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SOLUTIONS

Question 1 (4 marks)

Denote the mass and speed of a toy car by m and v separately. Then
m~N(200,32), v~ N(80,42)

and

Exerted force P = 4m

Resistant force R = 3v

The resultant force F = 4m — 3v

a.
E(F) = 4E(m) — 3E(R) = 4 x 200 — 3 x 80 = 560 N 1 mark
Var(F) = 4*Var(m) + (=3)?Var(v) = 288 1 mark

o(F) =288 = 124/2

b.

The standard deviation of the sample mean = — = 1212

g
NARRET 1 mark
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Question 2 (3 marks)
P is the intersection of the lines AD and CB .=

Eﬁ=x@andﬁ=ym
OP = 0C + CP

= 0C + xCB

= 0C + xCO + xOB

= —3C~l + 3xc~1 + xé

= (3x — 3)(3 + xé
Also
OP = 0D + DP

= 0D + yDA

= 0D + yDO + yOA

=4b —4yb +ya 1 mark
Therefore

3x—3=yandx =4 —4y 1 mark
Solve them simultaneously, x = g, y = 1%.
Hence
0P = 113 a+ glz 1 mark

Question 3 (3marks)
All forces are labelled in the diagram below.

The equations of the motion are
R = mgcos(30°), mgsin(30°) = ma 1 mark
Therefore the acceleration

a=%g 1 mark

. . 10 .
The travelled distance in NG seconds is

cut+tarz = 1xlgw () =
s=ut+-at _zngx(@) =25m 1 mark
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Question 4 (3 marks)
The velocity

o0 =2t (2 -3+ 2

V@ =T+ +V3k

Then
v(2) - k=43 and |v(2)| =2
If 0 is the angle between v(2) and k then
(2)k
cos(60) =z—~=ﬁ:>9 = 30°
BRI

1 mark

1 mark

Therefore the angle between v(2) and the horizontal direction is 90° — 30° =60° .

Question 5 (6 marks)

a. z=—2+iisasolution = z = —2 — i is also a solution.
Hence

z*+5z23+az?+bz+c=(z+3)(z+2-D(z+2+)(z—-71)

for areal number r € R.

When expanding the right hand side the coefficient of z3 is
B+2—-i+24+i—71)or(7-r)

Hence

3+2—-i+2+4+i—r=5

Therefore

r=2

b. z*+5z3+az?+bz+c
=z+3)z+2-D)(z+2+D)(z—-2)
= (z+3)(z>+4z+5)(z—2)
= (z2+z—-6)(z2+4z+5)
= z*+5234+322-192-30

Therefore
a=3, b=-19, ¢c=-30
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Question 6 (4 marks)
Let V be the volume of the water.

1 ) :
V= 3 nrh where r is the radius of water surface.

r h 1
Z:—:>T:—h

1

V——nh3:>———nh2 1 mark
dh 4

dh dv _ dh m(h?-1 4 h2-1

—=—x—=—gx—=—— 1 mark

dt dat dv 8 mh? 2h2

__f22h

g 7z 1 1 mark
=@+ 5 npdh
— _ h-1.12
[2h +1In G213
=12+In () 1 mark

Question 7 (3+3=6 marks)

d eX—e™*
a. d—z =— 1 mark

The required arc length
_ (! dy)?
L=]_ 1+(dx) dx
X_p—x\2
= f_ll 1+ (e 28 ) dx 1 mark
1 2X_Q4e—2X
N

e2X42+e~2%
= f - d

- f (ex+e_x)2 dx

1 eX+e™
_f .

dx

—[e —° x] —e—2 1 mark

e

b. The required volume
—x\ 2 x —2x
—ﬂf (f(x)) dx—nf (e e ) dx=nf_11#dx 1 mark
_ e2¥ +4x—e~2%1}
n ==

= 1 mark
8

2 _p—2
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Question 8 (6 marks)

a. arctan(x) is an increasing only function=
x? < 2x+ 15>
(x+3)(x-5)<0=>
—-3<x<5

b. V3cos(2x) +sin(2x) =vV2,0<x <=

Z(gcos(Zx) + %sin(Zx)) =V2,0<x<m=>
2 (cos (g) cos(2x) + sin (g) sin(Zx)) =v2,0<x<m=>

V2 T
cos(Zx——)z;, —ESZX——<2T[——=>
Vs
2Xx ==, 2m—>
5m 23w

Question 9 (5 marks)
dy _ 1+y? y _
dx (2+eX)y 1+y2 y= 2+eX

[2ody = [—dx=

1+y? 2+e*

dx=

e

12 2y = -
2f1+y2d(1 Y= f2e—x+1 dx=
%ln(l +y2) = —%f —_d(2e™ + 1)

2e *+1
%ln(l +y?) = —%ln(Ze‘x +1)+c¢

Substitute x = 0,y = 0 and solve for ¢, c = %ln 3)

Therefore
3 3e¥
ln(l + yz) =1In (Ze—x+1) =In (2+ex)
Hence
_ 2eX-2
Y= eX+2
© TSSM 2016
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