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Mathematics
Extension 1

Genera!l Instructions

« Reading time — 5 minutes

e Working time — 2 hours

« Write on one side of the paper (with
lines) in the booklet provided

« Wiite using biue or black pen

« Board approved calculators may be
used

o Al necessary working should be
shown in every question

« Each new question is to be started on
a new page.
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Question 1

2)

by

©)

d)

e

Find Jé cosxe ¥ gx

: . osinZx
Find lim
x=3 0 x

Solve for x Se=7 < 4
x

cosx-+sinx _ sin2x+1

Prove the identity -
Co8x —$inx cos2x

nd4
Evaluate j e dx
o e¥+2

Optional: The substitution v = ¢" + 2, may be of some use.

Marks




Question 3

Question 2
a) A particle moves in a straight line and ils position at time ¢ is given by
a) i y= 2(;05"](£) i) State the domain and range. 2 x = Beos(4! + o). The particle is initially at the origin moving with a
" velocity of 6m/s in a negative direction.
i) Sketch the curve. 1
) Show that the particle is undergoing simple harmonic motion. 2
R Show that tan™'4 ~ tan”'( 2) =z 2 ii) Find the value of constants B and . 2
5 4
iify  Find the position of the particle after 4 seconds. 1
c) Two balls of radius 4em and 8cm are placed in an inverted cone so that . ¢
the balls touch each other and the sides of the cone.
Find the distance A, from the vertex of the cone to the smallest ball. 3 2 i
| b} Evaluate j (2% - 2)dx nsing Simpson’s Rule and 3 function values.
-2
3
¢) 1) Show that the equation of a tangent 1o the parabola ¥ =4yat (2p, 2
is given by y - px +pt=0, 2
i) This tangent meets the x-axis at R and the y-axis at .
Find the locus of M, the midpoint of QR. 2
4D Express 2cosx+ 243sinx  inthe form Reos(x — 6) 2
i) Find the two non-zero solutions to  2cosx + 23 sinr=2 0 <x<2% 2
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uestion 5
Question 4 Q
: 3 2 e 5 S . .
2) Two roots of the equation  x”+ 3x" —dx + k=0 are opposites. a) Use mathematical induction to prove that for all inlegersn >
Find the value of & and the three roots. 3 N

er?,"'} = (n-12"+1 4

r=1

b) Consider the function f{x) = 10x - 2sinx -~ 5

) Show that the curve » = 2sinx + 5 -and the line y = 10x ' b) The line 70 is a tangent. Prove that 74 || CB. 3
meet at a point M whose x coordinate is approximately 0-6. 1

i) Use one application of Newton’s method, starting at x =06
to find an approximation to the x coordinate of M.
. GGive your answer correct to three decimal places. 2

c) At time 1, the displacement of a particle moving in a straight line is x.
o a%x .
If the acceleration is given by S 3~4x and the particle starts from rest at x = 1.
dt

i) Find its velocity in terms of x. 2
4 ; = ; 9 L .
i) Atwhatpaint other than atx =1, does the particle come to rest’ 2 ) A person drifting in a hot air balloon accidentally drops a water bottle from the basket
and it falls from rest through the air. When both gravity and air resistance are
taken into account, it is found that its velocity is given by v= 160(1 — &%) m/s
. 8 Show that Z_3x42  isafactor of and downwards has been taken as positive. .
PO = D" 1)+ 2"(1 2"+ (27 27) 2 T 2
i) What velocity does the bottle approach? 1
i)  How long does it take to reach one eighth of this speed? 2
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Question 7
Question 6 ) .
a)  From the top of a vertical ¢liff 15m above a beach, a stone 1-; throwa with
2 1 i to the horizontal.
i X o2 d of 350v/s at an angle of elevation o, ? :
the ¢ ()=l a speed o ! . N P t
Y Considerthe curve ) x% - 0x4 2 The stone hits the sand at a point, which has hor ‘_Z‘:;‘Sij;jfsmdcemen
of 105m from the point of projection. Taking g = 10m/s”.
g Find Xlim o ! ) ) Derive the expressions for vertical and horizontal displacement. 2
—5
4 o 1
if) I )= __4.(:?:_1)_“ and  S(x)= ._8(_21" x") . i) Find the time of flight in terms of a.
(x2 -2x+2}2 (x?-2x + 2}3 .
=3 tance =2 3
iii)  Hence or otherwise, show that tano = 3 or :
Sketch the graph of fx), showing any asymptotes, the coordinates .
. . of turning points, points of inflexion, the x and yintercepts. 3
iii) The domain of fx) must be restricted if fx) is to have an inverse function, 16x% s
. h N ) ? N . A . : = d the y axis.
Find the domain for this to be possible which contains x=2, 1 ) A wine glass is formed by rotating y 9 aroun ra o
‘The height of the liquid in the glass is 4 and the radius at the top of the wine is .
iv)  Sketch this inverse function, 1
3 i 1 -«m—4 om’ 3
i) Show the volume of the wine at height 4 cm is ) :
b)  Alarge storm water channel is to have a cross-section in the shape of i)  Wine is being added to the glass at a rate of 3(15 - ) mL/s. v b= 10
a trapezium as in the following diagram. The bottom and sides are Find the rale at which the radius of the surface is increasing when . N
each I metres long. Express your answer to one decimal place. @
@ The sides of the channel make an angle of < g— with the horizontal. 1
END OF EXAMINATION
i
9 I ]
i) Show that the cross-sectional area can be expressed as

A= P(sing + sinfoosd),

i) For what angle § is the area of the cross-section maximum?
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