EDEXCEL 6680 MECHANICS M4 JANUARY 2004 MARK SCHEME

Question Scheme Marks
Number
N2L —2v=3a M1
-2V = 3vﬂ Al
ds
3 2 . : :
S= _EV (+c) 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 i‘
A 1 u, =25sing=25x4=2 1) either | M1
- U, :2.5cosa:2.5><—:l.5 (ms™) both | Al
B: { v, =13sinf=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=%1x2 (=1 M1 ALl ft
Solving x=05 y=15 M1 solving for either | M1 Al
Speed of Ais  (2°+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
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Question

Number Scheme Marks
3. @ AP =s—-AD-DE M1
=s—L-2Lsiné Al (2)
(b) V(0)=2x2mgxLcosf+... B1
= +mg (2L cos @ — AP) M1
=4mgL cosd +mg (2L cos@+2Lsin#) (+C) M1
=2mgL (3cos @ +sin )+ 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"(6)=2mgL(-3cosd—sinH) M1 Al
(V ”(arctan %) =-2+ 10mng
V() <0, for any acute 6 M1
Equilibrium is unstable ft any acute 9 | Al ft 4)
(14 marks),
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Question Scheme Marks
Number
4. @ A X P B
T1 T2
2mk*L(0.5L + x
HL T, = (L +X) either | M1
2mk?L(0.5L —x
HL T,= (L ) both | Al
dx d*x
N2L T-T,-2mk—,=m—- M1 Al Al
2 dt dt?
2
4mk2x—2mkd—xzmd—)2(
dt dt
d*x dx
— +2k—+4k’x=0 * cso | Al 6
(b) m® +2km+4m* =0 ae | M1
m=—-k £k 3i M1
x:e"‘t(Acos\/3kt+Bsin\/3kt) oe | A1
t=0,x=L = A=L Bl
2 2
>‘(=—ke"“(Acos\/Skt+Bsin\/3kt)
++/3ke™ (—Asin\/3kt+Bcos\/3kt) M1
t=0,x=0 = 0=-kA++/3kB M1
1 L
B=—"A=—-— Al
N3 243
AP=1.5L+2—I\‘/3e"‘(\/3cos\/3kt+sin\/3kt) oe [ Al (8)
(14 marks)
Alternatives forms of the answer are given on the next page
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Question Scheme Marks
Number
4, (b) Alternative form of the General Solution As before | M1 M1
Xx=Ae™ cos(\/3kt—g) Al
L L
t=0,x=§ = E:Acos(—g) (= Acos¢) Bl
X =—kAe™ cos(\/3kt—g)—\/3kAe‘kt sin(\/3kt—g) M1
t=0%=0 = 0=-kAcose—~3kAsin(-¢) M1
Leading to tane¢ :i - ¢=2 and A=L both | A1
\3 6 \3
AP —15L + g™ cos(\/ 3kt —1) Al (8)
\3 6
Note: Another possible trig form is sin[\/3kt+%)
5. (a)Before After
' 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 N2L —300=600a M1
0 =v*-2x05x21, Vv*=21 M1, Al
From (a) NEL u:%x7.5=10 M1
Vi=10’+21, = V=11 (ms”) ca |M1,Al  (9)
(14 marks)
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Question Scheme Marks
Number
6. 0.4 @ Vector !or « M1
0 cosé :ﬂ M1
0.85
6 ~61.9° awrt 62° | Al (3)
0.85 Au
(b) u=+/(0.85%-0.4% or u=0.85sind M1
0 1=89_ %0 _g5 (g coo [M1A1  (3)
u 0.75
(€)  Vyww =—0.4i (+0.75)) Allow for £0.4i | M1
Vy = Vy aw +0.5i =0.1i + (0.75j) 0.1i | A1
(- 40 _160 M1
075 3
§:O.lx%:% awrt 5.3 | M1 Al (5)
(d) Asin (c) v, =-0.2i+0.75j +0.21 | M1
2
SV M1
0.75 3
0= 0.2x@ _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.
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Question

Number Scheme Marks
6. Alternatives to (c) and (d)
©) v2=0.5%+0.852 - 2 x 0.5 x 0.85 x cO0s
0
=0.5725 (v= - 229 ~ 82.4°) M1
20
sing _sin 0 M1
0.85 v
sin p= (»0.9912; p~82.4°) | Al
229
i:cotgo; 6=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” . o.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.
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