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(m — [6mDlr + 6v) + [6ml(e — w) — mv = —mgbt .
M1 Impulse = change in momentum
Al Accept sign errors in ém
mér — uldm| — |[6ml|Sr = —mgdt
L L M1  Form DE
matug tomg="m9
dv dm . . .
=3 mE + HE = —mg E1l Complete argument (including signs)
4
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dt
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dt  mg—kt 9
= I uk dt M1 Int t
= my — Kt g ntegrate
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. dv )
2(i) ma= —mkv? M1 N2L
Al
I—v_zdv = fk di M1 Separate and integrate
_1
2v Z=kt+cC Al
2 .
t=0,r=23=c= 3 M1 Use condition
i 2
2v° I =kt ¥ 5 M1 Rearrange
2 —a
)= -l-(kt —) E1
1 + 3
7

(ii) _r=J-4-(kt+§) " at

4 2
= ——| Lkt _) A M1 Integrate
.R:( + a +
10 .
t=0r=0=24= - M1 Use condition
1 10 4
Tk kit + Z Al
]
3
(iii) The speed decreases, tending to zero B1
10 B1 Cv (10/k
The displacement tends to & v )
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A -
3() W= —mgas[u9+m{3as[uﬁ‘]‘ M1 GPE term

M1 EPE term

Al
v _ 64 4 0% - 2zind g M1 Differentiate
i mgocos 1 a sinf - cos
Al
= mcos Eeﬂs[nﬁ‘—mg) El
6
dv 2mg dv
ii —_— = = i = — M1 — =10
(if) 36 0 &= cosf=0 or sind a7 Solve 4B
A A2
:}. —
g8
g=12 AL
T2
2mg
f=sin"!—=
and iR 91 Al
d*Vv . C . G M1 Second derivative (or other valid
TR —asing —.151n9—mg)+u.cn=9 —.?{n:n:nsﬁ‘) method)
Al Any correct form
= a.(;;l{l — 2s5in? 8) + mgsin E‘]
r 9 g = w
v G) = ”‘(_ 4+ mg) <0 M1 Substitute © 2
= unstable Al Deduce unstable

. 9 2 2
v (S[I:l_1 %))z a(i.l( -2 %) )+ {T;f] ) M1 Substitute other value
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ma z
2 ”’( 97 )
2 mgy ' . N~
1= am_g = H] z1=7V"=0 M1 Consider second derivative
= stable Al Complete argument
10
2 . .
(B) A= g8 = M1 Consider solutions
g — w
~ 2 only Al
r g . . .
i G] = g,(— E;{ + mg) =0 M1 Consider second derivative
= stable Al Complete argument
4
C A= 2 g = 1 M1 Consid luti
(©) ~9 givest 2" only (from both factors) onsider solutions
Al
v G) =0
VE-e)=we=)
v G + E) =(=)E)=(+) M1 Valid method
Hence stable Al Complete argument
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4(i) Mass of slice & pry®x M1
e 1 2 2
So Tdfice # E(ﬂ’f}-‘ Gx)y M1
1
= ﬁ_mr_r"'lﬁx Al
% Ioome & J; ET Ll dx M1
1 S
= |— 5 Al ft
[150-'5” ].,
1
= E-R_'Pgs Al
M
A=3 M1
iﬂm’
3
= [ ome ﬁﬂm El
8
]
1
ii == M==-M
(i) Mass of small cone G) 8
_7 B1
Mass of frustum 8
I]argr:l:n‘ne = I;rr.a]] come T { M1
3 Mag2 = 3 nf]G )= I M1 Moment of inertia of small cone
ﬁ; () _ﬁ — — +
1= 22 ja?
=1 = 370" o
7
EM =28 ac=01=1[=000%3 El
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- - 0.03
(i) 00093
Al
10
t=—=136 M1
]
Al
4
(iv) Centre of mass:
7 ME 1 M 3a M1
g otg g T
Al
—r= a3 01607 AL Anydist hich locates G
OG—x—ﬁ_ﬁu . ny distance which locates
L7 0.0607
ie.Gis 28 m from the small circular
face
3
Moment of impulse = ang.
(v) 0.1 = I{10 — 5) M1
momentum
J = 0.465 Al
1 B1
Radius at G is Zx
4.5 Moment of impulse = ang.
—} =1I5- M1
(5‘!-'-‘)Jr ( “) momentum
]
= w=—= 008 Al
“~ 36
5
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