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READ THESE INSTRUCTIONS FIRST

Write your name, register number and class on all the work you hand in.

Write in dark blue or black pen.
You may use a soft pencil for any diagrams or graphs.
Do not use staples, paper clips, highlighters, glue or correction fluid.

Answer all questions.
Given non-exact numerical answers correct to 3 significant figures, or 1 decimal place
in the case of angles in degrees, unless a different level of accuracy is specified in the

question.
The use of an approved scientific calculator is expected, where appropriate.

You are reminded of the need for clear presentation in your answers.

The number of marks is given in brackets [ ] at the end of each question or part

question.

The total of the marks for this paper is 90.
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This paper consists of 22 printed pages.

Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the quadratic equation ax2+ bx + ¢ =0 ,

_=bxVJb*—4ac

2a

X

Binomial Expansion

&Hb)" -a" +ma"-'b +(nJa"'2b2 ¥ .,.+(nJa""b’ Fotb”,
1 2 r .

where n is a positive integer and (7]___n! _ n(n—1)..(z~r+1)
r (n-—r)!r! r!

2. TRIGONOMETRY
Identities
sin?4 + cos24 = 1
sec’4 =1 + tan? 4
cosec?4 =1 + cot? 4
sin (4 = B) =sin 4 cos B+ cos 4 sin B
cos (A+ B)=cos 4 cos B  sin A sin B

tan(A:hB)= tan A+tan B
l1Ftan Atan B

sin24 =2sin 4 cos A4
cos 24 =cos? A—sin? A=2cos? A—1=1-2sin’ 4

tan 24 = _2tan4
1—tan® 4

Formulae for A ABC

a _ b ¢
sind sinB sinC
a’=b?+ c? - 2bccos A
A= lagbsinC

CHS Preliminary Examination 2022


https://v3.camscanner.com/user/download

(1)  The side of an equilateral triangle is 2(J§+l) cm.

Without using a calculator, find the exact value of the area of the equilateral triangle

in the form a+b+/c where a, b and ¢ are integers.

(ii) A triangular prism has the equilateral triangle in (i) as its base.

The volume of the prism is 9 (J§+l) cm’.

(2]

Find the height of the prism in the form m+n+/l where m, n and [ are rational
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numbers.
3]
; SRR T 3 3
2. - (@ Giventhat x> +x 2 =3, find the value of x2 +x 2. [3]
(b) Express 2—4x—3x” in the form -—a(x—b)2 +c and hence find, in exact form, the
coordinates of the turning point on the curve. [2]
3.  Find the coordinates of the points of intersection of the curve x> —xy+ y*> =16 and the line
2x—3y=4. [5]
4. (a) Integrate e = ysin3x with respect to x. [2]
2 2
(b) (i) -Express L}le- in partial fractions. [3]
x(x+2)
4 x7+3x+12
(i) Hence evaluate I % [4]
' x(x+ 2)
5. A polynomial, P(x) ,is 3x° —ex” —6x+8, where ¢ is a constant.
() Given that (x—2) is a factor of P(x), show that c=5. [
(ii) Solve P(x)=0. [3]
(iii) Hence,solve 3(y—1)’'-5(y-1)"=6y-14. 2]
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ycm

The diagram shows a solid body which consists of a right circular cylinder fixed, with no
overlap, to a rectangular block. The block has a square base of side 2x cm and a height of

x cm. The cylinder has a radius of x cm and a height of y cm.
The total volume of the solid is 27 cm?.

(a) Expressy interms of x.
(b) Hence show that the total surface area, 4 cm?, of the solid is given by
=2t +8x*
x
(c) Find the value of x for which 4 has a stationary value.

(d) Find the value of 4 and of y corresponding to this value of x.

(e) Determine whether the stationary value of 4 is a maximum or a minimum.

(2]
(2]

(3]
(2]
(2]
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yA

0(7,9)

o

The diagram, which is not drawn to scale, shows a trapezium PQRS in which PQ is parallel
to SR. The point P lies on the y-axis and the point Q is(7,9). The point 7'(6,7) lies on
PR such that QT is perpendicular to PR and OS = 30T.

(i) Find the equation PR. [2]
(ii) Hence, write down the coordinates of P. [1]
(iii) Find the coordinates of V if PORV is a kite. [2]
(iv) Show that the coordinates of S are (4,3 ). [2]
(v) Find the coordinates of R if the area of PORS is 67.5 square units. [3]
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In the figure, two circles intersect at C and D. BC is the diameter of circle with centre O and

is a tangent to the other circle at C. FCl is tangent to the circle with centre O at C. AGEC
and BGDF are straight lines.

(i)  Provethat 4B J/ FE. [2]
(ii) Hence, show that ABx FG = BGx EF. [3]
(iii) Explain why CF s the diameter of the smaller circle. [2]
9. (i) Onthesame diagram, sketch the graphs of
(@)  y=3sin2x+1 for 0<x<2n,and [2]
(b) y*=4. (1]
(ii)  Hence, state the number of solutions of 4 — (3sin 2x+1)"in the interval 0 < x < 2n.
(1]
t -
10. (a) Prove the identity D cos2x. [3]
cotx+tan x
. 2cotx—2tan x
(b) Hence solve the equation ——————+1=0for 0<x<2r. [3]
cot x+tanx
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11.

Solve the equations
(a) 18°%%=7, 3]
(b) log,x=4log,5. [4]

12.

(@ A particular Ferris wheel stands at 170 m and has a wheel with diameter of 150 m.
The height of a capsule, C, above ground level, # m, can be modelled by

it . . . . . .
h=95-75 cosﬁ , where ¢ is the time in minutes after the ride begins from the lowest

point of the flyer.

170m Capsule C

| h=95-75c0s 2%
: 10

(i) Find the time taken for the Ferris wheel to make one revolution. [
(ii)  Find the duration of time within one revolution that a particular capsule is at least
120 m above the ground level. [4]

Tx-2
ion fis defined b =—— where x#-1.5.
(b) The function fis defined by y Sv13

It is known that x and y vary with time ¢, and that x decreases at a rate of 0.2 units per
second.

Find the rate at which y is changing at the instant when x =3 units. [4]
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13. The value, ¥, of a piece of rare jewel at the beginning of 2022 was $32 000. This value
¢ value of the jewel increased

increased continuously such that, after a period of 15 years, th
exponentially to $160 000.
Given that V = A(I.ZS)“ , where A and k are constants and ¢ is the time in years from the

beginning of 2022, find
[3]

(a) the value of 4 and &,
(b) the year in which the value of the stone first reached $200 000. [3]
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1 Solve the equation 2e** =7+15¢* giving your answer correct to 1 significant figure. [4]

2 The points P(—4,—1) and O(—4, 9) lie on the circumference of a circle C|. The line y=17is
a tangent to Ci.

(a) Given further that the x-coordinate of the centre of C; is positive, find the equation of

Ci. (3]

(b) Find the equations of the tangents of C which are parallel to the y-axis. [2]

(c) A second circle, Cs, has its centre at P. Given that the ratio of lhé\area of C> to the area

of C1is 1:9, find the equation of C>. \ [3]

3 Show that x =21is a solution of the equation 6x” + x =13x* —2 and hence solve the equation
completely. [5]

4 (a) Find the ratio of the coefficient of the third term to that of the fifth term in the expansion

10
of (sz —l) . [4]
x

(b) The first three terms in the expansion of (1+ px)" in ascending powers of x are

1-45x+900x.

(i) Find the value of p and of n. (5]

2
(i) Hence find the term independent of x in the expansion of (2—1J (1+px)". [2]
X

5 Two points 4 and B are on a straight line where AB = 6 m. A particle P moves along the line

so that its velocity, v ms™, is given by v=2t*~7t—4 where ¢ is the time in seconds after
leaving B. Initially P is at B, moving towards 4.

(a) Find an expression, in terms of ¢, for the acceleration of P. [1]
(b) Find the minimum velocity of P. [3]
(¢) Find an expression, in terms of ¢, the distance of P from A. [2]
(d) Find the distance from 4 of the point where P comes instantaneously to rest. [3]
(e) Find the total distance travelled by P in the first six seconds. [3]

[TURN OVER
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6 The equation of a curve is y = ax* +bx—8, where a and b are integers, a> 0.

(a)

(b)

2
If the set of values of x for which the curve lies below the x-axis is 4 < x < =, find the
J

value of @ and of . [3]

In the case when b =11, find the value of a for which the line y+3x+16=0 isa
tangent to the curve. [3]

7 (a)

Two variables x and y are related by the equation 2xy=3y—x . The diagram shows

part of a straight line graph obtained by plotting X against x, This graph cuts the x-axis and
y

y-axis at B and 4 respectively; and it makes an angle & with the x-axis as shown.

(b)

X
— A

y

N\

y|

wY

o B

(i)  Find the coordinates of 4 and of B, [3]
(i) Find the value of @ in degrees. [2]

A particle moves in a certain medium with speed v ms™ and experiences a resistance
to motion of force F newtons. It is believed that F and v are related by the equation

F =mA", where 4 and m are constants. The table below shows the experimental values
of the variables F and v.

v 1 2 3 4 5 6
F 12 18 27 40 61 91
()  Express the equation in a form suitable for drawing a straight line graph. [1]

On the grids in the next page, draw this straight line graph and use it to estimate
the value of 4 and m. [4)

Determine the equation of the straight line which must be drawn on your graph
to obtain the solution to the equation mA4” =3". Use your graph to estimate the speed,
v, that satisfies the equation m4” =3". 2]
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8 Given that y =3xv3x*+2 ,

dy 2+
(a) express 2 in the form — o , Where a and b are constants. [4]
dv 3xT+2

Hence,

(b) show that y increases as x increases for all values of x, [2]
() find the exact value of [ 2t d 3]

c) find the exact value of | ———— dx.

*J3x* 42
9 A structure ABCTD is such that ATC is a B

straight line such that A7= 3 cm and (T > 7]

IC =4 cm. 4

BC is parallel to AD, £ABC = £ADT =90°

and £ACB =6, where 6 is a variable angle 7

such that 0°<8<90°. 3

A > D

(a) Show that B4+ AD="7sinf+3cos6. (1]
(b) Express BA+ AD in the form Rcos (B—a) , where R>0 and 0°<a<90°, 3]
(¢) Find the maximum value of B4+ 4D and the corresponding value of 6. [2]

1

d) State the minimum value of ————————— 1
i) (BA+4D)’ -6 il
(e) Solve the equation 7sinf+3cosf =4, [2]

10
y A
A C

,
7

(0] \ x'

. i 4
=sin| 2x+—
Y ( 3)

. T
The diagram shows part of the curve y=sm(2x+-3—] for Ostg, where A is the

maximum point of the curve. OC is a straight line that cuts the curve at B and AC is parallel

Ve
to the x-axis. Given that the x-coordinate of B is I , show that the area of the shaded region

is (M—ﬁ} units? [12]
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