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MAM4/W
Q Solution Marks | Total Comments
1(a)(i) | Using “F =ma”:
dv
9g-0.0v> =9— MI1Al 2
dt
. . .. dv
(i) | At terminal velocity, o =0 Ml
9g-0.0v> =0
L2228
0.01
v=939ms" or 42¢/5ms” AIF 2
dv
b) | 9¢-0.0lv'=9—
(b) | 9g~ &
9g—0.01v2=9&v Bl for using ﬂ=vﬂ
dx dr dx
j|£ dx = 9JV' Ml attempt at integration with correct
0 v 9¢-0. 0lv? separation of variables
[x] =_—9[1n(9g ~0.01v") ]! AIF
°0.02 0
v =-450/ 1n(9¢ — 0.01v* ) — In(9 ml correct use of limits or evaluation of
[ ( & ) ( g)] AlF constant
x=450[ In(9g)~In(9g—0.01") ] AIF | 6
9¢g
x=450ln —=——
9g —0.01v* AG
Total 10
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MAM4/W (cont)
Q Solution Marks | Total Comments
2(a) | By Newton’s law of Gravitation:
-1 24
F:6.7><10 ><1(20><6.0><10 M1
b
—11 24
_6.7x10 ><1(10><6.0><10 ~1004 M1 Using “F = ma”
X
_4.02x10" Al 3
a=——""
X
dv 4.02x10"
b)) | v—= S B1
0 12.4x10°
dx
_ 14 ax
.[ vdv=-4.02x10 I 2 Ml attempt at integration with correct
u 6.4x10° . .
separation of variables
0 6 .
LI [4.02x10"x1 )" AlF ftonthe Alin(a)
2, 6.4 x10° ml use of limits or evaluation of a constant
u’ =8.04x10" 1 c 1 6] A2,1 Al if signs are not correct
6.4x10° 12.4x10
u=7800ms" AlF 7 | AWRT
Total 10
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MAM4/W (cont)
Q Solution Marks | Total Comments
3(a) | No transverse force = Ei(1*29') =0 MI1A1
r dt
r0=C
al=C M1
]/,29' =aU Al 4
M) | m(#-rf*)=-2kmf* MIAI
i =ro* — 2k0*
7"40.2 r40’2
F= -2k
r r
2r72 2172
.. U U .
i=2 — 2k a 7 Ml eliminating 6
r r
p_aUfaU
2\, Al 4 AG
©| r=a=
F= Q(U —k)
a
7 is min = M1
Pi20=>U2k Al 2
Total 10
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MAM4/W (cont)
Q Solution Marks | Total Comments

X dx t

4(a) I —= —j 3dt Ml Alternative:
6 X 0

verify x =6 when ¢ =0 B1
Inx—In6=-3¢
- Al verify x = 6e ' satisfies the d.e =~ MI1A1
x=6e" Al 3 AG
(b)) | y=2x-y
y+y=12¢" M1 eliminating x
y+y= 2(—1837& ) Alternative:
m*+m=0 Integrating factor is €' M1
d
m=-—1 —(e'y)=12¢" x ¢ AIlF
CF y=Be" M1 e’y=12(—%e’2‘)+C MIAIF
ForPI y=Ce™ AlF t=0, y=0=>C=6 AIF
3Ce™ +Ce™ =12e M1 e'y=—6e+6
C=-6 AlF y=6e" —6e AIF
GS y=Be' —6e”
t=0, y=0 =>B=6
y=6e" —6e” AIF 6
@) | :=3(6e —6c™)
z=-18¢"+6e +D MIAIF
t=0,z=0=>D=12
z=—18e" +6e™ +12 AlF 3
(¢) | 6e™ =6e" —6e™
e =05
t=0.347 (or 0.35) MI1AI1F 2 M1 only for t=%ln2
Total 14
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MAM4/W (cont)
Q Solution Marks | Total Comments
3(@) | T=10(x—0.5) or —10(x—0.5) MIALl 2
d
(b) 10(x70.5)72v=1d—‘; MI1AIF Newton’s 2" law
dv
—+2v—10x=-5 Al 3 AG
dr
(c)(i) | The rate of change of the length of the
spring = speed of 4 relative to B El 1 OE
SLx=1-v
(i) | —X+2(1-x)-10x=-5 M1
X+2x+10x=7 Al 2 AG
(d) | Auxiliary equation: m” +2m+10=0 Ml
m=—1£3i Al
CF x=e¢'(Asin3t+ Bcos3t) M1
PI x=«
. Ml
= :O
e AIF
7
oa=—
10
GS x=¢(4sin 3¢ + Bcos 3t)+% AIF 6
()| t—>oo
e’ >0
7
xX—>— MI1AIF 2
10
Total 16
TOTAL 60




