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4730 Mechanics 3

1 M1 For using | = Amv in one direction
0.4(3cos60° — 4) = -I cosd (=-1) | Al
0.4(3sin60°) = Isin® (= 1.03920) | Al SR: Allow B1 (max 1/3) for
3c0s60° — 4 = -I cos@ and 3sin60° = Isin@
[tan@ =-1.5./3/(1.5-4); For eliminating | or @ (alow following SR
1?=047(1.5-4)%+ (1.543)]] | M1 | case)
6 =46.1orl =144 Al Allow for @ (only) following SR case.

M1 | For substituting for @or for | (allow
following SR case)

I=1440r € =46.1 Alft | ftincorrect @ orI; allow for @ (only)
[7] | following SR case.

Alternatively
M1 For use of cosinerule

12 =1.22 + 1.6° — 2x1.2x1.6c0s60° or

V' % = 3% + 4% — 2x3x4c0s60° Al
M1 For correct use of factor 0.4 (= m)
=144 Al
M1 For use of sinerule
sng _ sin60 o
3(orl2) 13(or2.08) o must be angle opposite 1.6;
sna _ sin60 _ (0 =73.9)
40r16)  13(0r2.08) ande =120—a | pq5¢ | frvalueof | or 'V’
0 =46.1 Al
[7]
2 For using the principle of conservation of
M1 momentum
2a+ 3b=2x4 Al
M1 For using NEL
b-a=0.6x4 Al
[2(b-2.4) +3b=§] M1 For eliminating a
b =256 Al
v = 2.56 B1ft | ftv=b
[7]
3(i) M1 | Forusing ‘mmt of 2W = mmt of T’
2W(acos45°) = T(2d) Al
W=.2T Al AG
T [3]
(i) | Components (H, V) of forceon BC at B are
H=-T/V2andV =T//2 -2W Bl
M1 For taking moments about C for BC
W/(acosa) + H(2asina) = V(2a cosu) Al

For substituting for H and V and reducing
[W coso - T+/2 sina = T+/2 coso -4Wcoso] | M1 | equation to theform X sina =Y cosu

TJ2sna=(BW-Ty2)cosa Alft
tan o = 4 Al
[6]
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Alternatively for part (ii)
M1 For taking moments about C for the whole
anticlockwise mmt =

W(acosn) +2W(2acoso + acosds’) | Al

= T[2a cos(a — 45°) + 23] Al
[BW coso + /2 W = For reducing equation to the form
T(/2 cosa+ /2 sina) +2] | M1 X sino =Y cosa
T+/2sina=(BW-T/2)cosa Alft
tana=4 Al
[6]

4% | [-0.2(v +v?) =0.24q] M1 For using Newton’s second law
[v dv/dx = -(v + v?) M1 For using a= v dv/dx
[/(1+Wv)]dvidx=-1 Al AG

I 3]

(i) M1 For integrating
In(L+v)=-x(+C) Al
In(1+v) =-x +1In3 Al

[(1 + dx/dt)/3 =e* =>» dx/dt = 3e* -1
= dx/dt = 3—-€"] M1 | For transposing for v and using v = dx/dt

[-€/(3—¢€)] dx/dt = -1 Al AG
N [5]
(i) | [INB—€) =-t+1In2 M1 For integrating and using x(0) =0
IN3—€)=-t+1In2 Al
Vaueof tis1.96 (or I{2+(3-¢€)} Al
[3]
5(i) M1 | For using EE = Ax%2L and PE = Wh

Loss of EE = 120(0.5° — 0.3%)/(2x1.6)
andganinPE=15x4 | Al

M1 For comparing EE loss and PE gain
v=0at B and loss of EE = gainin PE (= 6)
=>distance ABis4dm | Al AG

[4]

(i) | [120e/1.6=1.5] M1 | ForusingT=mgand T =2Ax/L
e=0.02 Al
Loss of EE = 120(0.5° — 0.022)/(2x1.6)
(or 120(0.3% — 0.02%)/(2x1.6)) Bift | ftincorrect e only
Gainin PE=1.5(2.1- 1.6 — 0.02)
(or 1.5(1.9 + 1.6 + 0.02) loss) B1ft | ftincorrect e only
[KE at max speed = 9.36 — 0.72 For using KE at max speed
(or3.36 +5.28)] | M1 = Lossof EE — Gain (or + loss) in PE
% (1.5/9.8)v* = 9.36 — 0.72 Al
Maximum speed is 10.6 ms* Al
................................................................................... [7]

First alternative for (ii)

x isdistance AP

[v2(1.5/9.8)v* + 1.5x + 120(0.5 —x)%/3.2 =
120x0.543.2] | M1 For using energy at P = energy at A

KE and PE terms correct Al
EE terms correct Al
vZ = 470.4x — 490x° Al
[470.4 —-980x = Q] M1 For attempting to solve dv?/dx = 0
x=0.48 Al
Maximum speed is 10.6 ms* Al
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Second alternative for (i)

[120e/1.6 = 1.5] M1 ForusingT=mgand T = Ax/L
e=0.02 Al
[1.5-120(0.02 + x)/1.6 = 1.5 X/q] M1 | For using Newton's second law

For obtaining the equation in the form
X=-n*, using (AB — L — €xy) for
M1 | amplitude and using Vya = na.

n= /490 Al
a=048 Al
Maximum speed is 10.6 ms* Al
6(1)) | PEgainby P=0.4gx 0.8sind Bl
PE losshy Q = 0.58g x 0.86 Bl

M1 For using KE gain = PE loss
% (0.4 +0.58)v* =g x 0.8(0.580 —0.4sinf) | Alft

V2= 9280 - 6.4snd A1 | AEF
S [5]
(i) For applying Newton’s second law to P and
M1 | usinga=\v3r
0.4gsind —R =0.4v%/0.8 Al
[0.4gSn6 —R=4.646 —3.2sin0] M1 | For substituting for v2
R=7.12sinf -4.646 A[14] AG
@y | M1 | For substituting 1.53 and 1.54 into R(8)
R(1.53) = 0.01(48...), R(1.54) = -0.02(9...) or
simply R(1.53) > 0 and R(1.54) <0 Al

For using theideathat if R(1.53) and
R(1.54) are of opposite signsthen R is zero
(and thus P leaves the surface) for some
M1 | valueof @between 1.53 and 1.54.

R(1.53) x R(1.54) <0=»153<a<154 Al AG

[4]
7() M1 Forusing T = Ae/L
Tap= 19.6e/1.6 and Tep= 196(16-9)/16 Al
M1 For resolving forces parallel to the plane
0.5g sin30° + 12.25(1.6 —e) = 12.25e Alft
Distance AP is 2.5m Al
[5]

(i) | Extensionsof APand BPare0.9 + x and
0.7 —x respectively | B1

0.5g sin 30° + 19.6(0.7 — x)/1.6
—19.6(0.9+x)/1.6=05X | B1ft

X = -49x Bl AG
M1 For statingk <Oand using T = 2/ /= k
Period is0.898 s Al
e [5]
(iii) M1 | For using v* = o’(A* - x°) where o® = -k
2.8% = 49(0.5° —x?) Alft | ftincorrect value of k
x?=0.09 Al | May beimplied by avalue of x
ft incorrect value of k or incorrect value of
x=0.3and-0.3 Alft | x* (stated)
[4]
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