4764

Mark Scheme

June 2006

10) | m=4ar®p M1 | Expression for m
d—m_4;zr2p£ M1 | Relate M 1o 9"
dt dt dt dt
2 2 dr dm .
A-4rre =4xr pa M1 | Use of ’y proportional to surface area
dr _A E1 Accept alternative symbol for constant if used
d p correctly (here and subsequently)
r=r,+kt M1 | Integrate and use condition
m =2 7p(r, +kt)* Al
ii d
® E(mv): mg M1 | N2L
my = Img dt = I%ﬂp(l’o +kt)®g dt M1 | Express mv as an integral
=4 7pg [4—1k(r0 +kt)* + c] M1 | Integrate
t=0v=0=c=-1r"* M1 | Use condition
%ﬂp(l’o +kt)®v= %ﬂpg ~ﬁ[(r0 +kt)? - r04] M1 | Substitute for m
g '
V=—"ro 1)+ kt————— Al
4k{ T +kt>3}
2() | AP=2acosd M1 | Attempt AP in terms of &
PB =32a-2acosd El
V =-mg-PB-mg-PAcoséd M1 | Attempt V in terms of 4
=-mg (%a— 2acos¢9)— mg (2acosd)cosé
=—mga(2coszt9—20056’+%) E1
i) | dv . . .
0 P =mgasing(4cosd - 2) M1 | Differentiate
dV - 1
—=0=sin@=0o0r cosd = M1 | Solve
dé
=0=0o0r i%ﬂ' A1l | For 0 and either of %ﬂ' or —%ﬂ'
d2v M1 | Differentiate again
W:mgasin 6(—4sin#)+mgacosd(4cosd -2) Al
dv M1 | Consider sign of V" in one case
0=0= d6? =2mga>0=> stable F1 | Correct deduction for one value of 4
. d2v F1 | Correct deduction for another value of 4
O=t37= 7 —3mga <0 = unstable N.B. Each F mark is dependent on both M

marks.

To get both F marks, the two values of 8 must
be physically possible (i.e. in the first or fourth
quadrant) and not be equivalent or symmetrical
positions.
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3(i
® P:Fv:mv%v M1 | Use of P=Fv
X
2 dv 3 .
v Pl 0.0004(10000v+v ) Al | Or equivalent
X
v
—— - dv = | 0.0004 dx M1 | Separate variables
J 10000+ v2 J .
11n}10000 +v?| = 0.0004x+ ¢ M1 | Integrate
vZ = Ae%9%8X_10000 M1 | Rearrange
x=0,v=0= A=10000 M1 | Use condition
v =1001/e%0008x _1 Al
x =900 = v=102.7 > 80 so successful
or v=80= x=618.37 <900 so successful E1 | Show that their v implies successful take off
8
(ii) dv 3 :
VE = 0.0004(10000v+v ) F1 | Follow previous DE
1
—————dv={0.0004 dt M1 | Separate variables
I 10000+ v2 J .
1otan-1(_1 ) _ M1 | Int te
15 tan~ (5 v) = 0.0004t + k o ntegra
t=0,v=0=k=0 M1 | Use condition
= v =100tan(0.04t) E1l | Clearly shown
v — oo at finite time suggests model invalid Bl
7
(i) | t=11=v=47.0781 Bl | Atleast 3sf
Hence maximum P =230.049m M1 | Attempt to calculate maximum P
v =47.0781= x = 250.237 M1 | Use solution in (i) to calculate x
M1 >11.
sz: 930,049 Set up DE for t/l_l
dx Constant acceleration formulae = MO.
13 Z 230.049%x + B M1 | Separate variables and integrate
3 F1 | Follow their maximum P (condone no constant)
v=47.0781,x = 250.237 = B = -22786.3 M1 | Use condition on x, v (not v=0, not x=0
unless clearly compensated for when making
conclusion).

Constant acceleration formulae = MO.
v=80= x=2840.922 or x=900= v =282.0696 M1 | Relevant calculation. Must follow solving a DE.
so successful Al | All correct (accept 2sf or more)

9
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i 2
4() Considering elements of length 6x = | :IOapXZ dx M1 | Set up integral
2 Substitute for p in predominantly correct
:ﬂj a(5ax2—x3)dx Mg | U p NP inantly
8a2 0 integral
_Mrs. 3 1 472
_g[gax - X ]o M1 | Integrate
:%Ma2 E1l
. . _ 2a .
Considering elements of length ox = MX = IO pxdx M1 | Set up integral
zﬂ 2a(5ax—x2)dx M1 §ubstitute for p in predominantly correct
8a? 70 integral
_Mirs_ 2 1,372
_Q[iax ~1x }O M1 | Integrate
v — 11
X=41a El
8
(i) %|9'2 = Mg -2 a(l-cos ) M1 | KE term in terms of angular velocity
Bl | *Mg-ilacosd seen
M1 | energy equation
0= /g(l—cosa) Al
7a
4
(iii) . o
T h| O0=ir=0= = F1 | Their 0 at =37
A <« B ? a
J M1 | Use of angular momentum
? 2a~(—J1)=I[O— @] g :
7a Al | Correct equation (their 8)
J =L M77ag El
J, :éM T7ag B1 | Correct answer or follow their J;
5
(iv) 33 ] Jy=J; M1 | Consider horizontal impulses
4
T—» =15 M77ag F1 | Follow their J,
M1 | Vertical impulse-momentum equation
J3+J1:M-i—;a£ P d
7a M1 | Use of r@
J3 =5;M{[77ag Al | cao
(3 NERYNGE
angle =tan!| =2 |=tan! FLAE M1 | Must substitute
A £M/77ag
=tan ™ (4) ~0.519rad ~ 29.7° Al | cao (any correct form)
7
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1(i) x=PB M1 May be implied
x=+fa?+y? Al
V =1kx* - mgy M1 EPE term
M1 GPEterm
:%k(az+y2)—mgy Al cao
[5]
(i) av _ _ ,
W =ky-mg M1 Differentiate their V
A av S
equilibrium :WZO B1 Seen or implied
=>y= % Al cao
dv o ) o .
V =k>0 M1 Consider sign of V" (or V' either side)
= stable E1 Complete argument
[5]
(i) R=TsinPBA=k-PB-2& M1 Use Hooke’s law and resolve
=ka Al
[2]
2(i
() i(mv) 0= mv constant yy  ©OF no external forces = momentum
dt conserved, or attempt using & terms.
hence mv =myu Al
dm dm
R 1 Bl —=k seen
dt dt
= m=my+kt B1 m,+kt stated or clearly used as mass
MU MU Complete argument (dependent on all
V=TT M, + kt E1 previous marks and m, +kt derived, not
just stated)
mgu
X = dt
I S M1 Integrate v
=%In(m0+kt)+A Al cao
myu .
x=0,t=0=> A:—Tln my M1 Use condition
mou [ mg +kt
x=——In Al cao
k My
[9]
(i)  v=1u=my+kt=2m, M1 Attempt to calculate value of mor t
meu , [ 2m, . . .
=>x=——In| — M1 Substitute their m or t into x
k Mg
= x="012 F1 ot="0 or m=2m, in their x

k
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3(i) ra 2 M1 Set up integral
= J'_apx dx Al Orequivalent
m . o
p= % M1 Use mass per unit length in integral or I
_Mries7p
I = 2a[3 la M1 Integrate
=1ima®--ima’ M1  Use limits
ima? E1 Complete argument
[6]
(D) 1y =1x1.2x0.4% +1.2x0.42 M1 Use 1ma’ or £ma’
Al Rod term(s) all correct
| sphere :%X2X0_12 +2%0.92 M1 Use formula for sphere
M1 Use parallel axis theorem
Al Sphere terms all correct
I'=1roq + lspnere =1.884 M1  Add moment of inertia for rod and sphere
Al cao
[7]
(i) 114%-1.29x0.4c0s6—2gx0.9c0sd M1 Use energy
M1 KE term
=-1.29x0.4cosx ~2gx0.9cos M1 Reasonable attempt at GPE terms
Al All terms correct (but ignore signs)
., 4569 ~ M1 Rearrange
0" = 1.884 (cosg—cosar) F1  Only follow an incorrect |
(6]
iv . .
W) 299=ﬂ(—sin99) )
1.884 M1 Differentiate, or use moment= 16
or 16 =-1.2gx0.4sin6—2gx0.9sin &
Equation for @ (only follow their | or
FL
0%)
sind~0=0=-11.860 M1 Use small angle approximation (in terms
of &)
i.e. SHM E1 All correct (for their 1) and make
conclusion
2r 2
Tx~ ~1.82
\11.86 their @

69

PMT



PMT

4764 Mark Scheme June 2007
4(i) dv ) M1 N2L
ZVE =2-8v Al
v
dv = | dx M1 Separate
J 1-4v? J P
~din|1-av?| = x4+ Al LHS
x=0v=0=¢=0 M1  Use condition
1-4v? =™ M1 Rearrange
V2 = %(1—e‘8x) E1 Complete argument
[7]
() F-2-82-2- 2(1—678’() M1  Substitute given v2 into F
— 28X Al cao
Work done = joz F dx M1 Set up integral of F
2
- IO 278 dx Al cao
2
- [_%e*“ ]0 M1 Integrate
- %(1_.3*16) Al Accept ; or 0.25 from correct working
[6]
iii
(i) 2 o gy M1 N2L
dt
1t dv = |dt
Zj T2 j M1 Separate
4
1+v
1 —
Zlnr_tJrc2 Al LHS
2
t=0,v=0=¢,=0 M1 Use condition
PR
% v e M1 Rearrange (remove log)

1+2v=e"(1-2v)

2v (1+ et ) =e*_1 M1 Rearrange (v in terms of t)
v=1 e"-1)_,f1-e™ E1 Complete argument
2lef41) 214+e™ P J
(7]

(v) t=1=v=0.4820 B1

t=2=v=0.4997 B1

Impulse =mv, —mv; M1 Use impulse-momentum equation

=0.0353 Al Accept anything in interval [0.035, 0.036]
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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
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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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1(3i) :_E.'!:P}- g B1 Seen or implied
i e dv
T M1 E d
=gt g Xpa;
_mg Lo dv_ ar__TE
Sen T Ta e ML Use @ ~ 26+ D3
dv v v 2
~a- ol mop-elmen)
v lsdy 1 .
= (m}F _diﬁ . M1 Separate variables (oe)
by
={-gla=20 =
[5]
. f i 1 "1
@iy - — ?]ﬂb‘ = ';&‘ﬂt M1 Integrate
1
v—ln||;-2|=53:+i Al LHS
t=l,vr=0==ln2=c¢ M1 Use condition
1
V—Lnlu-2|=§3:—ln.2
4
:=E{v— lalv + 2] + In2} Al
p=10 =t ¥ 1,68 B1
[5]
(iii) Ast getslarge, v gets large M1
de 1
So @~ 3¢ (i.e. constant) Al Complete argument
[2]
; g .
2() V= =my-2asind + 2-20 fdosingd — e Bl GPE
M1 Reasonable attempt at EPE
Al EPE correct
% = —2mgacos f + %Hc einf—al~4n0ef M1 Differentiate
= —Zmiga ook & + dnigo ;:DEl?‘f'l simE — 1}
= dmgecos 62 5ind — 1) E1 Complete argument ,_
5
(ii) :i -0 M1 Set derivative to zero
led
s oogf = 0 orelnd —% M1 Solve
1
= —7 W = Al Both
=z Tk =3 5 [0) . -
i _ . b ein . M1 Second derivative (or
FE = dmgacos G2 cos 6 — dnrgoslnfi2dne - 1} alternative method)

Y
. (E".](_ —tmga) = 0= | ciable

'r"'(%x:](= tmge - {2—?{{5}) »0=

stable

M1

Al

Al

Consider sign

One correct conclusion validly
shown

Complete argument
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3()) Mass of ‘ring’ = &rrirg B1 May be implied
Al
=i.= ) ri 2nerdr M1 Set up integral
]
Al All correct
1 1
= 2ag o=r*| = -mats M1 Integrate
[ rt ]: 7 d
B = wade vy Use _rt__elatlonshlp between =
’ and M
== ;;;m-r E1 Complete argument
[6 |
.. 1 +F .
i) =74 HHl—= M1 Use parallel axis theorem
(i) oz, .;-I-.H(mc::] p
= é.ﬂa‘ +1—m:‘ = Uoliat E1 Convincingly shown
[2 ]
(il) 1,8= ~ig-masing Bl LHS
B1 RHS
=== SﬁQS'nE‘ M1 Expression for &
e & Use small angle
=3 e
9 small =taindad M1 approximation
e _ 8 . Complete argument and
=r T1c- , i.e. SHM Bl Conclude SHM
&1 . .
27 (22 +3340 F1 Follow their SHM equation
Period % ¥
[6 |
(iv) e.q.
Show PAC in straight line (in
B1 . ;
any direction)
9 1 M1 Moments or {ZmkE = T
n:g-ﬁa= ﬁg-ﬁa (ce)
== ;” Al Method may be implied
[ 0,514 + .‘u(%m} M1
= (0 &lial E1 Convincingly shown
[5 |
—l-‘-ﬁ—i-‘ﬂﬁ"S}sf M1 Attempt to find KE
(v) kg = 7/e" = zi0.6MHa empt to fin
- 0 3Haisd Al
€ eoqr2x = 0.3Ha"%" M1 Work-energy equation
Al Correct equation
== CAR % s Al

2nm
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4(i) At terminal velocity, £ = 0 == k- §0* = 20g M1 Equilibrium of forces
o1 .
=k=o=g E1 Convincingly shown
2
(i) 9002 = 905 — = gv? M1 N2L
Al
3 20w _f
— 1 = tdr M1 Separate and integrate
Y f0g - mavt .
1.8':]0
Igﬂﬁ__ﬁ-p I-:r"-{--;r':I Al LHS
90_&— 51, = 4 :iﬂ_a
= _E"'“" — a8 f’iw} M1 Rearrange, dealing properly
with constant
w=lr=0=4=00g M1 Use condition
v = 3600 (1 - e‘ﬁvj E1 Complete argument
[7]
a0
(iii) R -} ketda B1
WD against “n
-LENI
= s0pf1 - ¢ "i'-T} dx
-:] F=L111]
1800 _gx o
[905 it Tar':%ﬁ" II M1 Integrate
< 2R
= 16200065 + e™< — 1} Al
o= LE00 =¥ =3g004L — e~} B1
Loss in energy
1 . — M1 GPE
= 70g - 1300 - h 90 - 380041 — &™F}
M1 KE
= 162000(g + ¢™5 — 1} = WD against ? E1 C_onvmcmgly shown (including
signs)
[7 ]
(iv) w= 04T = s F = F9.59R1 Bl
1
dv
(v) 70— =20g - F0v M1 N2L
Al
" dv rae dv .
ﬁd.. ar = i d: M1 Separate and integrate
Ji—v vreppzsd — ¥
—ln.ly—ul—:+¢-‘; Al
t=0v=39900F = g = —3.91398 M1 Use condition (or limits)
r=1l0=2t=-1n02 + 351398 M1 Calculate £
3,33 ¢ Al
[7]
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1(i)

(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
Mg tug tomg = Tme
dv dm . . .
:}mE.FuE = —mg El Complete argument (including signs)
4
. dm
(i) —=—k=>m=mg— kt M1
dt
So (mg — kt)— — uk = —(mgy — kt)g Al
dv _ uk
dt  mg—kt 9
= I uk dt M1 Int t
| Prepp g ntegrate
= —ulnlmg — k) —gt+¢ Al
t=0,v=0=0=—ulnmgyg+r¢c M1 Use condition
k
v=—uln|l——i¢t}— gt Al
Mg
Fuel burnt when Mg — kt = 0.25m, M1
0.70m
v=—uluﬂ.25—Tug Al

PMT
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. dv El
Z(I) mE = —mkr2 M1 N2L
Al
I—v_zdv = fk dt M1 Separate and integrate
1
2v Z=kt+c Al
2 -
t=0,v=20=c= 3 M1 Use condition
1 2
2v° I =kt ¥ 5 M1 Rearrange
2 —3
= -l-(kt _) E1l
v + 3
7
(ii) x = J-d-(kt+§) dt
4 AN
= ——| Lkt _) A M1 Integrate
.R:( + 5 +
10 -,
t=0r=0=24= - M1 Use condition
1 10 4
Tk kit + Z Al
5
3
(iii) The speed decreases, tending to zero B1
10 B1 Cv (10/k
The displacement tends to & v )
2
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A -
3() W= —mgas[u9+m{3as[uﬁ‘]‘ M1 GPE term

M1 EPE term

Al
v _ g 4 0% - 2zind g M1 Differentiate
w- mgocos +E 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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1= ;mﬂ = %] z1=V" =0 M1 Consider second derivative
= stable Al Complete argument
10
2 . .
(B) < gmg = M1 Consider solutions
g = /3
~ 2 only Al
r g . . .
v G] = a.(— EJ{ + mg) =0 M1 Consider second derivative
= stable Al Complete argument
4
(C) A= 2 g = 1 M1 Consid luti
~9™ gives® ~ 2" only (from both factors) onsider solutions
Al
v G) =0
VE-e)=we=)
v G + E) =(=)E)=10+4) M1 Valid method
Hence stable Al Complete argument
4
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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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1(i) % = —im = = e M1
Al
2
(i) =) = mg = kmw Bl  N2L
%L“ = mici = mrg — M1  Expand derivative
=duwr + w% = Mg — R M1  Substitute
—:= g+ -k Al
I&_“;I:m = [t M1 Separate and integrate
Zlnig+ (G- mvy=tte ALY
£+ (= Blv = aeb-mr
r=0r=0=4=g M1  Use condition
r= ﬁ{'ﬁ’u'm - 1} AG E1  Convincingly shown
8
(i) vrm Eng - o - E M1 Accept s'ubstltuted into their expression
c in part (i)
L
=S
= ¢ ‘{lﬂ;-
r= ﬁ(ET— 1] Al  Any correct form
2
2) P=3k2a-x-ad®+Sk(TFFF —a) M1 forE=Lkx?
Al
Al
§= -kie = xi
— e M1
e T - g) 21 Slgh £ xT)mNE
= —K{a — ) 4 fox )1 — o]
5 Walad
= 2k — ko - ﬁ AG E1  Convincingly shown
5
= mvioe = s — fgor = xlgs & po)=ai
() LE g @t - er afe ) M1
'j-:'f" o= .l..xu.
-
R o - L
K fa¥ani Il Al
(a2 + x2)32 = (g2)32 = g3 M1
kﬂ: rr
Sk =2V'x) F2k—-k =0 E1  Convincingly shown
(a? + x2)3/2
4
(iii) x=:;ﬁ='rﬁ’r=ﬁ'ﬂ-—ﬁ'ﬂ-——'_‘—~‘:ﬂ M1
" \;ﬁ."-if_ltﬁ"
= 6=V = 2k — ke — —= = e
el ok Ly
Hence (as V' continuous) ¥ = between % uand a. E1 Convincingly shown
So equilibrium. Stable as #" = . B1

PMT



4764 Mark Scheme June 2011
3()  avow L =Eo gyt M1 N2Lwith Pfv
Al
ftz.'_.a_: = [dx M1 Separate
f'].I:IU (i— ﬂd.r = flir M1  Partial fractions
100iniy -1 -lvl=x+¢ Al
s=lv=i=¢c==1002 M1  Use condition
Tipmil
00 lr:{T:[ =x Al  AEF, condonem
v=20=x=100Inf2 x Ef = 100 m1.9 E1
pip—ud = Ep.zq_r
-
v = 2 = pet M1 Rearrange
V= Al Cao withoutm
10
(i) T=ram M1
Ji2 = ¥ Jdy = [ 2de M1 Separate and integrate
2 — 10069 =28 + ¢, Al
x=0t=0=g=-100 M1 Use condition
2x = 10069 = 2t = 100 Al Any correct form
r=100khif=i= 192 AG E1l
6
(i) 890 I — -8 M1 N2L
Al
flI:IIJ =y = f —1de M1 Separate and integrate
100t = —E+ o Al
t=102r=0=-0=-1092 + M1 Use condition
g = 1.2
o= R
= ez M1 earrange
Al CAO
7= rw:;- = 5 = .2 B1 Acce?pt t = 45 (time for this part of
=Lkl motion)

PMT



4764 Mark Scheme June 2011
i ™
4(i) b= omp B1
Ef FT—— M1 Use perpendicular axes theorem
Satemar = 7100 B1
L .
I = =wy® § nwc® M1  Use parallel axes theorem
L fy 58 : =k
-m(;{;x $ ) M1 Usey=ix
Ly =
= me* AG E1l Complete argument
6
" 5u
(ii) Mass of slice M(:’%} M1
irad s
= Iz . .
= ast B1  Deal correctly with mass/density
AT FEM = -
Tites & ( = ) * M1
Al
LN .
= lipat w*Gx M1 Substitute for ¥
fo BN
I: L_Hzx"‘d.r M1
I-
1'nﬁ-= ] Al
B
= ;Mﬂ‘ AG El  Complete argument
8
LAz F F
(iii) ?fﬁ" - Mg "3 cosff = —Mg o coRE M1  Energy equation
B1  Position of centre of mass
Al KE term
F1 GPE terms ft their CoM only
gi= ﬁﬁi{uwﬁ-‘ - cos il
= ;_—EE':':':'E—E? — coBG) El  Complete argument
5
(iv) = - E‘-h.ﬁ'ﬁ' M1 Differentiate or use J# = torque
_E'E.
e Erfrlﬁ' Al
—%E‘ for small & M1 Use sind & &
Hence SHM El
Period Zﬁﬁ% Bl
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Question Answer Marks Guidance
11 (@) mv=(m+dom)(v+ov)+(—m)(v—u) (note Sm<0) M1 | Attempt at momentum equation
Al Condone wrong sign of om
mv =mv +Vvom -+ moVv + dmov —vom +uom
mﬂ+u5—m+5mﬁ=0 M1 | Simplify and divide by ot
ot ot ot
dv dm
—_— _u_
dt dt
am__ B1
dt
m=m, —kt Bl SOl
(m, - kt)z—\t/ =uk El All correct including sign of sm
[6]
1 | (ii) uk
dv = dt i
I j m, —kt M1 | Separate and integrate
v=-uln(m, —kt)+c Al
t=0,v=v,=>Vv,=-ulnm;+c M1 | Use condition
c=V,+ulnm, Al
v=V,+uln Al | aef
m, —kt
[5]
2 | () Let equilibrium extension be e
mv%:mg—k(eﬂ) M1 N2L
X
Al All terms correct
At equilibrium, mg = ke B1 oe
So mv% = —kx El With evidence of working
X
[4]
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Question Answer Marks Guidance
2 | (in) jmvdv = I—kxdx M1 | Solutions from SHM acceptable
imv?=—1kx* +c Al
x=a,v=0=0=-1ka’ +c M1
imv? =1k(a’ - x*) Al |oe
vV=-— h(a2 - x2) El AG Complete argument including justification for square root.
m
(v < 0 when moving up)
[5]
2 | (iii) 1 k .
I—dx = I— —dt M1* | Solutions from SHM NOT acceptable
Va? -x? m
arcsin (EJ = —\/Et +C, Al
a m
x=a,t=0=37=c, DM1 | Acceptc, = arcsin 1
. k
x:asm[%ﬂ—\/gtj:acos(\/:tJ Al | Either form
m m
| [4]
3| () | =2asing M1 | OEeg av/2-2cos20
V =4 (2asing-a)? Al | EPE OE eg Zi(a\/2—200529—a)2
a
...+ mgacos 26 M1 | Both terms
Al | GPE OE eg mgasin(;z —260)
dv . A . . .
@z—ngasm 20 +—=(2asind—a)-2acosd M1 | Differentiate
a
=—-4mgasin#cosé + 2/1ac0349(25in9—1) M1 Use trigonometric identities as necessary
=2aco0sf(24sinf —2mgsind — 1) El
[7]
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3 | (i
(i 9=%7z:>d—V=0x(...)=O M1
de
hence equilibrium El
d?v . . . o )
W:_235'”9(213'”9—2”‘93'”9_1) M1 | Here or in (iii) or use sign method
Al
+2acos@(24cosf —2mgcosd)
d?v ) .
O=ir=—=-2a(2A-2mg-A) M1 | Use V" or equivalent method
déo
d’v
So A<2mg :W>O:>stable El
If cos@=0
dv . .
—=0<24sind-2mgsind—-1=0
dé
. A . .
<sinf=_——— M1 | Consider other solutions
24 —2mg
But 1<2mg=241-2mg <A
=sing>1orsind<0 M1 | Attempt at showing not valid
So no valid solutions El Must consider both ends
- [9]
3 | (iii) If A>2mg,0=1r as before Bl
V" <050 unstable Bl
or sinf=———
24 —-2mg El
and § < ;555 <1 so gives valid solution El
0 =sin"(5m5) OF 7—sin" (7%) B1 | For both
and V" =0+ 2acos’#(21-2mg) M1
=(+ve)(+ve) so stable (in both cases) Al
[7]
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4| (i) Sl =2zxrsrpr? B1
p=—2 B1
ra
Lisc :_a[iﬁdr M1 | for kjr?’dr
. 2a°
=£[1r4}a ML | k2t with limits
2’| 4 |, 47 p
Al | ka*
I E1
2
_ [6]
4 | (i) | =ma’ M1 | Curved surface 2rhpa’
+ ima’®x2 M1 | Combine + 1pmatx2
2
szzﬁ; Bl m = zpa’
27a” + 2zah
2rah
m=M———— Bl m, = 2zah
' 27a’ +2zah ' a
2 4 3
So | = Ma?| £&_+27ah M1 | Substitute | =M PR Fema
2r7a” +2zah 2npa” + 2mpah
1. ,(a+2h
I ==Ma El
2 ( a+h j
[6]
4 | (iii
(i) 1=l 8x05 0'5+0'6j=1.375 B1
2 0.5+0.3
I(w-0)=Ja M1 Impulse/momentum
1.3750 =55%0.5
w=20rads™ Al
[3]
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4 | (iv ) :
) 149 _ -20? B1
dt
j1.375 62d6 = _[—2 dt M1 | Separate
—1'3% =-2t+cC M1 Integrate
Al
t=0,0=20=c=-0.06875 M1 | Use condition
t=5:>—1'3%:—10—0.06875 M1
=60=0.137 (3sf) Al
[7]
4 | (v -0.137
) I [ j: -0.03 M1 | Complete method
Al with correct acceleration (or both sides +ve)
t=6.265 Al awfw [6.25, 6.3] CAO
[3]
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Question Answer Marks Guidance
L@ d—m:k:m:kt+c Bl
dt
conditions = m=m, +kt B1
d Or derive a differential
(a(mV) =0 :>j mv = myV, M1 Al | Momentum equation equation in only two
variables
myV, myV,
v=_—0¥ __ToY% Al
m - mg+Kkt
MoVo . .
= | ——dt M1 Integrate their expression for v
mg + kt
:%In(m0 +kt) (+¢c2) Al
conditions = 0="2"0 Mg +C, M1 Use initial conditions
MyVo
SO X = In(my +kt)—Inm
k ( ( 0 ) 0)
_ Mo |n[mO +ktj _ Mo In[l+£} E1
k My k my
[9]
1 | (ii) om SC If kt = my Award B1
kt=2m, =>t= TO =v=1y, B1 Follow through their v = f(t) either correct on follow
through
x = T0% 3 Bl |Ft
_ [2]
2 | () BC =2x0.5sin%0 El
[1]
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1.2(BC-05)*+1-2(BD-0.5)° M1 | At least one EPE term

BD? =12 +0.5% — 2x1x0.5c0s 8 =1.25—C0s & B1

V =-1.225sin 0+ (sin16-0.5)" +
Al oe

(+/1.25—-cos @ —0.5)°

dv .

v ~1.225¢0s 6+ 2(sin 46 - 0.5)(3cos 3 ) + M1 Differentiate

sing M1 Use of chain rule
2(+1.25-c0s0 - 0.5)| —— Al one EPE term correct
( )(2\/1.25—c0549)
=-1.225c0s6 +sin0cos 36 —-0.5c0s 16 +
. 0.5sin@
SiNQ —————
\1.25-cos 6
=1.5sin0-1 225cosa—m—o 5cosi 6 El Complete argument
' ' J1.25-cos¢ 2 P g
[8]
2 | (i) #~12 and 4.1 B1 Both
. Allow BIM1A1 from 1.1
Stable and unstable respectively Bl and/or 4.05
dv . .
at #~1.2, — increasing because the graph shows that . ) .
do g grep M1 Consider gradient, relating f to 3—\;

f'(6) is positive

so V minimum hence stable Al Clear evidence from the graph

at ~4.1 Z—\; decreasing because the graph shows that

f'(6) is negative, so max. so unstable
[4]
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3 () dv 2v®+4v M1 | N2L
2—= —6v
dt v Al
%:v2 —3v+2=(1-V)(2-V) El
J;d": [t M1 | Separat
V)2V eparate
1 1 . .
J(———]dv = J' dt M1 Partial fractions
l1-v 2-v
—In|1—v|+|n|2—v|=t+c Al LHS
Al RHS
t=0,v=0=In2=c M1 Use condition
t=In(2-v)-Inl-v)-In2 M1 Rearrange
_ 2-V E1
2(1-v)
[10]
3 | () = 251__\\//) —e' =>2-v=2¢e"-2¢e'v M1 Rearrange
t
) Al
2et-1
[2]
3 | (iii) V=08=P=2x0.8%+4x0.8=4.224 E1l
2-0.8
t=1 =In3~1.10
" 2(1-0.8) " Bl
[2]

PMT



4764 Mark Scheme June 2013
Question Answer Marks Guidance
3 iv d 4.224
(W) d‘t’ = Bl | N2L
2
J—m oV = [t M1 | Separate
f v=[dt M1
2.112-3v?
—gln‘2.112—3v2‘=t+cz Al | LHS
Al RHS
2.112-3v? = Ae™® Alternate
t=In3,v=0.8=2.112-3x0.8% = Ag 3 M1 | Use condition to find constant
A =139.968 Al
M1 Rearrange to make v the subject t >0 =2112-3v> 50
v =~/0.704 — 46.656 6 Al | Correct
t — o0 =v—+/0.704 ~ 0.839 Al Ft their expression for v
[10]
4 1 () m . .
p= 122 Bl Or let p = 1 without lose of generality
2 3
element with radius x and ‘width’ &x :
Sm=pxZ5x = 5l = pxZ5x-x? M1
2 .
M 3s5x Al | Fttheirp
2m 3
I = —x dx M1 Integrate
0
a
_2m X Al
a’| 4|,
amfal) 1o E1
a’l 4 2
[6]
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4 i
(i) 2a B1
[1]
4 | (iii) 1167 -mg (%)cosez—mg (2—;)005%72' OE M1 | Energy RHS: or mg (%)COS%E
Al Two correct terms
Al All correct
ima®6? = 2mg(2)(cos0+1)
> =4—g(20059+1) E1l
a
_ [4]
4 | (iv) Max 6 when cosé =1 M1
= 6> =22 Al
Speed max. furthest from axis, M1
so max speed =a,[*2 = [-2% Al | oe
[4]
4 | (V) . . 4Q L Differentiate with respect to time o
200 =—=(-2sin00g M1 - May be seen in (iv
ﬂa( ) OruseC=16 y ()
0_—4—gasin9 Al May be seen in (iv)
T
_ [2]
4 | (vi) J-x=tl-lotl o M1
J-2a=1ima’(io)-ima’(-o) Al
> 49 89
02(—)%7[350 :E(Z(%)+l):>a): — Bl
J=m, 029 Al
T
[4]
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4

(vii)

2

= 0=cos'1~132

71 (l i—g)z -mg (zir—a)cos%n =-mg (%)cos@

M1

Al
Al

[3]

CAO

10
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