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1. | @ A= [ (2x=x*)dx M1 A1l
-
_ Xz_x_} Al
3
]’ 8 4
A=|x2_-2 | =4-2-2 % cso | Al 4
(b) X=1 (by symmetry) Bl
4__1 2 _1 2
Ey_EIy dX_E (Zx—x ) dx M1
:EI 4x* - 4x° + x* ) dx Al
2
_L 4—)(3—x4+x—5 Al
2| 3 5
4 1[a¢ , ] 8
—y==|—-X'+—| =—
3 2| 3 5], 15
- 8 3 2 .
y:—><Z:E accept exact equivalents | Al (5)
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2. @ Base  Cylinder Container
Mass ratios zh? 27h? 3zh? Ratioof1:2:3 | Bl
h
v 0 i v Bl
/ 2
2 T 2 h
37h*xy =2xh XE M1 Al
Leading to y =%h % cso | Al (5)
(b) Liquid Container  Total
Mass ratios M M 2M Ratioof1:1:2 | Bl
_ h h =
— — Bl
y 5 3 y
h h
2ZM xy =M x—+ M x— M1 Al
2 3
y==h Al (5)
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3. (@) Atsurface
?:mg = k:ng2 3 cso | M1A1 (2)
. mgR?
(b) N2L mx = — 2
dv  gR? d(1 2] gR’
V—=— or —| =V | =— M1
dx x? dx(z x?
jvdv:—gRZIizdx or Evzz—gR2 izdx M1
X 2 X
2
ivz zﬂ (+C) Al
2 X
x=2R,v=0 = C=—% M1 Al
2
v2 = 2R ~-gR
2
At x=R, VZ:ZQRR -gR M1
v=+(gR) AL (7)
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4.
T coséd=mg M1 Al
2
- Tsing="" M1 Al
r
tan @ = ( 2r 2) or equivalent | M1 AL
-r
2
tangd =— Eliminating T M1
rg
r V2
=— Eliminating &
\/(Iz—rz) - g M1
gr’ =vy(I’=r?) * cso | Al 9)
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Number
5. (a) X=-0’X = 1=0’x004 (= w=5) M1 A1
T :2?” awrt 1.3 | Al 3)
(b) V'=o’(a®-x") = 02°=5(a’-0.04) ft their @ | M1 ALft
a= \2/—52 accept exact equivalents or awrt 0.057 | Al 3
(c) Using x=acoswt
%a:acosa)t ft their o | M1 A1ft
5t=2
3
t=" Al
15
T’=4t=111_75[ awrt 0.84 L M1 Al (5)
[11]
Alternative to (c)
Using x =asin wt
%a:asina)t ft their @ — M1 Alft
5t =2
6
=2 Al
30
, 4
T :T_4t:E awrt 0.84 —| M1 Al (5)
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6.
Vv
w
U
(a) Energy %m (U?-v*)=mga(l+cosa) M1 Al=Al
mv?
0 (T+) mgcosa = M1 Al
Leaves circle when T =0
2 —_ —
QCOSa:U 29a-2gacosa Eliminating v M1
a
Leading to U?=ag(2+3cosa) * €S0 Al )
(b) Using conservation of energy from the lowest point of the surface
1
Em(UZ—WZ):mga M1 Al=Al
W?=U?’-2ag
Using cosw—i Wz—ag(2+i)—2ag M1
V3’ V3
=ag+3 k Cso Al (5)
[12]

Alternatives for (b) are given on the next page.
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6. Alternative to part (b) using conservation of energy from the point where P
loses contact with surface.
[VZ =ag cosa =%]
\3
Energy %m(w2 -V?)=mgacosa M1 Al
lm(Wz—iagjzmgaxi Al
2 \3 V3
Leading to W?=ag~3 %k €S0 M1Al (5)
Alternative to part (b) using projectile motion from the point where P
loses contact with surface.
V?=agcosa = 9
V3
J W? =V?sin’ o +2gacosa
=iag(1—1)+29axi=8—\/3ag M1 Al
\3 3 N3 9
«— V, =V cosa Al
WZ:Wy2+VX2:8T\Bag+%ag\/3x%:ag\/3 * €S0 M1Al (5)
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7 (a)
2 2
AP =((L51) +(21)°) =25 M1 Al
cosa :i Bl
5
A(2.51-1.5
Hooke’sLaw T :(—)(: 2_1) M1 Al
1.51 3
) 2T cosa = Mg ( :5%) M1 Al
A 4 24 5mg
2x“Zx==m L= M1
NN ( 45 j
/1=15ﬂ * cso | Al 9)
16
(b) A 151 B
2 2
h=~((391)° ~(L5I)’) =36l M1 Al
241
Energy lmv2+mgxh:2x15mgx( ) ft theirh | M1 Alft=Al
2 16 2x1.51
Leading to v=0 * cso | Al (6)
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