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An ellipse E has equation

9x* +16y° =144 .

(1) Find 3_2: interm of x and y. [1]
(i) Show that the point P with coordinates ( 4cosé, 3sin@) lies on E. [1]

(iii) Find the equation of the normal to the ellipse E at the point P, in the form of
y =mx+c where m and c are single trigonometric expressions of 6. [3]

Consider the equation
27° +(1-2i)2° —(a+hi)z+2+2i=0,
where a and b are real.

Given that —2 is a root of the equation, find the values of a and b. [3]

Given also that 1+i is another root, find the third root of the equation. [3]

HIMHEYS' Confectionery recently created three types of chocolate: Organic white,
Organic milk and Organic dark, available in 250g bars. Cocoa butter, an essential
ingredient in chocolate bars, makes up 25%, 20% and 15% of the mass of an Organic
white, Organic milk and Organic dark chocolate bar respectively.

To prepare for the official launch of their chocolate bars at an upcoming Food Expo,
HIMHEYS' decides to manufacture a total of 300 bars for the event, with more than 70
bars of each type.

The confectionary intends to use 14kg of cocoa butter in the production of the above
batch of chocolate bars. If the number of milk chocolate bars is to be smaller than the
number of white chocolate bars, determine how many organic chocolate bars of each
type can be produced. [6]

Referred to an origin O, the position vectors of two points A and B are a and b
respectively. The points P on OA and Q on AB are such that OP = 2PA and
5AQ = 4QB. Show that the equation of the line | passing through P and Q can be
written as

r= §a+/1(4b—a), where 1 el . [4]

The point X on | is such that AX is perpendicular to I. If [a|=2, |b|=1 and a is

perpendicular to b, show that the position vector of X is %(11a—4b). [4]
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The functions f and g are defined by

fix— 6+x—x2,—2<x<%,

g:xn—>|n(9—x2),—3<x<3.

Determine whether each of the following functions exists and give a definition

(including the domain) of the function if it exists.

()
(b)

£,
of . [9]

Given that y =In(1+sinx), show that

dy

(i) e’—==cosx, [2]
dx
3 2 3
iy 4Y.aldYy (d—yj{d—yj g 3]
dx dx® )\ dx dx dx
Find the Maclaurin’s series for y up to and including the term in x°. [3]
2
Hence, or otherwise, show that COS_X ~lox4 [2]
1+sinx 2
(@) A finite arithmetic progression has n terms and common difference d. The first
term is 1 and the sum of the last 5 terms exceeds the sum of the first 4 terms by
193.
(i)  Show that 5nd— 21d-192 = 0. [3]
(i)  Given also that the 6™ term of the progression is 16, find n. [2]
(b) A sequence U is formed in which the n™ term is given by e™ where t_ is the n"

term of an arithmetic progression with first term t, =1.

(1)  Show that U is a geometric progression. [2]

(i)  Given that the sum to infinity of even-numbered terms of U is %, find the

common ratio of U. [3]
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The point A has position vector 3j — 4k with respect to an origin O.

The plane 7z, has Cartesian equation 13x -9y +z =15.

(i) If z, isaplane parallel to z, and contains the point A, write down the equation of
7, in scalar product form and find the distance from the origin O toz, . [3]

(i) Hence or otherwise, find the distance between =, and z,. State with clear
explanations whether O and A are on the same side of 7. [3]

(iif) Another plane 7z, has Cartesian equation x+ py+3z=q. If z, and =, intersect
at a line containing A and 7, is perpendicular to 7, find the value of p and g. [4]

() Prove by induction that

Zn:(z—rru}(mz)(l—z—lnj . [5]

(b) Show that u?+u—1 can be written in the form (u+2)(u+1)—k(u+2)+h where
hand k are positive constants to be determined. [2]

N o —112
Hence show that Zl u-u’_ N+L 1 [4]
= uU+2)! (N+2)! 2
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v
>

x> +y? =1 y =2c0Ss X

The diagram shows the region R bounded by the x-axis and the two curves
y=2cosx and x* +y*=1.

(1)  Find the exact area of the region R. [3]

(i)  Using integration by parts, show that
qusinu du =—u”cosu+2usinu+2cosu+C

where C is a real constant. [2]

(iii) The region R is rotated ~ radians about the y-axis to form a solid of
revolution S. Show that the volume of S can be expressed as

2
m ay
7[.[0 (cos E) dy -k,

where m and k are exact values to be determined. [3]

Hence, by using the substitution u = cos 'Y and the result in part (ii), find the

exact value of the volume of S. [4]
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(@)

(b)

Show that
e
2 4x+¢€°
—=—=—dx=mlIn2+ne,
o 4x°+e
where m and n are exact values to be determined. [6]
In an experiment to study the spread of a soil disease, an area of 15 m? of soil

was exposed to infection. In a simple model, it is assumed that the infected area
grows at a rate which is proportional to the product of the infected area and the
uninfected area. Initially, 5 m? was infected and the rate of growth of the
infected area was 0.1 m?® per hour. At time t hours after the start of the
experiment, an area x m? is infected.

. dx _ X(15-x)
(i)  Show that G- 500 [2]
(i) Solve the differential equation and express t in terms of x. [4]

(iti) Find the minimum time in hours needed for 95% of the soil area to
become infected. [1]
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