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MATHEMATICS

EXTENSION 1

TIME ALLOWED; Two Hours )
[plus 5 minutes reading time]

INSTRUCTIONS:

*  Attempt ALL questions.
* AL questions are of equal value.

*  ALL necessary working should be shown in every question. Marks may be
deducted for careless or badly arranged work.

= Standard integrals are attached.

* Board approved calculators oNLY may be used.

*  Answer each question in a SEPARATE Writing Booklet.

*  Additonal Writing Booklets are available if you require them.
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=sin? =, 4>0, ~a<x<a
a
=ln(x+\/x2—az) x>a>0

=1n(x-l~\/xZ +az)

NOTE: lnx=log,x, x>0




QUESTION 1 [12 MaRES]

(a} The interval CD has end points C{~2, 3) and D (10,11). Find the co-ordinates
of the point P which divides the interval CD internally in the ratio of 3:1. [2]

1
x2 d
number line, 21

{b} Solve the ineguality ] <0 algebraically and show your sclution on a

{¢) The graphs y=x and y=x’ intersect at x=1. Find the size of the acute
angle between these curves at this point of intersection (to the nearest
degree). [31

51
{d) Find the exact value of Lf \/—dx [21
5-x

(e} By using the value of x=0.5 as a first approximation, find a root of the
equation x+Inx=0 using Newton’s method to find a second approximation.

Give your answer correct to 2 decimal places. [31
QUESTION 2 [12 MARKS] START A NEW WRITING BOOKLET
sin A sin A —tan24. 3]

{a) Prove the identify — - —
sin A+cos 4 sin A—cos 4

(b) SA ' 5]

P C T

AB is the diameter of a circle ABC. The tangents at A and C meet at T. The
lines TC and AB are produced to meet at P.

{i) Copy the diagram into your examination booklet. Join AC and CB.

{ii) Prove that ZLCAT =90"—4ZBCP
{iii} Hence, or otherwise, prove that £4TC=2.BCP

{c) (i} State the domain and range of the function yzcos“‘g

{ii) Sketch the graph of the function given by y = cos”%

{iii} Find the equation of the tangent to the curve at the point where it cuts
the ¥ axis. [4]

QUESTION 3 [12 MARKS] START A NEW WRITING BOOKLET
(a) Consider the circle with equation x*+y*-2x-14y+25=0. 163

{i) Determine the co-ordinates of its centre and find the length of the
radius, :

{ii) Show that if the line y="/ intersects the circle at two distinct points,
then:
(1+7k) > 25(1+k’)

{iii) Find all values of k for which the line y=kris a tangent to the circle.

(b) Evaluate [¥sin3x dx. 121

(¢} Itis known that the polynomial p(x)=x'+a’+bx+c has a relative minimum
at x=4 and a relative maximum at x=a . 4]

(i) Prove a+/5’=—§a

a+p
2

(ii) Show that the point of inflexion occurs at x=

QUESTION 4  [12 maRrgs] START A NEW WRITING BOOKLET

(a) Using the substitution u=2x+1, or otherwise, find the exact value of

1 4x
LA
f 02x+1 [l
(b) The function f(x) is given by f(x)=sin™x+cos™x, 0<x<1. I8

i) Find f(x)
(ii} Sketch the graph y= f(x)

{c) (i) By equating the coefficients of sinx and cosx, or otherwise, find [6]
the values of the constants A and B which satisfy the identity

A(:Zsinx+cosx)+B(Zcosx—~sinx)Esinx+8cosx

(i) Using (i), find [S2XTEC0ST
28inx+cosx




QUESTION 5 [12 MaRKS] START A NEW WRITING BOOKLET
(@) Is]
Q
aja
P/ B n] B\R
S

(b)

{c)

The triangle PQR is isosceles with PQ = RQ and QS is perpendicular to PR.

Let £PQS = Z/RQS = oand ZQPS = ZQRS = 4

(i) Show that cosa=sing.

(ii) Using the sine rule for triangle PQR, show that sin2¢ =2sina cosc .

{iii) Given that 0<a < ~72£ , show that the limiting sum of the geometric series

$in2or +sin 20 cos® @ +sin 2e cos” & +sin 2 €08° & +........... is equal to 2coter .

Find the value of the term that is independent of x in the expansion

6
of (xz —2) . 13)
X

Find all angles 6, where 0<8 <2x , for which Bcosh-sind=1. 4

QUESTION 6

[12 MARKS] START A NEW WRITING BOOKLET

[a} Consider the parabola ¥’ =4ay, where a>0, and let the tangents at

(c)

P(Zap, ap’) and Q(Zaq, aqz) intersect at the point T Let the focus of the
parabola be S, with co-ordinates(0, a). [61

{i} Show that the equation of the tangent at Pis y=pr—ap*.
(ii} Find the co-ordinates of T
(iii) Show that SP=a(p*+1).

(iv) Suppose that Pand Q move on the parabola x* = 4ay in such a manner
that SP+SQ=4a.

Show that the locus of the point T'is a parabola and write down the co-
ordinates of the vertex and the focus of this parabola.

A particle is moving in simple harmonic motion about a fixed point 0. Its
period is 4w seconds and its amplitude is 3cm.

Find its speed at the point 0. 21

Let T be the temperature inside a building at time tand let T) be the
constant air temperature outside the building. Newton’s law of cooling
states that the rate of change of the temperature tis proportional to T-Tp. [4]

{i) Show that T'=T,+Ce* (where Cand k are constants) satisfies Newton’s
law of cooling.

{ii} The outside air temperature is 5°C and a break down in the heating
system causes the température inside the building to drop from 20°C to
17°C in half an hour. After how many hours, correct to 2 decimal
places, is the temperature inside the building equal to 10°C?




QUESTION 7 [12 MARKS] START A NEW WRITING BOOKLET

(5) A particle moves along the x axis. Its velocity v at position x is given by
)

y=4+/10x-2* . Find the acceleration of the particle when x=2. 23
-~ .
) fe]
y
x
o 52
30ms™T
y=-2
~2

A tennis ball leaves the player’s racquet 2 metres above the ground with a
velocity of 30ms™ at an angle of 5° below the horizontal. The equations of
motion for the ball are ¥=0 and j=-10.

Take the origin to be the point where the ball leaves the player’s racquet.

(i) Using calculus, show that the co-ordinates of the ball at time f are given
by: x =30t cos5”
y=-30tsin5" —5¢°

(ii} Find the time at which the ball strikes the ground, correct to 2 decimal
places.

(iii) Calculate the angle, to the nearest degree, at which the ball strikes the

ground.
{(c) (i} For positive integers n and r, with n > r, show that [4]
CA"Cy = nHCrn
!
where "C. =—2—. Do NoT use induction.

- ri{n-r)t '

{ii) Use mathematical induction to prove that, for n>3,

n

Z HCZ ="C

j=3

END OF PAPER
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