4764

Mark Scheme

4764 Mechanics 4

June 2008

1)

If m is change in mass over time Jt

PCLM nv=(m+dm)(v+d&) +|d(v—u)  [N.B.

M1 Change in momentum over time 6t
om<0]
&N dm dv dm M1 Rearrange to produce DE
(m+ 6m)5+u§=03 il Al Accept sign error
C%ﬁ':—kzmzmj—kt M1 Find minterms of t
dv .
= (m,- k[)a =uk E1 Convincingly shown
[5]
(i) uk
V= dt .
_[ - M1 Separate and integrate
=-uln(m, —kt)+c Al cao (allow no constant)
t=0,v=0=c=ulnm, M1 Use initial condition
v=u In{ M J Al All correct
m, —kt
(4]
(iii) m=%”b = ”b—kt=%”b M1 Find expression for mass or time
Al Ort=2m,/3k
=v=uln3 Al
[3]
2() P=Fv M1 Used, not just quoted
_ wgv vy Use N2L and expression for
dx acceleration
—LL m(k2 v2) Al Correct DE
dx
2
ve o odv
=>—F—= M1 Rearrange
k? —v? dx 9
k? dv
= [ 22 —l]dx =1 E1 Convincingly shown
k2
_[[ Y —ljdv=f dx M1 Separate and integrate
%kln[mj—v:x+c Al LHS
k—v
x=0,v=0=c=0 M1 Use condition
x=%kln(?j—v Al cao
[9]
(i)  Terminal velocity when acceleration zero M1
=v=k Al
v=09ij=lmn1§-@9w4lmm-0@k= _ . .
2 0.1 2 F1 Follow their solution to (i)

0.572k

57

PMT



4764 Mark Scheme June 2008
3(i) _ra M1 Use circular elements (for M or 1)
M _Io k(a+r)2zr dr M1 Integral for mass
B 1.2 4378 M1 Integrate (for M or I)
=2k Sar®+4r | Al Forl.]
=Skra’ El
I :I;k(a+r)2ﬂr-r2dr M1 Integral for |
_ 1,04, 1,5
—2k7r[4ar +5T Jo Al Forl...]
_09 5
= ykra Al cao
=2 Ma? E1 Complete argument (including mass)
[9]
@iy 1=135 B1 Seen or used (here or later)
0.625x50=lw M1 Use angular momentum
M1 Use moment of impulse
=>w=231 Al cao
(2]
iii .. -
(i) 0= 3027531 =~1.38 M1 Find angular acceleration
Couple =16 M1 Use equation of motion
=18.7 F1 Follow their w and |
[3]
(iv) 19=-30 B1 Allow sign error and follow their |
(but not M)
dé : .
I o -39 M1 Set up DE for @ (first order)
%9 = ~[—Igdt M1 Separate and integrate
. t ) .
In|é| T B1 In(multipleof &) seen
0= Ae /45 M1 Rearrange, dealing properly with
constant
t=0,6=30= A=30 M1 Use condition on 6
6=30e43 Al
[7]
(V) Model predicts § never zero in finite time. Bl
[1]
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4(i) (Mg 2 .
V= E[ﬁj(aﬁ) +mgacosd (relative to centre M1 EPE term
of pulley)
Bl Extension =aé
M1 GPE relative to any zero level
Al (% constant)
- %(ﬁj 2a”0-mgasing M1 Differentiate
av 1 .
d—g:mga(ﬁe—sne) E1l
[6 |
(if) av ) . dv
6=0=—=mga(-%(0)-sin0)=0 M1 Consider value of —
de mg (10( ) ) de
hence equilibrium El
d2v L M1 Differentiate again
o mga (- cos) Al
V”(0)=-0.9mga<0 M1 Consider sign of V”
hence unstable E1 V” must be correct
[6 |
(iii)  If the pulley is smooth, then the tension in the B1
string is constant.
Hence the EPE term is valid. Bl =]
2
(iv) Equilibrium positions at 8 =2.8, B1 One correct
=171 B1 All three correct, no extras
and 6=84 Accept answers in [2.7,3.0), [7,7.2],
[8.3,8.5]
From graph, V"(2.8) = mgaf '(2.8) > 0 M1 Consider sign of V” or f’
hence stable at 6=2.8 Al

V”(7.) =mgaf'(7.1) < 0= unstable at §=7.1 Al

Accept no reference to V” for one
conclusion but other two must relate

V”(8.4) = mgaf’(8.4) > 0= stable at § =84 Al tosignof V”, notjust f’.
[6 ]
v)
B1 P in approximately correct place ]
B1 B in approximately correct place 2
P B
(vi) If 8<0 then expression for EPE not valid M1
hence not necessarily an equilibrium position. Al ’_
2
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