4731 Mark Scheme June 2007
1()) |Using 0=empt+1at? 56=0+1ax8 M1
a=1.75rads™ Al
2
(i) |Using @2 = w,* + 200, 36 =20% + 2x1.750 M1
6 =256 rad Al ft ftis 448+«
2
2 . (e , » 1 3la 7 may be omitted throughout
0
=gra’ Al
a
x(4a? - x?) dx
j o ) M1
=7r[2a2x2 —1x ]Z
S Al (Limits not required)
=lra
) Al
Trat
X=2 2
11 .3 Xy*dx
3ra M1 for '[ -
21 le dx
="a
44
Al
7
3() |[1=62+28=9.0kgm? B1
1
(ii) | WD against frictional couple is L x 37 Bl
Loss of PE is 6x9.8x1.3 (=76.44) B1
Gain of KE is £x9.0x2.4° (=25.92) B1 ft
By work-energy principle,
1, - - .
Lxgm=76.44-25.92 M1 Equation involving WD, KE and
L=322Nm PE
Al
5| Accept 32.1t0 32.2
(iii) M1 Moments equation
6x9.8x08-L=1« Al ft
o =1.65 rads > Al
3
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4 (i) M 2
M1 of elemental disc about a diameter is 3a may be pza” throughout
E(Méxjaz a1 (condone use of p=1)
4\ 3a
M1 of elemental disc about AB is i
M1 Using parallel axes rule
E(M 5Xja2 n (M 5ij2 Al (can award Al for 1 ma® +mx?)
4\ 3a 3a
R VL e o o
3a), 4 Al gral exp
_ M 1,2 1,3
S lad XX ]o
:M(§a3+9a3) L : i
3a ¢ M1 Obtaining an expression for | in
=M (%az +3a?) terms of M and a _
13 N1 42 Dependent on previous M1
==Ma
4
Al (ag)
) Period is 2 1 --
"\ 'Mgh M1 or —Mghsing=14
13 Ma?
=27 |4
" Mgla Al
13a
=27 ===
"\6g Al
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5 (i) M1 Relative velocity on bearing 050
Al Correct velocity diagram; or
usin50 16sina 12sin345
. . (u cos SOJ - [16 cos aj (12 cos 345)
ﬂ: sin115 M1 or eliminatingu (or a)
12 16
0=42.8°
Bearing of vy is 007.2° Al
u 16 o )
sin222  sinlls M1 or obtaining equation for u (or « )
2400 u=6.66 Al For equations in « apd t
Time taken is =360s M1*A1 ft Ml*MlA_l f_or equations
64 g | ML for eliminating t (or &)
Alfor ¢ =7.2
M1A1 ft for equation fort (or «)
Al cao for t =360
(i) M1 Relative velocity perpendicular to vg
\ Al Correct velocity diagram
Vs cos¢g = 10 M1 .
12 For alternative methods:
12 Z/; ¢ =33.6° M2 for a completely correct method
2 /i Bearing of vy is 018.6° Al A2 for 018.6

(give Al for a correct relevant angle)
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6 (i) I :%maZ + m(%a)Z M1 Using parallel axes rule
=gma’ Al
mg(5acosf) =l a M1
_ ;Mmgacosd  3gcosd
- +ma’  4a Al (ag) A
(ii) | By conservation of energy, M1
110? =mg($asino) Al ft
2 2.2 _1 H
sMma‘w” =< mgasin g
3gsind 3qsin @
_ / ,  3gsin
@ oa Al Condone « =
3
OR wd_a):?agcose M1
do 4a
1,2 :J3gcosed9
2 4a
:3gsm9 (+C) Al
4a
o /Sg sing Al
2a
(ii)) | Acceleration parallel to rod is (%a)o’ B1
a1y 2 . . :
F —mgsing =m(;a)w M1 Radial equation with 3 terms
F —mgsin @ =2mgsin @
— 3 s
F=-mgsing Al
Acceleration perpendicular to rod is (3a)a B1ft ftis ra with r the same as before
mg cosd - R=m(;a)x M1 Transverse equation with 3 terms
mg cos @ — R = 4mg cos &
_3
R = mgcosd Al
6
OR RGEa)=lga M1 Must use I
3gcosé
R(a) = (tma?) (QT] Al
R=2mgcosd Al
(iv) |On the point of slipping, F = xR
2mgsin 6 = (3 mg cos ) M1
tan 6 =+ u Al (ag) |Correctly obtained

Dependent on 6 marks earned in

(iii)
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7 (i) |GPE =(-)mg(2acosd)cosd Bl or (-) mg(a+acos26)
EPE =2~ (AR -a)? M1
2a
_zM (2acosd — a)?
~ 2a Al
V =1mga(2cos@ -1)* - 2mgacos’ 0
= mga(cos’ & — cos 6 + 1 — 2cos’ 0)
=mga(4 - cos ¢ - cos’ )
Al (ag)
@iy [dv . .
@_mga(3|n9+2cosesm 0) B1
=mgasin (1 + 2cosb)
A dv
Equilibrium when @_0 M1
ie when 9=0 Al (ag)
(iii) |KEis m(2ad)? Bl
2ma®6? +V = constant M1
Differentiating with respect to t,
o dV
Ama“g e +--6=0 M1 (can award this M1 if no KE term)
4ma®06 + mgasin (1 + 2¢cos6)d =0
+ mgasin (1 + ) AL fi
d=—9 sin O(L+ 2c0s6) SR B2 (replacing the last 3 marks)
4a Al (ag) |for the given result correctly
obtained by differentiating w.r.t. @
(iv) |When @ issmall, sin@~ 6, coséd ~1 M1
G~-——=001+2)=-"2¢
4a ( ) 4a Al
L 4a
Period is 2 /5 Al
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