MATHEMATICS M3

b)  1=0,v=12, x= 0
1

t=0, a=-16, x=0

—-B*=-164°
1444% = 16 4°
A= 9
B= 108 as required
dx 108
C yv=—=
© dr x+9

[ +9)eix =108 [ar

2
% +9x=108/+ C

t=0,x=0 = C=0

5 216t=x*+18x

1
t= —x(x+18
216 ( )

Auxiliary equation m* +2m+10 = 0

o CF.-isx=e" (4 sin 3¢+ B cos 37)

ForPlL.tryx=at+b
dx
— =a
dt
. 2a+10(at+b) = 5t—14
10a=5
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2a+10h= - 14

h= -2
2

. . 1
". General solution isx =e¢” (4 sin 3 ¢+ B cos 37) + Et 3

Whent=0,x=4l, ﬁ= 3l
2 dt 2
4L _p 3
2 2
B=6
dx

dt
3l = —B+3A+l
2 2
A4 =3

~.x=3e7 (sin 3¢+ 2 cos 37) + %t )

0-0iv®

O-H-j

(@ N2L —0-01v'—04g =
0-4 vﬂ =

dx
x 100 40 v =

dx

vdy _
v o)l

A T (Asin3t+ B cos 30 + e (34 cos3t—3 B sin 31) + %

3

0-4a
—392-001+°

— (392 +7)

20 (392+VY) =—x+C

t=0, v=17, x=0

520 (392+17%) =C
C=20In (681)
x = 20n (681)—20 In (392 + V)

—20ln(

At greatest height, v =0

Sox=20n E@
3

= 11.05m

because energy used (lost) in overcoming air resistance.
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92)

(c) Speed of ball when it returns to O is less than 17 ms~

681 j
392 +y?

both c.a.o.

used

f.t. a.b.

Cc.a.o.

dv
a=v—
dx
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(@)

(b)

(©

(d)

(e)

Period = 2—” =4

w
V4
w=—
2
. . Vs
Using vyiax = aowithwywax=371, o= E
3n = axz
2
a = 6m
Using v* =
7[2
Vo= - (36-48Y)
4
% = 18n

= 565ms

Let x = distance from O, y=0, pisat O

x = 6sin (th
2

48 = 6sin [LJ
2

sin [Z¢)= 28 _0.3
2 6

t= zsin—‘(o~
T

= 0-59s
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Max acceleration when x = a

| Max acceleration | =

Distance travelled =

2
wa
2
T

—x6
4

372

2
14-8 ms™'

12 .
— oscillations
3 x (4a)

72m

@ (& - x%) with @ = % (), a=6(c), x = 48
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" w0 Hs
V
) 2

2

-Lk_g-p“

oy

Vo= H-m&w‘

Impulse = change in momentum

Apply to A I =

Apply to B -1 =

-8

40 cos o =

Cos o

a

(b) 40 sin o

u

Speed of b

2v
2 x4

—40cosa+3v
—40cosa +3 x4
—40cosa+ 12
20

12:22 ms™

tan ' (%]

3x4
70-89°
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(@)

(b)

(©

Moments about B dim correct, attempted equation M1

37-5g x 4 cos 60° + 75g x x cos 60° = S x 8 sin 60°

ResolveT R = 375g+75g
= 1125¢
Resolved > § = F
F = uR

S = ull25g

Substitute S into moment equation and p = 0-25

x(75gcos60°) = 025x112:5gx 8sin 60°—37-5 g x4 cos 60°
L. l12:53-75
37-5
= 3-196 c.a.0.

Substitute x = 8 and s = ££.112-5g (c) into moment equation
M1112-5g x 8 sin 60° = 37-5g x 4 cos 60° + 75g x 8 cos 60°

_300+75
T 45043

=0481 c.a.0.

Person modelled as particle/
Ladder modelled as rod
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