
Second MO if treated as equilibrium
3mg =1 _ ] M1 Al
Third M1 for solving for A
(7 marks)
3. (a) mg sin 30° — mx* = ma M1 Al
d{iv?
9 e Wy (ZV) M1
2 dx X
3 2
XX o= M1 Al
2 3 2
2
X=2:9- §:V— M1
3 2
v=3.8ms* (3.78) Third M1 for attempting to integrate | Al (7)
3
(b) v=0 & X o M1
2 3
/ M1 Alc.s.0
X2 = 3—9 = x=3.8, (3.83), 3—g must have integrated for first M1
2 2 (3)
(10 marks)

(ft = follow through mark)
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MARK SCHEME

Question

Scheme Marks
Number
4. (a) (M, R=mg B1
da
m ? w (seenand used) | B1
da , 3
m—eo°<—m M1
3 5 9
2 _ 99
W —* Alcso 4
20a 4)
mg a 2mg
(b) T=—=>"-T=—= Bl
a 3 3
3 2mg=  4a
(=), —mg+ 9= 28 M1 Al ft
5 3 = 3
19
=9 _ 2 Al
20a
3 2mgs 4da 2
(=), ——-—Mmg+—= M — @nin M1 Al fit
5 3 = 3
g 2
= = i Al 7
20a Dmin ( )
If only one answer, must be clear whether max or min for final A1 (11 marks)

(ft = follow through mark; (*) indicates final line is given on the paper)
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MARK SCHEME

Question
Number

5. €)]

(b)

mass ratio

dist. From O

Scheme
Cylinder Cone Toy
(36.7°) (1271°) (4871°)
3 1 4
2r ()r X
(B3x2r)—r=4x
5r -
_ = X
4

M1 for clear attempt at Xmx = X ¥m — correct no. of terms.

If distances not measured from O, BIB1M1A1 available.

AG vertical, seen or implied

tan 6= 3r_
4r — X

0=475°(1d.p.) second M1 for use of tan

SimA’s: O—X:i (=tan a)
3r 4r
= 0X= ﬂ
4
X < OX

= won’t topple

Note that second M1 is independent, for the general idea.

Marks

Bl
Bl

M1 Al

Al (5)

M1
M1 Al
Al 4)

M1

Al

M1
Alcs.o (4)
(13 marks)

(ft = follow through mark; (*) indicates final line is given on the paper)
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MARK SCHEME

Question Scheme Marks
Number
All M marks require correct number of terms with appropriate terms resolved
6. (a) Bto C: £ mv? - 1m20% = mg x 50(1 - sin 30°) M1 A1
v=30ms"(29.8) Al 3)
(b) (MatcC, R—mg=m% M1 A1 ft
R = 1900 N (1930 N) Al 3)
(© CtoD: 2 m890 — 1 mw’=mg x 50 (1 — cos 30°) M1 AL ft
w =28 ms™ (27.5) Al 3)
(d) Before: R =mg cos & Bl
20° M1 Al
After: R=mgcos 8+ m —
50
2
Change = 70 x % =560 N Alcso (4)
(e) Lower speed at C = R reduced M1AL (2
(15 marks)

(ft = follow through mark)
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MARK SCHEME

Question

Number Scheme Marks
21.6 .
7. (@) ) 5 X =03% M1 Al
—36x = X M1
. 2r 7
S.H.M., period= —=—* Alcso. (4
J36 3 4)
(b) AtA:v=aw=15x6=9ms™ M1AL  (2)
(c) X =a cos at
0.75 = 1.5 cos 6t M1
T opt>t= 2 (no decimals) M1 Al 3)
3 18
21.6 .,
(d) ) 5 X =05 M1 Al
-216x=X = SHM., w=+216 Al
At collision: CLM: 0.3 x9=05v=>v=54 M1 Al ft
ax +21.6 =5.4 M1
a=1.16 m (3SF) Al @)
(16 marks)

(ft = follow through mark; (*) indicates final line is given on the paper)
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'(ﬁ) s r=< - gi6 Bl
l6 . ne = M‘_wz. Mi e
H- ‘Tsjeé::‘o-gxt-g}\lgxﬂ-»'{ ()
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» 055 T o= 546185 N al
S lenp = 0-55 9
- 0 5y
ooy —_—
S4CeTS”
(3)
O = 26° Cwewzﬂ*a\esrez) A @
2.(2) 3_2;* 5 3%": E); B)
—m - 3r 4 M.3c = (kN T My &
4+ -3 : o
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3 Cc) f.‘;.jz A = ‘(T _-{_ S M
° Pl M
- qf_ \.E Cl—cmals )dx
\ i E _— J- Sun 2-|(J ’ ﬁ' ‘
P = a_ o
T s
= g
_(‘ St ol n 2 a (6)
> — ng '
&) PO = a
3
- 4 1
Q = 15 A6 A (3)
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Question Scheme Marks
Number
4-(‘) 6= 2w = w =T, )
%l
a = 2L
»e = 2L-0d‘.},l»\fb H ‘ "A
. _ L3 1
7)-" ?.L"‘b - Q-L“ Cab('[% '1;)
[’) = L.(:L-JE) & Al cso. C@
fb) x = -—ZLLQSI"\LO'E "‘1]
= —2LES~T
S}I?Jlol = rz_L:I‘ * ) (9
32
® | I(z~DL = 2lsii Wi 1 A
- t = O MGT._
S Tefl hwe = 2xori (3)
= 0-2% (22p) Al )
g. (5 _Z‘x = 3 HI
B! ) St _ \!F&T'_l
- e -:_‘-35\ (‘i:'f‘f)bﬂlb
3
V= —¢ (k)™ + C My B |
";"‘-‘fj, u=iR! 1% = —0Lr2 + C % c= 30 '{:,l ng
eSO,
v = 20—~ kb f\:f‘T' R
Cb) x = J‘ 35»5({;+¢)i~o”: m(
= Bor~4{Htu) 7 + D A |
E=o,x=0: 0 = o— 4x8+D =D D=32- L
)V=O = 3o-6VErgl=0o "——T)’t-:.: 2) L B | ﬁ‘l
LLM.‘:":-Z'/ e = Hr2 — g 4 37 o
=~ 162{n) o |

o
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L) | FEloss + T toxs = EPE Crul
1 .m2gl. + Mg = A(3D Ml A2 Clee)
P .
(-
3 %“‘\5‘ = )\ Al )
A
() g T = =¥ HU A
J.__S-W\Scy_?é):-‘- 'M‘)-C' h( Al
L .
*‘“:j ® = x Al cso. (5)
—
j_ja%‘ S sbud D
C_) q.‘—':.[ - BTF My
( () Peved = 35 = 27 2 25 nl
’" - - SL &)
W) 5= Sge FemTh
A = QL'—-“L"Z = ISL,Y
- - isl. /32 -
Vm-y = ALy = Van \ , N
N s
o — -§: \/231___1 A , @
.zf.
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7.C2) é{,/(v’--_ ISY) = s<4 507/&1(.5)9 M8y Ay |

V = S ol ('-f—>

LB tewr = eg SC—emes) Ty

, 2 '

W o "7 (‘-—S—‘ A
AN Coxg® — e = (60-{-—&) 7 M1 'D\"\/\ Al A

Beo ~ B = AZo+ T
Qo — iOM

¢ -~ A C7)
(o T — 6Cg = Cox T e w
' 5
'ﬁ} T = 24
= 1290 (29%)N ) (3)
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6679 Mechanics M3
Mark Scheme

The following abbreviations are used in this scheme.

M A method mark. These are awarded for *knowing a method and attempting to apply it’.

A An accuracy mark. Can only be awarded if the relevant method mark(s) have been earned.

B These marks are independent of method marks.

cso  correct solution only. There must be no errors in this part of the question to obtain this mark.
cao  correct answer only.

ft follow through. The scheme or marking guidance will specify what is to be followed through.

oe or equivalent.
awrt  answers which round to

I:The second mark is dependent on gaining the first mark.

N2L Newton’s second law LHS Lett hand side of an equation
LM  Linear momentum RHS Right hand side of an equation
HL  Hooke’s Law. EPE Elastic potential energy

—, ¥ etc. Resolving in the appropriate direction
M(4) Taking moments about A.

%  The answer is printed on the paper.

6679 Mechanics M3 .
June 2005 Advanced Subsidiary/Advanced Level in GCE Mathematics
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Question ‘
Number Scheme Marks
1.
HL 7= 20’;0'4 (=4) accept -4 | M1 Al
[ mgsina+T =ma M1 Al
mg
0.8gx0.6+4=0.8a M1
a=10.88~10.9 (ms‘z) accept 11 | Al

[6]

6679 Mechanics M3

June 2005 Advanced Subsidiary/Advanced Level in GCE Mathematics
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Question Scheme Marks
Number
2. (a) Bowl Lid C
Mass ratio 2 1 3 anythinginratio2:1:3 | Bl
¥ ta 0 y Bl
M(O) 2xta=3y M1
y = %a %K cs0 | Al
)
(b) A
R
M(4) Mgxiasin@=1Mgxacosé M1 Al=Al
0 tand =3 I: M1
}_/ ]
a 6 =~ 56° cao | Al )
191
P
A
Mgl l%Mg
Methods involving the location of the combined centre of mass of C and P are
considered on the next page.

6679 Mechanics M3

June 2005 Advanced Subsidiary/Advanced Level in GCE Mathematics
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Question
Number Scheme Marks
2. (b) Methods involving the location of the combined centre of mass of C and P.

G is the centre of mass of C; (’is the combined centre of mass of C and P.

First Alternative
C P Cand P
Mass ratios 2 1 3
y 14 0 y
X 0 a x
Finding both coordinates of G’ M1
24=37 = j=%a Al
a=3x = x=ia Al
O
5 tan#d = %—a = i M1
EQ 2g 2
G’E
! P f =~ 56° cao | Al
+ Vertical (5)
v
Second Alternative

GG :GP=1M:M=1:2
OG=3a, OP=a

By similar triangles
ON=10P=3a MI1 Al
NG'=20G=1%a Al
1
no O _a_3 "
NG 2a 2
G~ 56° cao | Al

)

6679 Mechanics M3
June 2005 Advanced Subsidiary/Advanced Level in GCE Mathematics
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SS;St;ﬂeorn Scheme Marks
3. (a)
A M X B
f } L 4 |
2{ 1l 3]
amg(21Y  4mg(21)’
Elastic energy when Pis atX: E= mg (31) + mg (31) (:ﬂ@ M1 Al
2/ 2{ 9
2 2 2 4 2
Ly oy mglt _Amg(Bl)  amg(31) MI1AI=Alfi
2 2/ 21 2{
| 8 32
~V*rdgl=—gl+—gl
2 B 9 B 9 g
V= %gl solving for ¥* M1
Bgl : )
V= ry or exact equivalents | Al N
(b) The maximum speed occurs when a = 0 B1
B1 )

At M the particle 1s in equilibrium (the sum of the forces is zero) = a=0

The alternative method using Newton’s Second Law is considered on the next
page.

[9]

6679 Mechanics M3
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Question
Number Scheme Marks
3. Alternative using Newton’s second law.
(@)
A T M X T, B
R
21 x
dmg (1 + dmg (-
o g imel) o ame(i-x)
/ /
N2L m55=T;—T]=—8ngx M1 Al
This is SHM, centre M
azi, a)2=8—g Al Alft
3 I
2 2 8g(l ’
v =@’ (a mxl) = vy :—l— E—xz Depends on showing SHM [ M1
At M, x=0, V= %gl , V= (%gl) or exact equivalents '-{ M1, Al (7)
(b) The particle is performing SHM about the mid-point of AB. [ Bl
The maximum speed occurs at the centre of the oscillation (when x =0) Bi1 (2)

[9]

6679 Mechanics M3
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SSrenSbtieorn Scheme Marks
. ir 1 o
4. () sinf=2—=— (=6=30° Bl
ro 2
T Rsin@=mg M1 Al
R R=2mg Al 4)
- BT (b) > Rcos@=mxe’ Ml Al
P x =m(rcosf)a’ Al
mg
1
a)=('—2—g—J Al
r
2 1
T =-—£=27T(LJ or exact equivalent | M1 Al (6)
@ 2g
Note: x=%r [10]

6679 Mechanics M3
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S

(l\giﬁr?\st;i;rn Scheme Marks

5. (a) %mv2 =mg(acosa —acost) M1 Al Al

vi= 2ga(cosa—cos 9) * cso | Al @
mv’
(by [ mgcosd(—R)=-—— (R=0) M1 Al=Al
a
gcos¢9=2g(%—cost9j Ml

cosd = % = f= % (accept 60°) | Al (5)

(¢) FromAtoB %mw2 =mg(a+acosa) M1 Al Al

L

w =2ga(l+%] = w:[%gj Al @

Alternative solutions to 5(c) are considered on the next page.

[13]
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Question
Number Scheme Marks
5. Alternatives to 5(c)
FromPto C
3 1) ga
v =2ga ———] ===
P8 [4 2)" 2
lmwz—lm(&)=mg(a:+a:cost9) M1 A1 Al
2 2 2 —
, ga 1 Tga :
w —=—=2mga|l+—-| = w=|—=— Al (4)
2 2 2
Alternatives using projectile motion from P
Vp = (ﬁ) , as above
2
i 1
3 2
Vou =(Q] $in 60° = [353]
’ 2 8
3 27
y v;=u;+2gx?a,x Sg“ Ml, Al
3 3
>  u = [ng) cos60° = [gﬁ) Al
' 2 8
1
w2=u§+v§=§€+2—7g:7ﬂ — w:[@] Al @)

2

There are also longer projectile methods using time of flight

1
In outline, solving §~£ =(E) r+l gt’ gives t= 3_a ,
2 3 2 2g

1 1
. . 3gay 3a Y
then, using v=u+at gives v, = o +g| =

2g 8

1
2
(27ga) , then as before. M1 Al

6679 Mechanics M3
June 2005 Advanced Subsidiary/Advanced Level in GCE Mathematics




edexcel s:=

e

Question

Number Scheme Marks
6. (a) a=3, I'=12 (or 1T =6) B1, Bl
r=*-12 = m:fg— (0 0.52) M1 Al
®
In the scheme below, when @ and/or @ appear in a line, accept the symbols or the
candidates’ values of a and/or @ for the marks in that line.
(Taking x=a whent=0) x=acosw¢ M1
X =—awsin ot M1 Al
When (=5 #=3xZsin>% [ M1
6 6
i
(== {(mh™ awrt 0.79 | Al 9
=7 (mh™) ©)
(b) Depthof5.5m = x=-1.5
-1.5=acoswf M1
coSwf =—— Alft
2
T 2 4x
—f=—, (—J M1
6 3 3
t=48 Al
Required time is t,—t, =8—4=4 (h) Al &)
[14]
In 6(b), the following should be accepted
1.5=acoswt M1
COSf = 1 Alft
2
L M1
6 3
t=2 Al
Required time is 2t=4 (h) Al 5)

Further alternatives are given over the page.

6679 Mechanics M3
June 2005 Advanced Subsidiary/Advanced Level in GCE Mathematics
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Question
Number Scheme Marks
6. Alternative to 6(a)
The last 5 marks of 6(a) can be gained as follows. The first 4 marks are as above.
When ¢ =5 x=3cos%=—% (0 —2.60) M1
v2=a)2(a2—x2) M1
7’ 9x3 7’ [
=519~ =— 1 Al
6 ( 4 J ( 16 J M
== (mh™) awrt 0.79 | Al
4
Alternatives measuring x from the centre of oscillation
(a) (Using 1400 as t=0)
The first 4 marks are as above Bl Bl
arks M1 Al
X =asmaot M1
X =awcoswt [ MI Al
When ¢ =2 x=3x %cos £l t=2 oe is essential for this M Ml
T -
=7 (mh7) Al )
(b) 1.5=3smnwt M1
sinwt =— Alft
2
T T 57
—t=—, MJ M1
6 6 ( 6
t=1,5 Al
Required time is t,~t,=5-1=4 (h) Al 3
[14]

6679 Mechanics M3
June 2005 Advanced Subsidiary/Advanced Level in GCE Mathematics
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Question
Number Scheme Marks
1 k
.| @ ~E=-
7 3 (x+1) Ml
1, ___k
3dx (x+1) M
3k . .
jv dv= |- > dx Separating variables &
(x+1)
b, 3k .. . .
Pidiale (+C) attempting integration of both sides | M1 A1=A1
x+
V= Ok + A4
x+1
Using boundary values to obtain two simultaneous equations. MI
(L4) 16=3k+4 Al
2k
8,42 2=—+4 Al
(8.42) ;
14:~;~k = k=6 M1 A1 (10)
(b) A=-2 B1
=% 5.9 M1
x+1 l:
x=17 (m) M1 A1l @&
[14]

6679 Mechanics M3
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6679 Mechanics M3 Mark Scheme

Question

Number Scheme Marks
1. (@ —  F=Tsin60° T Tcos60°=0.8g both M1
[or Z Fcos60°=0.8gcos30°] (M2)
F =0.8g tan60° ~ 14 (N) accept 13.6) M1 Al
©)
0.8¢g .
b =———(=15.68 allow in (a)| M1
(®) sin30°( ) @
24 x X
HL 15.68= 19 X~ 0.78 (cm) accept 0.784| M1 Al
©)
2
(c) E= 24X ~6.1(J) accept 6.15| M1 Alft
2x1.2
)
Total 8 marks
W _ osinkt — A—4cos—t
2. @) prie sinst = v=A-4c0s3 M1 Al
v=41t=0 = 4=A-4 = A=8 M1
v:8—4cos%t Al
(4)
(b) I (8—4cos%tjdt:8t—8sin%t ft constants | M1 A1ft
[ =4(x—2) awrt6.9 | M1AL
(4)

Total 8 marks




January 2006 6679 Mechanics M3 Mark Scheme

Question Scheme Marks
Number
3 (@) N2L ma=—(;—T B1
i[l\ﬂj__% — Zvi-At+l ignore A | M1 A1
dx\ 2 X m
v2:B+E
m
, 2C
x=R,v=U = B=U R M1
. s s 1 1
Leadingto v =U“+2c R % cso | Al
X
(5)
1|1 1 1 1
b Z|=mU? |==m|U%+2c| —-=
(®) 2[2 } 2 [ (ZR Rﬂ M1AL
Leading to c=%RU2 Al
©)
Total 8 marks
- h 3 .
4, (a) 5MX =3M XE+2M h+§r M1 A2(1,0)
57=ﬁ+2h+§r:7—h+§r
2 4 2 4
g N3 cso| | MLAL
20
(5)
(b)
X
tang =22 __4 M1 Al
r 14h+3r 3
o . 6
Leading to h:7r M1 Al
(4)
Total 9 marks
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6679 Mechanics M3 Mark Scheme

Question Scheme Marks
Number
5. AT
I
B ——
=1
o1
X
®P
1
HL  T=m =’1>:4' — A=4mg M1 Al
)
(b) N2L mg —T =mX M1
1
4mg(;‘|+x) mx M1 Al
d’x  4g
—=—X X €SO
e I M1 Al
(5)
4g( 1> I?
vVi=o'(at—-X ) =—| ———
o ( ) | (4 T M1 Al
Leading to v=%\/(3gl) M1 Al
(4)
14mg g% 3
or energy, — 5 mv +mg — for the first M1 Al in (c)
(d) P first moves freely under gravity, Bl
then (part) SHM. Bl
)

Total 13 marks
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Question

Number Scheme Marks
6. (@) A
7
I Vv
C
B u=+(3gl)
Energy %m(uz—vz):mgl(l—cose) "l M1AL

[V =gl+2glcosd |

2

N2L T —mgcosd = | M1AL
mgk (1+2cosé
_mgh(L+ ) M1
)\
T =mg(1+3cosd) * cso| Al
(6)
(b) T=0 = cosez—% Bl
b
v2:gl—zgl = v=(g—|j M1 Al
3 3
3)
b %
gl Y2 . gl) 242
c T v, == sing |=|=| . > M1
© (3o |-(3)°2
A
v, V=ut-20h = 29h:g|.§ = opd » M1Al
39 27
> H =I(1-cosg)+ - 40 M1 Al
27 27
(5)

Total 14 marks
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Question Scheme Marks
Number
7. (a) N2L <« Tcos30°= m(2ac0530°)(§—g] M1 A1l
a
T =2"% * cso | Al
©)
(b) T R=mg-Tsin30° M1 Al
k
=mg|l-— Al
g( 3)
(©)
(©) (RO = k(O3 ignore k > 0, acceptk<3 | M1 Al
)
(d) A
T
2a
X mg
29
N2L « Tcosd=m(2acosd)| — M1 Al
a
(T =4mg)
T Tsind=mg M1
Eliminating T M1
AX =2asin0:%a Al
AO =2asin30°=a = AX :%AO , as required > cso | B1, Al
(7)

Total 15 marks




June 2006
6679 Mechanics M3
Mark Scheme

Question Scheme Marks
Number
1. Use of (7z)jy2 dx><7:(7z)jxy2 dx M1
'|.xdx><7:J.x2 dx
2 2 l 3
{—x} xx:[—x} Al=Al
2 . 3
Using limits 0 and 4 E><_=6—34 M1
8
X== Al 5
. ©)
[5]
2. (@) Small Hemisphere Bowl Large Hemisphere
3 3
Mass ratios EE(EJ 2,18 2 B1
3 \2 3 8 3
Anythingintheratiol1:7:8
X ia X §a Bl
16 8
1x£a+7x7=8x§a M1 Al
16 8
. _ 45
Leading to X=——ma ¥ Cso Al (5)
112
(b) Bowl Liquid Bowl and Liquid
Mass Ratios M kM (k+1)M B1
X B, 3 1 B1
112 16 48
Mx£a+kM xia=(k+1)M xga M1 Al
112 16 48
Leadingto kK :g Al (5)

[10]




Question

Number Scheme Marks
3. (@) a=0.1 Bl
27 1
—== = w=10x M1 Al
o 5
F.. = Maw’ M1
=02x0.1x(107)° | M1
~19.7 (N) Al
cao (6)
(b) a'=02, o'=10x B1ft, B1ft
V2=t (a? -x*)=1007%(022-0.1%) (=372~206.) |MLAL
v~544 (ms™) Al
cao )
If answers are given to more than 3 significant figures a
maximum of one A [11]
mark is lost in the question.
4 tana =— B1
or equiValent
r
tana = E
Bl
o Lo
h 4a
R(T) Rsina=mg
( 5 M1 Al
R=—m
3
h mg R(«) Rcosa=mro’ | M1A1
(04
:mr><8—g (Rzlomrg] Al
9a %9a
tana = % Em _10mrg
8r \3 9a M1 Al
Eliminating R
3 9%a 3
—=— = r=-a
4 8r 2
r 3a 4 M1 Al
h=——=—x—-=2a
tana 2 3 (11)




‘ [11]




Question

Number Scheme Marks
5. @)
AP =+(0.75° +1*) = 1.25 M1 Al
Conservation of energy
1 ) 49x0.5°
ExeV +2x %075 =2gx1 -1 M1 A2 (1, 0)
for each incorrect term
: - -1
Leadingto v~1.8 (ms™) AL ©)
accept 1.81
(b)
R(T) 2T cosa = 29 M1 Al
075
sina
Hooke’s Law T =4—9 E—O.?S M1 Al
0.75\sinx
_ 49(;_@
sina
9.8 1
Cosa (sin a j M1
Eliminating T
tana =5(1-sina)
S5=tana+5sina * Al (6)
Cso
[12]







Question

Number Scheme Marks
6. (@)
A
v
Parabola Bl
Hyperbola Bl
Bl
Points > ©)
O 4 5 10 t
(b) Identifying the minimum point of the parabola and 5 as the M1
end points.
Al
2<t<5
)
(c) Splitting the integral into two part, with limits 0 and 4, and 4 and
5, and
evaluating both integrals. M1
4 3 2 4 5 3 2 5
[ 3t(t-4)dt=[t"—6t" | =-32 and [ 3t(t-4)dt=[t"-6t"| =7 | AL
Both
Total distance =39 (m) * Al
cso 3
L 75
(d) Tdt=32—7 M1 Al
5
4
75[Int]5 =25 Al
ni-l o ¢ ose M1
5 3
~ 6.98 Al
cao (5)
[13]







Question

Number Scheme Marks
7. @)
A A
e
V(%)
Conservation of Energy
1 (5gl ,
Em ——u” [=mgl M1 Al=Al
. gl
Leading to =4/l =
ing \/ ( ; ] Al (4)
(b) S
T%mg
u «— T
A B
Conservation of Energy
1 2 2
=m(u®—-v°)=mgr M1 Al
Sm(u*-v?)=mg
vi=u?-2gr
2
R(Y) T+mg="r M1 Al
r
T —m(uz—Zgr)—mg M1
r
2
_u -3mg Al
r
—m—g|—3mg M1
2r
T>0= M3 3mg M1
2r
=>—=2=r
51
ABMIN E Al (9)
[13]
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Question

Scheme Marks
Number
1. (&) Maximum speed when accel. =0 (o0.e.) Bl
(1)
(b) i(30 — x) =V dv (acceln = ... + attempt to integrate)
12 dx '\fl
2 2
Useofv%: V—:i 30x — (+c¢) M1 Al
dx 2 12 2
\!
Substituting x = 30, v = 10 and finding c (= 12.5), or limits M1
v2=25+5x-Lx* (0.e.) Al
()

(a) Allow *“acceln > 0 for x < 30, acceln <0 for x > 30”

(b)

Also “accelerating for x < 30, decelerating for x > 30”
But “acceln < 0 for x > 30” only is BO

1% M1 will be generous for wrong form of acceln (e.g. dv/dx)!

3" M1 If use limits, they must use them in correct way with correct values
Final Al. Have to accept any expression, but it must be for v explicitly
(not 1/2v%), and if in separate terms, one can expect like terms to be

collected. Hence answer in form as above, or e.g. ﬁ(300+ 60x — xz); also
100 - (30— x)*




a
: a
Height of cone = = 3a
tana
Henceh= 2a
tng=2 -2 0= 5310
2a 3

1% M1 (generous) allow any trig ratio to get height of cone (e.g. using sin)

3" M1 For correct trig ratio on a suitable triangle to get 6 or complement (even
if they call the angle by another name — hence if they are aware or not that they
are getting the required angle)

M1 Al

M1

M1 Al
()




2
(  EPE =138M ,_1306mg (EJ
2 a 2 a 3
= 0.2mga
. . 4a
(b) Friction = umg = work done by friction = ymg(?j
Work-energy: +m.2ga = xmgd + 0.2 mga (3 relevant

terms)
Solvingto find z: wx=0.6

(b) 1 M1: allow for attempt to find work done by frictional force (i.e. not just
finding friction).
2" M1: “relevant” terms, i.e. energy or work terms!
Al f.t. on their work done by friction

M1 Al
Al

3)
M1 Al
M1 A1V

M1 Al
(6)




(@) Energy: im.3ag -imv? = mga(l+cosé)

v> =ag(l-2cosd) (o.e.)

2

(b) T+mgcos¢9:mvz

Hence T =(1-3cosd)mg (*)

(©) Using T =0 to find cos 6

Hence height above A = 2a  Accept 1.33a (but must have 3+ s.f.)

(d) V2

lag (o) f.t. using cos@ =1 inv?
consider vert motion: (vsin@)’ =2gh (with v resolved)
sin?@=2% (or §=70.53, sin = 0.943) and solve for h (as ka)

= 5-a or 0.148a (awrt)

OR consider energy: m(v cost9)2 +mgh=1mv® (3 non-zero terms)

N

Sub for v, 8 and solve for h

h= Za or0.148a (awrt)

M1 Al

Al
3)

M1 Al

Al cso
3)

M1

Al
)
B1V

M1 Al
M1

Al

M1 Al
M1

Al




Question Scheme Marks
Number
S. (a) 1 T cosé = mg B1
& T +Tsind =mro® (3terms) | M1 Al
r=htané Bl
mg . mw?hsin @ . "
——\1l+sinf)=—— eliminate r
cosé?( ) cosé ( ) M1
. J
o’ =g(1 +.smt9j *) (solve for »® ) M1 Al
h{ sin@ @)
(0) wzi(.iﬂj > 29 (sing <1) = > |2 ¢ M1 AL
h{sin@ h h
(2)
30 g(l+sin@ .
C —= == sing=4%
© h h( sine] = : M1 Al
243 !
Tcosd=mg = T :ng or 1.15mg (awrt) M1 Al
s 4)

(@) Allow first B1 M1 Al if assume different tensions (so next M1 is effectively for

eliminating rand T.

(b) M1 requires a valid attempt to derive an inequality for @.

(Hence putting sin 6 = 1 immediately into expression of @? [assuming this is the

critical value] is MO.)




) L ST 2 o0, o[22
(a) Moments: any dx =V X oery dx_leydx

2 2 1 1 7 7 .
dx = dx = |- = — either
Ily X J.14x4 [ 12x° |, ( 96) ( )
2 2 1 1 T 3
xy2dx = | —dx = |-— = = both
J; d J.14x3 [ 8x* |, ( 32) (both)
Solvingto find X (=2) = requireddist=2-1=2m (*)
(b) H S T
2 (1Y T
Mass 1 I I — H+ S
(p) 3”(2) (p) %
1 5
{— E(P)ﬁ} [— E(P)”}
Dist of CM from base Q m §m X
16 7
1 19 77 (5 5
Moments: = — — | + — = = | == X
[ : M (16j (n 2 [7j [32 W} X
_ 29
X =

= — m or 0.967 m (awrt)
30

Allow distances to be found from different base line if necessary

M1

M1 Al

Al
M1 Alcso

(6)

Bl, M1

Bl Bl

M1 Al

Al
(")




A
a) A = =-(0.05) = 0.25
(a) 05009 g

, _(0.8)(0.250)

=392 (*
0.05 )

Y 39.2
b T =22%(x+0.05
(b) 08 ( )

mg-T = ma

0.25g — %(x + 0.05) = 0.25 X (or equivalent)

X =-196x
2r 27

. . T *
SHM with period iy i s (¥
() v =14{(0.1)? - (0.05)%}

= 1.21(24...) ~ 1.21ms™" (3s.f) Accept 7V3/10

(d) Time T under gravity = L2l (=0.12375s)
g

Complete method for time T from B to slack.
[T eo. 2% + t, where 0.05=0.1sin 14t
OR T', where —0.05 = 0.1cos14T" ]

T" = 0.1496s

Total time= T+ T' = 0.273s

must justify later

For last four marks, must be using X (not a)
(c) Using x=0is MO

assumed end of the oscillation) is MO

(3 term equn)

(b) 1% M1 must have extn as x + k with k # 0 (but allow M1 if e.g. x + 0.15), or

(d) M1 - must be using distance for when string goes slack. Using x =-0.1 (i.e.

M1

Al
(2)

M1

M1
Al
Al

\
M1 Al cso

(6)

M1 A1V

Al
(3)

B1V

M1 Al

Al

Al
Q)
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Queston
1. | @ A= [ (2x-x)dx M1 Al
-
_ Xz_%} Al
1’ 8 4
A:[XZ_g} :4_525 * cso | Al (4)
0
b) X=1 (by symmetry) Bl
( y sy y
4__1 2 _1 2
Ey_EIy dx_z (Zx—x ) dx M1
_1 2 3 4
—EI(4X —4x° +x") dx Al
L 4—)(3—x4+x—5 Al
2| 3 5
4 1[a¢ , ] 8
—yV==|——X'"+—| =—
3 2| 3 5], 15
_ 8 3 2 .
y:—><Z:E accept exact equivalents | Al 5)

[9]




Question

Number Scheme Marks
2. @) Base  Cylinder Container
Mass ratios zh? 27h? 37h? Ratioof1:2:3 | Bl
h
v 0 i v Bl
/ 2
2 T 2 h
37h*xy =2xh XE M1 Al
Leading to y =%h % cso | Al (5)
(b) Liquid Container  Total
Mass ratios M M 2M Ratioof1:1:2 | Bl
_ h h =
— — Bl
y 5 3 y
h h
2ZM xy =M x—+ M x— M1 Al
2 3
v==h Al (5)
12

[10]




Question

Number Scheme Marks
3. (@) Atsurface
?:mg = k:ng2 3 cso | M1A1 (2)
mgR?
() N2L =
dv  gR? d(1 2] gR’
V—=— or —| =V =~ M1
dx x? dx(z x?
jvdv:—gRZIizdx or 1y =—gR? izdx M1
X 2 X
2
ivz zﬂ (+C) Al
2 X
x=2R,v=0 = C=—% M1 Al
2
2= 2R gR
2
At x=R, VZ:ZQRR -gR M1
v=+(9R) AL (D)

[9]




Question

Number Scheme Marks
4.
T coséd=mg M1 Al
2
- Tsing="" M1 Al
r
tan @ = ( 2r 2) or equivalent | pm1 AL
-r
2
tangd=— Eliminating T M1
rg
r V2
=— Eliminating &
\/(Iz—rz) - g M1
gr’ =vy(I’=r?) * cso | Al 9)

[9]




Question Scheme Marks
Number
5. (a) X=-0’X = 1=0’x004 (= w=5) M1 A1
T :2?” awrt 1.3 | Al 3)
(b) V'=o’(a®-x") = 02°=5(a’-0.04) ft their @ | M1 ALft
a= \2/—52 accept exact equivalents or awrt 0.057 | Al 3
(c) Using x=acoswt
%a:acosa)t ft their o | M1 A1ft
5t=2
3
t=" Al
15
T’=4t=111_75[ awrt 0.84 L_| M1 Al (5)
[11]
Alternative to (c)
Using x =asin wt
%a:asina)t ft their @ — M1 Alft
5t =2
6
=2 Al
30
, 4
T :T_4t:E awrt 0.84 —| M1 Al (5)




Question

Number Scheme Marks
6.
Vv
w
U
(a) Energy %m (U?-v*)=mga(l+cosa) M1 Al=Al
mv?
0 (T+) mgcosa = M1 Al
Leaves circle when T =0
2 —_ —
QCOSa:U 29a-2gacosa Eliminating v M1
a
Leading to U?=ag(2+3cosa) * cs0 Al ©)
(b) Using conservation of energy from the lowest point of the surface
1
Em(UZ—WZ):mga M1 Al=Al
W?=U?’-2ag
Using (:050:—i Wz—ag(2+ij—2ag M1
V3’ V3
=ag+3 k Cso Al (5)
[12]

Alternatives for (b) are given on the next page.




Question

Number Scheme Marks
6. Alternative to part (b) using conservation of energy from the point where P
loses contact with surface.
[VZ =ag cosa =%j
\3
Energy %m(w2 ~V?)=mgacosa M1 Al
lm(WZ—iagj=mga><i Al
2 \3 V3
Leading to W?=ag~3 %k €S0 M1Al (5)
Alternative to part (b) using projectile motion from the point where P
loses contact with surface.
V?=agcosa = 9
V3
J W? =V?sin’ o +2gacosa
=iag(1—1)+29axi=8—\/3ag M1 Al
\3 3 N3 9
«— V, =V cosa Al
WZ:Wy2+VX2:8T\Bag+%ag\/3x%:ag\/3 * €S0 M1Al (5)




(lg\luestion Scheme Marks
umber
7 (a)
2 2
AP =((L51) +(21)°) =25 M1 Al
cosa :i Bl
5
A(2.51-1.5
Hooke’sLaw T :(—)(: 2—/1j M1 Al
1.51 3
) 2T cosa = mg ( :5%) M1 Al
A 4 24 5mg
2x=x—=m e M1
N ( 45 j
/1=15ﬂ * cso | Al 9)
16
(b) A 151 B
2 2
h=~((391)° ~(L5I)’ ) =36l M1 Al
241
Energy lmv2+mgxh:2x15mgx( ) ft theirh | ML Alft=Al
2 16  2x1.51
Leading to v=0 * cso | Al (6)
[15]
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Question Scheme Marks
Number
1l.(a M1
@) T or $ =mg (even T=mis M1, A0, AO sp case)
Ax0.16 29 AL
04
— A=49N or5g Al (3)
(b) :
Special case T SIN@ =mg
giving @ =30 is M1 A0 A0 unless mg
there is evidence that they think @ is R(T) Tcos@=mg or cosd = ? M1
with horizontal — then M1 A1 A0
0.32 .
49.W.cose =19.6 or 49.cos@ =29 or 2mg.cosé& = mg (fton their 4) A1ft
= cosf=1 = 6 =60° (or % radians) Al (3)
6
2. 5
ma = * 16 with acceleration in any form (e.g ﬂ vy ﬂ or B1
©5x% Tdt? T dx dt
a)
Usesa = Vﬂ to obtain kvd—V: ik’s—f M1
dx dx X
. 32
Separates variables, kj vdv = k’J‘ — dx dM1
X
Obtains %VZ = F 32 (+ C) orequivalent e.g. %VZ = - ;—6 (+C) Al
X X
Substituting x = 2 if + used earlier or — 2 if —used in d.e.
X=2,v=18=32 = -16+C = C = 48 (or value appropriate to their correct equation) | M1 A1l
32 ) 2 .
v=0= —=48 = x=4m (N.B. - % is not acceptable for final answer)
X M1 Al cao
8

N.B d (A mv?) = 16 is also a valid approach
Todx ? 5x% '

Last two method marks are independent of earlier marks and of each other




Question Scheme Marks
Number
3.(a)
Large cone small cone S
Vol. 17(2r)*(2h) Lar?h Lar®h (acceptratios 8 : 1 : 7) Bl
CofM +h, 2h X (or equivalent) B1,B1
Sar’hiih - Lar*h.2h = Zar’h.x or equivalent M1
— X = £h * Al
()
2r 2r 2r 28
(b) tanfd = —=—\ =—=—
x h gr 11 M1, Al
0 ~68.6° or 1.20 radians Al
©)
8

2r
(Special case — obtains complement by using tan @ = — giving 21.4° or .374 radians M1AQAQ)
X

makes the working clear.

Centres of mass may be measured from another point ( e.g. centre of small circle, or vertex)
The Method mark will then require a complete method (Moments and subtraction) to give

required value for i). However B marks can be awarded for correct values if the candidate




M1

4. (a) Energy equation with at least three terms, including K.E term
%mv 24
1 2mg a? . 1 2mg 9a’ AL AL AL
+. —.—.—,+mg.—a.sin30,=—.—.—
2 a 16 2 a 1
dM1 Al (6)
=V = 9
2
(b) Using point where velocity is zero and point where string becomes slack: M1
Emw2 =
2 Al, Al
1 2m 2 .
—.—g.gi,—mg.g.sm 30
2 a 16 4
Al (4)
= W = &ﬂ
8
Alternative (using point of projection and point where string becomes slack): MLALAL
m m
Imw? —imV,’,= moa_moa Al
16 8
Sow = a9 10
8
In part (a)
DM1 requires EE, PE and KE to have been included in the energy equation.
If sign errors lead to V% = —% , the last two marks are MO AO
In parts (a) and (b) A marks need to have the correct signs
In part (b) for M1 need one KE term in energy equation of at least 3 terms with distance
37? to indicate first method, and two KE terms in energy equation of at least 4 terms with
. a, . .
distance — to indicate second method.
4 _ _ _ M1 Al Al
SHM approach in part (b). (Condone this method only if SHM is proved)
. . 29 a
2 2 2 2 2
= — == =4+
Using v =@ (a° — X°) with @ N and X £ AL

Using ‘a’ = & to give w = &%.




5.(a) N
B < mv?
s = 4N, = umg M1, Al
mg
2 2
v 21
H rg 75x9.8 ®)
(b) 2
068-1a mg _Rpl4.33 =mg:>R:25ﬂ Al (4)
5 55 11
(©) mv?
R(€) Rsina,+0.6Rcosa = M1, Al Al
r
v~ 325ms dM1 Alcao
()
12
In part (b) M1 needs three terms of which one is mg
If cos « and sin « are interchanged in equation this is awarded M1 A0 Al
2
In part (c) M1 needs three terms of which one is or mro’
r
If cos « and sin « are interchanged in equation this is also awarded M1 A0 Al
If they resolve along the plane and perpendicular to the plane in part (b), then attempt at
2 2
R-mgcosa = MW sina ,and 0.6R+mgsina = cosa and attempt to eliminatev | M1
Two correct equations Al
Correct work to solve simultaneous equations Al
Answer Al 4)
In part (c) Substitute R into one of the equations M1
Substitutes into a correct equation (earning accuracy marks in part (b)) Al
Uses R = 25mg (or 25mg) Al
29
Obtain v =32.5 M1Al (5)




6.(a)

(b)

(€)

(d)

. . Sga .
Energy equation with two terms on RHS, E mv? = E m.% +mgasiné

:3v2=%?6+49n6) x

2
(3 terms)

R(\'string) T —mgsinéd =

m .
:T=7§6+&mmaa
T=0=sinf,=-2
Has a solution, so string slack when « ~ 236(.4)° or 4.13 radians

. 1 1 b5ga mga
At top of small circle, Emvz = Em% _Tg (M1 for energy equation with 3 terms)

=v’=24ga=14.7a

2 3
. . mv 2ga
Resolving and using Force = , T+mg= m.zli (M1 needs three terms, but any v)
r -a
2

=T =2mg

M1, Al

Alcso (3)
M1 Al
Al (3)
M1, Al
Al (3)
M1 Al
Al
M1 Al
Al (6)
15

Use of v*> =u®+2gh is MO in part (a)




7.(a)

(Measuring x from E) 2% =209 -98(x+0.2),and so X =-49x M1 A1, Al
SHM period with @° =49s0 T = 2 d M1 Alcso
(5)
(b) . "
Max. acceleration =49 x max.x =49x0.4=19.6 ms Bl (1)
c
© String slack when x = —0.2: VvZ = 49(0.4* - 0.29) MIAL
Al (3)
= v~242ms™ =ﬂ
(@) | Uses x=acoseat or use x = asin et but not with x = 0 or +a M1
Attempt complete method for finding time when string goes slack —0.2 = 0.4 cos 7t = cos | dM1 Al
t=-%
Al
t= 2% L 02995
21
M1 Alft
. - 2)x2.42 23
Time when string is slack = (2)x = \7/_ ~0.495s (2 needed for
g
A) Al (7)
Total time = 2x0.299 + 0.495 ~ 1.09s 16
(a)
DML requires the minus sign.
Special case
2X =29 —98x is MIA1AOMOAO 2X =-98x is MOAOAOMOAO
(b) No use of X, just ais M1 AO0,A0 then M1 AO if otherwise correct.
Quoted results are not acceptable.
(©)
Answer must be positive and evaluated for B1
M1 — Use correct formula with their @, a and x but not x = 0.
Al Correct values but allow x = +0.2
Alternative
It is possible to use energy instead to do this part
(d) A% 0.6

M1 Al

imv? +mgx0.6 =

If they use X = asin ot with x = £0.2and add Zor Z this is dM1, Al if done correctly
If they use X =acosawt with x =-0.2 this is dM1, then Al (as in scheme)

If they use X =acosawt with x = +0.2 this needs their % minus answer to reach dM1, then

Al
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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.

o 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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Question Scheme Marks
Number
2 Bl
Ql(a) o| *? EPE stored = ii(l Lj (:LLJ
2L\ 2 8
. 1 . B1
KE gained = EmZgL (= mgL)
EPE = KE= % = mgL ie /1:8mg* M1Alcso
(4)
(b) M1
EPE = GPE + KE
F
2
j lm EL :8rn—gL:mg£+£mu2 AlAl
2 L \2 8 2 2
M1Al (5)
_mgL = —u? ~u=.oL

9 Marks




Question Scheme Marks
Number
Q2 (a) 0
I | |
A | | B
M1A1l
T=3 :2_7[ Lo w= 2_7[
w 3
= »? (a%-x* ) ;a=012 , u’=a’e’,u= 012 xw M1
=0.251ms™* (0.25ms™)
Al 4)
) Timefrom O - A —- O = 15s S t=05 B1
_ . _ (7
X = asin ot = 0P =0.12 S'”[Ej M1A1
Distance from B is 0.12-OP =0.12-0.104... =0.016m
M1A1l
)
) vi= o? (a?-x? ) M1
v = 2?” J0.122 -0.104..% = %x0.0598 = 0.13ms™ Al (2

11 Marks




Question Scheme Marks
Number
N
Q3 (a) T
>orw’
g
M1A1
Tcosd+N=M 1
T + g (1) V1AL
— Tsin@=mre? (2)
I sin¢9=|£ from(2) T =mle?
Ll ]
r subinto (1) mlcos@w® +N =mg M1
Al
N = mg — mhe?
Since in contact with table N .0 . @",, %* M1AL1 cso
(8)
(b)
h:1=3:4:5 . extension =
rihil=3:4:5 .. extension =7 a1
2mg h
“h "2 T M1AL
T =mlw? _5mh 29
- 4 5h M1A1
)

13 marks




Question Scheme Marks
Number
Q4 (a) LN = o~ +
Mass agéﬂx: 216 8 208 M1A1
27 1 26
3 3 3 M1
Cof MfromO: —x6a —x2a X Use of —r
8 8 8
Moment:  216x 023 = g 223 s0ex M1
< = 480a _30a =% Al cso
208 13 (5)
(b)
= 4 = S
Mass 7l x: a6 24 = 488 B1
3 3 B1
C of M: Qa + 9a = y
13
M1
Moments : 320a + 2l16a = 4—28
o 201 % Al cso
61
(c) (4)
12a_&a M1
61
2a 2a
tand =— tand =—
12a-2q M1
0=12.93..... Al
so critical angle = 12.93... . 1f @ =12° it will NOT topple. ALY
4)

13 marks




Question Scheme Marks
Number
Q5(a)
M1A1
Energy % mv® = mga cos &
v?=2gacosé
2
F=ma X T-mgcos 6= M1A1
subfor i T= 0+ 2 6: 0=60 - T=>
ub for 'S = mg cos mg cosé: = nT= mg M1AL
(6)
(b) _
Speed of P before impact = ,/2ga B1
—.20a —0 —u
J2ga
PCLM: o « e LU= 49 . %* M1Alcso
m 3m 4m (3)
(c) ()
At A v =0 so conservation of energy gives:
1
o| w0 > 4mu’ = 4mga (L- cos0) MIAL
§ ga M1
= =ga(1-cosé
T ( )
Al
cosfd= 15 , 0= 20°
16
(i)
15mg
ASTOAtA T =4mgcosd = —— (accept 3.75mQ) M1A1 (6)

15 Marks




Question Scheme Marks
Number
Q6 (a) 3 dv
F=ma ——— =05=05v—
(=) (e 1) - M1A1
3
| dx =05 [v dv Separate and |
(x+1) M1
3 1,
= = Vvi(+¢
2(x+1° 4 (+ o Al
_ _ ,_ 3 2 1 *
x=0,v=0= C——E Vv _61_(x+1)2J M1A1 cso
(6)
(b) VX v?<6 V<6 (. (x+1) always>0) B1 (1)
(© _dx _ VBy(x+1)’ -1 M1
dt X+1
x+1
[—— d = Je[dt
JX+1)7 - M1
q/(X-i-l)Z -1 \/6t+ c’ M1 Al
t=0, x=0= ¢' =0 M1
t=2= (x+1’ -1= (2+/6)°
M1
2 _ — '
(x+1)> = 25 = x=4 (c' need not have been found) Al ca0
(7

14 Marks
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Question

Number Scheme Marks
1 N2L 3a=—| 942 - B1
(t+1)
15
v=—9t+—(+A) M1 Alft
t+1
v=0,t=4 = 0=-36+3+A = A=33 M1 Al
v=—3t+i+11
t+1
t=0 = v=16 M1 AL (7)
[7]
2
. 4
(@) («) T5|n9:§mg M1 Al
(T) T cos@ =mg Al
4 2
TZ:[gmgj +(mg)’ M1
. 5
Leading to T =§mg Al (5)
(b) Mo T=2X o Opg-Sme ft their T M1 ALft
a 3 a
5
e=—a
9
2
_AX_3M9 (54 =2 mga M1AL (4)
2a 2a 9 54
[°]

6679/01 GCE Mathematics January 2009 2




Question

Number Scheme Marks
3 0=39%2% st (:%z&s‘??...J B1
Accept V= 1;5—;[ ~0.67ms™" as equivalent
(T) R=mg B1
For least value of ©1 (<) wmg =mro’ M1 A1=Al
2
U= %x (8?”) ~0.57 accept 0.573 M1Al (7)
[7]
4 (@) a=8 B1
=522 a)_4—”(zo.502 ) M1 Al
2 o 25
2
v = w? (a2 - X2) = V= (4—7[] (82 —32) ft their a, @ M1 Alft
25
v:4—ﬂ\/55z3.7 (mh™) awrt 3.7 ML AL (7)
25
A .
(b) X=acosot = 3= SCos(gtj ft theira, @ M1 Alft
t~2.3602 ... M1
time is 12 22 Al 4)
[11]

6679/01 GCE Mathematics January 2009




Question

Number Scheme Marks
5 (a) | Let x be the distance from the initial position of B to C
GPE lost = EPE gained
2
mgxsin 30° = &M M1 AL=A1
2a
. a
Leading to XZE M1
AC = ra Al (5)
6
(b) The greatest speed is attained when the acceleration of B is zero, that is
where the forces on B are equal.
(R) T =mgsin30° = émge M1
a
p= Al
12
2
ce I 89023} g singoe M1 AL=AL
2 2a \12 12
\J/6ga
Leading to v:\/ 9a = g M1AlL (7)
24 12
[12]

Alternative approaches to (b) are considered on the next page.

6679/01 GCE Mathematics January 2009 4




Question

Number Scheme Marks
5 Alternative approach to (b) using calculus with energy.
Let distance moved by B be x
CE %mv2 Jrfiﬂx2 = mgxsin 30° M1 A1=A1l
Vv = gx 59,
a
For maximum v i(VZ):Zvﬂ:g—lz—gx:O M1 Al
dx dx a
a
X=—
12
2
12 a\12 24
ga
V= — Al 7
\/( 24) "
Alternative approach to (b) using calculus with Newton’s second law.
As before, the centre of the oscillation is when extension is % M1 Al
N2L mgsin30°—T =mX
6m a + X
1 12 ) M1 AL
—mg - =mX
2 a
g=-%9y o -0 Al
a a
6 a a
Vmax_a)a:,\/(—gjx—:,\/(g—j M1AL (7)
a) 12 24

6679/01 GCE Mathematics January 2009




Question

Number Scheme Marks
6 (a) Iyzdx=j(4—x2)2dx:J(16—8x2+x4)dx
3 5
:16x—81+x— M1 Al
3
3 5
16X—8i+x— :@ M1 Al
3 5], 15
J'xy2 dx:'|.x(4—x2)2 dx:_[(16x—8x3+x5)dx
XG
=8x* - 2x* s M1 Al
°T 32
{BXZ -2x* +—} =— M1A1
. 3
2
xy“ dx
LN WLAL (10
[y?ax 37216 8
(b) AxX =(zr’l)x— M1
@ﬁxﬁzﬁxlmx— Al ft
15
. 2+/3 :
Leading to | :T accept exact equivalents or awrt 1.15 M1 Al (4)
[14]

6679/01 GCE Mathematics January 2009 6




Question

Number Scheme Marks
7 (&) | LetspeedatC beu
CE lmuz—lm(agj mga(1-cos ) M1 Al
2 2 4
u’ :gﬁ—Zgacose
4
2
mgcosd (+R)= mu M1 Al
a
mg cosﬁzg%—ng cosé eliminating u M1
Leading to COSQ—% M1 Al (7)
9ga 3 3
b AtC u’=——-2gax—=-ga B1
(b) g c9exy =0
=)y =ucos¢9:\/(w—ajx§_\/[27gaj 2.033//a M1 Alft
4 4 64
: 3ga) 7 21ga
J u =usm9:\/ == —:\/ =1.792 M1
( ) y 4 )2 64 Va
21 7 245
Vi=u’+2gh = Vvi=—"ga+2gx—a=—-ga M1 Al
y =l reg ’ 64 J J 4 64 J
v
tanw:—y:\/(245j 3.012 . M1
U, 27
v = T12° awrt 72° Al (8)
Or 1.3° (1.2502° awrt 1.3° [15]
"""""""" Alternative for the last five marks
Let speed at P be v.
CE Love_Lm(39) mg x 2a or equivalent M1
2 2 4
2 _ 17mga M1 AL
4
cosyx:“—*:\/(E i} \/( 27] 0.315 M1
v 64 17 272
y=T12° awrt 72° Al

Note: The time of flight from C to P is ZBST_M (EJ ~1.38373 (EJ
\\g N

6679/01 GCE Mathematics January 2009 7
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June 2009
6679 Mechanics M3
Mark Scheme

Question

N Scheme Marks
umber
Q1 (a) Resolving vertically: 2T cosd =W M1A2,1,0
Hooke’s Law: T= 80 13'5 M1A1
W = 84N Al
(b) 2
EPE = 2x 2035 _ 945 (or awrt 245) M1ALft,Al
X
2
(alternative 807 =245)
[9]
Q2  (a) | Object Mass ¢ of m above base B1(ratio
Cone m 2h+3h masses)
Base 3m h B1(distances)
Marker 4m d
mx5h+3mxh=4mxd MIALft
d=2h Al
(b) r 1
E = E M1A1ft
2h
6r=nh Al

(8]

6679/01 GCE Mathematics June 2009
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Question Scheme Marks
Number
Q3 (a) — Rsing = mxw? M1 Al
\‘\‘ Rxﬁzmxxs—g M1
\‘ r 2r
| R 3Mg Al
r ‘J 2
o !
(b) i " {  Rcosd=mg M1 A1
3mg ><9 =mg M1
X 2 r
2
d=—r
- 3 Al
e [8]
Q4 (a)
Volume = ﬁ;zyzdx = ﬁﬁ%dx M1A1
o T X
4 4
[T
=\ s Alft
4
Al
- *x*
= 7r(—1+%) =21z
3 3
() _ 1
217X = pj;zyzxdx = 'OJ”F xdx M1A1
21ﬂ><=7{_12}1 Alft
2x° |1
4
_1,-1 16, 5
- = (2 -2 orawrt0.36
=G Al
y =0 by symmetry B1
[°]

6679/01 GCE Mathematics June 2009
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Number scheme e
QB (@ Energy:
(Emu2+)mgl(cos6’—£) L
5 4 5 M1A1
Resolving:
2
- T —-mgcosé = mv MI1AL
Eliminate v*:
I mg cos&+%(2mgl(cos¢9—%)) M1
*
T ﬂ%mgcos@—% Al
(b) ) 11
€ =60°= mv° =2mgl(=-—=
Ao 9 -7) M1
| 2
A 3l vertical motion under gravity:
J/ 16 7 0=(vcos30°)? —2gs M1
O=(‘:J—I><§—ng:>s:3—I Al
2 4 16
Distance below A = I 3 8 M1Al
2 16 16
¢ [11]
Alternative 1 ) 1 )
Ig; ﬁgi‘:];f 777777777777777777777777 SRR 5 mv“ —mgl cos60 = Em(v c0s60)“ —mgd| pm1a1
energy
v cos 60 g—l—g—I:g—le—gd Ml
4 2 4 4
4 1-4+8 | - £l AL
16 16

6679/01 GCE Mathematics June 2009
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Question

Scheme Marks
Number
Q6  (a) | At max v, driving force = resistance
.. 80
Driving force = — B1
Y
1
3@=kx202:>k:— M1A1
20 100
_ 3
F=ma =100a="0 k¢ (=300-V, M1
v 100v
* dv 8000-v: %
SV = Al
dx  10000v
(b) | & 10000v? D
v=| 1dx
a0 v =) MIAL
8
D- [— 2299 1njso00 - vﬂ Al
3 4
10000, 7488 M1
=(—————In——)=193.7.....2194m (accept 190
( 3 7936) (accept 190) Al
(© | dv 8000-v® 1 s 10000V
— == | ldt=
dt _ 10000v Jy0t=], 8000 —v° M1AL
:»TzixleooooX{ 4 ,2xb 8 } M1
2 7936 7784 7488 Al
—T(=31.1409....) ~ 31
[14]

6679/01 GCE Mathematics June 2009 5




edexcel

Question Scheme Marks
Number
Q7 (a) mod=16
a=2 mod=12
a=1
A ® B
' 5m
§:7774_777777772\7: 777777777777777777 :‘)
\ d 5-d
Hooke’s law: Equilibrium = 16(d2_ 2) = 12(41_d) M1A1A1
so extensions are 1.2m and 0.8m. Al
(b) | If the particle is displaced distance x towards B then
. 16(1.2+x) 12(0.8—x M1A1ft
—-mX = ( )— ( )(: 20x) Alft
2 1
., ., 20
= X=-40x or X=——(=SHM) Al
m
© T 27
m B1ft
_ V1o BLft
their @
X =asinwt their a, their ® M1
1 1.
— =—SIn \/Et
42 Al
Jaot=Z(=t=—" M1
6 6+/40
4t 4r a0 1 M1A1
Proportion — = X—— =—
6440 27 3
[16]

6679/01 GCE Mathematics June 2009 6




edexcel

advancing learning, changing lives

Mark Scheme (Results)
January 2010

Mechanics M3 (6679)

A PEARSON COMPANY
i in England an es No. 4496750
i I London WC1V 7BH e —



Edexcel is one of the leading examining and awarding bodies in the UK and
throughout the world. We provide a wide range of qualifications including
academic, vocational, occupational and specific programmes for employers.

Through a network of UK and overseas offices, Edexcel’s centres receive the
support they need to help them deliver their education and training
programmes to learners.

For further information, please call our GCE line on 0844 576 0025, our GCSE
team on 0844 576 0027, or visit our website at www.edexcel.com.

If you have any subject specific questions about the content of this
Mark Scheme that require the help of a subject specialist, you may
find our Ask The Expert email service helpful.

Ask The Expert can be accessed online at the following link:

http://www.edexcel.com/Aboutus/contact-us/

January 2010
Publications Code UA022968

All the material in this publication is copyright
© Edexcel Ltd 2010



January 2010
6679 Mechanics M3
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edexcel

%ﬂ?ﬁgg? Scheme Marks
Q1. 0.5a =4+ cos(7t) B1
sin(zt
Integrating 0.5v:4t+ﬂ (+C) M1 Al
T
Using boundary values
3=4+C=C=-1 M1 Al
Whent=1.5
0.5v = 6—3—1 M1
T
v~9.36 (ms™) cao | Al ©)
[7]

GCE Mechanics M3 (6679) January 2010




Question

Number Scheme Marks
Q. |(a 27 _24 :w:%(z 2.62) M1 AL
w
x=0,t=0 = x=asinwt
when t=0.4, x:asin(5—ﬂx0.4j =£a M1
6 2
2 2
V=0'(a"-x") = 16= il P a:ﬁ(zs.OG) M1 Al
36 4 St
V..x =a®w=8  (orawrt8.0 if decimals used earlier) cao | M1 A1 (7)
(b) X =aw’ :ZOTﬁ awrt 21 | M1 A1 (2)
[9]

Alternative in (a)

(a) 24 0=" M1 Al
10} 6
x=0,t=0 = x=asinot
X = aw CoS wt M1
4:aa)cos(%{x0.4j M1
a:ﬁ(z 3.06) or aw=38 Al
5r
Vo = 80 =8 M1 A1 7)

GCE Mechanics M3 (6679) January 2010



Question

Number Scheme Marks
Qs. @) S B S
Mass ratios 8 19 27 anything in correct ratio | B1
= 3 2 = 3
X —x—=r X —r B1
8 3 8
8><—r+197=27><§r M1 Alft
=2, * Al (5)
152
(b)
r
0 /..
v '
Mg kMg
Mg x X sin@ = kMg x r cos & M1 A1=A1
. 13
leadingto Kk =35 M1 A1 )
[10]

GCE Mechanics M3 (6679) January 2010




Question

Number Scheme Marks
Q4. 0,
X,
T
30N
P
40 N
T T cosé =40 M1 attempt at both equations | M1 Al
— Tsing =30 Al
leadingto T =50 M1 Al
2
E-* _10 B1
2a
HL T X 50 M1
a
leadingto x=0.4 M1 Al
OP=0.5+0.4=0.9(m) Alft (10)
[10]

GCE Mechanics M3 (6679) January 2010




Question

Number Scheme Marks
Q5. (a)
1 1 ., .
meZag—Emv =mg(2a—3asing) M1 Al=Al
leading to v* = 2ga(3sin§-1) * Cso M1 Al (5)
(b) minimum value of Tiswhenv=0 = sinH:% B1
T:mgsinez% M1 Al
maximum value of T is when & :% (v2 = 4ag)
2
P 1=V g M1 Al
3a
mg
= > Al 6
3 (6)
mg 7mg
[—ST S—J [11]
3 3

GCE Mechanics M3 (6679) January 2010




?\llfﬁzggp Scheme Marks
Q6. | (3a)
R
UR
mg
T R=mg B1
Use of limiting friction, F, = 4R B1
2
- _ 28 M1 Al
120
287 2
=  =Z % cao | M1 Al (6)
#7120x98 3
(b) |
R Ra:
UR
mg
(04
) Rcosa — uRsina =mg M1 Al
2
«— UuRcosa+Rsina = T M1 Al
r
H 2
—yCOSa+S!na - Eliminating R M1
cosa—usina  rg
2005 +33!n @ _ 2 Substituting values M1
3cosa—-2sina 24
leadi _ 2 0.22
eadingto tana = 122 awrt 0. M1 Al (8)
[14]

GCE Mechanics M3 (6679) January 2010




Question

Number Scheme Marks
Q7. | (a
1, 3mgx’
—mv® + =mg(a+x M1 A2 (1,0
2 4a 9(a+x) .0
2
leading to v’ =2g(a+ X)_ng cso | Al 4)
a
(b) Greatest speed is when the acceleration is zero
T:ﬂ:_3mgx:mg = x:E M1 Al
a 2a 3
2
VZ:ZQ(a+§j—3—gx(§j (:&ﬂj M1
3 2a 3 3
V= %\/ (6ag) accept exact equivalents | Al 4)
2
c)v=0 = Zg(aer)—?’g;(l =0 M1
3x* —4ax—4a® =(x—2a)(3x+2a)=0
X =2a M1 Al
AtD, mx = mg - 2222 ft their 2a | M1 ALft
a
X =29 Al (6)
[14]
Alternative to (b)
3gx°
vi=2g(a+x)-
9(a+x)-—
Differentiating with respect to x
ZVQ — Zg _%
dx a
Wy 2
dx 3 M1 Al
VZ:Zg[a+§ 39, (22 =8ﬂj M1
3 2a 3 3
v==+/(6ag) accept exact equivalents | Al 4)

GCE Mechanics M3 (6679) January 2010




Question

Number Scheme Marks
Q7. Alternative approach using SHM for (b) and (c)
If SHM is used mark (b) and (c) together placing the marks in the gird
as shown.
Establishment of equilibrium position
a 2a 3
N2L , using y for displacement from equilibrium position
3
my:mg_mz_?’_gy bM1 bA1
2a
-2
2a
Speed at end of free fall u’=2ga cM1
Using A for amplitude and v* = o* (a* - X°)
2
u® =2ga when y:—ga = 29a:3—g pe 42 cM1
3 2a 9
A:E CAl
3
. 4a 39 2
Maximum speed Aw=— »\/ — |==+/(6a M1 cAl
peed Aw =37 (Zaj 3V(629) e ¢
. . , 4a 3¢9
Maximum acceleration Aw” =—x—=2¢ cAl

GCE Mechanics M3 (6679) January 2010
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%ﬂ?ﬁggp Scheme Marks
Q1
(a) cosw:g Bl
13
R(T) Tcosa=mg M1
12
Tx—=m
13 J
13
T=—mg oe Al 3
T 3
2
() Eqgn of motion  Tsina = m\;—l M1 Al
2
Bﬂxi = mV_ M1 dep
12 13 51
V= 25¢l
12
V= E\/g accept 5\/g or, /@ or any other equiv) Al “)
2\ 3 12 12
[7]




edexcel

ﬁtﬁﬁggp Scheme Marks
k
Q2 (a) F= (—)? M1
k
mg = (—)? M1
2
= mng * Al 3)
X
2
(b) my = — MR M1
X
2
yav_ R M1
dx X2

Xx=R, v=3U

Xx=2R,v=U

Vi = " (+c)
2
92 =gR+cC
2 2
}_z_gR +9U R
2 X 2
2 2
lye R,V R
2 2R 2
UZ_E
8
U [®R
8

M1 dep on 1st
M mark

Al

M1 dep on 3rd
M mark

M1 dep on 3rd
M mark

Al @)

[10]
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Question
Number Scheme Marks
Q3
R
F
0
%
2 2
EPE lost =<6 _Ax0L [ 7 M1 AL
2x0.9 2x0.9 36
R(T) R=mgcoso M1
=0.5¢ x% =0.49
F = 4R =0.15x0.4g M1 Al
P.E. gained = E.P.E. lost — work done against friction
2 2
05gx0.7sing=2208"_Ax0L 445 04gx0.7 M1 AL Al
2x0.9 2x0.9
0.19444 =0.5x% 9.8><0.7><§+O.15><O.4><9.8><O.7
A=12.70......
A=13N orl2.7 Al
(9]

GCE Mechanics M3 (6679) Summer 2010
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Question

Number Scheme Marks
Q4 (a) cone container | cylinder
3 3 3
mass ratio 4zl 68zl 24nl M1 Al
3 3
4 68 72
dist from | | X 3l
o Bl
Moments: 4] +68X =72x 3l M1 Alft
Yzingl accept 3.121 Al (6)
68 17
(b)
G
" X
[Z]
GX =6l-X seen M1
tan@ = 2l — M1 Al
6l —X
B 2x17
49
0=34.75...=348 or 35 Al 4)
[10]
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edexcel

?\,ﬁggf Scheme Marks
Q5
. 1 1,
(@) | Energy: mgasmH:meSag —Emv M1 Al
v’ =5ag —2agsin @ Al (3)
(b) | Eqn of motion along radius:
2
T+mgsin6?:mV M1 Al
m : :
T =—(5ag —2agsin#)-mgsin @ M1
a
T =mg(5-3sing) Al 4)
(c) | AtC, #=90°
T =mg(5-3)=2mg M1 Al
T>0 ..PreachesC Al 3)
(d) | Max speed at lowest point
(6=270°; v’ =5ag —2ag sin 270) M1
v’ =5ag + 2ag
v=+/(7ag) Al )
[12]
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?\ﬁggp Scheme Marks
6 (@) d?x 3 "
a =—
dt? (t+l)2
dx -2
—=|-3(t+1) dt
=18t
=3(t+1) " (+c) M1 AL
t=0, v=2 2=3+c c=-1 M1
dt t+1
3
b X=||—-1|dt M1
) -[(Hl j
=3In(t+1)-t (+c') Al
t=0, x=0 =¢c'=0 Bl
x=3In(t+1)-t
V0= 21 M1
t+1
t=2 Al
x=3In3-2 M1
=1.295...
=130 m (Allow 1.3) Al @)
[12]
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Question
Number Scheme Marks
Q7 A
3a
A
e T
O ?
2mg
(a) R(T) T=2mg B1
Hooke's law: T = omge
3a
2mg = omge M!
3a
e=a
AO = 4a Al (3)
(b)
48. A T
4 X
2mg
HL T:6mg(a—x):2mg(a—x) BLft
3a a
Eqgn. of motion -2mg +T =2mX M1
2mg(a—x
-2mg +L) =2mX M1
a
_2mgx = 2m¥X
a
X= —gx Al
a
period 27z F * Al (5)
g

GCE Mechanics M3 (6679) Summer 2010
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Qe
(C) szwz(az_xz)
2
Vi = Q((E] —OJ M1 A1
al\ 4
Vi = %¢ (ga) AL @3)
2 2
@ | x=-2 vp-9/a._a M1
8 alle 64
_3ag
64
v =u’+2as M1
0=339 _ogn AL
64
s
128
Total height above O = a,3a_1% Al (4)
8 128 128
[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:

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.

. Abbreviations

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

bod - benefit of doubt

ft - follow through

the symbol \)Cvill be used for correct ft
cao - correct answer only

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

isw - ignore subsequent working

awrt - answers which round to

SC: special case

oe - or equivalent (and appropriate)
dep - dependent

indep - independent

dp decimal places

sf significant figures

%k The answer is printed on the paper

|: The second mark is dependent on gaining the first mark
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Question
Number Scheme Marks
1. M1
v%:7—2x
dx
LV =7x-x* (+c) M1Al
x=0 v=6 = c=18 Al
v=0 x*-7x-18=0
(x+2)(x-9)=0 M1
“X=9 Al
[6]
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Question
Number Scheme Marks
2.
(a) Mass ratio 4m  km (4 +Kkm B1
Dist f 0] 3r L r 0 B1
ist from — -
8 2
Moments about O:
3 1 M1
—rx4dm==rxkm
8 2
k=3 Al
4)
(b)
30°
0
G x
v v /Img
B1
tan 30 :%
r
M1
oG = A x 2r
(7+2)
1 A ) Al
— =—X2I'Xx—
V3 (T+2) r
7+A=2v31
A= l (0.e.) or2.84 Al
- (2v3-1) '
4)
[8]
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Question

Number Scheme Marks
3.
@ I CRE TR e M1
Vol _ﬂL y dx_7rj1 e~*dx
1o M1 Al
_Eﬂ-[e ]1
1 4 2 Al
=—rle" —e
57 et e’
4)
(b) 2 5
Yy xadx
Cof M :—J.l
vol
2 1 M1 A1
I ezxxdx:[—xezx} J' e?* dx
1 2
2 2 Ml
el
2 1 4 1
B 1e2—(1e4—1e2j
2 4
(2e-te) w1
4 4
M1 Al
7 je“—iezj
Cof M = =1.656...
17r(e“—e2)
2
=1.66
(3 sf)
(6)
[10]
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Question

Number Scheme Marks
4.
(a)
x:55in[£t)
3
. T nt
X=5x—c0s| —
(5
ju 2 t M1A1
X:—Sx(—j sin(—j
3
2 Al
x:—%x (~.S.HM,)
3)
b
() period = 277[:6 B1
3
amplitude =5 B1
2
(c) T (ntj M1
..=5x=cos| — OF |V | =200
3 3
Y4 Al
max.v=—
3
(2
d M1
(@ AtA x=2 2:5$in(%tj
sinZt=0.4
Al
tA=§><sin‘1O.4
T
3 it
AtB x=3 t;=—xsin"0.6
T
3 3 Al
time A— B ==xsin"0.6——xsin"0.4
VA T
=0.2215...=0.22 s accept awrt 0.22 Al
4)
[11]
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Question

Number Scheme Marks
5.
A
Ja
Ty
B
mg
(a) po | B1
V2
R(T) T,cos45=T,cos45+mg M1A1
T,-T,=mgVv'2 (1)
R(—) T,cos45+T,cos45=mro’ M1A1
1 1 |
T x——+T. x——=mM—0a"
V2 V2 V2
T, +T, =mle’ (2)
T,-T,=mgv/ 2 @
2T, =m(lo® + g/ 2) M1
1
T,=-m(lo’+gv2
& 9 ( 9 )
T, =mle’ -T, Al
_1 2 Al
(8)
b M1
) T, >0 %m(lwz—g\/2)>0
Al
0> g\l/z *
(2)
[10]
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Question
Number Scheme Marks
6.
()
v
3mg
> Bl
length AP = length BP = Z|
kmg (3 M1A1l
Ta:Tb:#:%kmg (OrT:ln)
R(T) T.coso+T,cos6=3mg  (or 2T cosd =3mg) M1AL
1, 3.1 3 1 3 AL
—kmg x—+—kmg x - =3m or —kmgx—=3m
A (29X5 gj
3
—kmg =3m
10 g g
k=10 * AL
(7)
()
2]
Bl
initial extn =E|_|:§|
5 5
i ’ M1AL
E.P.E. lost :2></1X _ 9, 10mg 8l _128mgl
2 2l 5 5
P.E. gained =3mg x% - 36r5ngl
M1Al
1 gmy2, 36mgl _ 128mgl
2 5
V= 25691 724l
15 15
184 Al
v=vV|=—dl
(15 g]
(6)
[13]
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Question

Number Scheme Marks
7. Y
\5 Y
/V
mg
(@) 1 1 M1A1=A1
mgl(cosw—cos@):zmv2 —Emu2
v? =u’ +2gl (cosr —cos ) * Al
4)
(b)
cosa _3 vZ =2gl (E—COSQJ-FUZ
5 5
) 3 , M1A1

Attop #=360° v°=2gl 3_1 +u

M1
v:>0 -—2gl ><§+u2 >0
u2 >4_g|

5

Al

us2, 9 *
)
@)

GCE Mechanics M3 (6679) January 2011 7




Question

Number Scheme Marks
(c) | Equation of motion along radius at lowest point:
2 M1A1
T,—-mg = mlv
M1
#=180 v°=2gl (g+1j+u2
V2 :@+u2
T, :m(_16gl +u2j+mg
I\ 5
_2lmg  mu’ Al
5 |
At highest point:
2 M1
T,+mg =
2 M1
6 =360 T, =2mg (—§j+ mlu -mg
2 Al
T, = mu®  9mg
| 5
T, =5T,
2 2 Ml
21mg N mu _5 mu®  9mg
5 I I 5
66mg  4mu’
5 |
u? = 33¢l * Al
10
)
[17]
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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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Question

Number Scheme Marks
1.
@ P05k X
; e > X
o} 0.375x?
dv )
0.5v— =-0.375x M1
dx
%Vz = —0.25X3 +C M1 Al
t=0,v=2,x=8
%xz2 =-0.25x8%+c
c=130
VP :—%x3+260 * Al
(4)
(b) v=5 x*=520-50 M1
Xx=7.77 Al
(2)
6
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Question Scheme Marks
Number
_ 3 2 2 _ 3 2 4
2. v _;zjo(g—x ) dx_;zjo(sl—lsx +x*)dx M1
5 3
x| 81x—ex s | =848, OR: M1 Al
5| 5
3 5
J'On(9 X ) X dx J'(81x 18x% + X )dx
3
f[ } = 81x2 9x4 1 x® M1 Al
6 2 6 0
%[O+ }
M1
7{% 32——x34+éx36}
_ 43 243 al
2 2
213
7:%—1— (accept 0.94) M1 AL
5
9)
9
3.
@) Mass ratio z(31)'x5lp  Zz(3l)’x2p 81z1°p
5 4 9 Bl
Dist. from O EI —§><3I X Bl
2 8
Moments equation:
5x§|—4xg|:9Y M1 Al ft
2 8
-8 Al
9
(5)
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?\ﬂ:ﬁgg? Scheme Marks
(b)
GX:5I—§I:£I B1ft
9 9

327

tanf°=—=—

an 37,31 M1 Al ft
9

6° =36.1° accept 36°, 0.63 or 0.630 rad or better Al

(4)
9

GCE Mechanics M3 (6679) June 2011
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Number Scheme erke
4,
(@) A
Ba Ty
mg
B
cosé?:g or sinezg Bl
R(vert) T,cos45+mg=T,cosé M1 Al
1 4
T, +mg=—T
\/E B g 5 A
R(horiz) T,siné+T, cos45=mx3aw’ M1 A1=Al
3 1
=T, +—=T, =3maw’
5 A \/E B
STA —mg = 3maw* —%Ta M1
4 2
ETA =3maw” +mg
5
T, = 7m(3aa)2 +9) * Al (8)
4
(b) Tb=ﬁ[gTa—mgj M1
= Z(Em(3aa)2+g)—mgj
7
=ﬂm(4aw2—g) oe Al
-
)

GCE Mechanics M3 (6679) June 2011 4
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Question Scheme Marks
Number
(©) T,20=>4a0’ > 9 M1
0>
4a
w1 fT ,
2\a
(Allow strict inequalities in (c).)
)
12
5.
(@)
7 A
6 - A i
O T‘
mg
amg (1 1
T=—T|=l|==m
19/ 21)-Zmg B1
R(T) R=mg R(—) F=T=>-mg M1
F<uR
1 A
Emg < umg il
1
=>— % Al
125
(4)
(b)
2
EPE. lost= 2xM9( L)) _3mgl B1
2 1 \2 8
Work done by friction :%mg (IEJ Bl
3amgl 1, 1 I
——=—mv-+-—mg| —
3 > > g (2) M1 Alft
V2 _9
4
1
v =§ﬂ
Al
)

GCE Mechanics M3 (6679) June 2011 5
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?\lﬂ?ﬁgg? Scheme Marks
(©)
I 1
_3”;9 —mg M1 AL ft
3
3)
12
6.
V(—B
y
+ 1
@ e Tsviag)
C
Energy to B:
2
%m(sﬁ) —%xmvzzmag M1 Al
9ag —V? = 2ag
V? =Tag
NL2 along radius at B:
2
Ty +mg = mV— M1Al
a
Ty +mg =7mg M1
T, =6mg
Ty > 0= particle reaches B Al
(6)
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Question Scheme Marks
Number
(b) Energy to C:
2
l><mU2—Em(3\/£) =mag M1
2 2
U? = 2ag +9ag
U =,/1lga Al
)
(©)
0
/ 0
—>
5
—/1la
12 g
Energy from C to rest:
2
%xmx(%wlllagj =mga(1-cosé) M1 Al
25
——x1lag =2ga(l-cosé
144 xHag=2g ( )
1 25x11
cosf=—| 2— M1
2( 144 j
0=874..
@ =87° (orl.5rad) or better Al
(4)
12

GCE Mechanics M3 (6679) June 2011 7
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%t?ﬁgg? Scheme Marks
7.
TaA PS ;Tb B
A Im 0 >
X 1-x)
(@) Total extn. = 0.6
2(0.3-
T, Axext_2003-X) 25 40, M1 Al
I 0.7 7
)
2(x+0.3) 2
T =7 =—(10x+3
0 | =07 ( = )) B1
1)
©) T, - T, =0.5%
;(3—10x)—$(10x+3):0.5x’ ML AL ft
Zx(—&j:O.SX
7
X=- 40 X M1 Al
7x0.5
(- SHM.)
period = 2F =27 |7X02 57 | T M1 Al
) 40 80
(6)
(d) Ve :aa):O.Z\/g o.e. oraw.rt 068ms* M1 Al
)
80
(e) X =acoswt =0.2cos 7t M1
0.1 80
x=-01 ——=cos|,/—t
53= {7 s
[
t=,/—cos(-0.5
50 s (-0.5)
t=\/z><2—7[=Z /l o.e. (accepta.w.r.t. 0.62) s M1 Al
80 3 3V20
(4)
15

GCE Mechanics M3 (6679) June 2011 8
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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.



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.

bod - benefit of doubt

ft — follow through

the symbol ) will be used for correct ft

cao - correct answer only

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

isw — ignore subsequent working

awrt - answers which round to

SC: special case

oe - or equivalent (and appropriate)

dep - dependent

indep - independent

dp decimal places

sf significant figures

%k 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.



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

(xX*+bx+c)= &+ p)Q<+q),whereipq|=|C| , leading to x = ....

(ax? +bx+c)= x+ p)x+q ), wherdpg| =|c[ and|mn| = |4 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 : (xi%)ziqic, qt 0, leadingto x = ...

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 hot 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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Question Scheme Marks
Number
- 2
1 EPE = [~ 05 Bl
1.2
GPE lost = EPE gained M1 (used)
/~ 05°
08 98 11= Alft
/ =414Nor 41N Al




Question Scheme Marks
Number
2.
€)] T:E:Z—p, w=3 Bl
w 3
| =w’x= 9 02=18ms®towardsC M1 Al
3)
) | v2=wn?(a®- x*)= 9(025 004)=189 M1
v=137mg Al
2)
(©) x= 05sin3 = 02 M1 Alft
Al

t:% sin® 04» 0137s

(3)
8




Question Scheme Marks
Number
3.
dv 10, -10 - 100
@ a=v—_—= 20 3 M1
dx x+6 (x+6) (x+ 6) M1, Al
-100 1 2
= =-—=—=ms
(14+6] 80 Al
(4)
dx 10 M1
b —=—"—"= | X+ 6k = |10dt
(b) d x+6 I I M1
X2 14 T
[?+6x}2 =[1a], M1 A1
%3+6' 14- 2- 12 10- 1 M1
178=T T=17.8(s Al

(6)




Question

Number Scheme Marks
4.
(@
T TcoC=05g, T=g (1) —TM1, Al
. . /x 196X
Extensioninthe stringx, T =— = Bl
a 0.8
Using (1),  g=245x, x=04m* M1, Al
(5)
(b) — T sin6@=05"r" W (2) —IM1A1
Using (2) g sin60= 05 (0.8 0.4)sin60°w” L_Ml Al
w =29 W=‘/5?g (4.04 or 4.0) Al

12’

(5)




Question

Number Scheme Marks
5.
(@ Distance of P from the centre of the EartR = x
Kk
(R+x)?
x=0,F=mg, k=mg(R)’ M1 Al
R2
SR AN Al
(R+x)
3)
gR? dv
b F=ma, - =V— M1 Al
(b) (R+x)*  dx
[oR
2 2R RZ
I vdv:J--g;zdx M1 Al
v r (R+Xx)
R
1, 5 gr? 1 M1
>V = Al
2 R+ X,
2 2
1 R 1, _oR oR__oR M1
2 2 2 3R 2R 6
2
V®_9R 9gR_50R 2_5gR, V= /@ Al Al
2 4 6 12 6 6

(9)




Scheme

Question Marks
Number
6.
(@)
GPE gained =mgl(1- cosg) 4 [11g|
. 1 11gl 1, 4
Conservation of energy; m=_=~ = mgl ( 1- cosq)+§mv _ | M1A1 A1
V2 = gl[lzl- 2+ 2(:0qu gl(3+ Zcoqu
Resolving towards the centre of the circle: M1
2
T - mgcosg = | Al Al
T- mgcosg = mg( + 2(:05(7) M1
T= mg(3+ 3:037) 3ng(cosq+%) * Al
(8)
(b) T=O:cosq:-% M1
V2 _gl[3+ Z:osqj g 9 M1, Al
4’ 4
3)
(© Horizontal component of velocity &t
a . 1 |d
=,|—  Cco$l80- q)=—.,|— B1ft
\/: 4 9 4\ 4
1 gI 1 _d
Extra heighthh = mgh+= —m-= M1 Al
2 64 2 4
(E- i) _18 (0.117) Al
8 128) 128
g, 15
2 ain2 T A
OR: Usingh=Y_S""9 _ 4 16_13 (4)
29 29 128
OR: Usingv? = u® + 2as, o:@- 2gh, h:E
64 12¢

15




Question

Number Scheme Marks
1.
@ J'pyzdx=%jx2(6- x)zdx:%j 36¢ - 12¢° + x“dx M1 Al
5 6
Poao - 3yt X | R 1024 M1
4 5|, 4 5
(160.8....)
I,Uyzxdx:'%jx3(6- x)zck:'%j 36¢3- 1%+ x° d M1 Al
Pt ox x° +1X6 6 _ P 10496 M1
4 5 6 ], 4 15
(5495...... )
3)—(:&496'i: 3416..... M1 Al
15  102¢
Required distance 3.42 — 2 = 1.42(cm)* Al
9)
(b) Base has radiu%' 2" 4=4cm Bl
About to topple= tana = 1;:2 M1 Al
a » 705° Al
(4)
(c) Parallel to slopeF = mgsinb
Perpendicular to the slop& = mg cosb M1 Al
About to slipFF = 7R
tanb=n= 03 b »167° Al

(3)
16







Further copies of this publication are available from
Edexcel Publications, Adamsway, Mansfield, Notts, NG18 4FN

Telephone 01623 467467

Fax 01623 450481

Email publication.orders@edexcel.com
Order Code UA030776 January 2012

For more information on Edexcel qualifications, please visit

www,edexcel.com/quals

Pearson Education Limited. Registered company number 872828
with its registered office at Edinburgh Gate, Harlow, Essex CM20 2JE

Ofqual

},l 7
U
s

Llywodraeth Cynulliad Cymru
Welsh Assembly Government

ced

e
Rewarding Learning



Mark Scheme (Results)

Summer 2012

GCE Mechanics M3
(6679) Paper 1

ALWATS LEARNING PEAESON




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

Pearson: helping people progress, everywhere
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

Summer 2012

Publications Code UA032681

All the material in this publication is copyright
© Pearson Education Ltd 2012



Summer 2012
6679 Mechanics 3
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.

-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.



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.

bod - benefit of doubt

ft — follow through

the symbol f will be used for correct ft

cao - correct answer only

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

isw — ignore subsequent working

awrt — answers which round to

SC: special case

oe - or equivalent (and appropriate)

dep - dependent

indep - independent

dp decimal places

sf significant figures

% The answer is printed on the paper

B 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.



General Principles for Mechanics Marking

Usual rules for M marks: correct no. of terms; dim correct; all terms that need
resolving (i.e. multiplied by cos or sin) are resolved.

Omission or extra g in a resolution is accuracy error not method error.

Omission of mass from a resolution is method error.

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

Omission of units or incorrect units is not (usually) counted as an accuracy error.
DM indicates a dependent method mark i.e. one that can only be awarded if a
previous specified method mark has been awarded.

Any numerical answer which comes from use of g = 9.8 should be given to 2 or 3 SF.
Use of g = 9.81 should be penalised once per (complete) question.

N.B. Over-accuracy or under-accuracy of correct answers should only be penalised
ONCE per complete question.

However, premature approximation should be penalised every time it occurs.
MARKS MUST BE ENTERED IN THE SAME ORDER AS THEY APPEAR ON THE MARK
SCHEME.

In all cases, if the candidate clearly labels their working under a particular part of a
question i.e. (a) or (b) or (c),......then that working can only score marks for that part
of the question.

Accept column vectors in all cases.
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Question

Number Scheme Marks
1(a M1
@ Use ofazvﬂ or a:i(lvzj
dx dx\ 2
a=2e*.- 2e*or V' =4e* Al
a=-4e % Al
3)
(b) Separate the variables and attempt to integrate: M1
IZdt:j e“dx
2t=e"+C AlAl
t=0,x=0=C=-1, 2=¢€"-1 M1A1l
x=In(2t +1) Al
(6)
9
2 Bl
@ T- s
w
Use ofn2:,/,,2(,72- xz),orn:aw M1
a=15(m) Al
3)
(b) Use of max. accn. ®#a M1
24 m¢’ Al
(2)
(c) X = asinwt with their values for & w Bl
1=1.5sin4 (with their 1.5 & 4) and attempt to solve for M1
t = 0.18 (or awrt) Al

(3)
8




Question Scheme Marks
Number
3
At
q Tee L
04m ---------———————— - =
L
06\ 3
Resolve vertically: M1
T,cosg=Tycosg+mg (T, =T, +3mg) A2,1,0
Acceleration towards the centre: M1
. . , L, , 3, A2,1,0
T,sing+T,sing=m" 06sing" W |T,+T,=5 - 100= 300
Substitute values for and trig functions and solve to fifid or Tg M1
AlAl

T, +147+T, =300 Z, = 300 147=153
T, =2235N) , T,=765(N)

T,=224 or 22( T,=76

T,=76.5 or 77 T,=223

(10)
10




Question

Scheme Marks
Number
4 volume Mass ratiop C of M frond
(a) Large |1 2 .2 3, 3
cone | 3"? .2a:§pa 2 Za:Ea B1, B1
Small 1 ,_ 1 5 |1 3_ 7
cone gpa .a—gm a+za—za
S }paz a_}pag 1 D
37 3
17 D:Z'Ea- 1'Za M1Al
2 4
:12-7a:§a o Al
4 4
(5)
(b) y
Take moments aboit M1
A2
Mg’ ga' cos71.6=kMg” + & cos81
K= 5cos/16 _ 195 M1A1
4/ 5co819

()
10




Question Scheme
Number Marks
5(a)
Conservation of energy : Loss in GPE = gain in KE M1
1 A2,1,0
mgd cos - cosg)= Em\/2
Substitute forcosa and rearrange tgiven answer: Al
2mga( 3 2ga *
V2 = Z-cosg |=—=(3 o
— ( = sq} = 7)
o (4)
(b) Considering the acceleration towards the centre of the hemisphere: M1
mv’ A2,1,0
mgcow - R = T
Substitute for” to form expression foR: DM1
mv? 6 Al
R= mgcosg - — - mg( Tog- 2cosa)=mg Fosq- E
Loses contact with the surface wHee 0 M1
cosg 2 Al
5
Al
5 5
(8)
12
Alt: 2 DM1
R=0 = mgcosg = m
n? Al
cosqg=—
ga
2 M1
Substitute in given (ay” :@(3- 5”—)
5 ga
,72:6&1_2,72, 3,72:6ia Al
5 5
Al

o [202
5




%ﬁgg:] Scheme Marks
6(&) y
%
NER x
. .o Bl
Mass of lamina =r% 2a’ +/3a=+/3ra’
V3a H 2 M1
>orx’ X =y j—dzx X
V3 > V3
J/3a Al
2x°3
= r
343 |,
. 3 Al
_r2 343 =2ra’
33
3 M1Al
Distance from vertex _2ra :Ea 3 **
J3ra®? 3
(6)
(b) R
p T
a u a
Bl
Area of each sector%pa2
. . i . , B2,1,0
Using sector formulad = hsina = 2asina sina -2 1 _2
3P 2 p
6
2 2 M1A1l
Taking momentsE\/_Ba2 -2 %}D:\@az' %‘- 27 ,0: - a
p




Question
Number

Scheme

Marks

D=

3 2a

g =

**

Al

(6)
12




Question

Number Scheme Marks
7 M1
@ Use of T = Ix_ mg
a
T 245X _ 059 Al
0.75
) . Al
x=-075 050 _ 415 AE= 075 015=09(m) (**)
24,5
(3)
(b) Using gain in EPE =loss in GPE M1
/x> 245x* Al
2a 15 77
..... = @M®.75 +X) Al
Form quadratic ix and attempt to solve for: DM1
24%° = 55125+ 735x, 24% - 73%- 55125=0,
736y 735+ 4 245 55125
48
(or40¢ - 1X%- 9=0, x= 12+ 1;043600 )
x= 06471m) AC» 14m) Al
5)
(c) UsingF = maand displacementfrom E: M1
059 - 245k + 015) _ 058 A2,1,0
0.75
= - %5 X, SO SHM Al
(d) Max speed = thea x theirw M1
(4)
= (0647- 015~ %6
» 40ms' (4.02) Al
(2)
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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.

Unless indicated in the mark scheme a correct answer with no working
should gain full marks for that part of the question.



EDEXCEL GCE MATHEMATICS

General Instructions for Marking

1.

2.

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

In some instances, the mark distributions (e.g. M1, B1 and Al) printed on the candidate’s
response may differ from the final mark scheme.

3. Abbreviations

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

bod — benefit of doubt

ft — follow through

the symbol \f will be used for correct ft

cao — correct answer only

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

isw — ignore subsequent working

awrt — answers which round to

SC: special case

oe — or equivalent (and appropriate)

dep — dependent

indep — independent

dp decimal places

sf significant figures

% or AG: The answer is printed on the paper

|: The second mark is dependent on gaining the first mark

. 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 incorrect answers should never
be awarded A marks.

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 question affected.

If a candidate makes more than one attempt at any question:
e If all but one attempt is crossed out, mark the attempt which is NOT crossed out.
o If either all attempts are crossed out or none are crossed out, mark all the
attempts and score the highest single attempt.



Ignore wrong working or incorrect statements following a correct answer.

. The maximum mark allocation for each question/part question(item) is set out in the
marking grid and you should allocate a score of ‘O’ or ‘1’ for each mark, or “trait”, as
shown:

0
aM °
aA °
bM1 °
bAl °
bB °
bM2 °
bA2
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Question

Number Scheme Marks
1. vﬂ =9x M1
dx
1,
EV =9x (+c) Al
Vi =9x* +C M1ldep
X=2Vv=6 36=9x4+c=c¢c=0
vZ =9%? Al




Question

Number Scheme Marks
2 (a)
Mass: E”rs 1k;rr3
3 3
2 k 2+Kk Bl
Dist from O: —§r 1kr X B1
8 4
2
_§r+ﬂ:z(2+k) M1ALft
4 4
k?=3)r
xz( )rox Al
4(k+2)
(b)
(k2—3)r
tand =——~—-=r M1A1l
4(k+2)
(k*-3) 1
4(k+2) 14

14k* — 42 = 44k +88
7k? - 22k -65=0

(7Tk+13)(k-5)=0

k=5

M1ldepAl




Question

Number Scheme Marks
3
12
0.6a=-
(a) (t+2)2 M1
0.6[dv=—] 12 ~dt
(t+2)
12
0.6v= +C
(t+2) (+¢) M1depAl
t=0 v=15 0.6x15=6+Cc = c=3 M1dep
06v=—"2 43 y=_20 +5=5(i+1) * Al
(t+2) (t+2) t+2
dx 4
gy 4 [ M1
(b) dt (t+2 j
x=j5(i+1jdt
t+2
x=5(4In(t+2)+t) (+c) M1depAl
t=0,x=0 ¢'=-20In2
t=5 x:5(4ln7+5)—20ln2 M1dep
=50.05... =50.1 or better
or 20In[gj+ 25 Al




Question

Number Scheme Marks
4
€))
R(T) T cosd =mg M1
Tx a__ mg Al
(2a+x)
Hooke’s Law: T = 6mgx = 3mgx M1A1l
2a a
3mgx 2a
X =mg M1dep
a (2a+x)
6X =2a+X
x=2a * Al
5
2
b) | Tsing="Y M1A1
r
2 . mv?
3mgx—sinf = ——
S (mjsin o Midep
5
V2 =§g><12—asin2 0
5 5
2
sinzg-1-| 2| 1
() | =
5
o129 1l 2239 M1depAl

25 36 25




Question

Number Scheme Marks

5
(@) X =asin ot

0.125=0.25sin 0.1 M1A1l

sin0.1w = 1

2
0lo=2
6
o= 107 M1depAl
06 6
. 2 6 Al
Period ==z (=1.2) (B1 on e-pen)
.5
(b) X =0.25sin gyzt
. 5

t=2 X=0.255|n(2><§72'j M1

x=-0.2165... Al

Dist from B=0.25+x=0.033 m Al ft

2

(c) Max accel = aw® =0.25x (5?”) =6.853...=6.85 M1A1
(d) Max speed aw = 0.25x(5§j =1.308...=1.31 M1A1




Question

Number Scheme Marks
6
B
AR
0 A
‘ !
%
mg
mv?
(@) AtB  mgcos60 (+R)= " M1A1
V2 ag *
—g=— V= [— Al
2 a 2
1 , 1 (ag .
(b) Energy Ato B: Emu —Em > =mgasin 30 M1A1A1l
u2=ﬂ+2ag L
2 2
u= 2 Al
2
(c) Horiz speed = % cos60 _1a M1A1
2 2\ 2
Initial vertspeed:(—)‘fﬂsinGO :(—)E,/&ﬂ M1
2 2\ 2
21,339 59y 2 M1A1
4 2 2
2 11ag
8
tang-vert _ 1189 8 _ a7 M1
horiz 8 ag
0=73.22..=73 Al




Question

Number Scheme Marks
7@ | T=22040-2x18 M1A1
I 30
A =400 Al
(b)
24 cm
T T
7dm
0
1.59
Extension = 10 cm or 20 cm (used in (b) or (c)) Bl
400x10 (800
T = =
15 ( 3 J M1A1ft
R(T) 2Tcosg-15g=(+)15a M1A1
1000, 7 1 5x9.8=(+)15a
3 25
a=89.75.. a=90 ms2or89.8 (positive) Al
1 0.2° B1ft (any
(©) EP.E.=x400x- "~ correct EPE)
2 2
1.59 x0.07 +1><1.5V2 =200x 0.2 - 200x0.18 M1A1lAl
2 0.3 0.3
1 0.2° 200x0.18?
vZ =——| 200 — -1.5gx0.07
0.75( “03 03 9 j Midep
v=232...=23ms™ Al
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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.

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



3.

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:

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.

Abbreviations

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

bod — benefit of doubt

ft — follow through

the symbol \f will be used for correct ft

cao — correct answer only

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

isw — ignore subsequent working

awrt — answers which round to

SC: special case

oe — or equivalent (and appropriate)

dep — dependent

indep — independent

dp decimal places

sf significant figures

%k The answer is printed on the paper

|: The second mark is dependent on gaining the first mark

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.

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 question affected.

If a candidate makes more than one attempt at any question:
e If all but one attempt is crossed out, mark the attempt which is NOT crossed
out.
o If either all attempts are crossed out or none are crossed out, mark all the
attempts and score the highest single attempt.

Ignore wrong working or incorrect statements following a correct answer.

In some instances, the mark distributions (e.g. M1, B1 and Al) printed on the
candidate’s response may differ from the final mark scheme



General Rules for Marking Mechanics

Usual rules for M marks: correct no. of terms; dim correct; all terms

that need resolving (i.e. multiplied by cos or sin) are resolved.

Omission or extra g in a resolution is accuracy error not method error.
Omission of mass from a resolution is method error.
Omission of a length from a moments equation is a method error.

Omission of units or incorrect units is not (usually) counted as an

accuracy error.

DM indicates a dependent method mark i.e. one that can only be awarded if a previous
specified method mark has been awarded.

Any numerical answer which comes from use of g = 9.8 should be given to 2 or 3 SF.
Use of g = 9.81 should be penalised once per (complete) question.

N.B. Over-accuracy or under-accuracy of correct answers should only be penalised ONCE
per complete question.

In all cases, if the candidate clearly labels their working under a particular part of a
question i.e. (a) or (b) or (¢),.....then that working can only score marks for that part of
the question.

Accept column vectors in all cases.
Misreads — if a misread does not alter the character of a question or materially simplify

it, deduct two from any A or B marks gained, bearing in mind that after a misread, the
subsequent A marks affected are treated as A ft.



Question

Number Scheme Marks
1.
Vertical: Rcos f =mg M1A1
2 2 M1Al
Horizontal: Rsin g = mv" _ 3mv
a
2 M1lde
Divide: tan g = Smv P
amg
tan B = h B1
a
2 2 Al
3mv :D’ BL:h,V h_g *AG* (7)
amg a g

[7]




ﬁuestion Scheme Marks
umber
2. 1 Bl
Foteaz =mI gV
dt dt
1 3 M1Al
4v = [1+3t2dt =t +2t? (+C)
v:l(t+2t1'5)+2 Al
4
t:4,v:%(4+16)+2:7(m sh Alft
Work done = gain in KE = %mv2 —%mu2 their v M1
1 Al

=Zx4x7? —1x4>< 22=90(J)
2 2

(")
[7]




Question

Number Scheme Marks
3.
(@) Weight + thrust = mass x accn. M1
20x1 B1(thrust)
05xg+ =0.5a Alft
a=0g+20=29.8~30(ms?) Al
(4)
(b) Change in GPE = mg(x+1) Bl
2 2 Bl
EPE at B =22 o EpEatc = 20X
x 2 2x2
2 2 M1Al
Conservation of energy: 20x1 +mgh = 20X h=x+1
2% 2 2x2
5+0.5g(x +1) = 5x*
5x? —0.5gx—(5+.59) =0
0.59 ++/(0.5g)° + 20(5+0.5 M1dep
059 +1( g)lo+ (5+050) _, 40
Distance BC=1+1.98=2.98 (m) Al
(6)

[10]




Question

Number Scheme Marks
4.
(@) . 4 _dx Bl
(x+2) dt
_ X=X 2 X M1,Al
£=XL2; jt “1dt =+ J' (x+2)dx, [t]z:1 Xy ox
dx 4 t=0 4 -, 4| 2 o
2
X2 X
8 2
_ M1ldepAl
0=X?+4X-16, X =4+T*/%:2.47 (m)
®)
(b) ( dv) dv B1
al=—|[=V—
dt dx
4 y -4 M1A1l
T (x+2) (x+2)?
=18 _ 5i7ss.. their X Midep
(2.47+2)
0.18 (m s™) towards O. Al
()

[10]




Question

Number Scheme Marks
5.
(@) Use of Energy at A = energy at B
1, 1 ., 1 1, M1 A1Al
—mu®==mv° +mgh, =mgr==mv°+mgxr(l—cosa)
2 2 2 2
1 ., 1
==mv°+mgxrx E
V2 =gr _g = ﬁ
5 5
Al
v= % *AG*
(4)
(b) Horizontal component of speed at B and at C = their vcosé M1
vl Vertical component of speed at B = their vsin & M1
Conservation of energy gives speed at C = ‘/Z?g
M1Al
Vertical component of speed at C =, /2?9 - 162>;?g ~1.5539..
Veud+at= . 1.5539... +gO.92017... ~0.252. seconds M1Al
Horizontal distance = %x 0.4+1.22689..x0.252... = 0.55(m) M1AL
(8)
(b) Horizontal component of speed at B and at C = their vcosé M1
V2 Vertical component of speed at B = their vsin & M1
M1Al
S = ut+£at2 : —lx0.4= —iz ,/6—9 ><§t—£gt2
2 5 25 25 5 2
4.9t> —.92017.t-0.08=0
2 M1A1
. 0.920+ V0.920% +0.32x4.9 _ 0250
9.8
M1A1l

Horizontal distance = %x 0.4+1.22689..x0.252... = 0.55(m)

(8)




Question

Scheme Marks
Number
Horizontal component of speed at B and at C = their vcosé M1
(b)
v3 Vertical component of speed at B = their vsin g M1
M1Al
Sout+iat?: —ix04=-2 - /6_9 XEt_ith
2 5 25 25 5 2
4.9t* —.92017t - 0.08 =0
Horizontal distance from B =1.22689...xt =X
Form quadratic in x by substituting for t above M1
3.255x* —~0.75x-0.08=0
0.75++/0.75% + 4x3.255x 0.08
X = =0.3097...
2x3.255 M1AL
Horizontal distance = §x0.4+0.3097... =0.55(m) Al

(8)
[12]




Question

Number Scheme Marks
6
a 2
@ Mass of quadrant = pﬂ% B1
vl . -
_[pX\/az —XZdX=p —l(a2 —xz)E M1A1
0 3 . Al
o5
=p/0+=-a Al
3
o & M1
P74 3
7=ﬂ , )7:4—a by symmetry *AG* ALAL
3 3z
(7)
(b) Area 242 A S
4 4
Distance to AE a 4a 4a
— a+— |a-— B1
2 3 3
? 2 M1A2
Moments about AE: 2a’X = 2a” E+7ZGI;(a+4—a) —ﬂ(a —ﬂ)
2 4 3 4 3
, 2a® b5a’
—a’+— ="
3 3
_ 5% 1 5a Al
X "3 222 6
(5)
© Taking moments about E:  2aX =%aw their X MIALRt
5 Al
X =—W
12 ©)
2
6 Mass of quadrant = p%
(@) - B1
j% 1a’.2acos0dl = a—3$,in6? o
0 P79 7 173 i P M1A1,=Al
v2 ) ;
m°_ a
— X=p—
P 4 P 3 M1
4a 4a AlAl
X=— , y=— bysymmetry *AG*
3z y 3 ey y (7)

[15]




Question

Number Scheme Marks
7 0.8+x
- | 32-Xx
a e
(@) . -
. . oo 15x X 10x(2.4-X)
Tensions equal when P in equilibrium: = 08 M1A2
25x =24, x:ﬁzo.%
25
AC=176(m) *AG* Al
(4)
(b) 1.76 | X l 224 -X
(]
A C | P’
When P is distance x from C, restoring force M1A2
15x(0.96+X) 10x(1.44-Xx) 25 _ . .,
0.8 0.8 0.8
X =-156.25x(=-12.5°x) = SHM Al
(4)
() Speed at C = max speed = aw=0.4x12.5=5(m s™) 04x | M1A1ft
their
)
(d) X = acoswt theirw | B1ft
X =—awsin ot theiro | M1
(-)2=(-)5sin12.5t theirw | Alft
12.5t =0.4115....., t=0.0329.....~0.033(s) Al
(4)

[14]
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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.

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



3.

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:

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.

Abbreviations

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

bod — benefit of doubt

ft — follow through

the symbol \f will be used for correct ft

cao — correct answer only

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

isw — ignore subsequent working

awrt — answers which round to

SC: special case

oe — or equivalent (and appropriate)

dep — dependent

indep — independent

dp decimal places

sf significant figures

%k The answer is printed on the paper

|: The second mark is dependent on gaining the first mark

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.

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 question affected.

If a candidate makes more than one attempt at any question:
e If all but one attempt is crossed out, mark the attempt which is NOT crossed
out.
o If either all attempts are crossed out or none are crossed out, mark all the
attempts and score the highest single attempt.

Ignore wrong working or incorrect statements following a correct answer.

In some instances, the mark distributions (e.g. M1, B1 and Al) printed on the
candidate’s response may differ from the final mark scheme



General Rules for Marking Mechanics

Usual rules for M marks: correct no. of terms; dim correct; all terms

that need resolving (i.e. multiplied by cos or sin) are resolved.

Omission or extra g in a resolution is accuracy error not method error.
Omission of mass from a resolution is method error.
Omission of a length from a moments equation is a method error.

Omission of units or incorrect units is not (usually) counted as an

accuracy error.

DM indicates a dependent method mark i.e. one that can only be awarded if a previous
specified method mark has been awarded.

Any numerical answer which comes from use of g = 9.8 should be given to 2 or 3 SF.
Use of g = 9.81 should be penalised once per (complete) question.

N.B. Over-accuracy or under-accuracy of correct answers should only be penalised ONCE
per complete question.

In all cases, if the candidate clearly labels their working under a particular part of a
question i.e. (a) or (b) or (¢),.....then that working can only score marks for that part of
the question.

Accept column vectors in all cases.
Misreads — if a misread does not alter the character of a question or materially simplify

it, deduct two from any A or B marks gained, bearing in mind that after a misread, the
subsequent A marks affected are treated as A ft.



Question

Number Scheme Marks
1, R(T) R=mg
F = umg B1
. 20 a
20 revs per min :&x 2z rad s M1A1l
[:gn rad s'lj
3
2 2
R(—>) wumg-= mx0.4x(§7r} M1ALft
_0.4x47°
H —9g
4 =0.18 or 0.179 Al
[6]

Notes for Question 1

Bl for resolving vertically and using F = xR to obtain F = #mg . This may not
be seen explicitly, but give B1 when seen used in an equation.

M1 for attempting to change revs per minute to rad s™*, must see (2)7z. (Can use 60 or 60%)

Al for %XZE (rads™) oe

M1 for NL2 horizontally along the radius - acceleration in either form for this mark, F or zmg or um
all allowed. r to be 0.4 now or later. This is not dependent on the previous M mark.

2
Alft for umg= mx0.4x(%7zj follow through on their @

Alcso for #=0.18 or 0.179, must be 2 or 3 sf.

NB: Use of <:

is allowed, provided used correctly, until the final statement, which must be u=.....




Question

Number Scheme Markes
2
1 dv
a 2t+= |=05— M1
@ | (ar3)-0sG
[(4t+1)dt = [dv
_ M1dep c not
2t°+t=v+cC needed
t=0v=0 c=0
o L Al inc the
V=2t"+t ms value for ¢ (3)
dx
b — =2t% +t
(b) at

x:gt3+£t2 +k
3 2

t=0x=0 k=0

x=3ﬁ+1ﬁ
3 2
v=6 6=2t’+t 2t°+t-6=0

(2t-3)(t+2)=0 t=

#3303
X==x|=| +=| =
3 \2 2\ 2

x:28—7 (oe 3.4, 3.375,3.38) m

M1

Al

M1Al

M1dep

Al cso
(6)
[]




Notes for Question 2

()

M1  for NL2 with acceleration in the form % seen explicitly or implied by the integration
mass can be 0.5 orm

M1ldep for integrating with respecttot - constant not needed

Alcso  for showing that ¢ =0 and giving the final result v=2t>+t Mustsee t=0,v=0 asa
minimum

By definite integration:
M1  asabove
M1ldep for integrating, ignore limits

Al  for substituting the limits 0 and v and 0 and t and obtaining v = 2t +t
(b)
M1  for integrating their v with respecttot  constant not needed

Al  for showingthat k =0 If no constant shown this mark is lost.

M1  for setting v =06 using their answer from (a) and attempting to solve the resulting quadratic
equation, any valid method. If solved by calculator, both solutions must be shown.

3 . . . : :
Al  for t=— negative solution need not be shown with an algebraic solution

M1dep for using their (positive) value for t to obtain x = .... If two positive values were obtained,
then allow M1 for substituting either value. Dependent on the first M1 of (b) but not the
second.

Alcso for x= 2—87 (oe eg 3.375, 3.38)  (All marks for (b) must have been awarded)

By definite integration:
M1  for integrating their v with respect to t limits not needed
Al  for correct integration with lower limits 0.

M1  for setting v =6 using their answer from (a) and attempting to solve the resulting quadratic
equation, any valid method. If solved by calculator, both solutions must be shown.

Al  for t =§ negative solution need not be shown with an algebraic solution

M1dep for substituting their limits into their integrated v (sub should be shown). Dependent on the
first M1 of (b) but not the second

Alcso for x=2—87 (oe eg 3.375, 3.38)




Question

Number Scheme Marks
3
(i) ForQ T =2mg a1
For P T cos@ =mg ML
1 *
coso= 2 0=60° Alcso
(i) |[ForP —  Tsind=mre’ [ MIAL
2mgsin @ = mx5l sin @x @’ M1depAl
o' = i_? = 2_? * Alcso

[8]




Notes for Question 3

In this question, award marks as though the question is not divided into two parts - ie give marks for
equations wherever seen.
(i)

B1 for using Q (no need to state Q being used) to state that T =2mg or T, =2mg with T, =T, seen
or implied later.

M1 for attempting to resolve vertically for P T must be resolved but sin/cos interchange or omission
of g are accuracy errors.
mg+2mg =T +T cosé gets MO

Alcso for combining the two equations to obtain & =60° *

NB: This is a "show" question, so if no expression is seen for T and just 2mg cos& =mg shown, award
0/3 as this equation could have been produced from the required result, so insufficient working.

(if)

M1 for attempting NL2 for P along the radius. The mass used must be m if the particle is not stated to
be P; a mass of 2m would imply use of Q. T must be resolved. Acceleration can be in either
form.

Al for Tsind=mrw’ or T;: mr e?

M1 dep for eliminating T between the two equations for P and substituting for r in terms of | and
6 dependent on the second but not the first M mark.
H 2
Al for 2mgsind=mx5lsin@xw® or Tsing _ tand=5lsing| 2| 6 or 60°
T cosé g

: . /2 .
Alcso for re-arranging to obtain @ = 5—? *  ensure the square root is correctly placed

Alternatives: Some candidates "cancel" the sin @ without ever showing it.

M1A1 for T = mx5lw?
M1A1 for 2mg =5mle’
Alcso as above

Vector Triangle method: Triangle must be seen

T =2mg Bl
cos 6 =% M1
2m m
0= 60° Al g g
Correct triangle M1A1
H 2

SinHZSmIsm@a) M1AL ma = mre*

2mg =5mlsin 8 v’
w=.. Alcso (as above)




Question

Number Scheme Marks
4
AX
(a) T :T
Ax0.3
20=2" M1A1
1.2
A=80N Al
2 2
Initial EPE = 22X 280x03 5 5 B1
2.4
2
80x0.3° 4 4x2gx03=1x2v? M1ALft
2.4 2
v’ =0.648
v=0.80 or 0.805 ms™* Al (7)
(b) Comestorest 0.4x2gxy=3 M1
3
y=———=0.380r 0.383 m Al 2
0.4x2x9.8
[9]
Alternatives:
Energy from string going slack to rest:
1
Ex2x0.64820.4x 20 x X
x =0.8265...
M1 Complete
method
y =0.3+0.08265...=0.38 or 0.383 Al

NL2 to obtain the accel when string is slack (—2?9

0=0.648+2x(-22)s

© 0.648x5

BC +0.3=0.38 or 0.383

j and v? =u? +2as

M1A1




Notes for Question 4

()
M1

Al

Al

Bl

M1

for attempting Hooke's Law, formula must be correct, either explicitly or by correct substitution.

Ax0.3

for 20 =

for obtaining 4 =80

n L1 2
for the initial EPE % (=3 J) theirvalue for A allowed. May only be seen in the

egaution.

for a work-energy equation with one EPE term, one KE term and work done against friction
(Award if second EPE/KE terms included provided these become 0). The EPE must be
dimensionally correct, but need not be fully correct (eg denominator 1.2 instead of 2.4)

Alft for a completely correct equation follow through their EPE

Alcao for v=0.80 or 0.805 mustbe 2or 3 sf

NB: This is damped harmonic motion (due to friction) so all SHM attempts lose the last 4 marks.

(b)
M1

for any complete method leading to a value for either BC. If the distance travelled after the string
becomes slack is found the work must be completed by adding 0.3 Their EPE found in (a) used
in energy methods.

MS method is energy from B to C ie work done against friction = loss of EPE.

OR Energy from point where the string becomes slack to C  ie work done against friction =
loss of KE and completed for the required distance

OR NL2 to obtain the acceleration (—2?9] while the string is slack and v* = u® + 2as to find the

distance and completed for the required distance

Alcso for BC =0.38 or 0.383 (m) must be 2 or 3 sf




Question

Number Scheme Marks
5@ |V =J-027zy2 dx = nj'oz(x +1)4 dx M1
1 5 ?
= | Z(x+1) Al
5 0
1 s 2427
=—7z|P-1| |=—= M1
I i ) R
I Ty?xdx = ”.[ x+1 * dx M1
x(x+1) i z(x+1)5 2x3° (x+1)6 i
=7 —7ZJ. dx, -7 Al
5 o 5 5 30
0 0
2x3 3¢ 1
——t— =72.933 M1
{ 5 30 30} ( )
ALT: by expanding _njoz(x5+4x +6X° +4x” + x) dx
6 2
=7 X—+—x5+§x4+£x3+1x2 M1A1
6 5 4 3 27|
6
=7Z'|:%+—X25+§><24+ x23+£x22} M1
""""""""""""""""""""""""""""""""""""""" 6 5T a6 25 /1 1]
OR by subst: 7] (u-1)u‘dy, =z == | , =z 3——3——(1—1j MI1AIM1
' 6 5| 6 5 (6 5
{2x35_36 1} {26 4x2°  6x2' 4x2? 22}
5 30 6 5 4 3 2
X = = M1, Al (8
X TP OR T , =1.5068 (8)
5 5
(b) hemisphere S T
. 2 2427 20 242 826
Mass ratio 10x—x1 . —t— Blfton S
3 5 (3 5 j” 15 " on
Dist from A 2 +ﬁ 0.493 X Blfton S
20 19 242 20 242
—x—+—x0.493= X
3 8 c (3 c j M1A1ft
X =0.7208... cm  (awrt 0.72) Al (5)

[13]




Notes for Question 5

NB: Some candidates will omit 7 throughout (as they know it cancels). In such cases award all marks
if earned. If 7 is omitted from one integration only but then appears in the result of that integration at
the last stage or is then omitted from the second integration, all marks can be gained. But if omitted
from one integration, including the last stage, and included with the other mark strictly according to the
MS.

(@)

M1 forusing V = J';;zy2 dx = 7rj‘02(x+1)4 dx - limits not needed and attempting the integration by

inspection or expansion (algebra must be seen)
Al for correct integration - limits not needed
M1 for substituting the correct limits into their integrated function - no need to simplify

M1 for attempting to integrate Jozzyzx dx = ﬁjoz x(x+1)4 dx - limits not needed - by parts. This mark

can be awarded once the integral has been expressed as the difference of an appropriate integrated
function and an integral

2 2 2
x(x+1)° x+1)° ° x+1)°
Al for correct, complete integration 7{%} —ﬂ[u:| or 2x3 7[—72'[( ) } Limits
0

30 5 30

0 0
not needed

M1 for substituting the correct limits into their integrated function - no need to simplify

Alternative methods for J-:ﬂ'yZXdX = ﬂj: X(x +1)4 dx

M1 for expanding and integrating or  making a suitable substitution and attempting the
integration - limits not needed
Al for correct integration - limits not needed

M1 for substituting the correct limits into their integrated function - no need to simplify

_ | y?xdx N
M1 forusing X=———— Their integrals need not be correct.
'[ y*dx
- 547
Alcao for X =1.5068... Accept 1.5, 1.51 or better or 363

(b)
B1ft for correct mass ratio, follow through their volume for S need = now
B1ft for correct distances, follow through their distance for S, but remember it must be 2 - answer

from (a) if working from A. Distances from the common face are —2, ans from (a), X Distances

from other end are 2, 1+ans from (a), X
M1 for a dimensionally correct moments equation

Alft for a fully correct moments equation, follow through their distances and mass ratio

Alcao for 0.7208...Accept 0.72 or better (Exact is %)




Question

Scheme Marks
Number
o) | 2% _18(15-¢) MIAL
15 0.75
16e =36—-24e
e=0.9 Al
AO=2.4 m* Alft 4
1 6- 24(0.
o) | 28(06-%) 24(09+x) oo oex M1A1A1
0.75 15
144 -24x-14.4-16x=mX or 0.8X
M1ldepAl
g=——2%_(__5ox) . SHM 5)
0.8 orm
() X =-50X = w=+/50 or 52 B1
max. speed = /2 = ax5v2=+2 M1
a:l Al
5
—0.1:0.2003(5\/§)t M1
——cos ( 1)
52
=ty 2—7T=i or 0.296s (0.2961...) Accept 0.30, or better Al (5)
52 3 15

[14]




Notes for Question 6

(@)
M1 for using Hooke's Law for each string, equating the two tensions and solving to find the extension
in either string. The extensions should add to 1.5. The formula for Hooke's law must be correct,
either shown explicitly in its general form or implicitly by the substitution.

Al for acorrect equation

Al fore=0.9
Alcso for 2.4 (m) *

Alternative: Find the ratio of the two extensions and divide 1.5 m in that ratio.
M1 complete method Al correct ratio Al extension in AO
Al 2.4 (m)

(b)

M1 for an equation of motion for P. There must be a difference of two tensions. The acceleration can
be a or X here and x should be measured from the equilibrium position (O) unless a suitable
substitution is made later. Mass can be m or 0.8

18(0.6—x) ~ 24(0.9+x)

0.75 15
completely correct and Al if only one error. Note that if the difference of the tensions is the wrong
way round, this is one error

Al Al for

=mX or 0.8X orainstead of X Give ALAL if the equation is

M1dep for simplifying to X =f(x) Mustbe X now.

40x
0.8orm

Al for X=-

(=-50x) and the conclusion (ie .. SHM)

()
Bl for @=~/50 or 5J/2 need not be shown explicitly

M1 for using max speed =aw = V2 with their o

Al for a=1
5

M1 for using x =acoswt with their @ andaand x= i(0.3—a) or x=asinwt provided the work
is completed by adding a quarter of their period is added to the time to complete the method.

Alcao fort:”l—\éE or 0.296s (0.2961...) Accept 0.30 or better




Question

Number Scheme Marks
2
7| T—-5mgcose =" M1A1
a
(@)
E><5mv2—1><5m><9ﬂ:5mgacos¢9 M1A1
2 2 5}
5mv® =10mgacos & + 9mga
T =5mg cosé +10mg cos & +9mg M1ldep
T =3mg (5cos @ +3) Al (6)
3
(b) T=0 cosé?:—g Bl
V2= 9ag 6ag _ 3ag M1
5 5 5
3ag
= === Al 3
c @)
(© horiz comp of vel at B = /&% xg M1
vert comp = /@ ><i M1
5 5
() _ a3 |3ag, Mi1depAl
5 5V 5
_3a_4 3ag, 1 . M1depALft
5 5V 5 2
. 4 [3ag, 1 ., 3a
1 =— [—t——qt — Al 7
(ii) y 5,/ s Lo ()

[16]




Notes for Question 7

(a)

M1 for attempting NL2 along the radius when the string makes an angle & with the downward
vertical. The acceleration can be in either form, the weight must be resolved and T must be
included (not resolved). Sin/cos interchange or omission of g are accuracy errors as is omission of

5 in one or both terms. Radius can be a or r.
2 2

) . Y
Acceleration must be in the — form now.
r

Al fora correct equation T —5mg cosé = Smv

M1  for a conservation of energy equation from the horizontal to the same point. There must be a
difference of 2 KE terms and a loss of PE term (which may be indicated by a difference of 2 PE

2
terms). The initial KE can be %x mass><[ /&%] or %x massxu® for this mark. Omission of g

and sin/cos interchange are accuracy errosr. Mass can be m or 5m here or just "mass". Use of
v? =u® +2as gets MO

Al  forafully correct equation %x (5m)v? —%x (5m) Xg% =(5m)gacosd

M1ldep for eliminating v between the 2 equations. Dependent on both previous M marks.
*

Alcso for T =3mg(5cosd+3)

(b)

B1 for obtaining cos@ = —g

M1 for using their value for cosé - must be numerical - in the energy equation to get v> =... (no
need to simplify) Accept with 5m or m.
5mv?
a

OR making T =0 and cosez—g (their value) in T —5mg cos @ =

Alcao forv= ‘/3% oe Check square root is applied correctly.
(c)

M1  for resolving their v to get the horizontal component of the speed at B. May not be seen
explicitly, but seen in their attempt at x.

M1  for resolving their v to get the vertical component of the speed at B
Both of these M marks can be given if sin and cos are interchanged or numerical substitutions not made.

M1dep for attempting to obtain x by using the distance from B to the y-axis with the horizontal
distance travelled (found using their horizontal component, so dependent on the first M1 of (c))

Alcso for x:—%a+§ &ﬂt

5V 5




Notes for Question 7 Continued

M1ldep for attempting to obtain y by using s =ut+24at® with their vertical component and using
the initial vertical distance above the x-axis. Dependent on the second M mark of (c)

3a 4 (3ag, 1 ,

Alft for y—?zg ?t—ggt Follow through their initial vertical component
Alcao for y=i 389 Lgp, 3
5V 5 2 5
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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.

Crossed out work should be marked UNLESS the candidate has replaced
with an alternative response.
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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:

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.

Abbreviations

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

e bod - benefit of doubt

ft - follow through

the symbol \f will be used for correct ft

cao - correct answer only

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

isw — ignore subsequent working

awrt — answers which round to

SC: special case

oe - or equivalent (and appropriate)

dep - dependent

indep - independent

dp decimal places

sf significant figures

% The answer is printed on the paper

|: The second mark is dependent on gaining the first mark

. 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.

. 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 question affected.

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

Ignore wrong working or incorrect statements following a correct answer.
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General Notes From Chief Examiner

Usual rules for M marks: correct no. of terms; dim correct; all terms
that need resolving (i.e. multiplied by cos or sin) are resolved.

Omission or extra g in a resolution is accuracy error not method error.
Omission of mass from a resolution is method error.
Omission of a length from a moments equation is a method error.

Omission of units or incorrect units is not (usually) counted as an
accuracy error.

DM indicates a dependent method mark i.e. one that can only be awarded if a
previous specified method mark has been awarded.

Any numerical answer which comes from use of g = 9.8 should be given to 2 or 3
SF.

Use of g = 9.81 should be penalised once per (complete) question.

N.B. Over-accuracy or under-accuracy of correct answers should only be penalised
ONCE per complete question.

In all cases, if the candidate clearly labels their working under a particular part of a
question i.e. (a) or (b) or (c),......then that working can only score marks for that part
of the question.

Accept column vectors in all cases.
Misreads - if a misread does not alter the character of a question or materially

simplify it, deduct two from any A or B marks gained, bearing in mind that after a
misread, the subsequent A marks affected are treated as A ft.
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Question

Number Scheme Marks
1.
3
V= [SXZ —4]
3
Vi = (BXZ —4J
ZVQ =12x2
dx o M1 Al Al
F =0.5x6x2 =3x?
X—Ad=F =6 Mldep Al
5
Notes
M1 for attempting to differentiate the expression for v* - chain rule
must be used on lhs.
1
Al for correct x2
Al for6  Award both only if work fully correct
M1dep for using NL2 with m=0.5 to obtain an expression for F in terms

of x
Alcso for F=6

Alternatives: for the first 3 marks

1
s N2 1
dv:%[8x2—4j X122

™

1 1
M_oLooe vIMoge
dx 2v dx

M1 Must be a
complete method to
obtain accel in
terms of x Alrhs
Allhs

dt 2

1
3 2 1 3
dv 1(8x2 —4j x12x2 ><£8x2 -

ER R
av —1(8x2 —4J x12X? xz—)t(

1
2 1
4} =6X%?

M1A1A1 Award
as above
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Question Scheme Marks
Number
2 2 :
@[[1,) _XszgmgGHXj MIAL;MI A 1
21 (\2 4 "\2
8x* +2Ix-1>=0 MLAI
(4x—=1)(2x+1)=0 Mildep
= 1I 1I
X = 2 or -5 Al
. 1, 1, 3
dlstance:§I+ZI:ZI Al
9
Notes
M1 for the difference of 2 elastic energy terms, not nec in a complete energy equation.
Al for a correct difference
M1 for a work energy equation, loss of EPE = work done against friction(not dep on previous
mark)
Al for a fully correct equation
M1ldep for re-arranging to a three term quadratic, dependent on the second M mark, or use the
difference of 2 squares to get a linear equation
Al for a correct 3 term quadratic, terms in any order
M1dep for solving the resulting quadratic, usual rules. Dependent on all second and third M marks
1 1
Al for X=Z| x=—EI need not be shown

Alcao and cso distance = %I
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?\llilen?gce):] Scheme Marks
3
> mu” M1 Al
8 9-mg 2
u2 = E Al
4
Im(239) 128 =mg2a(1—coso) MI AT Al
2 4 ) 2 (20
0=18° nearest degree Mldep A18

Notes

M1 for NL2 along the radius at the bottom or top. Must have 2 forces and an acceleration
2

Al for a fully correct equation ie gmg -mg = rr21u
a

oe Must be at the bottom

Al for obtaining u® = aIg

M1 for an energy equation from the bottom or top to the point where the speed is /% (this may be

v here and for the 2A marks). Must have a difference of KE terms and a GPE term.
Alft  for correct difference of KE terms or correct PE term (from bottom)

Follow through their u.
Al for a completely correct equation

M1ldep for substituting v = /% and solving for & Dependent on both previous M marks

Alcao 6=18° must be nearest degree.

If candidates do the energy equation first, give those 3 marks for an equation with u (speed at
bottom) and ,/Z—g . The final M mark will then be for substituting u® = % and solving for 6.

If the radius is a throughout, treat as mis-read. If sometimes a and sometimes 2a mark each
equation on it own merit.
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Question Scheme Marks
Number
4(a)
h —-2X T -2X 1
ﬂj'e dx=—2[e ]O
0 Bl MI Al
:1(1—e’2) PRINTED ANSWER
2 Alcso 3
(b)
-1 bt
;zjxe“dx=;r[—xe2x} —nj—e’“dx M1 Al
0 2 0 0 2
1
_ 7{_ 10,1 {_ 1 ezx} ] M1dep Alft
2 2| 2 .
1, 1, ,
Zﬂ(—ze —Z(e —1)}
=7r[£—§ezj Alcao
4 4
13- M1 Al
;:”[4 4" j_;(ez—3)
Tla-e?)  2(e°-Y) )

10
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Notes for Question 4

A note about 7: (a) is a "show that" so 7 must be included throughout (unless a put in at the end of
(a), with a convincing argument for doing so). No answer given in (b), so allow the first 5 marks (as
earned) without 7 provided either no 7 s or both 7z s appear for the final 2 marks. If the final fraction
has the denominator = only, the last 3 marks will be lost

()

M1 for using V = 72'J yodx = 72'J e >dx and attempting the integration. limits not needed for this mark
Al for correct integration, correct limits must be shown

Alcso for V =%(l—e‘2) *  Must be seen in this form

(b)

M1 for attempting the integration of 7zJ xe 2*dx by parts - limits not needed yet. Allow if intention to

integrate 7 _| xy*dx is shown.

Al for a correct result with or w/o limits (check signs carefully)
M1ldep for attempting the next integral, limits not needed
Al ft for substituting the correct limits in their integral

Alcao for n(1—§e2J oe
4 4
(7Z')J xydx
(72')J- y*dx
(e2 —3) _ _
Al for X=———% o0e must be in terms of e. Must have only 2 terms in each of the numerator

2(e*-1)

and denominator and no fractions in either.

M1 forusing X = with their integrals, must be the correct way up.
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Questr
S5(a
@ 3k§7zr3 kzr®3r 3k§7zr3+k7zr23r B1
(2) (3) (5)
(3I’ ) 3r B B1
—+3r — X
8 2
{i+3r}2 + g.B:SK M1 Alft
8 2
Al (b
% =X PRINTED ANSWER ()
(b) R=W: F=P B1
P.2rsina =W (&sina —rcosa) M1 Al Al
P=W(§—-3cota) Al
o M1ldepAl
$(9—4cota)=pu  PRINTED ANSWER ep (%0
12

Notes

(a) B1 for a correct ratio of masses

Bl for correct distances of the ¢ of ms of the two components, hopefully from O, but can be from
another point

M1  for a moments equation about O or their chosen point. Must have three terms and be
dimensionally correct

Alft for a correct equation, follow through their ratio of masses and distances, but not 1:3:4 (from
mass/unit vol)

Alcso for 7=974r *

Special case: Using volumes: max BOBIM1A1Al
(b)B1 for the two shown equations

M1  for a moments equation about the point of contact
A1A1l Award A2 if eqn fully correct; A1AOQ if one error
Al for re-arranging to obtain P =W [g —%cotaJ

M1ldep for using F = 4R together with the expression for P and the first two equations to obtain an
expression for u

Alcso for y:%(9—4cota) *  must be this form
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%L:Jenslggp Scheme Marks
6(a) (6a)® +(8a)® = (10a)* M1
by Pythag (converse), APB =90° prINTED ANswer | AL ()
(b) T,sina+T,cosa = mro’ M1 A2
T,cosa—T,sina=mg M1 Al
r=8asina M1 Al
sina=2 or cosa=% B1
. 3m 2
solving, T, :2—5(32aa) -50) M1
T, 205 0[5 i Al
32a
max time = 2z =27 /32—6‘ M1A1 (13)
@ 59 PRINTED ANSWER 15
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Notes for Question 6

(2)
M1  for squaring the sides and showing they fit Pythagoras' theorem or ratio of sides 3:4:5 or use the
cosine rule

Alcso for stating that (the converse of) Pythagoras' theorem shows that APB = 90°™ or appropriate
conclusion for their method

(b)

M1 for NL2 horizontally. There must be two tensions, both resolved, but may be the same, and an
acceleration (either form accepted here) Sine/cos interchange is an accuracy error.

Al for any two correct terms

Al for the third correct term. Acceleration must be in the form mro® and tensions must be different
for both these marks to be awarded

M1 for resolving vertically. Again, two tensions, both resolved but may be the same, and sine/cos
interchange is an accuracy error.

Al for a fully correct equation with different tensions.

M1 for finding the radius as r =8asina or 8acos«

Al for r=8asina May not be shown explicitly

B1 foracorrect value for sina or cosa

M1ldep for solving to obtain an expression for T, in terms of m, g,a, @ . Dependent on all M marks

above and two different tensions. Or making T, =0 in the above equations and solving for @
M1ldep forusing T, >0 in their expression for T, to obtain an expression for @ in terms of g and a
Dependent on the previous M mark T, <0 gets MO

Al for o, = 9 oe
32a

M1 for using 4 with their @ to obtain the maximum time
(4]

Alcso for max time = 27 352_a
\/ g
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Question

Number Scheme Marks
7(a)
8mge M1
P
e=1l Al (2)
(b) )
~mg T =mX M1 Al
8mg )
“mg - el =m Midep Al
‘STgX =X Al
SHM, period 27 ,SL PRINTED ANSWER Alcso  (6)
g
(©)
a=3l-11=2I "
it =GN -G M1 Al
Al
I @
(d)
X = -a.cos @t
X =awsin wt
M1 Al
1,9_gl =3—|1/8—gsin ,/8—gt
32 8\ I I
1 sin 8—gt
2 |
_r I_ Mldep Al
~ 61\8g (4)

16
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Notes for Question 7

()

M1 for Hooke's law and equating tension to weight

Alcao for ezél

(b)

M1 for NL2 vertically, weight and tension needed, X or a for acceleration here

Al for a correct equation with X or a

M1dep for using HL to replace the tension with an expression in terms of X Dependent on the previous
M mark Must have X now

Al for this equation correct

Al for re-arranging to get —8Tgx =X oe

Alcso for the conclusion SHM and the period 27 ’SL *
g

(©)

B1 for using the information in the question to obtain amp :gl

M1 for using v* =&’ (a® —x* ) with their o and a
Al for a correct, unsimplified expression for u® in terms of 1 and g

Alcao foru= \/g_l
By energy: B1 for EPE, M1 equation, Al correct equation, Al answer

(d)

M1 for using x=awsinat (or v instead of x) with their a and @ and the given speed
Al for afully correct equation

M1dep for solving their equation must use radians

Alcao fort=2 il or 0.5235... il oe. (if sub for g seen, must be 2 or 3 sf)
6\ 8g 89
Alternative for (d):

Use v* =@’ (a’ —x*) with their o and a and the given speed M1
2
x=Lf3 or x2=27I oe Al
16
Use x=acosat with their x, @ and a and solve in radians M1ldep
t== il or 0.5235... il oe. (if sub for g seen, must be 2 or 3 sf)
6\ 8g 89

Alcao
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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.

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

These are marks given for a correct method or an attempt at a correct method. In
Mechanics they are usually awarded for the application of some mechanical principle to
produce an equation.

e.g. resolving in a particular direction, taking moments about a point, applying a suvat
equation, applying the conservation of momentum principle etc.

The following criteria are usually applied to the equation.

To earn the M mark, the equation

(i) should have the correct number of terms

(ii) be dimensionally correct i.e. all the terms need to be dimensionally correct

e.g. in a moments equation, every term must be a ‘force x distance’ term or ‘mass X
distance’, if we allow them to cancel ‘g’ s.

For a resolution, all terms that need to be resolved (multiplied by sin or cos) must be
resolved to earn the M mark.

M marks are sometimes dependent (DM) on previous M marks having been earned.

e.g. when two simultaneous equations have been set up by, for example, resolving in two
directions and there is then an M mark for solving the equations to find a particular
quantity — this M mark is often dependent on the two previous M marks having been
earned.

‘A’ marks
These are dependent accuracy (or sometimes answer) marks and can only be awarded if
the previous M mark has been earned. E.g. MO Al is impossible.

‘B’ marks
These are independent accuracy marks where there is no method (e.g. often given for a
comment or for a graph)

A few of the A and B marks may be f.t. — follow through — marks.
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3. General Abbreviations

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

schemes.
e bod — benefit of doubt
e ft — follow through
e the symbol \f will be used for correct ft
e cao — correct answer only
e CsoO - correct solution only. There must be no errors in this part of the question to

obtain this mark

isw — ignore subsequent working

awrt — answers which round to

SC: special case

oe — or equivalent (and appropriate)
dep — dependent

indep — independent

dp decimal places

sf significant figures

% 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.

5. If a candidate makes more than one attempt at any question:
e If all but one attempt is crossed out, mark the attempt which is NOT crossed
out.
e If either all attempts are crossed out or none are crossed out, mark all the
attempts and score the highest single attempt.

6. Ignore wrong working or incorrect statements following a correct answer.
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General Principles for Mechanics Marking
(But note that specific mark schemes may sometimes override these general principles)

Rules for M marks: correct no. of terms; dimensionally correct; all terms that need
resolving (i.e. multiplied by cos or sin) are resolved.

Omission or extra g in a resolution is an accuracy error not method error.
Omission of mass from a resolution is a method error.

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

Omission of units or incorrect units is not (usually) counted as an accuracy error.

DM indicates a dependent method mark i.e. one that can only be awarded if a previous
specified method mark has been awarded.

Any numerical answer which comes from use of g = 9.8 should be given to 2 or 3 SF.
Use of g = 9.81 should be penalised once per (complete) question.

N.B. Over-accuracy or under-accuracy of correct answers should only be penalised once
per complete question. However, premature approximation should be penalised every
time it occurs.

Marks must be entered in the same order as they appear on the mark scheme.

In all cases, if the candidate clearly labels their working under a particular part of a
question i.e. (a) or (b) or (¢),.....then that working can only score marks for that part of
the question.

Accept column vectors in all cases.

Misreads — if a misread does not alter the character of a question or materially simplify it,
deduct two from any A or B marks gained, bearing in mind that after a misread, the
subsequent A marks affected are treated as A ft

Mechanics Abbreviations

M(A) Taking moments about A.

N2L Newton’s Second Law (Equation of Motion)

NEL Newton’s Experimental Law (Newton’s Law of Impact)

HL Hooke’s Law

SHM Simple harmonic motion

PCLM  Principle of conservation of linear momentum

RHS, LHS Right hand side, left hand side.
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Question Scheme Marks
Number
1(a) M1 Al
@:3:>v:3x—3 DM1
dx
a=3(3x-3) AL ()
Whenx =5, F=0.25x3(15-3)=9N
M1
(b)
X _3x-1) Al
dt
F t DM1
[ [aat
2 (X_l) 0
[In(x-1)]; =3t Al
t =%In4 =0.4620.... 4)
8
Notes
(@) M1 Integration
Al correct integration
DM1 using a =vdv/dx with their v
Al correct integration
(b) M1 using 3—)t(=3(x—1)

Al correct integrals with correct limits
DM1 Substitute the limits
Al correct final answer
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Question

Number Scheme Marks
2(a) _ _ M1 Al
Tsin60° + Rsin60° = mg
T c0s60° — Rcos60° = ml cos60° o M1AIAlL
T —im(le’ +—=g) DM1 Al
J3 ™)
2 M1 Al
(b) R=1m(-=g-le?
2 M( 730 )
2 DM1
im(-—=g-10°)>0
2 M( 730 )
Al
NE]
DM1 Al
t>2r 3w ©
29
13
Notes
(a) M1 vertical equation
Al correct vertical equation
M1 horizontal equation, acceleration in either form
Al correct lhs
Al correct rhs
DM1 solve for T
Al correct T
(b) M1 obtain an expression for R

Al correct expression

DM1 setting R>0

Al correct inequality for w

DML1 obtaining an inequality for t
Al correct inequality
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Question

Scheme Marks
Number
3(a) R =mgcosé Bl
WD against friction=xxmg cos 8 Bl
: 2 M1 A2
AXmg cos & = mgxsin e—w
. Al (6
X =2a(sin@— ucosh) ** ©)
b ing— B1
(b) T mg2a(sin & — ucosd) _ 2mg (sin 6 1cos )
a ML Al
No motion if T <mgsin &+ umgcosé
2mg(sin & — ucos @) <mgsin @ + umg cos o DM1
Al (5)
stanf<py **
11
Notes
(@) B1 correct equation perpendicular to the plane
B1 correct expression for work done against friction
M1 work-energy equation
A2 fully correct; A1l one error;
Al correct expression for x no errors in the working
(b) B1 use Hooke's law to obtain a correct expression for T

M1 using NL2 parallel to the plane to set up an inequality for situation where no motion
Al correct inequality
DM1 solving to get an inequality for u

Al correct inequality and no errors in the working

If only error is use of < instead of <, deduct final A mark only
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Question

Scheme Marks
Number
4(a) 1mVv?-1m22 = mga(l-cos6) M1 Al Al
mgcosd=m¥ M1 Al
4ag
v Z\/T DM1 Al
(7)
Bl
cosé =£
(b) 5 M1 Al
(- asind [ _ |5a
V cosé 169
M1
s=Vtsing+1gt’
_[reg [5a3 , sa MLAL
5 \16g5 * 169 Al
_73
160
73 M1
AX =acosé _fea
160
_1la Al (9)
32
16
Notes
(@) M1 energy equation
Al correct difference of KEs
Al fully correct equation
M1 NL2 towards the centre. May include R
Al correct equation May include R
DM1 set R =0 and solve for V or V2
Al correct final answer with no errors in working
(b) B1 for correct trig function for &

M1 using the horizontal distance and speed to obtain an expression for the time
Al correct expression

M1 using s =ut +%at2 to get the vertical distance

M1 attempt at initial vertical velocity
Al correct initial vertical velocity
Al correct vertical distance

M1 attempt distance AX

Al correct final answer
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%uestlon Scheme Marks
umber
5. (a) a’h z@Er@Eh) 2’ —z@rn)?(Gh) g;
h ih y
arthih—z(Ery?(Gh)ih=[zr’ - z(4r)’(Gh) Jy M1 Alft
}7:@ ** Al
168 ()
(b) 1r)2(1h)iy — 2 1r)2(1 "
0—z(Gr)’(Gh)ir = a1’ —z(3r)’(3h) |x M1 Al
Ko Al
252
85h
1Ra DM1 Alft
tane =168 —17
252
Al (6)
r=7.5h 13
Notes
€)] B2 masses or volumes B2 all correct; B1 two correct
B2 distances B2 all correct; B1 one of the known ones correct
M1ALft form a moments equation using their volumes and distances
Al correct result with no errors in the working
(b) M1A1 form an equation to find the distance of the centre of mass from the axis of the cylinder

Al correct distance

DM1 using their two distances to find the tan of the required angle (may be inverted)
Alft ratio is correct(inc correct way up) with their distances

Al correct answer
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Question

Number Scheme Marks
4mge M1
6(a) M
1 AL (2)
e=—1|
mg—T =mX M1 Al
(b) mg—l—(x+zl)=mx
- 4|_g - Al
Al (5)
SHM, [With o= ‘/lll_g]
M1 Al
Jol=a %
Al (3)
(©) a=<|
2
M1l Al
_1|=1| sin ﬂt
4 2 |
(d) (o7 1 M1 ALl (4)
12\g
14
Notes
(a)

(b)

(©)

(d)

M1 using Hooke's law to obtain an equation for e
Al correct answer

M1 using NL2 vertically

Al correct equation

M1 using Hooke’s law to replace T with an expression for x. These 3 marks can be gained with a
instead of X

Al fully correct, simplified equation

Al conclusion with all work correct

M1 using v =aw
Al correct equation
Al correct amplitude

M1 for an equation to find required time

Al correct equation

M1 solving their equation must be in radians and must give a positive value
Al correct time decimal equivalent acceptable.
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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.

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

These are marks given for a correct method or an attempt at a correct method. In
Mechanics they are usually awarded for the application of some mechanical principle to
produce an equation.

e.g. resolving in a particular direction, taking moments about a point, applying a suvat
equation, applying the conservation of momentum principle etc.

The following criteria are usually applied to the equation.

To earn the M mark, the equation

(i) should have the correct number of terms

(ii) be dimensionally correct i.e. all the terms need to be dimensionally correct

e.g. in a moments equation, every term must be a ‘force x distance’ term or ‘mass X
distance’, if we allow them to cancel ‘g’ s.

For a resolution, all terms that need to be resolved (multiplied by sin or cos) must be
resolved to earn the M mark.

M marks are sometimes dependent (DM) on previous M marks having been earned.

e.g. when two simultaneous equations have been set up by, for example, resolving in two
directions and there is then an M mark for solving the equations to find a particular
quantity — this M mark is often dependent on the two previous M marks having been
earned.

‘A’ marks
These are dependent accuracy (or sometimes answer) marks and can only be awarded if
the previous M mark has been earned. E.g. MO Al is impossible.

‘B’ marks
These are independent accuracy marks where there is no method (e.g. often given for a
comment or for a graph)

A few of the A and B marks may be f.t. — follow through — marks.
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3. General Abbreviations

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

schemes.
e bod — benefit of doubt
e ft — follow through
e the symbol \f will be used for correct ft
e cao — correct answer only
e CsoO - correct solution only. There must be no errors in this part of the question to

obtain this mark

isw — ignore subsequent working

awrt — answers which round to

SC: special case

oe — or equivalent (and appropriate)
dep — dependent

indep — independent

dp decimal places

sf significant figures

% 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.

5. If a candidate makes more than one attempt at any question:
e If all but one attempt is crossed out, mark the attempt which is NOT crossed
out.
e If either all attempts are crossed out or none are crossed out, mark all the
attempts and score the highest single attempt.

6. Ignore wrong working or incorrect statements following a correct answer.
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General Principles for Mechanics Marking
(But note that specific mark schemes may sometimes override these general principles)

Rules for M marks: correct no. of terms; dimensionally correct; all terms that need
resolving (i.e. multiplied by cos or sin) are resolved.

Omission or extra g in a resolution is an accuracy error not method error.
Omission of mass from a resolution is a method error.

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

Omission of units or incorrect units is not (usually) counted as an accuracy error.

DM indicates a dependent method mark i.e. one that can only be awarded if a previous
specified method mark has been awarded.

Any numerical answer which comes from use of g = 9.8 should be given to 2 or 3 SF.
Use of g = 9.81 should be penalised once per (complete) question.

N.B. Over-accuracy or under-accuracy of correct answers should only be penalised once
per complete question. However, premature approximation should be penalised every

time it occurs.

Marks must be
entered in the same order as they appear on the mark scheme.

In all cases, if the candidate clearly labels their working under a particular part of a
question i.e. (a) or (b) or (¢),.....then that working can only score marks for that part of
the question.

Accept column vectors in all cases.

Misreads — if a misread does not alter the character of a question or materially simplify
it, deduct two from any A or B marks gained, bearing in mind that after a misread, the
subsequent A marks affected are treated as A ft

Mechanics Abbreviations

M(A) Taking moments about A.

N2L Newton’s Second Law (Equation of Motion)

NEL Newton’s Experimental Law (Newton’s Law of Impact)

HL Hooke’s Law

SHM Simple harmonic motion

PCLM  Principle of conservation of linear momentum

RHS, LHS  Right hand side, left hand side.
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Question

Number Scheme Marks
1(a) z M1
4
X = —w*X
20 = \—sza\ =64a M1
a= E = i (m) oe (Accept0.31, 0.313, 0.3125) Al (3)
64 16 R
() | Vo =2@=25 (ms?) BIft (1)
. 20
(c) Dist from A :1.5—5:0.25 B1
5
X = acos wt = —cos8t
16
i :icos8t M1
16 16
t= Ecos‘1 0.2 Al
8
Total time = %+%cos1 0.2=0.95657... 0.96 or better Alft  (4)[8]

Notes for Question 1

(@M1 for attempting to obtain @ no need to simplify
M1 using max mag of X = ‘—a)zx‘ with max mag accel = 20 and their @

Al a :% m oe fraction or 0.3125 m

(b)B1ft Voox =aw=2.5 follow through their values for @ and a
(c)B1 finding the distance from A when P has travelled 1.5 m=0.25m

OR the distance from the centre = i
16
1
M1 using X=acoswt with X ZE (their value), their @ and their a
. . . 1 . . .
OR for using x =asinwt with X :E (their value), their @ and their a
1 -1 1 |

Al fort =§cos 0.2 OR tzgsm 0.2

Alft for %+%coslo.2:0.95657... 0.96 or better ft their time or

equivalent using sine
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Question

Number Scheme Marks
2
2. Mass/area of half of lamina = (p)x%xax\@az (p) \/éza Bl
a3 a3 X2
I 3yxdx=j 3X—dx M1
0 o f3
a3
X3
= Al
[Nﬁ }
=a’ Al
yxdx 2
For the half lamina in the first quadrant X = J. P 3 M1
area 2
. . 2a
By symmetry, ¢ of m of complete triangle is — oe eg 1.15a, 1.2a Al [6]

V3

Alternative
Work with the whole lamina by multiplying by 2 in lines 1 - 4. No mention of
symmetry needed for final answer.

Notes for Question 2

Bl for the mass or area of half of the lamina
2

. . a3 X .
M1 for attempting to integrate _[0 —=dx limits not needed here

NE

3 B
X . S
Al for [—} limits must be shown and correct but can be implied if

33,

result of sub is correct.
Al for sub limits to get a°

j yx dx
area

M1 for using X = with their previous answers

2a
Alcso for —= oe eg1.15a, 1.2a

3

"Symmetry" or "2 x " must be seen for all marks to be awarded. If missing, deduct

final A mark.

If no a in the integrals deduct final A mark unless similar triangles are mentioned.

Use of a solid scores 0/6
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Question

Number Scheme Marks
3 T,c0s30+T, cos60 =3g M1A1A1
T,sin30+T, sin 60 = 3re’ M1A1
=3x0.4c0s300° Al
Solve:
31
T —+=T, =3
a 2 2 b g
lTa +Tb£:3x0.4x£x36
2 2 2
3
T, =1.2><36><E—3g
T, =354 (N) DM1A1
T,=13.5 (N) mustbe 2 or 3 sf Al [9]

Notes for Question 3

M1

Al

Al

M1

Al

Al

M1

Al

Al

for resolving vertically. Two tensions (resolved) and a weight must be seen.

for two correct terms
for all terms (inc signs) correct

for NL2 horizontally. Two tensions (resolved) and mass x acceleration
needed. The acceleration can be in either form

for the two tensions, correctly resolved and added

for 3x0.4¢0s30w*

dep for solving the equations to obtain either tension. Dependent on
both previous M marks

for either tension correct

for the second tension correct. Both tensions must be given to 2 or 3 sf to
gain the marks. (Penalise once for more than 3 sf)
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?\llilerrslgg? Scheme Marks
A4
4(a) “dt (t15) B1
___10 +C
(t+5) M1Al
t=0,v=4 :4=—%+c,c=6 DM1
10 0
V=6-— t>20 —>20=v<<Hb
(t+5) t+5 Al ©)
7 10
b s=| |6————|dt
© L( <t+5>]
,
=[6t—10In(t+5) |, M1A1Lft
=42-10In12-(12-10In7) M1
7
=30+10In| — oe eg 24.6100.... 25 or better Al (4)
12
2 2
(c) KE:£><0.4>< 6—E —lx0.4>< 6—E M1A1ft
2 12 2 7
=1.1592....0  Accept 1.2 or better Al (3) [12]

Notes for Question 4

. . . : dv
(a)B1 for a correct equation of motion with acceleration = E Can be awarded by

implication if work correct at next stage
M1 for attempting the integration wrt t to obtain an expression for v
Al for correct result, constant not needed
M1ldep for using t =0, v =4 to obtain a value for c Dependent on the previous

M mark

Alcso for a correct concluding statement. Can have > or >

(b) M1 for attempting the integration of their expression for v Limits need not be seen
for this mark

Alft  for correct integration

M1 for substituting the limits 2 and 7

Alcao a correct result, exact or decimal (min 2 sf)

(c)M1 for attempting the difference of KE between the points A and B (either way
round). Velocities to be calculated using their expression for v. Award for a gain
or a loss.

Alft for KE at B - KE at A, with their expression for v. Need not be simplified, may
be reversed.

Alcso for =1.1592....  Accept 1.2 or better Must be positive.
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Question
Number Scheme Marks
5(a) Energy A to B %mevz—%XZmuz=2mga(l—(:0360°) M1A1 Al
Vi =u’+ga
Cof M: 2mv =3mV B1
2
V:?/u2+ag * DM1A1l  (6)
V2
(b) NL2 at bottom:  3m— =T —3mg M1A1
a
V2 4u® 13g
T=3m| —+g|=m| —+—=| (N) oe Al 3
(L) 2.5) o
1 4, , 1 )
(c) Energy from B to top: Ex3m><§(u +ag)—5><3mx =3mg x 2a M1A1
XZ
Attop T +3mg=3m— M1A1
a
T>0 =>X°>ag DM1
4 ag
—(u“+ag)-2ag >—
18( g) J 2
41a
ul>—= = Al (6) [15]

4
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Notes for Question 5

(a)
M1 for an energy equation from A to B. Two KE terms and 2 PE terms (or a loss of
PE) needed.

Al for correct KE terms (difference either way round)
Al for a correct loss of PE and all signs correct throughout the equation
mass can be m or 2m for these two A marks, provided consistent
B1 for a correct conservation of momentum equation
M1ldep for using the two equations to obtain the speed of the combined
particle. Dep on the first M mark and using the C of M equation even if BO has
been given for it.

Alcso for V =§\/u2+ag *

(b)

M1 for using NL2 at the bottom, tension, weight and mass x accel terms required.
Accel can be in either form.

Al for a fully correct equation, no need to substitute for the speed.

Al for substituting the speed (as given in (a)) to obtain a correct expression for the
tension in terms of a, g, m and u. Must be simplified.

Any equivalent expression scores Al eg 3ﬂ(12u2 +13ag)
a

(c)M1 An energy equation from the bottom to the top. Must have a difference of KE
terms and a gain of PE.

Al for a fully correct equation

M1 for NL2 along the radius at the top. Must have a tension, weight and mass x
acceleration (in either form).

Al for a fully correct equation acceleration in either form.

M1dep for using T > 0 at the top to obtain an inequality for the speed at the top and
completing to an inequality for u®. Dependent on both previous M marks in (c).
OR: Eliminate X? between the two equations and then use the inequality T >0

41
Alcso  for u? 2% *




PMT

Question Scheme Marks
Number
6@ | T= omopa _ M1
6a
2
=—_ =* Al 2
P=1 2
Img(Za+x
6a
2
mg_dm9Garx) _ MIAL
6a
6a 2a
Of form ¥ =—-w?X .. SHM Al )
period = 2% = 27 2a MLALft (2
c ==, = B — ,
(c) a) \/% 39 (2)
(d) The string never becomes slack or the SHM is complete B1 1)
9mg x(2a)’
(e) Loss of EPE = omgx(2a) 3mga B1
2x6a
mgh =3mga, h=3a M1,Al

AE=AD-h=8a-3a=5a

ALft (4) [13]

Notes for Question 6

(@M1 for using Hooke's Law resolving vertically.

Alcso for ng *

(b)M1 for an equation of motion vertically. Must have a tension, a weight and a mass
x acceleration. Allow with a for acceleration. Must be dimensionally correct, but
allow for misuse of brackets.

Al foracorrect equation, can still have a

Midep for rearranging to the form X = —@’x Acceleration a scores MO

Al for a correct equation and a conclusion eg .. SHM Accept "shown"

(c)M1 for using period =2—” with their @ to obtain the period.
w

Alft  for 27 E
\'39

(d)B1for any statement equivalent to those shown

(e)B1 for the EPE lost or initial EPE. Need not be simplified.

M1 for an energy equation equating their EPE to the PE gained
Al for a correct vertical distance risen

Alft  for AE =8a—their distance risen
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?\llilerrslgg? Scheme Marks
7(a) Cylinder cone S
Mass 187za° %ﬂ'x 4><ga3 =2za’ 167a’ B1
DistfromO a 3—a X Bl
8
18a—2x§a:167 M1A1ft
X = @a * Al (5
64
(b) tan @ = %a M1
(64
0 =tan 23 60 =70.23..°=70° or 1.2257...rad ALAl (3)
(c) R=mgcos¢ F =mgsing (or Fcosg=Rsing M1A1) Bl Bl
%ztan¢=y:0.6 M1
P =30.96...=31 * Al 4)
[12]

Notes for Question 7

(a)

B1 for acorrect mass ratio

B1 for correct distances, probably from O but can be from another point, eg vertex of
cone or centre of base.

M1 for a moments equation with 3 terms

Alft  for a correct equation, follow through their mass ratio and distances.

Alcso for Y:Qa *
64

(b)
M1 for tand = 3Ta with the given X . Can be either way up.
X

Al for @=tan™ (%j
23

Alcao for 8=70.23...° Accept 70° or better. Or 1.2257...° Accept 1.2° or better.

(c)
B1 for R=mgcos¢

Bl for F =mgsin¢
M1  forusing F = 4R with g = 0.6 to obtain an equation for tan ¢
Alcso for ¢, =31° *
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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.

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

These are marks given for a correct method or an attempt at a correct method. In
Mechanics they are usually awarded for the application of some mechanical principle to
produce an equation.

e.g. resolving in a particular direction, taking moments about a point, applying a suvat
equation, applying the conservation of momentum principle etc.

The following criteria are usually applied to the equation.

To earn the M mark, the equation

(i) should have the correct number of terms

(ii) be dimensionally correct i.e. all the terms need to be dimensionally correct

e.g. in a moments equation, every term must be a ‘force x distance’ term or ‘mass X
distance’, if we allow them to cancel ‘g’ s.

For a resolution, all terms that need to be resolved (multiplied by sin or cos) must be
resolved to earn the M mark.

M marks are sometimes dependent (DM) on previous M marks having been earned.

e.g. when two simultaneous equations have been set up by, for example, resolving in two
directions and there is then an M mark for solving the equations to find a particular
quantity — this M mark is often dependent on the two previous M marks having been
earned.

‘A’ marks
These are dependent accuracy (or sometimes answer) marks and can only be awarded if
the previous M mark has been earned. E.g. MO Al is impossible.

‘B’ marks
These are independent accuracy marks where there is no method (e.g. often given for a
comment or for a graph)

A few of the A and B marks may be f.t. — follow through — marks.
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3. General Abbreviations

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

schemes.
e bod — benefit of doubt
e ft — follow through
e the symbol \f will be used for correct ft
e cao — correct answer only
e CsoO - correct solution only. There must be no errors in this part of the question to

obtain this mark

isw — ignore subsequent working

awrt — answers which round to

SC: special case

oe — or equivalent (and appropriate)
dep — dependent

indep — independent

dp decimal places

sf significant figures

% 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.

5. If a candidate makes more than one attempt at any question:
e If all but one attempt is crossed out, mark the attempt which is NOT crossed
out.
e If either all attempts are crossed out or none are crossed out, mark all the
attempts and score the highest single attempt.

6. Ignore wrong working or incorrect statements following a correct answer.
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General Principles for Mechanics Marking
(But note that specific mark schemes may sometimes override these general principles)

Rules for M marks: correct no. of terms; dimensionally correct; all terms that need
resolving (i.e. multiplied by cos or sin) are resolved.

Omission or extra g in a resolution is an accuracy error not method error.
Omission of mass from a resolution is a method error.

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

Omission of units or incorrect units is not (usually) counted as an accuracy error.

dM indicates a dependent method mark i.e. one that can only be awarded if a previous
specified method mark has been awarded.

Any numerical answer which comes from use of g = 9.8 should be given to 2 or 3 SF.
Use of g = 9.81 should be penalised once per (complete) question.

N.B. Over-accuracy or under-accuracy of correct answers should only be penalised once
per complete question. However, premature approximation should be penalised every
time it occurs.

Marks must be entered in the same order as they appear on the mark scheme.

In all cases, if the candidate clearly labels their working under a particular part of a
question i.e. (a) or (b) or (¢),.....then that working can only score marks for that part of
the question.

Accept column vectors in all cases.

Misreads — if a misread does not alter the character of a question or materially simplify
it, deduct two from any A or B marks gained, bearing in mind that after a misread, the
subsequent A marks affected are treated as A ft

Mechanics Abbreviations

M(A) Taking moments about A.

N2L Newton’s Second Law (Equation of Motion)

NEL Newton’s Experimental Law (Newton’s Law of Impact)

HL Hooke’s Law

SHM Simple harmonic motion

PCLM  Principle of conservation of linear momentum

RHS, LHS Right hand side, left hand side.
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Question

Number Scheme Marks
1.
. . 39
RS|n0=mx4rS|n0x8— M1A1A1
r
3
R=—m
> g
Rcoséd =mg M1A1
3
3 mg cos & = mg M1(dep)
2
cosfd=— Al
3
2 8
OC=4rCOSG=4rx§=§roe M1A1
[9]
Notes for Question 1
3g V2 .
M1 | for NL2 towards C - Accept use of v = ar and a=— asa mis-read
r r
Al | for LHS fully correct
Al | for RHS fully correct
ALT: Work in the direction of R and obtain the same equation with sin & "cancelled".
" | Give M1A1AL if fully correct, MO otherwise.
M1 | for resolving vertically
Al | for the equation fully correct
M1 dep | for eliminating R between the two equations Dependent on both above M marks
2
A1l | for cosé = 3
M1 | for attempting to use trig or Pythagoras to obtain OC
8
Alcso | for OC =§r
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Alternative for Question 1

M1A1Al
M1 A1l

M1 Al

M1

Al

RsinH:mxax3—g
8r
Rcosd=mg
taln6?=3—a
8r
a2 _ 3
OoC 8r
8r

OoC=—
3
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Question

Number Scheme Marks
2.
(@) (At surface) %z mg = k =mgR’® M1A1 2
2
0) | mx=—"9%
X
2
dv__ gFi M1
dx X
dv ,r 1 d(%Vz)
v&dx_—gR j?dx or I o dx
2
%vz _R (+c) DM1A1
X
x=ﬁ, V= R _LgR DM1A1
4 2 20
2
V=0 0:£_12%R_ DM1
X
_20R Al @)

(9]
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(@)

M1

Al cso
(b)
M1

M1 dep
Al

M1 dep

Al
M1 dep
Al cso

ALT:

DM1

DM1
Al

Al cso

Notes for Question 2

k
for ? =mg . If not made clear that this applies at the surface of the Earth award MO or

k
7=mg and x=R.

for k = mgR?* *

: dv . . . . ,
for using accel = Vd— oe in NL2 with orw/o m Minus sign not required.
X

for attempting to integrate both sides - minus not needed
for fully correct integration, with or w/o the constant. Must have included the minus sign from the
start.

5R / R R
for using X = T' V= 97 to obtain a value for the constant. Use of X = Z scores MO Depends

on both previous M marks

for c= _1igR
20
for setting v =0 and solving for x Depends on 1st and 2nd M marks, but not 3rd
20R
for X=—+
11

By definite integration
First 3 marks as above, then
R R
Using limits X=5—, V= 9
4 2

Using limit v=0
Correct substitution

NB: The penultimate A mark has changed position, but must be entered on e-pen in its original
position.
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Alternative for Question 2

Qu2(a)
Using F = %EMZ with x =R and one mass as mass of Earth:

X

GmM,_
2
oM, =gR? = F =" _ K ith k=mgR? *
X X

M1 Complete method Al Correct answer
Qu 2 (b):
By conservation of energy:

. : z ng2 z 2,2
Work done against gravity = |5, ——dX = I5r mgR“x™“ dx M1

a7 X 4
2

= @ —m DM1(integration)Al(correct)

z

mgR _ 4mgR mgR’
5 z

Work-energy equation: DM1A1l

_ 20R

=— DM1Al
11
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Question Scheme Marks
Number
3.
(@) Shell wax filled shell
Mass ratio m 3m 4m
. 2 3 -
Dist. above vertex —xbr —x2n X B1
3 4
9 _
4mr +§mr=4mx M1A1ft
- 17
X=—Tr Al 4)
8
r r
(b) tand = — = M1ALft
6r-x 31r/8
8
tanfd=—
31
0=1447.° Al 3)
(7]
Notes for Question 3
(a)
B1 | for correct distances from the vertex or any other point
M1 | for a dimensionally correct moments equation with their distances and masses
Al ft | for a correct moments equation, follow through their distances but must have correct masses
Al cso | for 7=£r
8
NB: If 2 and 3 are interchanged in the distances, the correct answer is obtained but the solution is
3 4
incorrect. Score: BOM1A1A0
(b)
r
M1 | for tané = 6—_ Can be either way up, but must include 6r —X . Substitution for X not required
Alft | for tanf= oe fttheirX
31r/8
for 8 =14.47...° Accept 14°, 14.5° or better or 8 =0.2525...rad
Al cso Accept 0.25 or better

Obtuse angle accepted.
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Question

Number Scheme Marks
4
2 M1A1
(@) §EE£—:2mgxsina B1(Alone-
2l pen)
3x2=4xlx§
5
5x* = 4xl
4
XZEI DM1ALl  (5)
8
(b) R =2mgcosa (:gmg] B1
M1ALlft,
SﬂxiP:ngxgle—, ,ugmgxgl B1ft (Al one-
21 25 5 5 5 ) pen)
6=12-16u
3
16u=6 ,u=§ DM1Al1 (6)

[11]
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(@)

M1

Al
Bl

M1 dep

Al

(b)
Bl

M1

Al
B1ft

M1 dep

Al cso

(@)

(b)
B1

M1, Al

B1ft

DM1, Al

Notes for Question 4

2

for an energy equation with an EPE term of the form and a GPE term. If a KE term is

kmgx
|
included it must become O later.

for a correct EPE term

for a correct GPE term. This can be in terms of the distance moved down the plane or the vertical
distance fallen

for solving their equation to obtain the distance moved or using the vertical distance and obtaining
the distance moved along the plane.

4 12
for x=—1 oe eg x=—I
5 15

for resolving perpendicular to the plane to obtain R =2mg cos« . May only be seen in an equation.

2

kmgx

for an work-energy equation with an EPE term of the form , @ GPE term and the work done

against friction. The work term must include a distance along the plane.
for EPE and GPE terms correct and work subtracted from the GPE

for the work term ft their R

for solving to obtain a value for u

3
for u =§ oe inc 0.375 but not 0.38

If m used instead of 2m, assuming correct otherwise:
M1A1BOM1AO  (so 2 penalties for mis-read)

R =mgcosa
. : 2, 3
Equation, with EPE correct and mg XEI xg

Amg 2
5 5
#=0
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Qu 4: Using NL2:
(@)

2ma=2mgsina — Smogx

dv_6g_30x
dx 5 |
V2=%_3gx2
5 2

2 X
v=0 3gx| ———|=0
’ Es j

2V

2|
4]

X:_
5
(b)
R =2mg cos«
2vﬂ:6_g_%_lu8_g
dx 5 | 5
2
VZZng_3gx _ﬂng
5 2l 5
V—Ox—z_l §—§_
5 “575
_3
"=8

,+C
3 2
_><_
21 5

Alternative for Question 4

M1(equation and attempt integration)
Al, Al (show c=0)
M1 (set v =0 and solve)

Al

Bl

M1(egn and int)Al, Al (show ¢c=0)
M1 (set v =0 and solve)

Al

If SHM methods are used, SHM must be proved first.
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Question Scheme Marks
Number
5.
(@) Vol = ﬁjf y2dx = n.[f cos? xdx M1
1
— 2
—ﬁjo 2(cost+1)dx M1
z 2
ZEFSinZXH}z:ﬂ_ DMIAL  (4)
2|2 . 4
b 2 vixdx = 7 [ xcos? M1
(b) ﬂL)y x dx ﬂL)XCOSXdX
=7rﬁlx(c052x+1)dx
02
Tz | X >
=——J2XC082XdX+—— —
20 2| 2 |,
b4 z 5
z[x><lsin ZXT —zjzlsin 2xdx, + M1,B1
2|72 , 2b2 16
z 3
=0+£{ECOSZXT +7Z— DM1
204 ., 16
3 3
—Z[—l—l] r_r. r Alft
8 16 16 4
3 2 2
= 4. T T4 0.467088... M1ALl (7)
16 4 4

[11]
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(@)

M1

M1

M1 dep

Al cso

(b)
M1
M1
B1
M1 dep

Al ft

M1

Al cso

Notes for Question 5

for using Vol = ﬁjf cos® xdx. If 7 is missing here it must be included later to earn this mark.

Limits not needed

for using the double angle formula (correct) to prepare for integration. Formula must be correct.

7z and limits not needed for this mark.

for attempting to integrate and substitute the correct limits (only sub of non-zero limit needed be to

seen) dependent on both M marks.
2

for % * (check integration is correct, answer can be obtained by luck due to the limits)

NB: The first 5 marks can be earned with or without 7

for using 7Z'J.OEXC082X dx 7 not needed; limits not needed.

for using the double angle formula (correct) and attempting the first stage of integration by parts
3 2

for 71T_6 or 71Z—6 if 7 notincluded. NB integration by parts not needed for this mark

for completing the integration by parts, limits not needed yet

3 3 2 2 3
for :ﬁ[_1_1]+”_:”__£ or zl[—l—1]+”—=”——i on =
8 16 16 4 8 16 16 4 16
J my?xdx
for using X ==——  The numerator integral need not be correct.
J y’dx

7 should be seen in both or neither integral

2

oeeg Z-1 or 0.467088...
T 4

_
for X=

Accept 0.47 or better but no fractions within fractions

(a) has a given answer, so the cso applies to the solution of (b) only.
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?\l%ﬁgg? Scheme Marks
6.
Vv —
1 2 1 2
(@) -EmU —Enw =2mga M1A1
V2
T+mg=m— M1A1
a
(mU?—4mga)
T=———"-mg DM1
a
2
T=mU —5mga AL
a
T>0 =U’>5ga DML
U > /5ag * Al @)
(b) |Attop: T=2M9aTOMmea_,. M1 (either
i - M tension)Al
2
Atbottom: T'—mg= my Al
a
H‘:mg+9mag:10mg DML
10mg 5
k= 4mg "2 Al (5)

[13]
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(@)
M1

Al
M1

Al

M1 dep
Al

M1 dep

Al cso

(b)
M1
Al

Al
M1 dep

Al cso

Notes for Question 6

for an energy equation, from the bottom to the top. A difference of KE terms and a PE term needed.

From bottom to a general point gets MO until a value for @ at the top is used. v =u®+2as
scores MO

for all terms correct (inc signs)

for NL2 along the radius at the top. Two forces and mass x acceleration needed.

Accel can be in either form here. But see NB at end of (a)
2

. . %
for a fully correct equation. Acceleration should be — now.
a

for eliminating v (vel at top) between the two equations. Dependent on both previous M marks. If v
is set = 0, award MO

for a correct expression for T

for using T > 0 to obtain an inequality for U? or U. Allow with > Dependent on all previous M
marks.

for U > /5ag * Watch square root! Give AQ if > seen on previous line.

NB: The second and fourth M marks (and their As if earned) can be given together
2

. Ve
if mg <m— isseen
a

for obtaining an expression for the tension at the top or at the bottom, no need to substitute for U yet.
Substitute for U and obtain one correct tension (4mg at top or 10mg at bottom)

for the other tension correct

for using tension at bottom = k x tension at the top and solving for k

for k =E oe
2
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Question

Number Scheme Marks
7.
@ |T :%:MIO'SI M1AL
1=2mg* Al ©)
(b) mg —T =mX M1
2mg (0.51 + x)
mg _f: DM1A1A1l
x:-@ Al
Alcso(Bl one-
.. SHM
pen)  (6)
(c) a=0.3l
. 0.3l )
|Amx:29x—r—:069 (:588 or 5.9ms ) M1ALft  (2)
29
(d) x=acoswt =0.3l cos T t
. 29
Time Cto D: 0.15=0.3cos T t M1
P
t= [|—co0s 0.5
29
Time Cto E: t' = half period = 7 /Zl_g B1
. a I 2z ||
TimeDtoE: =(z-c0s"05), |— =" | — MIAL  (4)
29 3

[15]
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(@)
M1
Al

Al

(b)
M1

M1 dep
Al Al

Al
Al cso

(©
M1
ALft

(d)
M1

B1

M1

Al cao

ALT for
(d)_:

()

M1

M1, Al

(ii)

Notes for Question 7

for using Hooke's Law
for a correct equation
for solving to get A =2mg *

for using NL2. Weight and tension must be seen. Acceleration can be a here, but must be an equation
at a general position

for using Hooke's Law for the tension. Acceleration can be a

for a fully correct equation inc accelerationas X (-1 ee)

2
for simplifying to X = _%

for the conclusion

for using |X|max = w"a with their @ and a=0.3l. @ must be dimensionally correct
for obtaining the max magnitude of the accel, accept 0.6g, 5.9 or 5.88 only. ft their @

for using x =acoswt with x =+0.15l, a= 0.3l and their @ to obtain an expression for the time
fromCtoD

/ I
for time C to E = half period = 7 2—
g

For any correct method for obtaining the time from D to E

for 2F i oe inc 0.473J1 0.471
3 \2g

Use x =asinwt with x=0.15l, a= 0.3l and their @ to obtain an expression for the time from B
toD
as above

Using x =acoswt with x==0.15l, a =0.3l and their @

This gives the required time in one step.

Award M2 Al for correct substitution

Al correct answer

However do not isw if further work shown. Mark according to mark scheme method and give
max M1B1MOAUD.
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Qu 7 (d)

By reference circle:

Centre of circle is O

Angle COD=¢ AngleEOD=
cos«9:—0'15I 0==

0.3l 3

T 27
a=r——=—0

3 3
o= 2

I
. a 213 2z ||
timeg =—=—=— |—

0] 29 3 \2¢g
I

Alternative for Question 7

M1

Bl

M1Al
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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.

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

These are marks given for a correct method or an attempt at a correct method. In Mechanics
they are usually awarded for the application of some mechanical principle to produce an
equation.

e.g. resolving in a particular direction, taking moments about a point, applying a suvat
equation, applying the conservation of momentum principle etc.

The following criteria are usually applied to the equation.

To earn the M mark, the equation

(i) should have the correct number of terms

(i) be dimensionally correct i.e. all the terms need to be dimensionally correct

e.g. in a moments equation, every term must be a ‘force x distance’ term or ‘mass x distance’,
if we allow them to cancel ‘g’ s.

For a resolution, all terms that need to be resolved (multiplied by sin or cos) must be resolved
to earn the M mark.

M marks are sometimes dependent (DM) on previous M marks having been earned.

e.g. when two simultaneous equations have been set up by, for example, resolving in two
directions and there is then an M mark for solving the equations to find a particular quantity —
this M mark is often dependent on the two previous M marks having been earned.

‘A’ marks
These are dependent accuracy (or sometimes answer) marks and can only be awarded if the
previous M mark has been earned. E.g. MO Al is impossible.

‘B’ marks
These are independent accuracy marks where there is no method (e.g. often given for a
comment or for a graph)

A few of the A and B marks may be f.t. — follow through — marks.
3. General Abbreviations
These are some of the traditional marking abbreviations that will appear in the mark schemes.

bod — benefit of doubt

ft — follow through

the symbol 4/ will be used for correct ft

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
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awrt — answers which round to

SC: special case

oe — or equivalent (and appropriate)

dep — dependent

indep — independent

dp decimal places

sf significant figures

% The answer is printed on the paper

|: The second mark is dependent on gaining the first mark

. 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.

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

Ignore wrong working or incorrect statements following a correct answer.
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General Principles for Mechanics Marking
(But note that specific mark schemes may sometimes override these general principles)

Rules for M marks: correct no. of terms; dimensionally correct; all terms that need
resolving (i.e. multiplied by cos or sin) are resolved.

Omission or extra g in a resolution is an accuracy error not method error.
Omission of mass from a resolution is a method error.

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

Omission of units or incorrect units is not (usually) counted as an accuracy error.

DM indicates a dependent method mark i.e. one that can only be awarded if a previous
specified method mark has been awarded.

Any numerical answer which comes from use of g = 9.8 should be given to 2 or 3 SF.
Use of g = 9.81 should be penalised once per (complete) question.

N.B. Over-accuracy or under-accuracy of correct answers should only be penalised once
per complete question. However, premature approximation should be penalised every
time it occurs.

In all cases, if the candidate clearly labels their working under a particular part of a
question i.e. (a) or (b) or (¢),.....then that working can only score marks for that part of
the question.

Accept column vectors in all cases.

Misreads — if a misread does not alter the character of a question or materially simplify
it, deduct two from any A or B marks gained, bearing in mind that after a misread, the
subsequent A marks affected are treated as A ft

Mechanics Abbreviations

M(A) Taking moments about A.

N2L Newton’s Second Law (Equation of Motion)

NEL Newton’s Experimental Law (Newton’s Law of Impact)

HL Hooke’s Law

SHM Simple harmonic motion

PCLM  Principle of conservation of linear momentum

RHS, LHS Right hand side, left hand side.
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Jan 2015
WMEO03/01 M3 (IAL)
Mark Scheme

Question Scheme Marks
Number
dv. 9
1. V— =—(26—-X M1
dx 2( )
1
d(vzj
2—=§(26—X)
dx 2
1, 3 1,
—V"=—| 26X——X +C
> 2( > j (+c¢) M1A1l
Max speed when accel is zero ie when x =26 Bl
1><322:§><£><262+c =c=5 Al
2 2 2
2 1 2
v =3(26x—5x ]+1O Al (6)

M1 NL2 with accel in a correct form- can be implied by subsequent
working

M1 integrate the equation wrt x

Al correct result after integrating - constant not needed

B1 deduce max speed occurs when x = 26

Al a correct value for the constant

Al acorrect expression for v2 - can be in any form

ALT for last 3 marks:
M1 (B1 on e-pen) Complete square and equate constant part to 322 or use

4ac —b?
4a

max of quadratic =

Al correctc
Al correct expression for v
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Question Scheme o
Number
o 33
2 Area = L ydx_J' ?dx
=[-8x*] =-1-(-3)=2 B1
. 3 3 33
O e
[3Inx]; (=3In3) M1AL
y:L;?’ (=1.647...) M1AL
.. 1, 0319
(i) I— X_-LE 7dx
-3
o= :g{‘i 1}: : M1A1
2| 3] 2[ 8 3] "9
14
y=29-1  (co722..) DMIAL  (9)
2 18

B1 for a correct area of R (may be embedded in the working)
M1 attempting the integral J.la xy dx (integration to be seen)

Al correct integration and limits (substitution not needed)
M1 divide by their area - denominator must be an area
Al correct value for X - can be exact or decimal 1.6 or better

M1 attempting the integral f%yz dx or J'lay2 dx (integration to be seen)
Al correct integration (of their integral) and limits shown
DM1 divide by their area must have used J. %yz dx

Al correct value for y - can be exact or decimal 0.72 or better
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Question Scheme Marks
Number
3
2T cos30=T cos30+ mg M1A1l
T3 _ mg Al
2
3T c0s60 = mro’ M1A1
3 2mg 2
—X =Mro Al
2 3
AB=4a ——tan30-=—~
2a J3
2a
r=——
3
DM1
3 2a
\/9 "% ? Dep on both
3 3 prev M marks

%, [
2a 2a

Al
[8]

M1 resolve vertically - both tensions resolved
Al fully correct equation
Al substitute for trig function

M1 NL2 horizontally - tensions resolved, acceleration in either form

Al correct equation, r still present, acceleration re?
Al correct equation with no trig function

DML eliminate r and T to obtain an equation with @, a, g and no other

letters r need not be correct but do not allow r = a
Al correct result

For first 6 marks the equations can have T and 2T or two different tensions
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Question Scheme Marks
Number
4
(@) Length of string/half string =10 m /5 m (or extn =5 m) Bl
T:ﬂ:20x5’ _20 ML AL
I 5
2T cosa =mg M1
4
2x20 XE =mg Alft
Weight =32 N  (Accept mg = 32) Al (6)

(b) PE lost ="mg"x4

20x52_20xf
2x5 2x5

EPE gained =

M1A1Al

1w 20x5% 20x1°
Emv ="mg"x4-— -

2x5 2x5

EV2:32><4—(
g

DM1

20x52_20xf
2x5 2x5

v? =5g

v=7, 7.0 or 7.00 Al (5) [11]

B1 correct length of complete or half string or correct extension(need not
be shown explicitly)

M1 apply Hooke's law x =1

Al correct tension obtained

M1 resolving vertically, both tensions resolved

()

Alft substitute their tension and COSa=g

Al correct weight obtained (no ft)

M1 energy equation with KE, PE and two EPE terms - all calculated with
correct formulae

Al1A1 Deduct one A mark per error (if m is substituted early, ft their m)
M1 Substitute their mass (not weight)

Al correct value forv 7, 7.0 or 7.00 only acceptable

(b)
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Question Scheme Marks
Number
5(a) Small cone Large cone S
4 1 1
Mass —nr’ Zkzr® Zarip(4+k
377 e rA(Ak)
Ratio 4 k 4+k
Disp from O -r % X
Kr -
_4r+T=(4+k)x M1A1A1
k?-16)r
Y:uzl(k%)r Al (4)
4(4+k) 4
X r
(b) k greatest when —=— M1
r4r
1 1
“(k-4)== Alft
4 4
Greatest k =5 Al (3)
., X 1
(c) tan12 =?=Z(k_4) M1A1ft
k=485 4.9 (4.8502..) Al (3)
[10]
(@) M1 moments equation about any (suitable) point. Volumes or ratio of
volumes used.
Al LHS correct
Al RHS side
Al correct distance from O, inc use of k > 4 Single fraction only in the
expression
M1 using vertical through ¢ of m passes through A to obtain a connection
(b) between X and r or a numerical value for X or any other complete valid
method
Alft obtain a correct equation for k with their X
Al cao k=5 (inequality gets AO)
(c) M1 tan12°=2 either way up
r

Alft substitute for X correct way up now
Al Final answer 4.9, 4.85 or better
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Question

Number Scheme Marks
6
1 a
(a) Smv —Em( 59] mga(1-cosé) M1A1A1
v? = 2ag +%— 2ag cos ) = %(11—10 cosf) * Al (4
V2
(b) mgcosa (-R) =m— M1A1
a
g v’
gcosa = g(ll-lOCOSa) or sub cosa =— in energy equation M1 Al
ag
11
cosq =—
15

P leaves the sphere with speed /%(11—2—:3 = % DM1Al (6)
(c) Horiz comp = /11ag XCOSa = /ﬂﬂ XE M1
15 15 15

1ag

By cons of energy from top: 2mag = ; mv?— 2 = M1
ve =228 Al
5
cosd = /11&9 _ M 30642.. M1
15 21a 63 15
6 =72.155... Accept 72° or better Al (5)

[15]

(@) M1 Energy equation from start to general position - must have 2 KE
terms and a loss of PE

Al LHS correct

Al RHS correct

Alcso re-arrange to the given result
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Question Scheme Marks
Number
(b) M1 NL2 along radius, acceleration in either form, R need not be shown,
weight must be resolved
2
. . v
Al fully correct equation with or w/o R, accel now —
a
M1 elimination of v> or cosa
Al correct equation after elimination
DM1 substitute their cosa to obtain an expression for v2 Dep on both
previous M marks
Al correct expression for v
(©) M1 obtaining an expression for the horiz comp of speed at P

M1 use energy to obtain the speed when particle hits the floor
Al correct speed at floor

M1 use horizontal speed and resultant speed to find the angle
Al correct angle 2 sf or more figures (g cancels)

ALT: By SUVAT:

M1 Horiz component

M1 Vert component and complete attempt for speed at the floor
(including the vertical height)

Al correct vert speed at floor

M1 attempt angle using tan (either way up)

Al correct angle 2 sf or more figures (g cancels)
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January 2015 (IAL)

Number Scheme ks
7
Aalb
@ |T1=22 M1A1
a
1
T:mgc0560=§mg
1 A 5 *
—mg=— A=—m M1A1 (4
>Ma =2 >M9 (4)
i 6a
(b) When string has length ?+x ;
1 5 al5+x .
~mg-=mg = mx M1A1A1l
2 2 a
50 .
—-—x=X, =SHM DM1,Al
2a
. 2a %
Period = 27, |— Al (6)
59
a 59 a ¢
c Max accel = o’ xamp=@® — = x— == M1AL (2
© R I M @)
d) | x=2sinat
i:Esina)t M1
10 5
wt=sin05=2
6
O L Al
6w 659
Total time = t= % |28 (7 |28 27 |2a MI1AL (4)
6\V59g 2\5g 3 \5g
[16]
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Question

Number Scheme Marks

(@) M1 Hooke's Law used to find T at B

Al correct equation

M1 eliminating T by use of resolving along the plane
Alcso correct value for 4

(b) M1 NL2 along the plane when extension is %+ X - must have a tension
and a component of the weight. Allow with X or f (acceleration).

Al1A1 deduct one per error. (difference of forces wrong way round is one
error only) mass x acceleration (not X) is also an error

DM1 simplify to the correct form acceleration must be X now

Alcso correct final equation AND conclusion

Al correct period

(© M1 obtaining the max acceleration, amp = a

Al correct max acceleration (no ft)

M1 using equation for x - sin or cos form and solving for t - must use

(d) radians and @ = /2—2 amp #a

Al correct value for t from their equation
M1 complete to obtain the required time
Al correct total time

If time from end pointto x = —% is found mark M1M1A1A1l
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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.

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 Crossed out work should be marked UNLESS the candidate has
replaced it with an alternative response.
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PEARSON EDEXCEL 1AL 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

These are marks given for a correct method or an attempt at a correct method. In
Mechanics they are usually awarded for the application of some mechanical principle to
produce an equation.

e.g. resolving in a particular direction, taking moments about a point, applying a suvat
equation, applying the conservation of momentum principle etc.

The following criteria are usually applied to the equation.

To earn the M mark, the equation

(i) should have the correct number of terms

(ii) be dimensionally correct i.e. all the terms need to be dimensionally correct

e.g. in a moments equation, every term must be a ‘force x distance’ term or ‘mass X
distance’, if we allow them to cancel ‘g’ s.

For a resolution, all terms that need to be resolved (multiplied by sin or cos) must be
resolved to earn the M mark.

M marks are sometimes dependent (DM) on previous M marks having been earned.

e.g. when two simultaneous equations have been set up by, for example, resolving in two
directions and there is then an M mark for solving the equations to find a particular
quantity — this M mark is often dependent on the two previous M marks having been
earned.

‘A’ marks
These are dependent accuracy (or sometimes answer) marks and can only be awarded if
the previous M mark has been earned. E.g. MO Al is impossible.

‘B’ marks
These are independent accuracy marks where there is no method (e.g. often given for a
comment or for a graph)

A few of the A and B marks may be f.t. — follow through — marks.
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3. General Abbreviations

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

schemes.

bod — benefit of doubt

ft — follow through

the symbol \f will be used for correct ft

cao — correct answer only

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

isw — ignore subsequent working

awrt — answers which round to

SC: special case

oe — or equivalent (and appropriate)

dep — dependent

indep — independent

dp decimal places

sf significant figures

% 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.

5. 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 question affected.

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

e If all but one attempt is crossed out, mark the attempt which is NOT crossed
out.

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

7. lgnore wrong working or incorrect statements following a correct answer.
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General Principles for Mechanics Marking
(But note that specific mark schemes may sometimes override these general principles)

Rules for M marks: correct no. of terms; dimensionally correct; all terms that need
resolving (i.e. multiplied by cos or sin) are resolved.

Omission or extra g in a resolution is an accuracy error not method error.
Omission of mass from a resolution is a method error.

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

Omission of units or incorrect units is not (usually) counted as an accuracy error.

DM indicates a dependent method mark i.e. one that can only be awarded if a previous
specified method mark has been awarded.

Any numerical answer which comes from use of g = 9.8 should be given to 2 or 3 SF.
Use of g = 9.81 should be penalised once per (complete) question.

N.B. Over-accuracy or under-accuracy of correct answers should only be penalised once
per complete question. However, premature approximation should be penalised every
time it occurs.

Marks must be entered in the same order as they appear on the mark scheme.

In all cases, if the candidate clearly labels their working under a particular part of a
question i.e. (a) or (b) or (c),.....then that working can only score marks for that part of
the question.

Accept column vectors in all cases.

Misreads — if a misread does not alter the character of a question or materially simplify
it, deduct two from any A or B marks gained, bearing in mind that after a misread, the
subsequent A marks affected are treated as A ft

Mechanics Abbreviations

M(A) Taking moments about A.

N2L Newton’s Second Law (Equation of Motion)

NEL Newton’s Experimental Law (Newton’s Law of Impact)

HL Hooke’s Law

SHM Simple harmonic motion

PCLM  Principle of conservation of linear momentum

RHS, LHS Right hand side, left hand side.



PhysicsAndMathsTutor.com

June 2015
WMEO3 M3
Mark Scheme
Question Scheme Marks
Number
1 (30° or @ for the first 3 lines)
Rsin30°=mg M1A1
R c0s30° = m(rcos30°) »’ M1A1A1l
=9 DM1
mr  rsin30
w- %9 Al
r
Time = 2z =2 /L =r /ﬂ * Alcso [8]
w 29 g

M1 Resolving vertically 30°or @
Al Correct equation  30° or @
M1 Attempting an equation of motion along the radius, acceleration in either form 30° or 6
Allow with r for radius
Al LHS correct 30°or &
Al RHS correct, 30° or & but not r for radius
DM1  Obtaining an expression for o® or for v2 and the length of the path 30° or # Dependent on
both previous M marks
Al Correct expression for @ Must have the numerical value for the trig function now
Alcso  Deducing the GIVEN answer

ALT: Resolve perpendicular to the reaction:
mg cos30 = mx rad x »” cos 60 M2A1(LHS) A1(RHS)
= mr cos 30w’ cos 60 Al
Obtain @ M1Al
Correct time Al




PhysicsAndMathsTutor.com

?\Iuestion Scheme Marks
umber
K
2 (a) F= 7
K
X=R=F=mg mg:? M1
K=mgr? * Al 2)
2
b | MR A M1
X dx
RZ
g j ~7 = —J'vdv
2
gR__1, (+c) DM1A1ft
X 2
2
x=3R,v=v:>—gR—=—1v2+c M1
3R 2
c=-R9 Ly Al
3 2
2
x=R= 1y’ = Rg+1V2+gR— M1
2 3 2 R
v oy2 AR
3
v=,[V? +% Al cso (7
[9]
(@) M1 Setting F=mg and x=R
Al Deducing the GIVEN answer
(b) M1 Attempting an equation of motion with acceleration in the form v?. The minus sign may
be missing.
DM1  Attempting the integration
Alft Correct integration, follow through on a missing minus sign from line 1, constant of
integration may be missing
M1 Substituting x =3R,v =V to obtain an equation for c
Al Correct expression for ¢
M1 Substituting x = R and their expression for ¢
Al Correct expression for v, any equivalent form
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Question Scheme Marks
Number
\Y 1
3(a) d—:—2(t+4) 2 M1
dt
1
v=—j2(t+4) 2 dt
1
:—4(t+4)5 (+C) DM1A1l
t=0,v=8=c=16 M1
1
v=16-4(t+4)2 (ms?) * Alcso  (5)
1
(b) | v=0 16=4(t+4)z M1
16=t+4 t=12 Al
x=4f ( (t+4) j
2 3
x:4(4t—§(t+4)2J (+d) M1A1
3
t=0, x=0 d=4x2x42=2% ¢ Al
3 3
2 .5 64
t=12 x=4 4><12—§><162 3 42— (m) oeeg 43 or better DM1Al1 (7)
[12]
(a) M1 Attempting an expression for the acceleration in the form ?ﬂ minus may be omitted.
DM1  Attempting the integration
Al Correct integration, constant of integration may be omitted (no ft)
M1 Using the initial conditions to obtain a value for the constant of integration
Alcso  Substitute the value of ¢ and obtain the final GIVEN answer
(b) M1 Setting the given expression for v equal to 0
Al Solving to get t =12
M1 Setting v =% and attempting the integration wrt t At least one term must clearly be
Integrated.
Al Correct integration, constant may be omitted
Al Substituting t =0, x =0 and obtaining the correct value of d. Any equivalent number, inc
decimals.
DM1  Substituting their value for t and obtaining a value for the required distance. Dependent on
The second M mark.
Al Correct final answer, any equivalent form.




PhysicsAndMathsTutor.com

Question
Number Scheme Marks
1 2 1 2
4(a) Energy to top: E><3m><u —Ex3mv =3mga M1Al
2
NL?2 at top: T+3mg=3mv— M1Al
a
u2
T =3m—-6mg —3mg DM1
a
uZ
T>0=—2>3¢g M1
a
u2 > 3ag * Al cso (7)
(b) Tension at bottom:
%XBmeZ—%wmuZ:Bmga M1
2
Tmax—3mg:3mv— M1
a
u2
T, =3Mg +6mg +3m— Al
a
UZ
T, =3M—-9mg
a
u’ u’
9mg +3m—:3[3m——9mgj DM1
a a
u? = 6ag * Al cso (5)
[12]
(a) M1 Attempting an energy equation, can be to a general point for this mark. Mass can be missing
but use of v> =u’ +2as scores M0
Al Correct equation from A to the top
M1 Attempting an equation of motion along the radius at the top, acceleration in either form
2
Al Correct equation, acceleration in form v
r
DM1  Eliminate v2 to obtain an expression for T Dependent on both previous M marks
M1 Use T >0 at top to obtain an inequality connecting a, g and u
Alcso  Re-arrange to obtain the GIVEN answer
(b) M1 Attempting an energy equation to the bottom, maybe from A or from the top
M1 Attempting an equation of motion along the radius at the bottom
Al Correct expression for the max tension
DM1  Forming an equation connecting their tension at the top with their tension at the bottom. If
the 3 is multiplying the wrong tension this mark can still be gained. Dependent on both
previous M marks
Alcso  Obtaining the GIVEN answer.

10
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Question
Number Scheme Marks
15(1.8-
5(a) | 720 15(8-¢) M1A1
2 1.2
10ex1.2=15(1.8—¢)
e=1 Al
AO=3m * Alcso  (4)
20(1-x) 15(0.8+x
® | osx=20=X)_15(08+x) M1A1A1
2 1.2
X=-45x ..SHM Alcso 4
(c) String becomes slack when x = (—)0.8 (allow wo sign due to symmetry) Bl
V2 =a)2(a2 _Xz)
V' =45(1-0.8°) (=16.2) MI1ALft
v=4.024... ms* (4.0 or better) Alft (4)
2 2
@ |22 1 208 1 450162 ftonv M1A1A1Lft
2 2 2 2 2
20y*> —64.8=16.2
y’=4.05 y=2.012... Al
Distance DB =|5-4.012..|=0.988...m (accept 0.99 or better) Alft (5) [17]
Alt for d: | Prove SHM with only one string M1A1 (equation)
Value o Al
Use v=aw tofind a Alft (ftonv)
Dist Alft
(@) M1 Attempting to obtain and equate the tensions in the two parts of the string.
Al Correct equation, extension in AP or BP can be used or use OA as the unknown
Al Obtaining the correct extension in either string (ext in BP =0.8 m) or another useful distance
Alcso  Obtaining the correct GIVEN answer
(b) M1 Forming an equation of motion at a general point. There must be a difference of tensions,
both with the variable. May have m instead of 0.5 Accel can be a
Al Al Deduct 1 for each error, m or 0.5 allowed, acceleration to be X now
Alcso  Correct equation in the required form, with a concluding statement; m or 0.5 allowed
(c) B1 For x==x0.8 Need not be shown explicitly
M1 Using v* = o’ (a” - x*) with their (numerical) @ and their x
Alft Equation with correct numbers ft their o
Alft  Correct value for v 2sf or better or exact
(d) M1 Attempting an energy equation with 2 EPE terms and a KE term
Al 2 correct terms  may have (1.8+x) instead of y
Alft  Completely correct equation, follow through their v from (c)
Al Correct value for distance travelled after PB became slack. x =0.21
Alft Complete to the distance DB. Follow through their distance travelled after PB became slack.

Alternatives at end of mark scheme

11
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Question

Number Scheme Marks
2
6@ |Vol= [ (x*+3) dx M1
0
IﬂIOZ(X4+6X2+9)dX
1 2
=7{gx5+2x3+9x} DM1A1
0
202
5 d om® ¥ ()
b 2 x(E+3) dx = 2 [ (5 +6x° +9x) dx M1
0 0
1, 3, 9,7T
=7{—x6+—x4+—x2} Al
60 2 2" |
:%ﬂ Al
(Or by chain rule or substitution)
158 5
=—x——, =1.3036...=1.30 M1A1 5
Cofm =57 cm (%)
202 1 404
(c) Mass ratio ZXLﬂ' ZaxT*x6 (—4—98)7[ Bl
5 3 5
Dist from V 6.7 45 X Bl
%x6.7+98x4.5=(4—(5)4+98j7 M1A1ft
404 6.7198x45
X =2 =5.494...=5.5cm Accept 5.49 or better Al (5)
404
——+98
5
6-X 0.5058...
d tan @ = = M1
(d) 7 7
a=tan™ (g)— tan™ (0'50758'"] =36.468...°=36° or better M1A1 (3) [17]

12
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Question Scheme Marks
Number
(a) M1 Using nf y’dx with the equation of the curve, no limits needed
DM1 Integrating their expression for the volume
Al Correct integration inc limits now
Al Substituting the limits to obtain the GIVEN answer
(b) M1 Using (7[)'[ xy’dx with the equation of the curve, no limits needed, 7z can be omitted
Al Correct integration, including limits; no substitution needed for this mark
Al Correct substitution of limits
r .[ xyldx _ _
Use of ————— with their zj xy’dx. sz must be seen in both numerator and
Ml ﬂ_I 2d
y“dx
denominator or in neither.
Alcao  Correct answer. Must be 1.30
(c) B1 Correct mass ratio
Bl Correct distances, from V or any other point, provided consistent
M1 Attempting a moments equation
Alft  Correct equation, follow through their distances and mass ratio
Al Correct distance from V
(d) M1 Attempting the tan of an appropriate angle, numbers either way up
M1 Attempting to obtain the required angle
Al Correct final answer 2sf or more
Alternatives for 5(d)
1 EPE in BP (at release) transferred to EPE in AP (same as MS, except 1 term for first Al)
2 0.5a = —L0(L8 + x]

d =—56— 10x
Vax

_,[ vy = - IESE': + 10x)clx

[ a
?= —Sex+5x"+c

M1A1l
9*.'?
r=yv==—usuc=081
5 Al
Thenv =0 etc M1A1l

13
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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.

° Crossed out work should be marked UNLESS the candidate has
replaced it with an alternative response.
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PEARSON 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

These are marks given for a correct method or an attempt at a correct method. In
Mechanics they are usually awarded for the application of some mechanical principle to
produce an equation.

e.g. resolving in a particular direction, taking moments about a point, applying a suvat
equation, applying the conservation of momentum principle etc.

The following criteria are usually applied to the equation.

To earn the M mark, the equation

(i) should have the correct number of terms

(ii) be dimensionally correct i.e. all the terms need to be dimensionally correct

e.g. in a moments equation, every term must be a ‘force x distance’ term or ‘mass X
distance’, if we allow them to cancel ‘g’ s.

For a resolution, all terms that need to be resolved (multiplied by sin or cos) must be
resolved to earn the M mark.

M marks are sometimes dependent (DM) on previous M marks having been earned.

e.g. when two simultaneous equations have been set up by, for example, resolving in two
directions and there is then an M mark for solving the equations to find a particular
quantity — this M mark is often dependent on the two previous M marks having been
earned.

‘A’ marks
These are dependent accuracy (or sometimes answer) marks and can only be awarded if
the previous M mark has been earned. E.g. MO Al is impossible.

‘B’ marks
These are independent accuracy marks where there is no method (e.g. often given for a
comment or for a graph)

A few of the A and B marks may be f.t. — follow through — marks.



PhysicsAndMathsTutor.com

3. General Abbreviations

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

schemes.

bod — benefit of doubt

ft — follow through

the symbol \f will be used for correct ft

cao — correct answer only

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

isw — ignore subsequent working

awrt — answers which round to

SC: special case

oe — or equivalent (and appropriate)

dep — dependent

indep — independent

dp decimal places

sf significant figures

% 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.

5 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 question affected.

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

a. 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.

7 lgnore wrong working or incorrect statements following a correct answer.
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General Principles for Mechanics Marking
(But note that specific mark schemes may sometimes override these general principles)

Rules for M marks: correct no. of terms; dimensionally correct; all terms that need
resolving (i.e. multiplied by cos or sin) are resolved.

Omission or extra g in a resolution is an accuracy error not method error.
Omission of mass from a resolution is a method error.

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

Omission of units or incorrect units is not (usually) counted as an accuracy error.

dM indicates a dependent method mark i.e. one that can only be awarded if a previous
specified method mark has been awarded.

Any numerical answer which comes from use of g = 9.8 should be given to 2 or 3 SF.
Use of g = 9.81 should be penalised once per (complete) question.

N.B. Over-accuracy or under-accuracy of correct answers should only be penalised once
per complete question. However, premature approximation should be penalised every
time it occurs.

Marks must be entered in the same order as they appear on the mark scheme.

In all cases, if the candidate clearly labels their working under a particular part of a
question i.e. (a) or (b) or (c),.....then that working can only score marks for that part of
the question.

Accept column vectors in all cases.

Misreads — if a misread does not alter the character of a question or materially simplify
it, deduct two from any A or B marks gained, bearing in mind that after a misread, the
subsequent A marks affected are treated as A ft

Mechanics Abbreviations

M(A) Taking moments about A.

N2L Newton’s Second Law (Equation of Motion)

NEL Newton’s Experimental Law (Newton’s Law of Impact)

HL Hooke’s Law

SHM Simple harmonic motion

PCLM  Principle of conservation of linear momentum

RHS, LHS Right hand side, left hand side.
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Question

Number Scheme Marks
1
Ax0.3
@ |05g=T=2" M1A1
1.2
A=29=19.6 Al (3)
2 2
o) | 110 1 196x04 g o (x+04) MI1ALftAl
2 1.2 2 1.2
5x*-3x-2=0
(5x+2)(x—1)=0  or use of diff of 2 squares to obtain and then solve
a linear equation
x=1 (x=-0.4 need not be seen)
AC=22m Al 4)
[7]
(@ M1 Use Hooke's law to obtain the tension and equate to the weight
Al Correct equation
Al Solve to get 1 =19.6  Accept 20 or 29
(b) M1 Attempt an energy equation with the difference of 2 EPE terms and a loss of GPE
2
EPE formula must be of the form k AX
Alft EPE terms correct follow through their 4
Al GPE term correct, including all signs in the equation correct If x used for EPE and GPE A0
here
Al Correct length AC If 4 =20 is used, this is p.a. and so scores A0
19.6x(h—0.4)’ 2
 Find BC first: £ 298%( ) _1,196x04 ~05gh  MIAILAL
ALT: 2 1.2 2 1.2
BC=14 AC=22 Al

Methods depending on SHM must prove SHM first, but if correct answer only is given
award B1 (M1 on e-PEN)

By integration: Integrating and substituting yields an equation equivalent to the one shown -
mark from here M1A1ALft -1 eacherror fton A
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?\Iuestion Scheme Marks
umber
2(a) | Vol=z] e¥dx M1
= [ 2e*] DM1AL
=27(e* -1) * Alcso  (4)
(b) | z[ 4xe™ dx M1
—4x [xxlezx}l—fiezxdx DM1
2 o 02
1
:47{1e2—0}—47r[£e2x} Al
2 4 |
= 7r(e2 +1) Al
7Z'(e2 +1) e2 +1
x coord = > =— oe M1A1 (6)
(e*-1) 2(e*-1)
[10]
(@) M1 Using nj y*dx with the equation of the curve, no limits needed
DM1 Integrating their expression for the volume
Al Correct integration inc limits now
Al Substituting the limits to obtain the GIVEN answer
(b) M1  Using (ﬂ)j xy’dx with the equation of the curve, no limits needed, z can be omitted
DM1  Attempting to use integration by parts; allow + between the two parts. No limits needed
Al Correct integration, including limits; no substitution needed for this mark
Al Correct after limits substituted
r I xyldx _ .
M1 Use of —— with their 7Z'I xy’dx. sz must be seen in both numerator and
zrf ydx
denominator or in neither. This mark is not dependent on the previous M marks
Alcao Correct answer.
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Question Scheme Marks
Number
3@ | R(T) T,cos30=mg+T,cos30 M1A1
NL2 T, cos60+T, cos60=mre’ M1A1
=mx2lcos60w’ or mle? Al
T, +T, =2ml@’
2mg
T,-T,=—%—
A B \/§
. m
i | T, =§(3lw2+gJ§) oe DM1A1
m
i) | T, =§(3|a)2—g\/§) oe Al ®)
) |T,>0 = 3lw’>g-3 M1
0> QS—*F * Aleso  (2)
[10]
(a) M1 Resolving vertically
Al Correct equation
M1 NL2 along radius, acceleration in either form
Al LHS correct
Al Correct radius substituted and accel in re’. Can be awarded later by implication if work
implies correct radius used.
DM1  Solving the two equations to obtain an expression for either tension. Depenent on both
previous M marks
Al Tension in AP correct — simplified to two terms
Al Tension in BP correct — simplified to two terms
(b) M1 Using their tension in BP >0 must be > for this mark
Alcso  Obtaining the GIVEN answer. Only error allowed is the expression for the tension in AP

10
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Question Scheme Marks
Number
63000 dv
4(a ——=900— M1
@) kt? dt
70
s (+c)=v DM1A1ft
t=1v=0 :c:% M1 (either)
70
t=4 v=105 :—E+c=10.5 Al(both)
—EJFE =10.5
4k k
k=5 c¢=14 Al
v =14—% * Al cso (7)
14
(b) < 0 =v<14 orvnever reaches 14 Bl (1)
© |7 =14—%
% =7 t=2 Bl
t 1 125 15 175 (2
v 0 28 4.666.. 6 7
0.25
x:T(O+2x2.8+2x4.666...+2x6+7) M1A1
X =4.24175 Accept 4.2 or 4.24 Al (4) [12]

(@) M1 Forming an equation of motion with acceleration as % 900 orm

DM1  Attempting the integration
Al Correct equation. Constant of integration not needed
M1 Substituting either pair of given values
Al Obtaining correct equations using each pair of values

Al Obtaining correct values for cand k oruse k=5, c= %

Al Substituting these values to obtain the GIVEN answer
Misread eg 6300 for 63000: MIDM1A1M1AOAOAOQ

(b) B1  Must be clear that v <14 not just never = 14 % >0 essential

(c) B1 Showing that t =2 when v=7 Award if seen as upper limit for t in trapezium rule or values
1.25, 1.5, 1.75 seen for t
M1 Using the trapezium rule. Must have 4 intervals and values of t shown in the table.
Al Correct numbers in the trapezium rule statement.

Values of v can be in the form 14—% etc

Al Correct final answer. It is an estimate, so 2 or 3 sf only.

11
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Question Scheme Marks
Number
. r
5 Dist of cof mfrom O=rtan30=— M1A1l
V3
Ratio of masses M kM (1+kM
1 k 1+k
Dist from O —ih kh L
4 4 J3
1, kh r
M(O) —-=h+—=(1+k)— M1A1A1Lft
©) —gh+= =k 7
n r
—(k*-1)=(k+1)—
4r *
k=——=+1 Al 6
3 [6]
Alt1 | By moments about A
1 . 1 .
kMg Zkhc0530—rs|n30 , Mg thosSO+rsm30 M1A1,M1A1l
hcos30(k*—1) = 4rsin30(k +1) Alft
(k—l):%tanSO
4r *
k=——+1 Al
hv3

12
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Question Scheme Marks
Number
Alt2 | Find X first
2
M(0) -£h+ﬁz(1+k)¥ M1 Al
4 4
h(k-1
X = (k-1) oe Al
4
Then suspend: X_ tan 30 M1
r
h(k-1
( ):i (or tan 30) Alft
4r 3
4r *
k=——++1 Al
hy3
M1 Finding the distance of the ¢ of m from O by using the angle given. Must use tan.
- r
Al Obtaining —= (no approx allowed)
V3
M1 Forming a moments equation using the three known distances; mass ratio only needed — do
not penalise use of incorrect formulae
Al LHS correct
Alft  RHS correct for their distance
Alcao  Obtaining the GIVEN answer
ALT 1 Taking moments about A
M1 Attempting the LHS — must have two appropriate terms inc the necessary resolution
Al Correct LHS
M1 Attempting the RHS — must have two appropriate terms inc the necessary resolution
Al Correct RHS
Alft  Collecting the terms and cancelling Mg
Alcao  Completing to the GIVEN answer
ALT 2 Find X first
M1 First M mark on e-PEN: Attempting an equation to find X in terms of h and k - mass ratio
as above
Al First A mark on e-PEN: Correct equation
Al Second A mark on e-PEN: Correct expression for X (as shown or equivalent)
M1 Second M mark on e-PEN: Using X_ tan30 ( LHS either way up)
r
Alft  Third A mark on e-PEN: Substitute their X; LHS must be the correct way up
Alcao Final A mark one-PEN: Obtaining the GIVEN answer
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Question Scheme Marks
Number
20x 18(2-x)
6 (a T,=— (=8X T,=——= (=12(2—x
@ |To=5p (580 To=———(=12(2-x)
20x _18(2-x) MIAL
2.5 15
x=12_12 Al
10
AO=3.7m Alft (4)
18(0.8— 20(1.2
o) | 18(08-y) 20Q2+y) . M1A1A1
15 2.5
40y =§ ~.SHM (or y=(-20/m)y A1cso )
(c) (Max) speed :%:12 ms? B1
12=ax24/10 M1
a= 6 or 310 m (accept 1.897... ie 1.9, 1.90 or better) Alft 4
V10 5
. M1(their
(d) 1.2 =asinwt a,0)
N Sinl[l-sz M1(must use
2410 6 radians)
t=0.1082...s (Accept 0.11 or better) Alcso (3) [15]

(@ M1 Using Hooke's law to find both tensions and equating them. The extension in BP can be
used instead of the extension in AP. ALT: Use both extensions and use eat+en=2 later
Al Correct equation
Al Correct value found for either extension
Alft  Correct length for AO; follow through their extension

(b) M1 Forming an equation of motion at a general point. Difference of 2 tensions, both including.
the variable. Use of a instead of X can score M1A1A0AQO max (ie an A error)

Al Al AlALl fully correct; A1AO one error May have m instead of 0.5 Extensions measured from O

Alcso A correct simplified equation. Any equivalent form, including having m instead of 0.5.
There must be a concluding statement.

(c) B1 Correct speed following impulse Can be awarded if seen in (b) or (d)
B1ft Correct value of @ ; must be numerical. FT from (b) Can be awarded if seen in (b) or (d)
M1 Using v, =ao (their values). By energy — equation must have all terms

Alft  Correct value of a any equivalent form including decimals. Follow through their o

(d) M1 Using y=asinet with theiraand o If y=acoswt is used there must be some indication

of moving from the time obtained to the required time.
M1 Solving their equation to find a time. Must use radians
Alcso  Correct time, min 2 sf. @ and a must have been obtained from correct work.

14
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Question

Number Scheme Marks
1 1 r
7(a) Emvz—zm%:mgr(l—cose) M1A1A1l
V= %(9—8cos 0) Al (@)
2
b | (R) +mgc059:m;/ M1A1
mg
R=0 mg COSa:T(g—BCOSa) DM1
12cosa =9
cosa :% or 0.75 Al (4)
(c) Initial vert comp of speed = ‘/%g Sina = /%g xg (:1.2679...) M1Al
! =1.2679...t+£gt2 M1
8 2
7=10.143..t +39.2t*
39.2t° +10.143..1-7=0
2
. ~10.143++/10.143% + 4x 7x39.2 DML
2x39.2
t=0.3125... Al
Horiz speed = /3—9 CoOSa = 1 , /27—9
8 4\ 8
AC = % 279 10,3125+ rsin o = 0.4493+0.3307 = 0.78 m MlAlCSO[lg)
(@) M1 Attempting an energy equation. 2KE terms needed and a PE term.
Award if mass missing throughout, but not for use of v2 = u2 + 2as
Al KE terms correct (and subtracted) Mass not needed if M mark earned
Al PE correct Again, mass not needed if M mark earned
Alcso  Obtaining the GIVEN answer
(b) M1 Attempting an equation of motion along the radius. Accel in either form, (J_r) R may be
included.
Al Correct equation, with or without (+)R
DM1  Set R=0 and substitute for v
Al cosa = 3/4 obtained

15
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(c) M1 Attempting the initial vertical component of the speed
Al Correct vertical component - decimal or exact
M1 Using s=ut+1at? to form a quadratic in t, with their vertical speed and attempt at the
vertical distance Must satisfy 0.5 < distance <1
DM1  Solving their quadratic; formula must be shown (and correct) if answer is incorrect, but
allow with ++/.... instead of ++/....
Al Correct t. Give by implication if stored on a calculator and final answer correct
Second solution need not be shown; ignore any shown
M1 Using the horizontal speed and completing to obtain the required distance.
Al AC =0.78 must be 2 sf.
ALT for (c):
M1A1  As main method above
M1 Use the horizontal speed and distance travelled as a projectile to get an expression for t
and substitute in s=ut+%at® Vertical distance must be between 0.5 and 1
DM1  Solve their quadratic - see above
Al Correct (projectile) distance
M1A1  As main method above
7(c) Using energy etc:
M1 Using energy to get the speed at the floor. Can be from the top or the point of
leaving the surface
Al Correct speed at floor
M1 Using the horizontal component of the speed and Pythagoras to obtain the
vertical component at the floor
M1 Using v = u + at vertically to get t
Al Correct t
M1A1l Complete as main method

16
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Other alternative Methods

Question 4(a) by definite integration
900 d_v _ 630200 M1
dt kt
105d _J-47_Odt
105 70 DM1Al
[v], :[ kt} Integration, limits not needed
70 70 M1
105(-0)= __+? Substitute limits
k=5 Al
Correct value
Al
.[ dv= .[ _dt Integrate again with limits as shown
1 14 * Al
Tt Obtain GIVEN answer
OR:
900 d_v _ 6302)0 M1
dt kt
[[av= j t7—odt
, 70 t DM1A1l
[v], = [—H} Integration, limits not needed
1
70 17 70(, 1 ML~
Ve—oi| | =—|1-= Substitute limits and v=10.5,t=4
k| t], Kk t
k=5 Al
Correct value
_70(, 1 Al
—? —; substitute
1 14 % Al
T Obtain GIVEN answer

Question 6(c) by reference circle
M1  Finding the required angle in radians.

M1  Using the period (2 j and their angle to find the required time.
@

Al Correct time.

17
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