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Stewart House 32 Russell Square London WCIB 5DN
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Advanced Subsidiary /Advanced 1evel

General Certificate of Educalion

Subject MECHANICS 6680

Paper No. M4

Question Scheme Marks
number
1. (a) Complete method for speed of current M1
e.g =25m_ or find ¥ (1.57), 8(32°) and use V'sin@ or equiv.
30s
= 5ms’' or 0.83(3)ms™’ Al 2)
6
AN by, Complete method for. speed of swimmer M1
eg =40m or V{2 - (@)} or V,sing.
30s
= 4ms' or 1.3(3) ms”’ At (2)
3
2. Equation of motion: —mg—mkv=ma ; dv=-(g+kv) M P AL
dr
. . dv
Separating variables: &f =~ M
| seprang fu=- [ @
. ] Y
Integrating t = \—]; [In{g-+kv)] (+c) Al
| . N
Using tlimits to give T = P fIn(g+kv)], orusing limits [#=0,v=u]to find c: @AIJ\
i + ku
) Completing to give T = r ln(g ) MIAL  (B)
\ a
’ [ Mark finding greatest height as Mr]
3. (a) \\ Parallel 1o plane: usin 8= Vecos @ Al
N
\V4 Perpendicular to plane: ¢ w cos @= Vsin & M DA
' \I Eliminating & and V- e cot f = tan £ ]
®
Given result: e=tan* @ * Al (6)
(b)| Impulse = change in momentum = »1 ( ¥'sin @ + u cos 6) APA L
Expression inm, wand 8: = m(eucos f -+ucos @)=nmcos @(1-+tan* 8) |
' sin’ @
or = mu | — + cosf?
cos@
Completion = musec f * Al 4)
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number
4. (a) Using velocity diagram  sin @ = sin 45° DAl
NA 1500 2000
g = 32° (32.03)
Bearing = 90° - (45° + 8) =013° Al (6)
J
() | Method forv: e.g (i) ' = 15007 +2000°— 2.1500.2000. cos ( 90 + 13.)° M1A1Y
or (i) vcos 45° =2000 cos 13.°
or (iii) sin 45° = sin 103° *
¥, 2000 v A
‘ v=2756kmh™’ \
Time= 100 h = 131s MIA1  (5)
v
[ Time= 100 cos 45° gains MIM1A1l immediately, correct answer gains A2}
2000 cos 13.°
Using displacement method (several variations)
(i) In the case below o is bearing; but other relevant angle may be used
One equationinzand o e.g. 2000 £ sin o = 502 — 1500 ¢ MIAl
} \$ook  Second equation in 7 and a: e.g. 2000 £ cos o = 5072 MIAl
Equation in-one variable: eg 4coso—4sina=3 M1Al
Reducing to simple equation e.g. 4N2 cos (o + 45°) =3 MI1A1Y
Bearing = (0)13° Al
"'I;' Sustituting for o to find ¢, =131+ MI1Al
[#) -~ .
(i) Using cosine rule: (20002 = (15009 + 100> —2.100.1500¢ ¢ »p%S” MZ2AI1AL
Quadratic form: 1758+ 15¥2t—1=0 M1A1 Y
Solving: ¢=131s MI1Al
Equation inf and & MIAl
Bearing = (0)13° Al
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| Question Scheme Marks

mmber

5 (a) | LSW.S { ;) -~ CLM: mucos € = kmv

. NIL: eucos @ =v
Eliminating &

| | =1 = Al (©)
. X

(b) 2 mv,2. + 3 (Zm)( Tu cos@) =32 1md  (or equivalent)
1 m(u sm@) + 7_ @m)( 3 ucosﬂ) =2 3mi [Ml forv,= using]
[4sin’@ + 2cos’d = 3]
4sin’@ + 2(1-sin’@)=3
sin’@ =1
0 =45° Al (6)
[ % ucosd)f — 3 (2m)( 3 u cosfP = § 5 mui accepted for first 4 marks unless it is clear tha candidate
. workmg along line of centres only;
e.8. 3 m{ ucosd’ —3 @Qm) 7 ucos@F =+ 2 m( ucosd) , then max M1]
6. @| ™™ € T  T=2mLx Bl
ST L
* Equation of motion: -3 mx -7 =m x MIAl
= x +3x +2x=0 * Aliesg @)
) AE m+3m+2=0 = m=-1or2 Al
G.S. x=Ade' + Be™” Al
=0,x=2: = A+B=2 Bl
Differentiating x=-de” 2Be™
=0, x =—4 = A+2B=4 (any equivalent form) Al
Correctly solving simultaneous equations (A=0, B=2) @
=20 Al ®
© » Shape Bl
2 0,2),x=0 asyrﬂptote Bl 2)
\ '\'g\--&3
: O
(d)| No, with reason, e.g. P always moving Bl 4))]
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7. (a) GPE: (from a fixed point) e.g. mga cos 8 (+C) Ml
EPE: 3 mg (ext) Bl
. 4q
BC?=(4a) + (2a) - 2.4a2a.c08 0= 20a* — 16a’cos O L@Al
) — EPE =} mgal 5 - 4 cos @ -2{N(5—4 cos 8)} +1] 1A1
A
- V=GPE+EPE(+C) applied Ml
=mga{—cos @ —V(5—4cos §)+3}+ C v dep. on all Ms) AlY
=mga{—cos # — V(54 cos #)} +constant *  (no errors seen) Al )
. 4sin @
» Y galsing - 200 MIAI
aa 2./5—4cosd
av . . [sin @{V(5-4cos §)-2}=0] 1 (M1
ae
=sin =0 or Y(5-4cos §)=2
= 8= 0or & (0° or 180°) Al
= or @ =cos” (3)=1.32(75.5° 1 (6)
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Question

Number Scheme Marks
1. i components: 3 u1
— «—
2 kg @ 3 kg
«— —
2 %!
Momentum «——:2x3-3u1 =-2x 2+ 3v1 M1
NLI: 10 = 3u1 + 3v1 Al
1(B+u1)=2+wn M1
1=ui1—-2v Al
Solve forui,  23=9u =u=2 M1 Al
Jj component = —u; tan o= —% M1 A1l ft
Hence up =—-2i— ¢]j Al
(9 marks)
2. BV4 @S <« M1
Correct A for vz minimum M1
v=30sin30° = 15km h? Al (3)
Correct A M1
.30 = = 24 M1
sina sin 30°
= sina = 2 Al
| V.4 | = 30 cos 30° + 24 cos o M1 Al
(=~ 44.716)
S ~ 0.4473 M1
44.716
= 0927 hrs (awrt) Al @)
(10 marks)

(ft = follow through mark; awrt = anything which rounds to)
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Number
3. (@) 5 @
dt
< N 32000
A%
800 dv _ 32000 _ kv M1 Al
dr v
dv _ )
= 800VE = 32000 - bv* (*) Al (3)
— dv _ — 2
(b) | v=40, = =0 = 32000=k x40 M1
= k=20 Al (2)
© jdt=goofv_dv2=JLdvz M1
32000 - 20v 1600 -v
t=-20In (1600 —1?) (+ C) M1 A1l ft
t=0, v=0 = C=201In1600 (or use of limits)
t=201n 1600 - 20 In (1600 —1?) M1 Al ft
— (=201 (ﬂj
1600 —v*
1600  _ 020 M1
1600 — v*
1600e 2 =1600 — 2
v=40 (1— e‘mj Al 7
(12 marks)

((*) indicates answer is given on the examination paper)
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Question Scheme Marks
Number
4. (@) | AC =4a cos 8 = extension in spring = 4a cos 6 — 2a Bl
dmg
V' =—-2mga cos 6 — 2mg x 3a cos 6 + 1 (4acos @ —2a) (+C) M1 Al Al
a
= —8mga cos @ + 4mg (2 cos O — 1)* (+ C)
= 4mga[(2 cos @ — 1) —2cos 8] (+ C) Al (5)
() d—g = dmga[2(2 cos O— 1)(—2 sin 0) + 2 sin 0)] M1 Al
=8mga sin 8(3—-4cos 0)
=0 = cos 9 =2 (60, 7) M1 Al
= 6=0.723 Al 4)
d?v 2
(©) 407 =8mga cos € (3 -4 cos 9) + 32mga sin“ 6 M1 Al
6 =3 d°y =0+32 :
as —Z:>d62— +32mga x M1
= 14mga
>0 = stable Al (4)
(13 marks)
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Question

Number Scheme Marks
1 1 -1 2
5. (@) |rp=|-2|+t 2 ro=| 2|+t¢0 B1 (either)
3 -1 -1 1
1 1 -1 2
2|+t 2| =| 2|+¢0 M1
3 -1 -1 1
= ¢t =2 (one component) Al
showing true for all components = collide M1
r=3i+2j+k Al (5)
-5 -2
(b) |VR—VP =Al 4|, VR—Vo =u 2 B1
-1 -1
2 1 -5 -2
Vo—-Vp =|0|-| 2|=A] 4|—-u| 2 M1
1 -1 -1 -1
1 -5 -2
—-2|=A 4|-u| 2
2 -1 -1
—51+2u=1
4 -2u=-2 Al
—A+u=2
Solve for either A=1or u=3 M1 Al
Hence vr = —4i + 6j — 2k Al
3 a -4
2| =|b|+2| 6 M1 Alft
1 c -2
=>a=11,b=-10,c=5
t=0, Ris at 11i — 10j + 5k Al (9)
(14 marks)

(ft = follow through mark)
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Question Scheme Marks
Number
6. (@ [t=0 4 2 0 B
L —> !
X Lsin 4
A T1 B
T1:4(1+x);T2:4(1+%sin4t—x) B1; B1
T,-Tv =2% M1
2% =4(1+ 3sindt—x) —4(1 +x) Al
= X +4x=sindt (%) Al (5)
(b) | CF: x = A sin 2t + B cos 2t Bl
Pl: x = P sin 4¢ M1
—16P sin 4t + 4P sin 4¢ = sin 4¢ M1
:P:_% Al
x =Asin 2t + B cos 2t — = sin 4¢ M1
t=0,x=0=B8=0 Al
X =24 cos 2t — § COs 4t M1
t=0,i=0=>4=1 Al ft (8)
x=0= %cos2t—1cosdt =0 M1
= C0s 4t = cos 2t
= 4t=2t+2x or 2w — 2t M1
= t=rgorZ Al
3
= First at rest after t = 0 when ¢ = % Al cso 4)
(17 marks)

(ft = follow through mark; (%) denotes answer is given on paper; cso = correct solution only)
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Question

Number Scheme Marks
Let boy’s velocity be u
1. Y Y T M1
—> 0.75
Speed =1 = 12=u2+i, u2=l0ru=£0r0.661... M1 Al
16 16 4
Time = ﬂ =151.18... =151s Al
V714
0'755
uV M1
1 sin @= 0—175 — 0=148.6
. Al
..Bearing is 049° or 048.6°
(6)
(6 marks)
Let wind be
2. W, M1
ﬁ VVx
Relative to 4:
W, M1, Al
S, — 10 From South, = W, =10
Relative to B:
w,— 14 M1, Al
%W From SW,:W)}_14:WX ... Wy:24
. Magnitude of W= /10> +24% =26 km h! Al
10 10
—= tana=— = a=226
24
24 H [e] o
.. Bearing 023° or 022.6 Al

(7 marks)
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Question Scheme Marks
Number
3. () mg—mkv? = ma M1 Al
dv dv
—kA=y— v— | M1
& dx dx
v
X = dv M1
fg—kvz
1 2
x=—2-Inlg-k’| +¢ M1 Al
2k
1
x=0,v=0=0=-——+c¢ M1
2k
X = i |an
2k |g—kv
p2ke — g
e Al
k2 =g(l-e%) M1
v= %(1—{2"[’) must use D | Al
(11 marks)
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ﬁﬂﬁgg? Scheme Marks
4. (a) P.E.of rod = mg x 2a sin 26 Bl
AC=acot 6 Bl
: , 1 3 mg 2
EPE in String = —x — x —= (a cot 8—a) M1 Al
2 4 a
Total P.E V= mg.2a sin 29+§ ME (4 cot O a)? M1
a
:%[16sin 20+ 3 cot? @ — 6 cot 6+ 3] M1
. _ mga . D
i.e. V= 5 [16 sin 26+ 3cot” #- 6 cot A] + const (*) Al cso (7)
(b) % = %[32 cos 20— 6 cot &cosec? 6 + 6 cosec? 4] M1A2,1,0
Q _ mga (- 0.5%%) M1
de 60=0.535 8 .....
dv mga %
— =——(0.27" Al
de 60=0.545 8
Change of sign .-. 3—; =0 in range, so 3 find a position of equilibrium Al (6)
dv dv
(© 40/ 05% <0, g0 0=05% >0 M1
So turning point is minimum, ... equilibrium is stable Al Al (3)
(16 marks)
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Question

Number Scheme Marks
5. (a) | Auxiliary Equation.: m?>+2m+2=0, =>m=-1+i M1, Al
.. Complementary. Function is: x = e (A cos ¢ + B sin £) M1 ft
Letx =p cos 2t + g sin2t, x =—2p Sin 2t + 2g cos 2t, ¥ = —4x M1
Sub. in D.E.
—2p COS 2t — 2q Sin 2t — 4p sin 2¢ + 4¢ cos 2¢ = 12 cos 2¢ — 6 sin 2¢ M1
—2p+4q=12,-4p -2 =6 Al
-10p=0 =p=0,9=3 M1
x=3sin2t+e?(Acost+Bsinf) | Al
t=0,x=0 = 0=4 Bl
x=6c0s2t—e*Bsint+e? Bcost M1

t=0,x=0= 0=6+B ..B=-6
x=3sin2tr—6e’sint Al (12)

(b) | x =6[cos2t+e”sint—e™cos ]

Subt= % x =6[cos2t+e”—6e7cos i
_x 1 _x 1
x=6/0+e *x—-e‘x—| =0 M1

et et ]

.. P comes to instantaneous rest when ¢ = % Al (@)
. . 21

subt==—inx =3sin—=-6¢*—,=107 M1, Al 2
(c) 2 2 %" (2)
d) | t—> o x ~3sin 2¢t, approximate period is 7 M1, Al (2)

(17 marks)
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Question Scheme Marks
Number
6. (a)
13
P before: - =% cos o= u, T 130 i g = 24 B1, B1
12 12 12
12
3u
—>u —0 >V —
° ° - ° 5
2 [ ]
" 2m
3u -u . u
PCLM (-) mu =mv +2m ?,3\/: T i.e. gllCB M1 Al 4)
(b) | NLI > eu=V2—v1:>eu:3—u——z, i.e.e=ﬂ M1, Al (2)
5 5 5
d 5d
—-C nh=—2-="2 Bl
(|2 . 3ul5  3u
Ptravels £ x Zﬂ Y in direction CB M1
u
S Pisdr + % = % from w (*) Alcs.o (3)
(d) | After hitting w, O has speed % in direction CB Bl
Velocity of Q relative to P in direction CB is % M1
Time for Q to travel ﬂd1 is: 4dy 10 = 404, Al
3 3u 3u
Total time between collisions is: 40d, + od, _ 154, (%) Alcs.0 4)
3u 3u u
. ... 15bd,
(e) | For collision to occur P must travel Td2 and d> in time
u
it 1 =92 - 124 B1
5u/12 Su
dd; velocity 4 is 5—”, S = d, _ _ 244, B1, Bl
24 5ul24 5u
Total time is 36d, _ % M1
Su u
o 12d, = 25d1,1.e. did, = 12:25 Al (5)
(18 marks)
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PROVISIONAL MARK SCHEME

Question

Number Scheme Marks
1. 0.01a = 0.01g — 0.158 — 0.021? M1
(@) T 0.0212 U v
0.158 ¢ gz dv M1
a dx
0.01g
dv_ ., *
v—==2v"-6 (*) Al 3)
dx
®) _J vdv de "
2v° +6
x=11In(2*+6)(+O) Al
x=0,v=0=C= % In 206 Al
v=0:>x=%ln¥z0.884m M1 Al (5)
(8 marks)
2. (@) B vector triangle attempted M1
vector triangle correct Al
N Explanation for v > u
HA >u (e.g. “hypotenuse > other sides’) Al (3)
(b) B C vector triangle attempted M1
E right angle correctly placed Al
M/G\v BC _AE e of similar triangles M1
> AB ED
A u D
2 2
_ V@ =) MLAL  (5)
v
(8 marks)

((*) indicates final line is given on the paper)
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(Eluestlon Scheme Marks
umber
3. Vi = wVu + Vi (used) M1
s . A (one vector triangle) | M1
Y u Al A1l
60°
wNV M
Combining M1
P POR =90° M1
0 OR =2usin 30° = u M1
u = triangle OQR is equilateral
=00=Vw=u Al
0 -
also = QOR =60°
Q
\ Hence direction is from N 60° E Al 9
u
60°
R
(9 marks)
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PROVISIONAL MARK SCHEME

(Eluestlon Scheme Marks
umber
4, (@) | Extension of string = 7a — 2a cos 6-a Bl
=2a(3-cos @)
2
PE = 8mga cos 0, + € . 49" (3 cos g2 B1, M1 Al
5 2a
= 8mga cos 6 + Bmga (9 - 6 cos 6—cos? 9) M1
_ 8mga (cos?@—-cos )+ C  (*) Al (6)
() g—g = Bmga (-2 cos @sin 6+ sin 9) M1 Al
=0 M1
= sin #=0orcos 6= %
— @=00rz or 0= = AL, Al (5
2
() d Z _ Smga (cos @ + 2 sin?> -2 cos? ) M1 Al
do 5)
=0 V"<0 (= _8mga ) unstable
8mga
O=n V"<0 (=-3x T) unstable Al
0= % V">0 (=3x 8’"%) stable Al (4)
(15 marks)

((*) indicates final line is given on the paper)
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PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
5. (@) A A To =T +mg M1
1
1
! MEC = 18 (2q — ) + mg M1 Al
ate a a
1
! 3 5
) ! e= L= AE= 2L (%) AL Al cso (5)
Ay 2 2
11
a *’ a ’ a dt dz? A3 (-1ee00)
2
gtj‘ + 2k‘;—’; +202x=0 (%) Al (5)
(c) | AE: m?+ 2km + 2k* =0 M1
m=—k+tki Al
GS: x =e(4 cos kt + B sin k?) Al ft
t=0,x=%a > A4=1a Bl
% = ke ™M(4 cos kt + B sin kt) + e™¥(=kA sin kt + kB cos ki) M1
o x _ R
(=0, " =0 = kA +kB=0 = B=4=La M1
x= Lae™(cos kt + sin kz) Al 7
(17 marks)

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

eeoo = each error or omission)
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PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
6. (@) | No impulse perpendicular to line of centres
= velocity perpendicular to line of centres unchanged = U cos « (*) Bl
(7):CLM Usina=v+w M1 Al
NLI eUsina=w-v M1 Al
= v=1Usina(l-e) M1AL  (7)
(b) | Component perpendicular to wall = v sin a+ U c0os a €0s a M1
=1UsinP a(l-e)+ Ucos® a
= 1 U(sin® a—esin® a+2-25sin? a) M1
=1U[2-sinfa(l+e)] (%) Al
Component parallel to wall =Ucos asin a—vCos M1
=Ucos asina—-+Usinacosa(l-e) |Al
=1Ucosasina(l+e) (¥ Al (6)
(c)|e=%,tana=2
Component perpendicular towall = $ U (2 - 2 x2) = I—g
Bl
Component parallel towall = 1 Ux 4x2 x5 = 2?”
. 4d
y Distance of 4 from X' =d cot §= 3 Bl
o
T BX=dcot g M1
d
S X cot 0 = u Tu_ 2 Al
7 5 10 7
fu
10 .. Total distance 4B = 4d + 4d
% 7
40d
2u B = — Al (5)
5 21
(18 marks)

((*) indicates final line is given on the paper)




EDEXCEL 6680 MECHANICS M4 JANUARY 2004 MARK SCHEME

Question Scheme Marks
Number
N2L —2v=3a M1
—2v =3v% Al
ds
3 2 . : :
§= _Ev (+¢) or v= _ES (+c) cancelling v and integrating | M1
2
s=0,v=5:c:E or s:{—iv} M1
2 2 s
Distance travelled is 4.5m Al
(5 marks)
(a) Before Uy
Ux
A: T u, =25sing=25x£=2 (ms™?) either | M1
- u =25c0sa=25x3=15 (ms’l) both Al
B: ¥ v, =13sing=13x£=12 (ms™) either | M1
< v, =13c0sf=13x5=05 (ms) both | AL (4)
(b) After
LM 2x+w=3-05 (=25) M1 AL ft
NEL w-x=%ix2 (=1) M1 AL ft
Solving x=05 y=15 M1 solving for either | M1 Al
Speed of 4is (27 +0.5°)= V4.25~2.1 (ms™) M1 either | M1 Al
Speed of Bis (1.2°+15°)= \3.69 ~1.9 (ms™) Al 9)
(13 marks)

Note: Not 1 d.p. loses maximum of one mark




EDEXCEL 6680 MECHANICS M4 JANUARY 2004 MARK SCHEME

Question

Number Scheme Marks
3. (a) AP =s—AD-DE M1
=s—L—-2Lsin@ Al (2)
(b) V(@)szngxLCOSl9+... Bl
= +mg (2L cos@ — AP) M1
=4mgLcos 0 +mg(2Lcos@+2Lsin ) (+C) M1
= 2mgL(3cosd+sind)+ constant (*) cso | Al (4)
(©) V'(6) = 2mgL (-3sin@+ cos 6) M1
=0 M1
1
tan 6= — Al
3
0~ 18° awrt 18°, 0.32° Al 4)
(d) V"(0)=2mgL(-3cosd—sin o) M1 Al
(V”(arctan %) =-2+ IOmng
V(6 < 0, for any acute 6 M1
Equilibrium is unstable ft any acute 9 | Al ft 4)
(14 marks),




EDEXCEL 6680 MECHANICS M4 JANUARY 2004 MARK SCHEME
Question Scheme Marks
Number
4, (a) A X P B
T1 1>
2mk*L(0.5L
HL 7= 7 (L +3) either | M1
2mk*L(0.5L —
HL 7= (L %) both | Al
N2L T, —T—kad—x —md—zx M1 Al Al
2 de’ o de? ’
2
4mk2x—2mkd—x:md—f
dr ds
d?x dx
—— 4 2k—+4k’x=0 * cso | Al 6
ds’ dr ©)
(b) m? + 2km+4m* =0 ae | M1
m=—k +kA/3i M1
xze”‘f(ACOSV3kt+Bsin \/3kt) oe | A1
t=0,x=£ = A=£ Bl
2 2
)‘cz—ke""(Acos\/SkHBsin \/3kt)
+\/3ke"“(—Asin \/3kt+Bcos\/3kt) M1
t=0,x=0 = 0=-kA+/3kB M1
1 L
B=—A4=—"H Al
\3 243
AP=15L +%e’“(\/3cos\/3kt+sin \ 3kt oe | Al (8)
(14 marks)

Alternatives forms of the answer are given on the next page




EDEXCEL 6680 MECHANICS M4 JANUARY 2004 MARK SCHEME

Question

Number Scheme Marks
4, (b) Alternative form of the General Solution As before | M1 M1
x=Ae™ cos(\/3kt—g) Al
t=0,x=§ = %zAcos(—g) (=Acose) Bl
x=—kAe™ cos(\/3kt—g)—\/3kAe""sin(\/3kt—g) M1
t=0,x=0 = 0=—k4cose—~3kAsin(—¢) M1
Leading to tang:i - ¢=2 and Azi both | A1
V3 6 \3
AP =15L+ Le"“ cos(\/ 3kt —1) Al 8)
43 6
Note: Another possible trig form is sin[\/ 3kt+%)
5. (a)Before After
—— ? ® G
v v
- LM 600u =800x M1 Al
- NEL X=eu M1 Al
e=0.75 Al (5)
(b) Van N2L  —-500=800a M1
0% =x?—-2x0.625x45, x*=56.25 (x=7.5) M1, Al
Car NZ2L —300 =600a M1
0> =1"-2x0.5%x21, =21 M1, Al
From (a) NEL u=%><7.5=10 M1
y?=10"+21, = ¥ =11 (ms") ca |M1,Al  (9)

(14 marks)




EDEXCEL 6680 MECHANICS M4 JANUARY 2004 MARK SCHEME

Question Scheme Marks
Number
6. 0.4 (@) Vector !or « M1
0 cosd = 04 M1
0.85
6 ~61.9° awrt 62° | Al (3)
0.85 Nu
(b) u=+/(0.85%-0.4% or u=0.85siné M1
0 =20_ 80 _gy () coo [M1A1  (3)
u 0.75
(€)  Vywy =—0.4i (+0.75)) Allow for £0.4i | M1
Vy =V, @y +0.5i =0.1i + (0.75j) 0.1i | A1
e 40 160 M1
075 3
§:O.lx%:% awrt5.3 | M1 Al (5)
(d) Asin (c) v, =-0.2i+0.75j +0.21 | M1
(=20 %0 M1
0.75 3
0=02 x@ _16 M1
3 3
Hence N lands at D cso | Al (@)
(15 marks)
Notes:
1. In (C) and (d), the candidate can take components without
using vectors. Mark as vector method.
2. After the first line in (d), the result is clear by proportion.
Allow as long as some explanation given.
3. cosé = 8 _ 0.4705...,sin 0 = 15 _ 0.8823...
17 17
4. Alternatives to (C) and (d), using vector triangles are given
on the next page.




EDEXCEL 6680 MECHANICS M4 JANUARY 2004 MARK SCHEME

Question Scheme Marks
Number
6. Alternatives to (C) and (d)
2 =0.52+0.852 - 2 x 0.5 x 0.85 x cO0s
© )
=0.5725 (v= - 229 ~ 82.4°) M1
20
sing _sin 0 M1
0.85 %
sin @ = (= 0.9912; p~82.4°) | Al
229
i:cotgo; 5=40><g:E awrt5.3 | M1 Al (5)
40 5 3
(d) w?=0.22+0.852 - 2 x 0.2 x 0.85 x cos &
—0.6025 (w: szg” z0.7762...j M1
siny _sin®
0.85 w
sin = 15 (= 0.9662; y~104.9° | M1
w=75.1° gains M1
£ 4
—=cot(180° -y )=—
20~ OB —y) =1
&= E = M1
3
Hence N lands at D Cso Al 4)

Note: Exact working is needed for final Al but all previous
marks in (C) and (d) may be gained by approximate
working.




EDEXCEL MECHANICS M4 (6680) — JUNE 2004 PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
1. (@) VA= Vaw v

---------------- 0 k) (vcosg wcos 6
“lo)” —vsing " wsing it

= vsin g=wsin 0* Al (2)
(b) k=vsin g+ wsin 6 M1 Al

2 2 .2
v4/vS —wsIin“ @
= +w cos 0 M1
Vv

= v? —w?sin? @ + wcos@ Al 4)
(6 marks)
2. 7 sin = —— M1
- 2a
- — §=30° Al
A
vi+v2=ucos @ M1 Al
—v1 + v2 = eu Cos 6 M1 Al
using .
=tan (€ + 30°) (or equivalent) M1 Al
V1
Producing an equation in e only M1
o= 1L Alcs.o
3

(11 marks)




EDEXCEL MECHANICS M4 (6680) — JUNE 2004 PROVISIONAL MARK SCHEME

%ﬂ?ﬁggp Scheme Marks
3. (@) Vector A M1 Al
\ ﬁ/ 3 COs 49- M1
(6 =22.6°)
L Course is 360° — 22.6°
= 337° (AWRT) Al 4)
K’
(b) v=4132-122 =5
_ 6cosd 1107
Time is 1.06 p.m.
(c) d=6sin #=6 x & =2.31km (AWRT 2.3km) | M1AL (2
(11 marks)




EDEXCEL MECHANICS M4 (6680) — JUNE 2004 PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
4. (a) OQ =4asin 6 Bl
V= (-) mgasin 26, + ME _ (4asin 6-a)?+C | BL: M1AL
2324 !
= —mga sin 20+ mga” (16 sin? - 8 sin@+1)+C | M1
4a\/§
_ . mga .
=—-mgasin 20+ ——=(8(1 — cos 20) — 8 siné) +C | M1
g 4\/5( ( ) o)
ie. V:—nj/gga (2 cos20+3sin20+2sin &) + C * Alcso (7)
(b) V(éo:—nz/gga (—4 sin 26+ 2V3 cos 20+ 2 cos6) M1 Al
x| - mga 1 NER
v (g)_-\/§ (-2v3+2¥3% +23)=0 M1AL  (4)
© | V(6= nj/gga (+8 cos 26+ 4V3 sin 20+ 2 sin 6) M1 Al
Hence, V” (%) = 113%5’“ >0 .. stable M1 Al c.5.0 (4)
(15 marks)




EDEXCEL MECHANICS M4 (6680) — JUNE 2004

PROVISIONAL MARK SCHEME

%ﬂ?ﬁggp Scheme Marks
5. (@) 4 RN), mg—2kxm—-T=m5
2
g_ka_Zak X _ . M1
a
T =% +2kx +2k%x=g * Alcs.o (4)
LTlX
[ ) *X
g 12kx
) t=0,x=a: a=D+-2 =p=q--5 M1 Al
2k 2k
x =—ke®(C sin kt + D cos kt) + —ke *(C cos kt — D sin k?) M1 Al
t=0,x=0: 0==kD+kC=C=D
— g
=>C=a—- —— Al 5
212 (5)
@l x=0 = C (sin kt + cos kt) + C (cos kt — sin kt) M1
=sinkt=0 Al ft
>kt=nrx
=1= 7 Al 3)
(d) Whent:%,x:—De—“i2 M1
2k
£ —e-z--£) Al ft
2k 2k
= xe" = %(G’W 1)-a
2k
> 0 (given) M1
= g(e”+1>2k%a * Alcs.o (4)
(16 marks)




EDEXCEL MECHANICS M4 (6680) — JUNE 2004

PROVISIONAL MARK SCHEME

%ﬂ?ﬁggp Scheme Marks
_ kmg
6. (@) AF F=—= Bl
%
$a R(M), F — mg = ma M1 ]
[
kmg -mg= mv—v M1
v dx
v k — Zdv *
M gle=1) =12 AL @
2
(b) gdx= dv M1
k—v
k2
[gdv=[-v—k+—=—dv M1 Al
-y
V2
gx:—7 —kv—KIn(k - v) + (c) M1 Al
x=0,v=0
0=0-0-KInk+c M1
c=kKInk
V2 k
gx:—7—kv—k2|n P * Al (7)
(o) Work done by engine = Energy gain
kmgt = %mv2 + mgx M1 Al
k
kmgt = mk? In ( J — mkv M1
k—v
k k
:n:—ln(k j—l Al (5)
v g
(16 marks)




Edexcel Mechanics M4 — January 2005 Answers

1.

(@) Impulse on 4 is in the direction of the line of centres.

Impulse on 4 = A(mv)=m(= 2i +5j)—m(i + 2j) = m(-3i + 3j). Civi)
E

Therefore direction of line of centres is (i + j). A unit vector in this direction is

(b) Let velocity of b after collision be v,i+v,]
Momentum conserved: m(i + 2j)+5m(— i+ 3j) = m(= 2i +5j)+ 5m(v,i +v,j)

Cancel m and equate coefficients: 0 —4=-2+5y, v =—2
j: 17=5+5y, v, =12

5
Velocity of B after collision =—-2i+%j.

(a) Velocity of wind relative to man =V,,, =V,, —=V,,. . v(38i-4j)=V,, —uj
Similarly wi=V,, —Lu(-3i+4j).
Equate the two expressions for V,, that these produce: v(3i —4j)+ uj = wi + Lu(-3i + 4j)

Equate coefficients: ii —3v=w-3u

o —4v+u=34u LV=2u
(b) V, =Lu(3i—4j)+uj=2%u(3i+16j)

Treat B when ¢ =0 as the origin.

\/51]

I‘AZthi+4j. I‘A=16{7I+Ej

BA=r,—r, =12t —8+/3)+ j(4-8)

Length of AB = \/((12z ~84/3f +(a- st)z) = (a2 ~1923 +192) +16 641 + 64r%)

Minimum when derivative of terms inside square root = 0:
21(144-192+/3 +192)- 64 +128¢ = 0, ¢ ~0.47 . (Minimum because this is a +ve quadratic.)

Substitute back into length of AB: |AB|~0.90 km.



4. Apply F=ma: m%:ﬂ_

t %

& T
Separate the variables: Izﬂzjdt.
% R(U—V) 0

“ j %uﬁ}jv: i -

R
=224+ n@)
5. (Note: error in question: p=+gi+%j.)
(@ n+3p —( 3|+51) (|+51) 2i+L2j=i+3j

(b) Before After

No impulse parallel to the wall so velocity parallel to wall unchanged: v, =2p
Newton’s law of Restitution perpendicular to the wall: ev, =—-2n
Putinvalues: 2v, =—2(-2i+4j), v,=—28(-2i+4j)=22j - &]

ViV, = () (-3 )= 4

(©)  Changein KE =Lx1x (42 +1%)-1xix(3? +12)=1.75 J



(@)

(b)

(©)

Take O as zero p.e.

Mechanical potential energy (mgh) =—mgacos26

2
Elastic potential energy [ﬂ;_lj :%x??—g(Za oS 20_%61)2
Za

4

2
Total p.e = _mga(ZCOSZ 0—1)+ 8;”g [861 0039—561)
a

=—2mgacos®  + mga + %(8 cos@—5)

= ni—%a(S cos@ —5) —2mgacos® 0 +c (change of constant with referral
of p.e. to any other zero position.)
Equilibrium when p.e. is max/min so g—g =0

dE  mga

10" 10 <16 (8cos@ —5)~sin @)+ 4mgacosfsin§ =0

mgasin O(—8c0s0 + 8+ 4c0s0)=0

mgasin (8 —*4c0s0)=0

sind=0, =0

or

— 10
cosd =17,

0 =24.6°

2

d; = mgasin O(%sin 6)+ mgacos (8 — “cosd)

2

When =0 j7€ = mga(8—%)=—%mga which is <0 so max E so unstable.

2
When 0=24.6°, S = mgal L (8 J+ 8- x12)~ #mea

7 =

which is >0 so min E so stable.



(@)

At time z:
e the particle has moved x,
o the string is length (a + y),

e theend of the string has moved 1 fi*. ~a+1ff®=x+a+y, ~.x+y=1fi.

(b) F =ma to particle: T =mx

2
man

y =mx
a

nz(%ﬁz—x):jé
¥+n’x=1n®ft?
(©) x=0,t:0.-,0=A_f Az,{_z

5,
n

Differentiating the solution: x =-—nAsinnt+nBcosnt+ ft ~ (or get ¥ from original d.e.)
x=0,t=0..0=nB, B=0

(d) Differentiating again: X = -n”A4cosnt—n’Bsinnt+ f =—fcosnt+ f
T = mi = mf (1-cosnt).

This takes max value of 2mf (when cosnt =-1).
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Question Scheme Marks
Number
Zg(,_) For congtot ﬁr?em’?) F ~—L’_\}1= ') My
- V= Jg At (35
(L) Fokeo?r = Ha MU A\
A
= M v AV oA
‘S)c‘b( g F—eu™
. = M L(Fest) &) A\
2\ ' '
x=o,0=0 = &= i~k A
77T 2\
| MW E - L CFod]
> 1&2
‘oo N S
= — o~ £ ™
X 2% (F - k'iﬁa [ )
Yo A e r( CY)
L S @
() CPE = —mgles2B 2 |
G 2
B (3(,'3@329’ 12 sy @ -\—L;L) )
718
= wgl ( 3= "Cw\Q) + C
— et O H
V= ww\jL(zmlor,-) N Hi‘ uwzws?{%a
= wmagl (Q:Dl@ — @) + c( 3k My G)
) % = gt (- Zen@Qe @ +s20) = O oA
A8 —Zewm© -+ ;> = O
SW=0 o O =3 vt
g = o o @ = iW& Ai Al
(e

6680 Mechanics M4
June 2005 Advanced Subsidiary/Advanced Level in GCE Mathematics




6680 Mechanics M4
June 2005 Advanced Subsidiary/Advanced Level in GCE Mathematics

0D LB
e o = s
= 5
@o = T E %) MyEA)
= de© = 5‘/3 A |
E}C?ldﬂc"}l‘w ‘V’i ‘
a1 P
(b)
¢ 189>+ 2 )
— A)
fiwe = 1> - 1 Z7 ks P £
(1975 £ 2%) D
7. (= Lomme oo ooy Lo m2
! =7y 3 Ub = g4x B Ay (2)
’.W\’_V“V
2“\(‘5 , T
- —p L Gtxr D
¥ Yy T = 2mweg 9 SH T A
i o parhd S Y
() :Y ’ —r—: 5Maw11_ T‘l_l
W= S9tx | o= Y+ I RARCY
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~ub . ~ _ b
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January 2006

6680 Mechanics M4Mark Scheme

Question Scheme Marks
Number
ldv 1
o2
Lo | @ g Tt M1
= SQ =49-20v *) Al
dt @)
5dv .
b = | dt separate variables
®) J 49 — 20v J (sep ) M1
_;’ In(49 — 20v) = ¢ (+c) Al
t=0v=0=c= —Eln 49 (attempt to get c) v
4 M1
1 49
t==In
4 (49-20v
t=1:1= EIn( 49 ) (correct use of logs/exp) N
T4 49200 M1
- -1 -1
—>v=241lms™— or 2.4ms Al
()
Total 7 marks
2 L (37 M1 Al
(a)  Energy: Em(%— vzj = mg.2a(1—cosh)
M1 Al
Using 6 = % & solve: —» v = 275ga *) (4)
. M1 Al
(b) Impact: u, = evsin30
1 . i
KE loss = = m(v2 sin? 30 — ev? sin2 30)
2 v
M1 Al
+ lmv2 cos® 30 — 1muz2 _ 3mga
2 2 5
[Using u, = vcos30 if necessary & |
reducing to equation in (m, g, a) e alone
3mga :lm.27ga.1(l—e2) Al
5 2 5 4 v
1 M1 Al
Solve fore: — e = 3 (7)
Total 11 marks




January 2006

6680 Mechanics M4Mark Scheme

Question Scheme Marks
Number
3. @
() VQ=qQVp +Vp
IVol*= (10cos30) + (16 —10sin 30) M1Al
=75+121
= |vo|=14ms™ Al
i)  tang=20=5"30 ) M1
10co0s30
6 ~ 51.8°, = bearing 308° (nearest degree) Al, Al
(6)
(b) At nearest approach: PN = 20sin30 M1 Al
=10 km Al
3
(©) Time = 20cos30 ~1.732 hrs M1 AL
= Time ~ 4.44 pm (AWRT) Al
3)

Alternatives

(@) Use of cosine rule in velocity vector triangle.

(b) & (c) Use of scalar product of relative velocity and relative position or
differentiating magnitude of relative position vector squared to find the minimum

distance and time at which it occurs.

Total 12 marks




January 2006

6680 Mechanics M4Mark Scheme

Question Scheme Marks
Number
4. 2
(@ RH) m% =mg-T - 2ma)% (4 terms) M1 Al
2 2 *
md—;C:mg—zmwa(eer)—Zma)ﬂ M1
dt a dt l
d’x dx 2
()
(b) x = e (Acoswt +bsin o)
t=0x=0=>4=0 B1
% =—we ”.Bsinwt + e .BwCoS wt (use of product rule) M1
dx R U
f—O,EZU.U—BCOﬁB—Z M1 Al
(4)
dx —ot o —ot
(© E:_Ue sinawt +Ue ™ coswmt =0 M1
= tanwr =1 (solve for tanwt ) M1
VA
=>t=—
do Al
)

Total 12 marks




6680 Mechanics M4Mark Scheme

January 2006
Question Scheme Marks
Number
5. (@) CLM (<>): mucos60 = mv + kmw M1/Al
NLI:%uCOS60:w—v M1l A1
_ 1 1 v
Solve for W.(1+k)w:5u 1+ M1
3u Al
=>w= *
IR 6)
v
(b) Solve forv — v = u(2- k) M1 Al
4k +1)
tan @ = 23 = 451N €0 M1 Al
\%
_un/3 4k +1)
2 u(2—k)
Solve k: —» k = 1 M1 Al
_ 2 (6)
1 u u
©) K227 B1
1 1 w1 3w 11
KE loss = —mu® —| =m.—+=m.—+=.=
2 (2 16 2 4 272 MLAL
I PR
2 16 4 8
- i’ Al
32
4)
Total 16 marks
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6680 Mechanics M4Mark Scheme

Question Scheme Marks
Number
6. (a) PEofR =—/2mgacos20 (+c) (1) Bl
PE of LH mass = —gmg(Za —2asin(45+ 0)) (+c) ) M1 Al
PE of RH mass = —gmg(Za —2asin(45-0)) (+c) (3) Al
V=1)+(2)+(3) (intermsof O etc.) M1
= —/2mgacos26 —gmg[4a — a~/2(cos @ +sin 6+ cosd —sin 6?)] M1
= —\/Emga c0s 26 — %mga(— 22 cos6 + 4)
= \/2mga(3cosH — cos 26) + constant *) Al
(7)
dv . .
(b) %:\/Emga(—i?SIn@—i—ZSIn 26) M1 Al
4V _ 0= 2sin20-3sin6 =0 M1
do
= sin@(4cosd —3)=0 M1
3
=60=0,0r0= J_rarccosz(z +0.723) AL Al
(6)
d*v
() 7" V2mga(-3c0s0 + 4c0s20) M1 Al
3 dvV 3 9
cosd =" = 2mga| -3.2+4/ 2.——
4 4o g( 4 (16 D M1
9 1
7272
<0 .. Unstable Al
(4)
Total 17 marks
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= KE = E‘mlﬁl (1o "ot 4 e¥si5x )

Question Scheme Marks
Number
. "?N
1Z @ :\ i2a%
(¥ s
= > - . P "\
(1“} o 2
5K = =1 15D M1 A
i= i=
= SwA = &
=
= ol = 28.4° a
D Cows n 096 () M &
A
o ~ v — Whicsw = Veou (O AN
';ffré—r/?‘f 2 (1) euvsecaA = Vs @ M1 A
Pla~ wview = g = wr (ng+fl¢;tp<‘] Hl




Marks

Question Scheme
Mumber
36’) |c‘!:r.tn’|1t 10L+IL1——ZK’[ﬂxihm6Q° Mt A
= 194
Y4
< v [ = 14 o % A G
= x]
(ip‘j K 15 =eulE ('bP]ZH’.?‘-I]t- shoefEat "‘mi)
sl = 2akd .
IT 4F . Al
=S¢ = 3203
- Alea
RM () DN = L4600 sim €213 M1
? ~ Ao
T2 N S~y S7n (AF) Al
iy b= 4000w €2y o, N A
4t
bl l‘rzﬂ'fﬂ",__ L
Twae 2-C5 o C'LE.-*H_—:!- Mu-LT) Al (-_T-}




Ciumim Schewe. Mavles
¥ =8
4.0 | & B
?Eo{—mol—b —mgle@ B
e e
2L | EPE ofshug= kms (2Lano~L) MIA]
2
&
T ot PE RS
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= cmglasd 4 demgt (keSO -Auwe+d + & | ML AL
- 2
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Qutin

s Schewe Mavles
v
409 | o "
\\T PERofred= —mglene B
e < EPE ef*ﬂuu:j = }::.15 CILMQLL)"" HiA]
&
Totel PE
of sl V = —mqlend & ‘ﬁ-_sz Lzme-D—el M|
= —wngles® + Ldzst(-il-cﬁlG—m-bD Lo | HMyAG
= wmql (—tn & A 2 kas'® —-."a'_kma) + c!
= Mgl [ 2ke=’® —~ (24) cqr'sﬁ_:[ "{"Ci E 3 Al [9
(v SV . ‘
S gl — koo ® ‘*—(‘Z}L"H)Q'i-\e-') My A4
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> 3~8=0 - end = g
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Crestion |

i\urh'ﬂ‘ﬁl.r‘

Merles
—7
= [y 1 2
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_ eavde 4 s o Al ®
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© 3
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' U _
g.(d) \L A A Focans J—=‘*‘"(V;,+"“\ "
Wi N owg z I Al
ISR ) T o =T
s ='% & v o= vy, O] NUAT
5 B ‘
NI e_lﬂ(:*:ﬁ = _V\-I-U,_ ""@ M &f
1
= A= Ko, MLAl
rA
N VAN
= A =g &
mMmud L Al @‘J
G) Voo = g (eperteasped) H
e do ol = 2 = Az MU A
.'J 2 [ 248 '
Sepochion = Al x M =) IR
A Jz =
(s)




f-lf‘rj §C‘3\'\W& Mg i
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Afl. s =
= TL‘L' (E-—F) Al m)
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General:

edexcel

June 2007
6680 Mechanics M4
Mark Scheme

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

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

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

Question Scheme Marks
Number
1(a) 1 c0s60° =vcos30° M1Al
o u u=v3 Al
1 2 2
KE lost = Em(u -v9) M1
K ? DM1
v Fraction of KE lost = 1—[Zj
u
1 2 .
=1-==— orat least 3sf ending in 7 Al
33 (6)
3
or =(1-¢°
,0=¢%)
(b) oo vsin30° M1Al
usSin60°
u 3
-1 Al
3 (4)
a) M1 Resolve parallel to the wall The first
Alt: reasonable attempt at equation connecting two variables three marks
Al Correct as above or equivalent can be
equation correct awarded in
Al uinterms of v orv.v. - not necessarily simplified. (b) if not
or ration of the two variables correct seen in (a)
M1 expression for KE lost
DML1 expression in one variable for fraction of KE lost — could be u/v as above
Al cao
b) M1 Use NIL perpendicular to the wall and form equation in e The first two
Al Correct unsimplified expression as above or eusin60° =vsin30°or equivalent marks can
DM1 Substitute values for trig functions or use relationship from (a) and rearrange | be awarded
toe=.... in (a)

Al cao accept decimals to at least 3sf

6680/01 Mechanics M4 - Final.
June 2007 Advanced Subsidiary/Advanced Level in GCE Mathematics
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2
(a) S
nd— [ W —D -
o Ru B1
v
Ru dv
R(—), ——-R=M—
(=) % M1
dv
R(u—v)=Mv—* Al
(b) 1
T oM v vdy M1A1
fdr=—15
YU—=V
1y
3
ZT—MJ.—].-FLCZV DM1
i u—v
ZU
1
—M[—v—uln(u—v)]fu Al
R ZU
M| u 2u) u 3u Mu(, 3u 1
=—I|———uln| — [+—+uln| — C=——|In—+= M1
R| 3 3) 4 4 R 4 4
_Muf 1 .9
R\ 12 8 M1
Hence k = Ing—% Al
(7)
a) B1 Correct expression involving the driving force.
M1 Use of F = ma to form a differential equation. Condone sign errors.
a must be expressed as a derivative, but could be any valid form.
Al Rearrange to given form.
b)

M1 Separate the variables

Al Separation correct (limits not necessarily seen at this stage)

DM1 Attempt a complete integration process

Al Integration correct

M1 Correct use of both limits — substitute and subtract. Condone wrong order.
M1 Simplify to find k from an expression involving a logarithm

Al Answer as given, or exact equivalent. Need to see k =InA + B

6680/01 Mechanics M4 - Final.
June 2007 Advanced Subsidiary/Advanced Level in GCE Mathematics




Question Scheme Marks
Number
3. (a) V =—mgacosd —mg(2acosd + asin ) M1A1A1
=—mga(3cosf +sinb) (+const) * Al
(4)
(0) Z—Z =—mga(—3sin @ + cosH) M1A1
1 M1
B =0 = tand=—
3
= 06 =0.32(1)° or 18.4° accept awrt Al
(4)
v 36080 —sing
(c) 107 —mga(—-3cosé —sin ) M1A1L
=mga(3c0sH +sind)
2
Hence, when 6 = 0.32°, ZTZ >0 M1
i.e. stable Al
(4)
a) M1 Expression for the potential energy of the two rods. Condone trig errors.
Condone sign errors. BC term in two parts
Al correct expression for AB
Al correct expression for BC
Al Answer as given .
b) M1 Attempt to differentiate V. Condone errors in signs and in constants.
Al Derivative correct
M1 Set derivative = 0 and rearrange to a single trig function in 6
Al Solve for 6
or M1AL1 find the position of the center of mass
M1AL1 form and solve trig equation for 6
©) M1 Differentiate to obtain the second derivative These 4
Al Derivative correct marks are
M1 Determine the sign of the second derivative dependent
Al Correct conclusion. cso on the use of
derivatives

Or: M1 Find the value of Z—gon both sides of the minimum point

Al signs correct
M1 Use the results to determine the nature of the turning point
Al Correct conclusion, cso.

6680/01 Mechanics M4 - Final.
June 2007 Advanced Subsidiary/Advanced Level in GCE Mathematics




4 (a)

(b)

(€)

Fix A
Vinin =155IN50°
=11.5km h? (3s.f)

or: triangle without the right angle

identified and =2 ="
sin@ sin50
15sin50
Vg =——
sin@
minimum value = 6 =90 for M1
As above for A1A1

Ambiguous Sine Rule:
2 possible solutions for o

sina_sin50
15 13
a. = 62,1° (or 118°)

(smaller value gives larger relative
velocity)

= either
v =13c0562.1+15c0550 =15.72kmh™*

Or
v? =15% +13% —390¢0s67.9 = 247.27

v=15.7kmh™
Time = 20

Earliest time is 13.16hrs or 13.17 hrs
accept 1.16 (pm) or 1.17 (pm)

M1Al
Al

3)

B1B1
(2)

M1Al

Al

M1Al

M1
Al

M1 Al

Al
(8)

6680/01 Mechanics M4 - Final.
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b)

M1 Velocity of B relative to A is in the direction of the line joining AB.
Minimum V requires a right angled triangle.
Convincing attempt to find the correct side.

Al 15 xsin(their 50°)

Al Q specifies 3sf, so 11.5 only

B1B1 Convincing argument
B1B0 Argument with some merit

M1 Use of Sine Rule

Al Correct expression

Al (2 possible values,) pick the correct value.
M1 Use trig. to form an equation in v

Al correct equation

s tan
M1 time:—dls ance

speed
Alft correct expression with their v (not necessarily evaluated)
Al correct time in hours & minutes

Or:
M1 Use of cosine rule

Al 13 =15° +v* —2x15x v x c0s50
Al (Award after the next two marks) 15.72 or awrt 15.72
M1 Attempt to solve the equation for v

30cossoi)(30c0550)2 —4x56
2

Al

(15.72 or 3.562)
Finish as above

6680/01 Mechanics M4 - Final.
June 2007 Advanced Subsidiary/Advanced Level in GCE Mathematics




5. (a)

(b)

(©)

Before

—>

av

2
“1
3
—>

4_

CLM: 2v,-v, =1-2=-1
NIL: 1+1:%(v1+v2)

Sova=1,v;=3
above

After
't
—>
2

Horizontal components unchanged (i.e. 2 & 3)

va=3i+j;ve =2i-3j

For B: 1 =m(1-(-3)) =4m

(OrForA: -1=2m(-1-1) .. 1=4m)

R

= 8=10co0sd
0=37°

Alternative:

20

Dependent on both M’s

Ml

where tané = %

required angle is 20

Independent of all other marks

Al
M1Al

M1Al
M1A1l
DM1

Al
Al

(7)

M1Al

(2)

M1Al

M1
Al

(4)

6680/01 Mechanics M4 - Final.
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b)

M1 Conservation of momentum along the line of centres. Condone sign errors
Al equation correct

M1 Impact law along the line of centres.
e must be used correctly, but condone sign errors.
Al equation correct. The signs need to be consistent between the two equations
M1 Solve the simultaneous equations for their vy and va.
Al icomponents correct — independent mark
Al va & vg correct

M1 Impulse = change in momentum for one sphere. Condone order of subtraction.
Al Magnitude correct.

M1 Any complete method to find the trig ratio of a relevant angle.

Al cose=£, tang=1,
5 2 3

Or M1 find angle of approach to the line of centres and angle after collision.
Al values correct. (both 71.56 .....)

M1 solve for 6
Al 37° (Q specifies nearest degree)

Special case: candidates who act as if the line of centres is in the direction of i:

CLM u+2v=8
NIL v-u=2

u=4/3, v=10/3
4/3i +j; 10/3i —j
Impulse 2m-4/3m = 2/3m

10+1

109
V10, [——
9

=Cc0sé 0=1.70°

Work is equivalent, so treat as a MR:
M1A0OM1AOM1A1Al1 M1A1 M1A1IM1Al

6680/01 Mechanics M4 - Final.
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6 (a) AT N \
‘ o 2.45¢
| 2 2 _
‘ o S';\t At E, 05 —Olg M1
| ! =e=0.2 Al
. 05 ﬁ
| | =
‘ 1 0.5(orl) +0.2 + y = 2sin 21 + 0.5(or1) + x
| Q.5+X
‘ ‘ Bl
T < ; —02+y=2sin2t+x *
'S | ®)
U T |
~~—
X
S
accen.
(b) 0.1g-T=0.1y M*1
RH
™) 0.1g—264:x20.1j5 M1
*
0.98—4.9(0.2+ y—2sin 2¢) = 0.1j DM*1A1
(—-4.9y+9.8sin2t=0.1j)
d*y . Al cso
= 2 +49y =98sin2r * (5)
(©) CFis y=Acos7t+ BsinTt M1
Hence GS is y:Acos7t+Bsin7t+%sin2t Al
— —n (= . 98 . B1
t=0,y=0: 0=A so0, y=BSIn7t+ESIn2t
: 196
y_YBcos7t+E0052t M1
t:O,y:O:O:7B+@ :B:—E
45 45
14 Al
y:4—5(7sin2t—25in7t) (5)
(d) y= %(14 cos2¢ —14¢os7¢) Bl
y=0= cos2¢t=cos7t¢ M1
= Tt=2kn+2t M1
k=1=9¢t=2n (or 5=2r)
27 Al
t= 5 accept 0.698s, 0.70s. (4)

6680/01 Mechanics M4 - Final.
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b)

d)

M1 Hooke’s law to find extension at equilibrium
Al cao

B1 Q specifies reference to a diagram. Correct reasoning leading to given answer.

M1 Use of F=ma. Weight, tension and acceleration. Condone sign errors.
M1 Substitute for tension in terms of x

M1 Use given result to substitute for x in terms of y

Al Correct unsimplified equation

Al Rearrange to given form_ cso.

M1 Correct form for CF

Al GS fory correct

B1 Deduce coefficient of cos 6 =0

M1 Differentiate their y and substitue t=0, y =0

Al yinterms of t. Any exact equivalent.

B1 y correct
M1 set =0
M1 solve for general solution for ¢ 7t = 2kx + 2¢

or: sin%xsing:O:sin%:Oorsing:O
2 2 2 2

Al Select smallest value

6680/01 Mechanics M4 - Final.
June 2007 Advanced Subsidiary/Advanced Level in GCE Mathematics
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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.

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

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

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

o Crossed out work should be marked UNLESS the candidate has replaced it with an
alternative response.
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Question Scheme Marks
Number
1. QVP=VQ—VP=(3i +7))—(5i-4)) M1
= (-2i+11j) Al
tang =4 = 9="79.69°.. M1 Al
Bearing is 350 0 Al
2. 2m(2i - 2j) + m(=3i — ) = 2m(i — 3j) + mv ML AL
(i-5j))=(2i—-6j)+Vv
(=i +j)=V Al
M=y(12 +12 =vZ ms? cowo | DM1AL1
3.
o @Y M1*
J-d :J- dv DM1*
g—kv
t=—2In(g—kv) +c Alcao
t:O,v:u:cz%h‘l(g—ku) M1t
T=2In(g - ku) -1 In(g— 2ku)
DM1t
k™ \ g—2ku Al




Question Scheme Marks
Number
4. uc0s26 = vcosé M1 Al
%usinZG =vsind M1A1
3tan260 = 8tand M1
6tand
———— =8tand
1-tan @ M1
tanzezﬂ- (tan @ = 0)
_1
tano= M1AL 8
5.(a) 1 g . M1
—T—Emg—va 7=mx A321.0
-mgx 1 . |g ..
—Zmo—2 S —
; ng mx\/7 mx M1
2
d—§+ 2a)d—X+a)2x:—O.5g (AG)
dt dr Al (6)
(b)
u® +20u+w* =0=u=w (twice)
CF iS X = e_”” (At“r‘B) Bl
. 1 g
Plis x=——1 (-
=5l C57)
GSis x:e_'”’(AHrB)—%l M1
1 g
t=0,x=0=>B==1 (>5)
2 2w M1
dx —wt -t
E——a)e (At+ B)+ Ae M1
3\ gl .
tzo,d—xz\/yzwz:A:ﬁwl(z—\/;)(z\/y+@) M1
dr 2 2 @
0 x=e(Colt+ 1) —11 =Ll Gar+1)- L1
2 2 2 2 2 Al (6)
(C) d-x O -t -t
—=0=-we™ (4t + B)+ 4™ =0
dt ( ) M1
=f=— M1 Al

15




6.(a)

(b)

(c)

<
Sl
ol

2 4 (£5)? =52

— 100v2 = 2500 — x2

2000 = 2
dx
2
20095 4 250
dt
% x o,
dr2 100

1
Auxequn: m?+— =0

100
:>m=i—l
10
x:Asini+Bcosi
10 10
t=0,x=0=>B=0
dx 4 t
— = —(C0S—
d 10 10
t=0,x=0:>v=d—x:5
dt
:>5:£:>A:50
10

= Xx= 503ini
10

x=130 30="50sin—-
10

= ¢=10 sin‘l(g) ~6.44 s

vector triangle

M1

M1

Al

(3)

M1 Al

D M1

Al

(4)

M1

Al

Al

Bl

M1

M1

Al

M1Al

(9)

16




7.(a)

(b)

(c)

(d)

PEof rod = —kMgasin26
BP = 2x2asin@ =4asind
PE of mass = —Mg(6a —4asinb)
V =—-Mg(6a —4asin@) — kMgasin26
= Mga(4sin@— ksin26) + constant ~ *

(;—I; = Mga(4cos6 — 2kcos26)
so, 4x§ - 2k(23)? ~1) =0

= k=12

4cos6— 24(2c0s20 —1) =0

12c0s%6 — cos6 -6 =0

(4cos@—3)(3cosf+2)=0
2

cosd = —%

d*v , :
5 = (Mga)(—4sin@ + 4ksin 20)
do
2
when cosezg,d I;=(Mga)><44.97..:>stable
4 do
-2 dv
when COS@:?’dm = (Mga) x-50.68.. = unstable

Bl
M1
Al

M1
Al (5)

M1 Al

M1 M1
Al

)

M1

D M1

Al (3)

M1 Al

M1 Al

Al (5

18
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Question

Number Scheme Marks
Q1 CLM along plane: vcos30° = u cos45° M1 Al
V= u\/% Al
Lo =i Lo —im24 1
Fraction of KE Lost = 2 mul LT —= L. M1 M1 Al
> mu o mu
[6]
Q2 —mg —mkv® = ma M1 Al
~(g k) =vet Ml
1l/g
e g
viv DM1 Al

1 g

=—|Iln2¢g-In—=

2k[ S
1.8
-~ Ins
2k 5

(both previous)

M1 Al

M1

Al
[9]

6680/01 GCE Mathematics June 2009
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Question

Number Scheme Marks
QB (a)
N 12
(04
P
20
2000 m M1
0
cosa =2 M1 Al

Bearing is 180° + a = 233” (nearest degree) Al

(4)
(b) PN = 2000c0s(135° — r) = 200~/2 m or decimal equivalent M1A1ft Al

(3)

©) 207 —12° B1

. ON
Time to closest approach = ——— M1
V207 -12°
_ 2000sin(135° — &) AL
16
Distance moved by Q = their ¢ x 12 DM1

=1050+/2 m or decimal equivalent Al
(5)
[12]

6680/01 GCE Mathematics June 2009 3
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?\ltﬁggp Scheme Marks
Q4  (a) V =-mg2asin20—Lmg(L — 4asin6) M1 Bl Al
= +mga(7sin6—10sin26) — - mgL Al
(4)
b
®) d—V:lmga(7cosa—20c0526) M1 Al
do °
2mga(7cos6—20co0s26)=0 DM1
7c0s@—-20(2cos’6-1)=0 DML
40cos’@—T7cosd-20=0 Al
(5cos@—4)(8cosd+5)=0
cosf =3 or(cosf=—-2=26>180°) DM1 Al
DM1
(8)
(c) 2 . .
%z%mga(—?Slnéw 40sin26) ML AL
=+ mga(-7sin6+ 80sindcos o)
When cosé=¢,
2
j—;zémga(%l+8OX§X%):%mga M1
>0 therefore stable Al cso
4)
[16]

6680/01 GCE Mathematics June 2009 4
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?\lﬁrﬁggp Scheme Marks
Q5 (a) CLM:  2(i+2j) +-2i =2j + v M1 Al
= 2j ms? Al
3
() I=2(j - (i +2j) M1 Al
= (-2i - 2J) Ns Al
Since | acts along l.o.c.c., l.o.c.cis parallel toi+] B1
4)
© Before 4 (i +2j).%(i + j)=% A
.10 =2
B: 2)—=@{+)=—7
J ﬁ( ), 5
1 0+ 1 > M1 A3
After A: j—=(>0+]))=—F
2 72
S 2
B: 2 —(i+j)=——
V2 V2 )
NIL:
2 _1
o2 71
3 _-2 5 DM1 Al
2 2
(6)
[13]

6680/01 GCE Mathematics June 2009 5
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%ﬁggp Scheme Marks
Q6 (a)
(=), T=mj M1
Hooke's Law:
2mn’ax 9
T = 2 =mn°x B1
x+y=3fi
X+y=ft B2
X+y=f
so, (—), mnzx:mj}:m(f—)'é) DM1
¥+nix=f** Al
(6)
(b) C.F. : x=Acosnt+ Bsinnt B1
P.I : )c:i2 Bl
n
Gen solution: x = Acosnt + Bsinnt + iz M1
n
X =—Ansinnt + Bncosnt follow their PI M1 A1lft
t:0,x=O:>A:—i2
n M1 Al
t=0,x=0=B=0
x:iz(l—cosm) Al
n
(8)
(©) x=0=> nt=rw M1
X =iz(1——1) =% M1 A1
n n
3
(d)
y=ft—x M1
:fz_ozﬁ Al
n n
)
[19]
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Mechanic guidance:

o For M marks, correct number of terms, dimensionally correct, all terms that need
resolving are resolved.

o Omission of g from a resolution is an accuracy error, not a method error.

o Omission of mass from a resolution is a method error.

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

o Where there is only one method mark for a question or part of a question, this is for a
complete method.

o Omission of units is not (usually) counted as an error.

o Use of 9.81 for g is a rubric error. Deduct the final A1 from the first part of any
guestion affected.

o More than 3 sf in an answer using an approximation for g is an accuracy error. Deduct
the final A1 from the first part of any question affected.

o A dimensionally incorrect equation is a method error unless a correct equation was
qguoted and the error arises from a slip in substitution of values.

o For a misread which does not alter the character of a question or materially simplify it,

all marks in that part of the question affected become ft. Deduct the first 2 A or B
marks gained as a result and give the rest.

GCE Mechanics M4 (6680) Summer 2010
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Question Scheme Marks
Number
Q1 v(Bi—-4j)=v, —uj M1Al

v, =3vi+(u—-4v)j

Wi =vW—%(—3i+4j) M1A1

v —(w—3—“)i+4—”j
d 5 5

(u—4v):4—u M1
5
v=—- Al
20
3u. 4du.
V, =—I+— Al
"“20 5

GCE Mechanics M4 (6680) Summer 2010




Marks

Guosion
Q2
(@ T2 T
1 « -1
S 0.3kg T 0.6 kg
2 1 1
> v W
0.3v-0.6w=0.3 M1 Al
v—2w=1
1 (vtw)=2 M1 Al
v+w=4
w=1lv=3
(D u, =3i+2j (ii) uy=—i+j Al Al
(6)
() T1
Vo«
vy =05 B1
1 1
-1
N
4
tand= 0.5 tan 6 = their v M1
0 =26.6 Al
their 6 + 45° M1
Defln angle =45+ 26.6=716° Al
%)
(©) KE Loss = £ x0.6x {("+1%) - (* +*)} M1 Al
=0.2251] Al
3)
14

GCE Mechanics M4 (6680) Summer 2010



?\lﬁzggp Scheme Marks
Q3
@ 8 km
B
0
610 M1
6 o
cosfd=—=60=53.1 M1 Al
10
Bearing is 307° Al
4)
(b) d = 8 sinf (=8x0.8) M1 Al
=6.4 km Al
(3)
© T 8cosd ML AL
c =
V10% — 62
=0.6 hrs
i.e. the time is 12:36 pm Al
(3)
10
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Question

Number Scheme Marks
Q4
2
(@ —mg(1+P = m% M1 Al
T 0 2
—kdv
dr = DM1
g'([ LJ; (k% +v°
U
T _E tan‘ll } Al
g k™ 1
k. U
=—tan ; DM1A1l
g
(6)
V2 dv
(s)) —mg(1+k—2) =mv—— M1 Al
X
H 0 2
—k“vdv
dx=|—— DM1
& ! YW )
2
H:S—g[ln(kzﬂzz];] Al
2 2 2
= 20 DM1A1
2g k
(6)
12
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Question

Number Scheme Marks
Q5
(a) Jaa? +164% —164°sin @ M1 Al
Let length of string be L.
V =-4mga COSH—mg(L—\/4a2 +16a* —16a*sin @ M1 Al
=—4mga cos 0 —mglL + 2mga~/5—-4sin g
:nga{\/5—4sin6’—2<:os¢9}+c0nstant ** Al
(5)
—2cosé .
b V'(0) =2mgay ————+2sind M1 Al
For equilibrium, V'(8) =0
—2c0s4 i
———+2sin0} =0 M1
{J5—4ﬁn0 }
2
cos _0 _sin0
5-4sind
1-sin”® @ =sin® 8(5—4sin 6) DM1
4sin®*@-6sin*#+1=0 ** Al
(5)
© (V5-14sing.2sin 9—_2‘3359'(_4_‘:039)} AL AL
V"() = 2mga( _ 2/5—-4sind +2¢0s0)
(5-4sin )
_8x4
V"(%):nga TZ\/§+ 3 :ngax/§>0 so stable DM1 Al
(5)
15
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Question

Number Scheme Marks
Q6
(@) = 2mge T, = mg(2a—e) B1 (either)
a
I =T,
2e =(2a—e) M1 Al
2a
e=—
3
AP:a+ﬁ:5§ xx AL
(4)
(b) T,-T, —4mwox = mx
%(ﬂ—xj—zmg(z—a+xj—4ma)fc:mjé M1 A3
a\ 3 a 3
.. . 3¢
X+4aox+—=x=0
a
¥+4dax +3w*x=0 *x Al
(%)
(c) A +4wl+30* =0
(A+3w)(A+w)=0 M1
A=-3w or A=-w
x=Ae " + Be>” Al
x=-wAe " —3wBe " M1 Al
t=0,x=%a,x=0 M1
fa=A+B
0=-wA—-3wB Al
A = %a , B = —%a Al
x=v=3aw(e -e™) Al
(€))
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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=24m (J)

Question Scheme Marks
Number
1.
/‘\V
A(2m) S
B(3m) % b
l,
~a=3&b=2 Bl
b Conservation of linear momentum: —4x2+3x3 =2v-3w(=1) M1A1
Restitution:v+w=ex7 (=3) M1A1
Solve the simultaneous equations DM1
givingv=2and w=1 Al
KE lost :%x2m><((16+9)—(4—9))+%x3mx((9+4)—(1—4)) M1AL
Al

10
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%t?ﬁgg? Scheme Marks
2.
A
75m
At X: & usina =vsin g M1Al
] vcosB=eucosa M1A1l
4vcos f =3ucosa
- ... lana tanpg
Eliminate u & v by d|V|d|ng.T: 1 M1
Substitute for the trig ratios: it S DM1A1
3x4 4x75
Solve for x: 37.5-7.5x =3x DM1
x=3.57 (m)  or better, ? Al
9
3.
(@) Velocity of C relative to S = (8i+uj)—(12i +16j) M1
=(—4i+(u-16)j)(ms™) Al
)
(b) (i) C intercepts S = relative velocity is parallel to i.
=>u-16=0, u=16 M1Al
2)
(ii) 10 km at 4 km h™ takes 2.5 hours, so 2.30pm MI1Al
(2)

GCE Mechanics M4 (6680) June 2011 2
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Question Scheme Marks
Number
(c) u =8, relative velocity =—4i-8j. Bl
A 10 C
S
Correct distance identified Bl
Using velocity: tand = 8 =2=sinf = 2
4 5
Using distance: sine—i—i M1A1
' 10 5’
Al
d=2—g=4J§=8.9 (km) (%)

11
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Question Scheme Marks
Number
4.
(@)
Wrel H
2 vector triangles with a common side M1
..... correct and drawn on a single diagram Al
Wind is from bearing 025°, (N 25° E) Al
(©)
(b) 5 w .
= ft on their
sin25°  sin40° ( M1A1ft
25°%)
=2 76 (kmh?) M1AL
sin 25
(4)

GCE Mechanics M4 (6680) June 2011 4
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Question Scheme Marks
Number
5.
(@) Need an equation linking speed and displacement, so
dv M1Al
mv— =—(a+b"°)
dx
M1
Separating the variables: I —dv j —1dx
a+b V
: , Al
Integrating : Zln(a+bv )=—x+(C)
3 3 bU? MI1A1
=Z|In(a+bU?)~In(a) |==In|1+ *x
[ In(a-+6U%) =In(@) | = { a}
as required (6)
() Equation connecting v and ¢: 6% =—(12+3v?) M1
: = M1, Al
Separate the variables: j —GZdv = j 1dt
3v
— M1
[l -
U4 +vy 0 442
ngtan’lg_tan’lU( 5) Al
2 2 2
()
11
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Question Scheme Marks
Number
6.
a 2
@) Using F = ma: 4% = 9x—12v M1A1
= —9x—12@ M1
dt
2
Hence 497 112% L9x—0 = Al
dt dt
(4)
(b) Auxiliary eqn :4m® +12m+9=0, B1
(2m+3)° =0,m=-3/2, 1=3/2 Bl
t=0,x=4=B=4 B1
t=0,x=e"(-A(At+B)+A4)=0=>-6+4=0,4=6 B1
(4)
(©) I 3, M1A1
x=e? (_§(6t+4)+6) =—9te 2
3, 3 M1
i=e? (—9—(—9t)><5) ,
so acceleration = 0 when ¢ = 2/3
at which time, v=—6¢ ", so max speed =6/e~2.21ms™(3sf) Al Al
(5)
13
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Question Scheme Marks
Number
7.
(@)
R 2a A
BR =2x2acos@ =4acosb Bl
2
EPE zgmgw M1
x2a
=12mga cos’ @ = 6mga + 6mga oS 20 Al
GPE: taking AR as the level of zero GPE,
GPE = GPE of AB + GPE of BC M1+M1
=4mg x asin 20+ 2mg (2asin 20 —a/ 2cos 26) Al
=8mgasin 260 — mga cos 20
— Total V' =8mgasin 20 +5mga cos 26 + constant, as required. ** Al
()
() Z—V =16mga cos 20 —10mgasin 26 M1 Al
d—Z:O:>103in249:160032¢9 M1
= tan 26?:%: ¢ =0.51 radians (29.0°) Al
(4)
: - 8
Or: 8mgasin 20+ 5mga cos 20 = /89mga cos(20 — ), tana = : M1A1
t. pts when 20 —a = nr = 6 =0.51 rads. M1Al
C 2
© Z”@Z =—-32mgasin 20 — 20mga cos 20 M1
d’v e
0=051= 407 < 0, equilibrium is unstable. cso | M1Al1
3)
14
Or: 20—a=0 = cos(20-a) =1
Max value = equilibrium isunstable

GCE Mechanics M4 (6680) June 2011 7
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6680 Mechanics M4
Mark Scheme
i Notes
Question Scheme Marks
Number
1
(@ u \
a N M
N
P w W V
usina 0
CLM parallel to the line of centresﬂu =w+2V.
mucosa = mw+ 2nV M1 5
Al Need all terms but condone sign errors.
Impact law. Must be the right way round.
eucosa =-w + V M1 3_4
Al “x—u=V-w
4 5
ucosa e+ 1)= ¥ = (i)u _1v M1 Eliminate wand solve for u in terms of & v.v.
7 Al 2.14Vor better
Yl Solve for win terms of V. -0.286Vr better
> W= _7 Al
Use of Pythagoras with theirsinag and w
M1 —V JZ (15/ 3)2
| 4 ===
(ii) speed o5 5 @~ 3+ simz):v—\éS_S \/( 7 7 5
Al ‘/j—gv , accept 1.32Vdr better

9)




Notes

?\lﬂﬁggp Scheme Marks
¥, M1 Direction of Safter the collision. Condonze
(b) tané?—ﬁ =3 9
7 Al 77.5 or 12.5 seen or implied
Combine their éand ato find the required angle.
defln angle = 180 4 & DM1 €.0.12.5 + taﬁl(gj
= 657 (3¢ Al Accept 66°
(4)

13




i Notes
Question Scheme Marks
Number
2.

With B as origin
r, =(6sin30+ 6cos3D M1 Express the original relative positions in component (vector) form —
A one term correct.

=(3) + (3\/_3) Al Both terms correct (substitution of trig values not required).
g =Vt Or \p=Vi B1 Position of Bat time t(seen or implied)
(v=4)i + (4/3) M1 Express the relative velocity in component form — one term correct.
or (v-8sin3Q i+( 8cos3p Al Both terms correct
WhenB is 2/ 3 km south &
a3+ ala=-23st=1 M1 Compare jdisplacement witht2y/3and solve for t

4
Al cao
A _ M1 Equatd displacement to zero and substitute their value of t

vi-3-4=0=v= 1 Al cao

WhenB is due east éf
. M1 Equatg displacement to zero and solve for t
- = =3
33+ /3= 0=t 4 le.atl245p Al Any equivalent form for the time.
. M1 Substitute their & t in thei displacement and evaluate
then distancAB =1 3 6 kr
! & be Al cao. Must be a scalar.
13
See over page for geometrical alternative



or

Triangle ABC cosine rule gives
BC? =36 +12—2x 6 X 24/3cos 30
Solve for BCand[JABC
BC = 2+/3, — triangle is isosceles
[IB in velocity triangle is 30°
Trig in rtd triangle gives relative velocity
8 X tan 60 = 8v/3
JAPB = 30° (angles of a triangle) so trianglé
is isosceles and
distance AR= 6km
Using cosine rule or symmetry of isosceles

triangle, distance BR 6v3

Time taken =6—‘/§ =3 hr, time is now 12.45
8V3 4

M1Al

M1Al

Bl
M1A1l

> M1A1

M1A1l

M1Al

The given information provides us with two triangles - velocities i
bold.

Fix A and Bfollows the path BP Cis the point when B due South
of A, and Pwhen it is due East.

>



3. (a)

(b)

OR

2mg -T —kv? =2ma

T-mg—kv? =
Adding, mg — 2kv* = 3ma
2
@—44(\/ :ZVE
3 3n (07¢
M+ﬂ2:@ *
dx 3m 3

4k 4kx
[ E
4k 4kx Akx
vem =29 [em 4="T9 gn (+)
3 2

—4kx
v =19, ceam
2K

x:O,v:O:C:—m
2k

—4kx
v (1 e )

Separate variableﬁ342dv =
2mg — 4kv
X=- —In‘ng 4v’|(+C)
X= —3_m|n Zi
4k | 2mg — 4kv?

—4kx

mg(1 e )

= [ 1ok

M1
Al
M1
Al

DM1

Al

Bl

M1
Al

M1

Al

Bl

M1A1l

M1

Al

(6)

()

Equation of motion for particle of mass 2m
aef

Equation of motion for particle of mass m
aef

Eliminate T substitute for a and rearrange.
Dependent on both previous M marks.

Reachgiven answer correctly

Use integrating factor to obta'rdn— (vze3m J = ?ee’m and integrate
X

Use initial values to evaluate C or as limits in a definite integral a
find an expression forv

aef.
Ak
CF V? = Ae 3m
Ak
Pl VP =b= 0+ Kp=2.Gs\2= peam + M9
3m 3 2k
x=0,v=0 :A:—m
2k

—4kx

mg(1 e )




(©

Whenx = OT = 4ng

AsSX - oo, T Hgﬂ:@
6 2

Hence,ﬂ <T <@. *

M1
Al

M1

Al
Al

(5)16

Substitute ¥ 0 in the initial equations and solve for T

For large x\2 - 9 |
gex ok

Substitute in the initial equations and solve for T

CWO —answer isgiven.




4.(a)

OR

(b)

(©)
(d)

20
45°

sind _ sin45

5 20

6=10.182..
Bearing is 45 d= 34.8 35 (nearest deq!

SW —(20sind)T =( 5+ 20coé)T
-8++/124
6

6 =55.18.. Bearing is90-6 = 34.8

A*+8&-5=0,t= =0.5225..

v? =5%+ 207 — 2x5x20c0s124.818

ORv= _0 xsinl24.¢
sin45

OR v=5co0s45- 20co8

v=23.22

t =£ =0.646 h= 39 min (nearest m

23.22

Due N, (since current affects both equally)

t:i:O.2h=12 min
20

M1
Al
M1
Al (4)
M1

Al

M1Al

(4)
M1

Al

M1

Al

(4)
B1

B1
(1)10

Use a vector triangle to find.
Condone the 5 risin the wrong direction.

Correct equation fo#

Use their angle correctly in their triangle to find the bearing.

Accept alternative forms e.g. N 35 E
45° rt angle triangle

t substitution leading to correct equation,inge ofRcos(d+a)
0.e.

Complete method to find v

Or better (5\/5+— 62j
2
15
theirv
The Q specifies “nearest minute”
30
CSO

HREEN







(@

(b)

V = —WacosZ9+%W{ 3- [~ 6 cof- a}
=-Wacos#@+ B/a cof+ —@—%
=Wa (3co¥—- cos@ 4 constant

av =Wa(-3siné+ 2sind

dé

For equilibrium, Wa € 3si@+ 2sin2 3

iti4 cosd - 3= (
_ _ (3
=60= 0d@-= céE—J
4
S—Z=Wa(—3cos6?+ 4cos@

d?v

e:O:W:W3>O:> stable
f=cos"2 :d—z\éz—%<0:> unstable
de 4

Bl

M1

Al

Al

M1
Al

DM1
Al

Al

M1

Al

Al

(4)

(8)
12

GPE of rod e.g:Wacos @
GPE of the particle e.%.W{Ba— (L-6acoy- 4)

Condone 3a term missing.
Correct expression including the 3a (unless in the GPE for the rg

Accept aef e.g\/18a2 (1+ cos®) for & co8

Obtain thegiven answer correctly

Differentiate the given Wrt 8
correct

Set their derivative = 0
First answer

Second answer - igno@= —cos‘l(gj. 0.72 rads or better

Obtain the second derivative ofavid substitute one of their values
for @

Correct working and conclusion for one value

Correct working and reasoning for the second.

ISW for work on—cos* GJ

d)



6.(a)

(b)

(©

T:I_:rTg-I-TZ

3mge =mg+ mg(2a-e)

e=32_, ap=T2:
4 4

mg +T, =T, —mkv = mi&

mg +
a a

mg(;a=x) _3mg(ia+x) .. _ e

44

&+ k&+—=x=0

For a damped oscillatiok? <

a

169

a

< \/g

*

M1
Al

Al

M1
Al
DM1
Al
Al

M1
Al

Al

®3)

(®)

3)
11

No resultant force and use of Hooke’s law
Correct equation in one unknown

AP - - AP
3mg (AP -a) , Mg(3a-AP)

a a
Derivegiven result correctly.

, 3AP-3a=a+3a-AP

Condone verification for 3/3

Equation of motion — requires all terms but condone sign errors
o.e. Correct equation in & To.

Use Hooke’s law with extensions of the fokaz* x

o.e. Correct unsimplified

Given answer derived correctly

AE will have complex roots
Correctly substituted inequality

Only (Q gives k>0) - \/g <k< 4\/§ is AO.
a a
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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

e 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.

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

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

o 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.

e 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. (a) AV =V4—Vp
=-3i+9j kmh™ M1
Mag =~/9+81 =310 M1A1 | 9.5 or better
3
3 -
(b) tan @ = 3 M1 Allow = or reciprocal
0=18.4° Or71.6°
Direction = 360-18.4
=342° Al Allow 341.6°
(2)

[5]




Marks

Question
Number Scheme
2.
u
v
04
CLM: 1SN G = vCoS ,'Xlll Must be in correct direction but condone trig confusion
1 . M1 Condone consistent trig confusion
Impact: —ucosa =vsina
3 Al
1>< 1 =tana M1
3 tana
tana = i
3
a=30° (or £ or0.52rad) Al
(6)

[6]




Question

Number Scheme Marks
3. u
.3 O
3m S5m
(@) "
B C A
W
After impact B moves perpendicular to the line of centres | B1 can be |mpI|e_d by appropriate use of & in an equation, or
seen on the diagram
Perp. to line of centres: v =usin 60=u7 M1A1l
_ ()
(b) Parallel to line of centres:
Con of Mom  3mu cos60 + 5m x 0 = 3m x 0+ Smw M1A1l
N.L.R. eucos60=w M1A1
—eu=w & Eu =b5w
2 2
1 3 Dependent on the two previous M marks
— —eu=—u DM1
2 10
3
e=— Al
5
(6)

[9]




Question

Number Scheme Marks
4,
B1 Right angled triangle with the right angle opposite
the 6 seen in diagram or implied in working
- S Correct trig.
(a) sing = E M1 g
6 =56.44... Al
Bearing = 056° Al Allow 56.4°
(4)
(b) ) (4 11) M1 Correct for their angle
Least distance = 4cos & =% or 2.211 km oe Al 22 or better
()
(©) 5V, =\62 52 =11 B1 3.32
_4sing M1 Condone consistent trig confusion
t=—p7 (510050.) Alft | Fton their V11
time =11 am Bl
(4)

[10]




Question

Scheme Marks
Number
5. e Y
» I
kv <
(@) Fv =40000
dv 40000 M1
1200— = —kv
d¢ v Al
@ 03 1200%0.3 = 40000 40k M1 Use initial conditions to find &
d¢ 40
k=16 Al
1200@ = 40000 —16v
dt v
dv )
1ZOOVE =40000-16v M1
dv 2 .
75VE =2500-v Al Given Answer
(6)
%
b 75| ———dv=|dt M1 Separate and attempt integration
(®) Jasoo =l P ptinteg
75
——In(2500-v?*)=¢ (+ Al
> n(2500-+) = (se)
75 . )
t=0v=0> —7In 2500 =c¢ M1 Use initial values to find ¢
—Eln M =t Al Or equivalent
2 2500 g
2500—v2 X -z _ .
VTV e y2=2500/1—e M1 Find v or v* in terms of ¢
2500
,& Al
y=50Vy1-e ®
(6)

[12]




Question Scheme Marks
Number
6. E
LT B
D
3/ [
2] l
dmg
A
(@) Length of string = 2x3/sin & Bl
Extension = 6/sin@—1
EPE. = ‘lzﬂlg(Glsin 01y
G.P.E. of rod = 4mg x 2/ cos 26
G.P.E. of mass at B = kmg x4l cos 20
_4mg . 2 M1 EPE term needs to be dimensionally correct. Need
V= 2—1(615|n H—l) +8mgl cos 26 + 4kmgl cos 260 + const all three terms.
A2 Correct unsimplified
v :%(GZsinH—l)z +8mgl(1-2sin’ 0)+ 4kmgicos20 +const | m1 | A1 " SO
= 2mgl(365in® 0 —12sin 0 —8sin’ 0 — 4ksin® @)+ const
=8mg!((7—k)sin® 6—3sin§)+ constant Al Given Answer

(6)




Question

Number Scheme Marks
dav :
(b) 40 =8mgl(2(7—k)sin&cosd—3cos6) M1 Differentiate
dav .
@zo (2(7-k)sin@-3)cosd=0 M1 Set derivative = 0
. 3
sind = or cos® =0, need not be seen
270 ) Al
<z = 3 <4 1
e 2(7-k) ¢ M1 Use of sinesE
3<T-k k<4 * Al
©)
T
©) k=4 =0=" B1
2
dez =8mgl| 6cos” 0 —(65in 0 -3)sin o | M1 Second derivative (8mg! or 24mgl not needed)
[ or differentiate 8mg!(3sin 20 —3cos @) |
2 2
3 1 1
= 8mgl[6>{§} —6>{Ej +3x§} Al Numerical unsimplified
dv by numerical evaluation or justification from trig
>0 M1
462 terms  (36mg!)
Vismin. .. stable equilibrium Al CSO
(5)

[16]




Question

Number Scheme Marks
7
4sin 2t
TA
0.5¢ AT y \L
I A
0.5¢
(@) In equilibrium T:0.5g=% M1
g 98 49
9 9 45
49 :
0.6+—-4sin2t+y=0.6+x
45
y +ﬂ ot Asin2s AL Given Answer — must see justification
45
3)
2.7 . Equation of motion for P
(b) 0.5¢-===05 MIAL | O
0.6
g-9x=y
g . . DM1 Substitute for x
-9 = —4sin2t |=
g (y+ g 4 ] y Al
y+9y =36sin2¢ Al Given Answer

©)




Question

Number Scheme Marks
(c) C.F.is y=Acos3t+ Bsin3t M1
. . 36 .
Gen. soln. is y:Ac033t+Bsm3t+?sm 2t Al
t=0 y=0 = 4=0 Bl
. 72 Independent. Differentiate and use initial
Y =3BC0s3t+--C0s 2t M1 conditions to find B
t=0 y=0 :>BB=—E B=—ﬁ
5 5
yz—ﬁsin3t+§sin 2t Al
5 5
()
(d) V= —%c033t+7—52cos 2t M1Al
y= —7—52C087r +%COS§7Z’ M1 Substitute ¢ :% in derivative to find y
y=7.2 Al Final answer
(4)

[17]
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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

e 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.
e Omission of mass from a resolution is method error.
e Omission of a length from a moments equation is a method error.

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

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

e 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.

e 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

Scheme Marks
Number
1(a) Equation of motion: 1 3 ldv M1 Differential equation. All 3 terms required but
quation ormotion: 5 g=>v =51, condone sign errors
Al
NB: these two marks are available in (b) if not scored in (a)
J- 1df — 1 " M1 Separate the variables and attempt to integrate
9.8—-3v

- (C) _ —%In(9.8 B 3v) Al=Al Al for each side. C not needed

C 020> Co 1I 0.8 M1 Use initial conditions to evaluate Cor limits on a
(=Rv=U=0c==5M% definite integral.
- 1|n(9.8—3vj Al Or equivalent

-3 9.8
v= 9.8(1— e‘Sf) *Given Answer* Al  (8) | Watch out. cwo

(a) alt . .1 3 1dv M1 All 3 terms required but condone sign errors
Equation of motion: =g ——v==— Al
2 2 2 dt
e dv 13— g, 3 (Ve&) _ oo M1 Use of integrating factor e*
dt ’
w 1 3 Al=Al Al for each side. +C not required.
ve :gge (+c)
f=0v=0=0 :%ngC M1 Use initial conditions to evaluate C
v 1 (3 3 L Al Correct equation in any equivalent form

= ve _§g(e -1), 3v=938(1-¢") Al Given form cwo




Question

Scheme Marks
Number
1(b) dx 9.8 _ 9.8 1 M1 Integrate the given v to find x
—:_(1‘e 3t) :x:_[”_e 3](+C) Al C not needed
de 3 3 3
00— (- 9.8 M1 Use the initial conditions to evaluate C or use limits
t=0x=0=0C= 9 Al correctly in a definite integral
t=2,x~54 (m) Al 5.45, %(5+e’6) or equivalent
()
(13)
(b) alt g_3‘}:‘}d_v
dx
M1 te th iabl the RH
Ildx:J- 1 dv=.[—1+ g 4 Separate the variables and rearrange the RHS
g—3v 3 3(g—3v)
+
x=—§—%|n(g—3v)+€ Al C not needed
CO0v_0— =L q M1 Use the initial conditions to find C & find the value of
x=0,v=0= _gngan vwhen ¢ =2
g -6
t=2,v==(1- =3.258....
v=o(l-e*)( ) Al
_& %) _ & 6\ _ Al
x—g(l—e )—gln(e )—5 4
()

(13)




Question

Scheme Marks
Number
2(a) Shortest time 50 +% =45 (s) M1.AL
(b) Drifts %x"45", =30 (m) M1 %xtheir time
Al
(©) ) Trig or pythag to find M1
— velocity of swimmer in
8 B direction 4B
8
10 " 8 4 Al 0.88 or better
9 —ms
9 9
A
8 DM1,A1 | Dependent on the previous M

50+" " =56.25(5)

(8)

56 or better




Question

Number Scheme Marks
3 ,// \\\ A after
e 5 0.8u
\ /l, &/‘
N T T = 1.6u
\\%,er P “op N
-t/ \ 0.6u
/ \ A before B before
_________________ AN R
'\\ 1.2r / 08 b 120
N / Bafter
0.6u or ucosa Bl component of the initial velocity of 4 parallel to the
line of centres on impact
Bl component of the initial velocity of B parallel to the
1.2u or 2ucosa line of centres on impact
2mx1.2u —3m x 0.6u = 3ma + 2mb M1 CLM parallel to the line of centres. Requires all the
terms.
(3a +2b = 0.6u) Alft Correct unsimplified for their 0.6x and 1.2u
e(l.zu + 0,6u) =a-b M1 Restitution parallel to the line of centres. Must be used
the right way round.
(a —-b= 0_3u) Alft Correct unsimplified for their 0.6ux and 1.2u
If signs are inconsistent between the two equations,
penalise here.
DM1 Solve a pair of simultaneous eqns in a & b for one of a
& b. Dependent on the two previous M marks.
a = 0.24u or b = -0.06u Al In terms of u only
(1.2u — (~0.06u) )x 2m = 2.52mu M1 Find impulse on 4 or B. Unsimplified. For their a or b.
Correct mass for the velocities used.
or (0.24u — (~0.6u))x 3m = 2.52mu Al (10) | 63

25




Question

Number Scheme Marks
4(a) PE of ring = — mgx Bl Taking the level of the peg as zero PE
PE of particle = —3mg(L —v/x* +d?) Xlll
=V =3mgx* +d* —mgx + constant. AG Al Watch out
(4)
(b) dv _ 3mg2x M1
dr  2x? +d?
d—V=O:>3x=\/x2+d2,9x2=x2+d2,8x2=d2 M1 Setfl—V:Oandsolveforx
X X
d J2d Al 0.354d of better
X=—=| ——
V8 | 4
c Ty M1 Product or quotient rule
“ 2 R R NT] 2 d= 312 3mgx 3
9V amg Nx +d =8 MY or(x+d?) 2
dx? x?+d? dx’  x? 4+ a2
VIxZ1l-x.————
2
g —— 2| o) A 3ot
o (x2 + d2)5 OR  =3mg 5 3 (>0) Correct unsimplified.
X
16v2mg mg d’V _ 9mgd
9d ' T4’ d¢* 8
Stable Alft Correct conclusion for their expression

(10)




%ﬂﬁgg? Scheme Marks
5(a) Minimum M1 Use of triangle with right angle between v.and v, .
V' =12c0s50° Condone sin/cos confusion.
AL Correct unsimplified trig expression
~1.71 Al 7.71 only

140°

Vs

12 km h-L

cVs




Question

Number Scheme Marks
5(b) 1
V=14 .
/// VC \\\
, (1400 \ \\ cVs
’ 7.7{km h-1 I—— ‘
cVs |
V=14
\?" _ -
Vector triangle for relative velocities when V' = M1 could have relative velocity due S. Could show both
14 possibilities.
Select the vector triangle with the relative Al
velocity due N.
sing _sin40 DM1 Use of sine rule or equivalent to find &
12 14 Al
Bearing 033° Al Final answer. Accept 33.4°

(8)




Question

Number Scheme Marks
6(a) ‘
A B U
6my T >
A P B
U —>
y atx
a+Ut=y+(a+x) M1 Diagram or clear explanation using distances
Ut=x+y *Answer Given* Al Watch out for fudges.
(b) T 9ma x x 9 Bl
a
T —6my = my M1 Equation of motion of P. Requires all 3 terms
in terms of x and/or y
9mx —6m(U — x) = —mX A2 Expressed in terms of x. -1 each error
X+6x+9x=6U Al Answer given. Watch out for fudges
(© f—0x=0i=U O:AU+2—U, A=—g M1 Use initial conditions to find 4
3 3 Al
x=BUe™ —3(A + Bt)Ue_st M1 Differentiate
Al
U=BU-34U, B=34+1= -1 Al
(d) y=U-x=U—(-Ue™ +2Ue™ +3Ute™) M1
=U(1-e* -3te™) Al Or equivalent

(14)




Question

Scheme Marks
Number
7(a) State that impulse acts perpendicular to the wall and Bl Requires scalar product or gradient diagram.
demonstrate that (2i + j).(-i +2j) =0
(b) Impulse momentum equation: M1 Requires all terms present and of the correct
m(V — U) = m[(a-b)i +aj] = A(-1 + 2j) structure
A2 -1 each error

=a=-2(a-b), 3a=2b Al
OR
Taking scalar products of velocities with (2i + ) M1

b) (2 a) (2 AlAl

. =2b and o =3a

0) (1 a) \1
No change parallel to the wall so 2b = 3a. Al
Scalar products with (-i +2j): Bl

b -1 a -1

. =-b and . =a

0 2 a 2

Impact equation: a=eb M1A1
Al

2
e=—
3




Question

Scheme Marks
Number
7(b) alt
af2
45-9
b
0
bcosd = a2 cos(45-0) M1 Parallel to the wall. Condone trig confusion?
A2 -1 each error. Both angles in same variable?
bcos@ =acos@+asing, 2b—2a=a
2b=3a Al
Use of tand :% Bl When seen in (b). Implied by 26.6 or 18.4
a/2sin (45-0)=ebsin@ M1 Perpendicular to the wall. Condone consistent
trig confusion?
aCOSH:(a+eb)Sin9, 2a=a+eb Al 1042
e= e -4
2
€73 Al 0.67 or better
c 2 5 2 M1A1l
© Fraction of KE lost = #
1-2x 4 Al
_ 9 1
1 9

(12)
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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
gquestion 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 vcos45° =usina parallel M1 Al
vsin45° = eucosa perpendicular M1 Al
e=tana or square & add M1 Al
I=m(vC-OS45 +ucosa) _|mpulse M1 Al
= mu(Sin o + cos &) interms of u, o M1
mu(l+e) .
=—7 interms of u, e M1 Al

V1+ée?

11
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Question Scheme Marks
Number
2.(a) Vector triangle with perpendicular M1
A
Minimum speed = 30sin60° M1
. B
=15V3 oe  (26.0) Al Q)
30 kmh*
(b) sing _sin60° M1 Al
30 32
= 0=54.281...° Al
2 nn2 2 o_
v-=32°+30 2.32.30005(120 9) M1 Al
=33.68.... (15+/349) "
t= 20 _ 0.59379...h =35.62...min
33.68... M1
Time is 2.36 pm (14.36) Al (8)
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Question Scheme Marks
Number
3. dv . . .
—(mg + mkv) = mva Differential equation M1 Al
H 0 v
_[dx = _[— dv Separate variables
0 o (g+h) M1
01
Idx—— B S—,; Split for integration
‘k o k(g+h) M1 Al
0
— H=|:7+Pln(g+k\}):|l] Al
—g—%ln(ngkU) Use of limits
k k M1l Al
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Question Scheme Marks
Number
4. (a) mv, +mv, = mu cos 60° Momentum M1 Al
-V +V, =eu(i:osf)50 Impact law M1 Al
u\lil—e
v, = 2
2 _ N2 2 M1 Al
Speed of Sﬂ/%ﬁ)’% Solve for vy and find
Al
speed
=%\/ez —2e+13
tand = uy3 = 243 Use components to find M1 AL
2v, (l-e)
dirn
S moves at arctan 2,3 to the line of centres
—e M1 Al
) :@ v in terms of u, e B1 (12)
(b)
T has speed ul+e) along the line of centres Conclusion
@ is a max when e = 1 then 6 = 90° M1 Al
then deflection angle is 90° —60° = 30°
5=30 Al (3)

15
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Question Scheme Marks
Number
5.(a)
—12mglsin @ rod B1
—mg(L—4/sin10) particle M1 :*11
4mgl(sin 5 6 —3sin 6) + constant *given answer* 4)
(b) dy
i 1cosif— i i
10 4mgl(%cos$ 6 —3cos o) Differentiate M1 A1
4mgl(3c0s$0—-3cosd) =0 Derivative =0 ML
Lcosif-3(2cos’10-1)=0 In terms of cos—9 M1
2
cos:@=2 or - Al
cosf=1 or -3 Solve for 0
0=145as 0<ir (83.0° M1 Al
' 2 ' Al
d?v L : o
v 4mgl(—%sin$6+3sinb) Second derivative M1
When 6 =1.45, Py =11.25mgl > 0, hence stable Al (10)

14
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Question Scheme Marks
Number
6.(a) —Mlv—-T = Mx M1 Al
2
By LY In terms of x M1
a
¥+kx+n’x=0 *Answer Given* Al (4)
.2 onm 2
(b) Auxequn:p+—p+n°- =0
2 M1
n
=—— 0r —2n
P=73
x=Ae 2 +Be? General solution
Al
t=0,x=0=>0=4+B
n B1
X= —%e 2' _opBe Differentiate
M1
t=0,x=U=>U=—%—2nB
Al
=> U =A+4B
n
AZZ_U; __ U Solve for 4, B
3n 3n
_ 2_U 7%t _2_U —2nt M1
3n 3n Al (7)
(©) 2
X= g(4e’2”’ —e’)
3 M1
R o Y -2nt _ 7% _
x=0=>4e esn_O M1
e’ =4
Al
=i -Ye (0.31gj
3n n n M1 Al
)

16
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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.



PMT

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.

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

e Omission of mass from a resolution is a method error.

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

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

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

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

e 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.

e Accept column vectors in all cases.

e 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

e 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 Notes
Number
la ry=(-6i+4j-3k)+r@Bi+])=((-6+3)i+ (@4 +9)j+(-3)k) | M1 Position vector for 4 or B
rg=(-2i+2j+3k)+#(i-K)=((-2+ i+ (2)j + (3 -9)k) Al Both position vectors correct (seen or implied)
gra=(-2+t+6-30)i+(2-4-0)j+(3-t+3)k M1 Position of B relative to 4 (or 4 relative to B)
=(4-20i+(-2-0)j+(6-0k
|, = (4=20) + (£ +2)7 + (6-1)? M1 | Use of Pythagoras
altl =61 —24t+56 =6(t —2)* +32 M1 | Complete the square
Minimum distance = /32 = 442 m ** Al - Reach given answer correctly
|50, = (4=20)° + (e +2)" + (6—1)* (= 61" — 241+ 56) M1 | Use of Pythagoras
alt2 12t-24=0=>1t=2 M1 Differentiate and solve for ¢
Minimum distance = +/32 =442 m ** Al Reach given answer correctly
4-2t\(2 N _ _
ot H1l20=8-4/—-2—1+6-1=12—6/=0 M1 Scala_r product of position vector Wlth relative
velocity = zero and form equation in ¢
alt3 6-¢ )1
Distance =+/0% +4%2+42 =/32 =42 M1 Use of Pythagoras
Al Reach given answer correctly
1b When ¢ = 2, Bl Seen or implied
r, = 6j - 3K Bl Cso

[2]
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IQ\Iuestion Scheme Marks Notes
umber
2a | o100 =ma; 2% 10y ~10004 mp | Eduation of motion
A% v
25000 25
———-10x20 —-2 .
V=20, (M 3'2) a= 20 _2 DM1 | Substitute v=20
1000 10
~1.05 (ms?) ** Al - Obtain given answer correctly
25000 M1 Differential equation in v and x
—-10v 2 2
2 y_ v _ 25000~10v" _ 2500~ Any equivalent form
dr 1000 1000y 100v Al v e
100v? 2500 _
j W‘ivzdv = jldx (= 100j -1+ WVJ M1 Separate the variables
25 25 DM1 | Split using partial fractions
altl _100-[ 1+ 50—y 50+ Al Or equivalent
50
x(+C)=100 {—v+ 25In 50+V } Al Integration correct
-V
DM1 | Correct use of limits
X =100(—20+ 25In Ej —100(—10 +25In @J =105(m) Al 14
30 40 Or better | 2500In{ — [-1000
8] 9
v DM1 | Use of arctanh
alt2 =100| v—50arctanh| —
50 Al correct
50+v
x(+C)=1004 —v+25In Al Convert to log form
-V
- 60 DM1 | Correct use of limits
x=100(—20+25In%j—100(—10+25In4—0j=105(m) A1 | Or better [2500|n(%)—1oooj

NB A correct numerical answer that does not follow from
integration scores no marks.
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%ﬂ?ﬁgg? Scheme Marks Notes
3
y
altl 3
X
X
y
Speed perpendicular to wall after collision = % Bl
Speed parallel to the wall is unchanged Bl
Use the speeds to form an equation in x & y
1/ 2 2, 1 5 M1 i
_(x +y ):x +=y (or equivalent)
2 9 Al Correct unsimplified
7 Correct ratio for x & y (any equivalent form)
9(x2+y2):2(9x2+y2), 9x* =7y, x=£y Al
3
o M1 To find the correct angle
direction deflected by tan2 +tan* 2 . J
X 3x Al Correctinx &y
27 3 Al
=tan, |~ +tan” \/: =104.5° (104
5 5 (109 [8]
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IQ\Iuestion Scheme Marks Notes
umber
using
3
uCc0s6
a
alt2
0
ucosd
using

Speed perpendicular to wall after collision = usin B1

Speed parallel to the wall is unchanged Bl

R M1 Use the speeds to form an equation in u & &

— =—sin*#+u’cos’* 0 (or equivalent)

4 Al Correct unsimplified

. 27 Correct trig ratio for @ (or equivalent
27c0s? @ =5sin’ 0, tanzezg Al g (oreq )
To find the corr ngl
tan9+1tan¢9 M1 o find the correct angle
deflected by 6+« tan(6+a) :1—3 (z —\/1_5)
1—§tan2 0 Al Correct in @ (or equivalent)
Al

0+a=1045° (104)

[8]
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Question Scheme Marks Notes
Number
4a
6 kmh*
12kmh*
Relative velocity triangle M1 Seen or implied
sin145 _sin@ 9-16.7° ML Use of trig to find a relevant angle
12 6
Bearing = 15+ (180-145-16.7) = 33.3° M1 To find the required angle
Bearing 033° Al They were asked for an answer "to the nearest
[4] | degree”. Accept N 33°E
12 . . .
4b 478 _ M1 Correct method to find the relative velocity
sin18.3 sin145
vy =6.58(km h'h) Al
. 20 .
Time taken = 558 (hrs) M1 For their 6.58
Al

Time is 3:02 pm (1502)

[4]
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Question Scheme Marks Notes
Number
5a
2u
3usina 2
Before using
3u
After 3usina using
X
M1 Terms of correct structure but condone sign
CLM: mx +3my =3mxucos f—mx3ucosa =mu (x+3y=u) errors
Al
) 1 M1 equation of correct structure but condone
NEL: x—y==(3ucosa+ucosf)| = —(u +—uj =—u sign errors
3 3 Al
y y DM1 Dependent on the two previous M marks.
x=—,0r y=— Solve for x or y
S M1 Correct for their x or y
Magnitude of the impulse on 4 = mu —(mx ——) == Al Must be positive

8]
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Question Scheme Marks Notes
Number
Component of velocity perpendicular to the line of centres before
5b = component after = 3usina =3u x? =/8u Bl
Change in KE.
Does not need to be a fraction at this stage.
_m( ., , 1, 3, M1 Does not need to include the (cancelling)
KE lost = > u’ —| 8u 2 T g™ component perpendicular to the line of
centre.
Al Correct unsimplified
3
Fraction lost = é:iﬁzi Al
9/ 8 9 12 [4]
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i Notes
Question Scheme Marks
Number
Smax x M1 Equation of motion as far as mx =+4mv—T
6a mx =4mv— =—x .
a M1 Use of v=—x
K4 Ai45r=0 %% Al - Reach given answer correctly.
2
6b AE m? +4m+5=0, m:_4J—r 42_4X5:_24_ri M1 Solve AE to find GS
x=e"?(Acost+Bsint) Al
t=0,x=a=4 M1 Use t=0,x=q to find A
Al
x =-2e%(acost+ Bsin 1) +e7 (—asint + Bcost) M1 Differentiate and use boundary conditions to find B
t=0, x=0=-2a+B x=e"(acost+2asint) Al [6]
6¢C String goes slack when x =e™ (acost+2asint) =0
. 1 M1 Set x =0 and solve for ¢ or tan¢
cost =-2sin¢, tant=——
2 Al
Substitute a positive value of t to find the speed.
x=-2e"%(acost+2asint)+e? (-asint+2acost) M1 An answer of 0.88... indicates a negative 7.
=e?(-5asint)=-0.01...a  Speed =0.011a (ms™) | A1 The question specifies 2 sf

[4]
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Question Scheme Marks Notes
Number
-y
mg
Measuring GPE from A, GPE = -mg cos(r + x) Bl Or —2mgrcos® @ , or —mgr(1+cos26) or equivalent
2 Bl
EPE — A&y
,
. . Bl
From the isosceles triangle, cosé = X
r
2 M1 Correct unsimplified total
V =-mgcosf(r+x)+ kmgx P
kmor? (2cos 0 —1) Al In terms of r &0
=—mg COS & x 2r cos @ + g )
2r
= mgr {—2 cos® 6 + 2k cos’® @ — 2k cos 6 +§}
Al Reach given answer correctly

= 2mgr{(k —1)cos’ 0 — kcos®} +constant  **

(6)
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Question Scheme Marks Notes
Number
7b V = 2mgr(2cos” - 3cos @) +constant
V' =2mgr(—4cosfsing+3sin o) M1 Differentiate 7
Al
' 0= sind =0 or cosd =% M1 Derivative = 0 and solve for 6
6=0 or §=+0.72 rads A3 -1 for each missing solution
V" =2mgr(—4c0s26+3cos6) M1 Second derivative of
0=0,V"=-2mgr <0, unstable equilibrium Al Need to see —2mgr or equivalent
3 7 . . .
— ner Al Do not need to consider the symmetrical position as well

cosd = g V”=T>0, stable equilibrium

(9)
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General Marking Guidance

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

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

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

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

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

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

o 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.

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 (¢),......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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June 2015
6680 Mechanics 4
Mark Scheme
Question Scheme Marks Notes
Number
Find position vector of one particle relative to
the other .
1 r =T M1 16+1 542t
r,= , Ty =
=12+ 2¢ 4+t
21—t Accept +/-
| —164+¢ Al
d* =(21-1)" +(-16+1)’ Pythagoras
- - 2
%d2=—2(21—1)+2(—16+t) (:—74+4t) M1 Differentiate d or d° wrt ¢
M1 Set derivative = 0 and solve for ¢
Min when ¢ =18.5(s) Al
2.5 Substitute their ¢ to find d
Relative position [2 5), distance v/2.5° +2.5° (m) M1
- /% _3.54 (m) Al
[7]
See over for alternatives.
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Question

N Scheme Marks Notes
umber
altl r,—r, M1 Position of P relative to O
21—t AL Accept +/-
-16+¢
d? = (21_t)2 +(—16+t)2 (: 212 _ T4t + 697) M1 Use Pythagoras to express ¢ as a quadratic in
M1 Complete the square
2(1-18.5)" —684.5+697 Al
. Use completed square to find minimum value
2 — —
Min 4" =697-684.5 M1 for their expression
Min. d =697 —684.5 =+/12.5 Al
alt2 r,—r, M1 Position of P relative to O
21—t Accept +/-
| -16+¢ Al
. . -1
Relative velocity ( i J M1
(21-1 (1 Set scalar product of relative position and
A ear 117 —(21-1)+(-16+1)=0, M1 relative velocity = 0 and solve for ¢.
t=18.5(s) Al
2.5 Substitute their ¢ to find d
Relative position [2 5), distance v/2.5° +2.5° (m) M1
- /% _3.54 (m) Al

See over for alternative

10
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Question Scheme Marks Notes
Number
alt 3 r,—r, M1 Initial position of P relative to Q
21 AL Accept +/-
~(-16
: _ -1
Relative velocity ( 1 j M1
M1 Use scalar product to find cosé@
_37 Accept +/-
oS =——F—— (-0.998.... Al
2./687 ( )
d =PQsing M1 Use trig to find distance
37° 5
=+/697 x,|1— =—=~354 Al
2x697 2

[7]

11
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Question Scheme Marks Notes
Number
2
Bl Either triangle of velocities
8
M1 Two triangles combined using their common
velocity
4
Al Correct diagram seen or implied
Correct method to obtain one of v, w,6 vy | (v=16w=16.50=767)
Make it dependent?
speed is 16.5( km h) Al 417
Direction S76° E or equivalent Al 104°
[6]
Alt Velocity of wind = w
w=—vi+4]j Bl one correct equation
w=ai+bj—8j a? +b% =400 M1 2"d equation and compare coefficients
coeff j: 4=pH-8 b=12 Al 2 correct eqns
i: -v=a
a? +144=400= a=-16 (v>0) M1
W] = V4% +167 = 4417 Al
Bearing 104° Al
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%ﬂ?ﬁgg? Scheme Marks Notes
3
ucosf
3using
using
3ucosd
3using using S
After collision usin@ and 3usin & perpendicular to / of ¢ Bl
CLM : 7+2s=3ucoséd—2u cosg(: 14 COS 9) M1 Requires all four terms but condone sign errors.
Al Correct unsimplified equation
1 oS0 Must be the right way round, but condone sign
Impact: s—r=ex4ucosé| = M1 errors
Al Correct unsimplified equation
Solve the simultaneous equations to find the
ucosé . .
=r=0s= DM1 | horizontal components of velocities.
2 Dependent on the two preceding M marks
Al Both correct
After the collision: (3usin )’ + 7 = 4((usin 0)’ +s2) mi | Usev,=2v, . Condone 2on the wrong side?
Al Correct unsimplified equation (their » and s)
I I u> Obtain an equation in &
Qu”sin® @ =4u”sin 6’+4.Zcos 0 Al
2, 1 3 o : Solve for 4.
tan"0 = 5’ 0=24.1(°) (0421 radians) DM1 Dependent on the previous M1
Al Correct to 3 sf or better
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Question

Scheme Marks Notes
Number
3alt For those who prefer everything with trig:
v,Sina=3using , v,sin f=usiné B1 Perpendicular to the l.o.c.
m.3u c0S @ — 2m.u c0S O = mv , COS & + 2mv, COS B M1 CLM
(ucos@=v, cosa+2v,cos f3) Al
Impact law
%x(SuCOSéHuCOS@):vBCOSﬁ—vACOSa M1 P
(%cosezvgcos,b’—vA cosaj Al
L cos@=v,cos 8, 0=v,co5cx (=sina=1) DM1 Simultaneous equations
2
Al
v,sina=v,=2v, =3usiné M1 Use v, =2v, tofind g
vBsinﬂ:usin0:>3”3|nesinﬂ:usin9 Al
. 2
sinfg =— Al
p 3
2v, =3usinfd & %cosesz cos Solve for &
5 3 M1
=6tand = =2X—
cos 3 J5
1 .
tand=— , 0=24.1(°) (0.421 radians Al
NG () ( )

[12]
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Question

N Scheme Marks Notes
umber
4a Equation of motion: 9004 = 22500 95, M1 Requires all three terms. Condone sign errors
\%
Al Correct unsimplified equation
22500 o5 Al Obtain **Given answer** with no errors seen
——— 2V
gV _ 900 —v*
900 36v [3]
1b dv  900—? 81 Differential equation in v and ¢
d¢ 36v
_[ 36v d = .[1 dr ML Separate & integrate
900 —v? ’
t=-18In(900-1*)(+C) Al
8 Use limits correctly
T:—18In500+18ln800:18lng M1 Dependent?
Al Obtain **Given answer** with no errors seen
[5]
4 900 —1? dv B1 Differential equation in v and x
Cc =y—
36v Y dx
v 1 Separate variables
dv=|—d M1
j900—v2 Y I:-;6 g
_J. 900 1dy= J.900( 1 . 1 j—ldv M1 Use partial fractions or equivalent
900 —v? 60 \30—v 30+v
30+v X
15In —v=—/(+C Al
‘30—\/ 36( )
50 20 X Use limits and solve for x
15In(5x4—0j —(20-10)= % M1 | Dependent?
x =135 (m) (540 In 2.5—360) Al
[6]
(14)
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Question Scheme Marks Notes
Number
3m 3m
‘ . ? Extension in AP 2+x,
5a T, o T . . 1 N
A . A Extension in BP: 3+—=sin2t—x-1
3+x 1
6+ZsinZt-3-x
12(2
T, = # B1 Force towards 4
1.
T, :12(2+Zsm 2t—x] Bl Force towards B
42 Form equation of motion of P. Requires
15— =T,-T =3sin2t-24x M1 derivative and both tensions, but condone sign
dr errors.
Al
d?x ) Obtain ***given answer*** with no errors
F'FJ.GX: 25|n 2t Al seen.
[5]
5b t=0,x=0 =C=0 Bl
t:O,x=0:4Dcos4t+%c052t M1
p-_1L Al
12
x =0= c0s4t = Cos 2¢ M1 Atrest: set x=0
2008”2t —1=Cos 2t
1 -1
costhl,—l 2t=2—”, == (1.05) Al Not —cosl(—j?
2 3 3 2 2
[5]

16




PhysicsAndMathsTutor.com

Question

Scheme Marks Notes
Number
6a B
\/gm
GPE of the ring: —2mgr cos 260 Bl
GPE of suspended particles: _\/Emg( L —a) _\/gmg( L,—b) M1 Expression of the correct structure involving
their L1, L2, a and b
. . Al Correct expression for BR in terms of » and 6
a=2rsm(45—6)=£(cos€—sm0) Xpressi : :
V2 Accept r,/2(1-sin 26)
: Al Correct expression for AR in terms of » and 6
b=2rcos(45—9)=ﬁ(cose+sm9) XPressio :
2 Accept r,/2(1+sin26)
GPE of system: DM1 | Add the three components.
—Jbmg (L —~a)- ngg(Lz —b)—2mgrcos20 Dependent on the previous M
=2x %cos 0 x \/Emg —2mgr cos 26 + constant
= 2mgr(2\/§ cos @ - cos 20) + constant Al | Simplify to the given answer
[6]
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Question

N Scheme Marks Notes
umber
6b t(:lj_g _ _4\/§ mgrin 0+ 4mgrsin 20 M1 Differentiate
In equilibrium: 3—Z:O:4mgr8in 9(—\/§+20059) ML et d—gzo and solve for @
Al
6 =+cos™ ﬁ = iﬁ(: +0.52)
2 6
or =0 Bl
[4]
6c 2 M1 Second derivative - needs to be the full
d z = —4\/§mgr cosé -1-8mgr(cos2 0 —sin® (9) expression.
42y V3 o(3 1 M1 : _r
W:mgr(_4\@x7+3(z_§n:_2mgr <0 Substitute & 5
So equilibrium is unstable Al No errors seen
[3]
(13)
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Question

Scheme Marks Notes
Number
7a Resolve parallel to barrier - condone sin/cos confusion M1 )
ucos60=vcosd Al
Resolve perpendicular to the barrier - condone sin/cos M1 .
confusion u
. . 60 A 120°
eusin60=vsing Al y .
s 9. > 9 2 <2 u? 3 Tu? -
v: =ucos” 60+ e u”sin 60=7+E=E M1 Eliminate @ and solve for v.
J7 Obtain given answer correctly with no errors
v=—-u Al seen
4
[6]
7b Angle of approach with BC = 19.1° Bl
v€0s19.1=wcos¢ M1 Components parallel to BC
%vsin19.1: wsing M1 Components perpendicular to BC
Al Equations correct for their 19.1
Form equation in v and ¢ M1 Square and add or divide to find tan¢
w? =17 (lsin219.1+ c05219.1) Al (¢=983°)
4 Follow their 19,1?
0.634u Al
1
7balt tang = Etan 60 B1
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Question Scheme Marks Notes
Number
1
NN
tanazltan(GO—H) :E —21 :ﬁ M1
2 2 1+\/§'§\/§ 10
Al
vcos(60—0) =wcosa M1
1 2 343 10 ( 5 j
Vv __+__ — =V Ml
2'J7 2 V7)) o3\ 27
Al
103 103 V7 /103 (0.634) AL

w= V= —u= u
NN 16

[7]
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