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ADDITIONAL MATERIALS

In addition to this examination paper, you will need:

* a WJEC pink 16-page answer booklet;
e a Formula Booklet;
e a calculator.

INSTRUCTIONS TO CANDIDATES
Use black ink or black ball-point pen. Do not use pencil or gel pen. Do not use correction fluid.
Answer all questions.

Write your answers in the separate answer booklet provided, following the instructions on the front
of the answer booklet.

Use both sides of the paper. Write only within the white areas of the booklet.

Write the question number in the two boxes in the left hand margin at the start of each answer,
Leave at least two line spaces between each answer.

Sufficient working must be shown to demonstrate the mathematical method employed.

Unless the degree of accuracy is stated in the question, answers should be rounded appropriately.

INFORMATION FOR CANDIDATES

The number of marks is given in brackets at the end of each question or part-question.
You are reminded of the necessity for good English and orderly presentation in your answers.
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Reminder: Sufficient working must be shown to demonstrate the mathematical method employed.

Solve the equation

2x + 1] = 3|x - 2|. [4]

The diagram below shows a circle centre O, radius 4cm. Points A and B lie on the
circumference such that arc AB is 5¢cm.

A _5cm
B
a) Calculate the angle subtended at O by the arc AB. [2]
b) Determine the area of the sector OAB. [2]

The diagram below shows a sketch of the graph of y = f(x). The graph passes through
the points (-2, 0), (0, 8), (4, 0) and has a maximum point at (1, 9).

y

o, 8) 19

(-2, 0)/ O \(4, 0)

a) Sketch the graph of y = 2f(x + 3). Indicate the coordinates of the stationary point
and the points where the graph crosses the x-axis. [3]

b) Sketch the graph of y = 5—f(x). Indicate the coordinates of the stationary point and
the point where the graph crosses the y-axis. [3]
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Solve the equation

2tan20 + 2tan@—sec?0 =2,

for values of @ between 0° and 360°. [5]

a) Show that
3X A B C

(D) (x=4) (=D (x-4) " (x-a)

where 4, B and C are constants to be found. [3]

7
b) Evaluate J 3X 5 dX, giving your answer correct to 3 decimal places. [9]

5 (x—1)(x~-4)

1
Write down the first three terms in the binomial expansion of (1-4x)2 in ascending
powers of x. State the range of values of x for which the expansion is valid. By writing

1
X = {3 in your expansion, find an approximate value for V13 in the form % , where

a, b are integers. [5]

n Use small angle approximations to find the small negative root of the equation

sinx + cosx = 0-5. [3]

Find seven numbers which are in arithmetic progression such that the last term is 71
and the sum of all of the numbers is 329. [5]

a) Explain why the sum to infinity of a geometric series with common ratio r only
converges when |r|<1. [1]

b) Ageometric progression } has first term 2 and common ratio . Another progression
W is formed by squaring each term in V. Show that ¥ is also a geometric
progression. Given that the sum to infinity of W is 3 times the sum to infinity of V]
find the value of . [6]

c) Atthe beginning of each year, a man invests £5000 in a savings account earning
compound interest at the rate of 3% per annum. The interest is added at the end of
each year. Find the total amount of his savings at the end of the 20th year correct

to the nearest pound. [3]
TURN OVER
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4

The equation of a curve C is given by the parametric equations

X =co0s260, y = cosé.

a) Find the Cartesian equation of C. 2]
b) Show that the line x — y + 1 = 0 meets C at the point P, where 6 = %r and at the
point Q, where 6 = g . Write down the coordinates of P and Q. [5]

c) Determine the equations of the tangents to C at P and Q. Write down the coordinates
of the point of intersection of the two tangents. [7]

EIIl Prove by contradiction that, for every real number x such that 0 < x < g ;

sinx + cosx > 1. [4]

EIZl a) Given that f'is a function,

i) state the condition for /! to exist,

i) find ff~1(x). [2]
b) The functions g and 4, are given by
g(x) = X2 - 19
h(x) =e* + 1.

i) Suggest a domain for g such that g~! exists.

ii) Given the domain of /4 is (=, =), find an expression for 4#~'(x) and sketch,
using the same axes, the graphs of /(x) and /4~'(x). Indicate clearly the
asymptotes and the points where the graphs cross the coordinate axes.

iii) Determine an expression for gh(x) in its simplest form. [8]

| 1| 3| a) Express 8sin6 - 15cos@ in the form Rsin(6 — ¢), where R and « are constants
with R > 0 and 0° < o < 90°. [3]

b) Find all values of 8in the range 0° < 8 < 360° satisfying
8sinf— 15cosf—-7 = 0. [3]

c) Determine the greatest value and the least value of the expression

1 . [2]
8sn6@—-15cosh + 23
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Evaluate

2
a) J x®Inxdx.
1

1
b)J‘ 2+X dx
0

. 6
e [6]

[6]

IIE' The variable y satisfies the differential equation
dy _
2&—5—2y, where x > 0.

Given that y = 1 when x = 0, find an expression for y in terms of x.

[5]

a) Differentiate the following functions with respect to x, simplifying your answer
wherever possible.

i) e3tanx,
.. SNn2x
. 5
ii) vz (5]

b) A function is defined implicitly by
3x%y + y2-5x = 5.
Find the equation of the normal at the point (1, 2).

[6]

n By drawing suitable graphs, show that x — 1 = cosx has only one root. Starting with

X, = 1, use the Newton-Raphson method to find the value of this root correct to two
decimal places. [6]

END OF PAPER
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sumame  StemUp Model Solution

Answer booklet

Write the question number in the left-hand margin at the start of each answer

Question
number

| Either 2x + 1 = 3(x — 2) or 2x+ 1 =-3(x-2)

2x + 1 =3x - 6 2x + | = =3x + 6

x =17 Sx=8§ = x=1]

Check: x = 7: |1S]

I

315/ =1Sv  x=1]3=3/-1] =3/

“x=1] or x=7

2 (a) s=1r9

S =49

0 = 1.2S radians

2 (b) Area of sector OAB = L+ 19

o

_ 2
=5 X g° x |25

Area = 10 em?
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Question
number

3 (a)

3 )

y = 2f(x + 3): translate 3 units left, then stretch x2 parallel to y-axis

7]
J

(=2, 18) wmax

/ \

\

/

\

-s,0 |
[

\ ¢, 0
\

S

/

\

Maximum point (=2, 18); crosses x-axis at (=S, 0) and (I, 0)

y = S — f(x): reflect in the x-axis, then translate S units up

7]
J

\

\

\

\0

(o, —3)\\V /

Q, -4) min

Minimum point (I, =4); crosses y-axis at (0, —3)

sec’0 = | + tan’0

2tan’0 + 2tan® — (I + tan’6) = 2

tan’e + 2tan® — 3 =0
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Question
number

S (a)

s (b)

(tan® — 1)(tan® + 3) = 0

tan@ =1 = 0 =45° 225°

tane = -3 >

tan”'(-3) = -71.56S...°

0 = 180° - 71.57°

=

108.43°, © = 360° — 71.57° =

288.43°

0 = 45° 108.93° 225°, 288.43°

3x=Alx - 6)> + Bx — D —4) + Clx - 1)

x=6: 1223 = (=¢
x=1I: 3=9% = A=+
coefficient of > 0=A+B = B = -—é
A=+, B=-%, (=4
"ji z(xl—/) - 3(x,—q) * (x—qq)z dx
l=[éln/x—l/—%ln/x—¢1/—qu ]Z

=($hé6-+<m3-3)-(+m4g-0-4)

\

+ (8- 1n2) = 24386l = 2436 (3 dp)

(- a)# =1+ (- )(-a0) + L2 (g2 4

=)+ 2x + 6x% + ...

Valid for |4x| < 1, ie. [x| < %

(% <x<W)
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Question
number

R R RS RS PRF |
x=13: U-3)"=(03)"="5

ER 1 | _ 169 +26+6 _ 20l
3 Fl+2Xx 3 +6x g = 169 = 769
V3= 2 (a =603 b =169)
7 For small x: sin x % x, cosx"vl-—%x2
L o_ L
X+/—'7X2—2
¥ =2x-1=0
x=2_tv(26;+9) -

Small negative root: x =1 —+2 = 0.1 (3 s.f.)

3 Seven terms, first term a, common difference d.

Last term: a + 6d = 7|

Sum: (20 +6d) =329 = a+3d=47

Subtract: 3d =24 = d=238

a=7-48 =23

The numbers are 23, 31, 39, 47, SS, 63, 7]

1 | s, =M=

and S, = lim,_., S,. This limit exists only if " - 0

as n — oo, which happens only when |r| < | (if |r| 2 | the terms do not

decrease to 0, so the sum does not converge).
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Question
number

9 (b) Vi 2, 2r, 2P, ... kth term of V is 2r7

kth term of W: T, = (2r*)? = P2 T, = (2r)? = 4

k
Tﬁl _ q‘:z’f_z = r?, a constant, so W is a GP with first term 4, ratio r°.
_ 2 - _9
SV - [ SW - ) — P
p— . q = 6
Sw =3 TooaTo T 1=

9 -6 Gzl) = 4G=6+6r

| +r

r= -—é (Ir|] < 1, so valid)

9 (c) Total = $0000).03) + 5000().03)% + ... + 50000).03)%*

5000 x 1.03 x (1.03*° — 1)

- 3 L = 138382.43..

Total savings = £138 332 (to the nearest pound)

10 (a) | x = cos28 = 2cos’0 — | and y = cosB

x=2¢-1 (or 24> =x+1)

10 (b) | Substitute into x —y + 1 = 0: c0s28 — cos® + | = 0

2¢0s°0 — | —cos® + 1 =0

c0s0(2¢cosB6 - 1) = 0

—L —l\ -_— '1
cos6 = 5 = 6= 5, cos6 =0 = 6=

9=%:x=c0527n=—’/2,y=’/2; 9=%:x=cosrr=-—l,y=0

P(-%, ) and Q(-I, 0)
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Question
number

10 (c)

l

12 (a)()

12 (a) (i)

12 (b))

dx  _ _o_; dy  _

95 = 2sin20, Jo = ~Sin®

dy _ dy/d® _ -sin®  _ sin® _ !
dx ~ dx/de ~ -2sin26 4sinBcosO GcosO

_ T, . _ ! _ I
At P,® = 3. gradient = -5 =

Tangent at P: g—é =é(x+é) = Gy=2x+3

At Q, 0 = cos® = 0, so gradient is undefined (tangent vertical)

1 .
2 .
®:

Tangent at x = -l

Intersection: x = —| = Gy =-2+ 3, y= % Point is (-1, %)

Assume the statement is false: there is some x with 0 < x < 1/2

for which sin x + cos x < |.

Both sides are non-negative, so squaring: (sin x + cos x)? < |

sin’x + 2sin x cos x + cos’x < |

| + 2sin x cos x <| = sinxcosx <0

But for 0 < x < 1/2, sin x 2 0 and cos x 2 0, so sin x cos x 2 0.

This is a contradiction, so the assumption is false.

Hence sin x + cos x 2 | for all x with 0 < x < 1/2.

f must be one-to-one (and onto), i.e. each value of £f(x) comes

from exactly one value of x.

ff(x) = x

Domain of g: [0, o), ie. x 20
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Question
number

12 (b)(Gi)

12 (b) i)

13 (a)

lety=e+1 = e&=y-1 = x=hly-1)

h(x) =InCx-1), x>I

1= |
T __ | ___ R
R e
// i / X
A0 i /(7, 0)
// | /
.7 !
I
|
.7 I
'x =1

h(x): asymptote y = |, crosses y-axis at (0, 2)

h™'(x): asymptote x = |, crosses x-axis at (2, 0)

gh(x) = gle* + 1) = (e +1)* = |

=X+ 25+ | =) =¥ + 2

Rsin(® — o) = RsinBcosa — RcosOsina. = 3sin® — 1Scosd

Rcosa = 8, Rsina = 1S

R = (8 +15°) = 289 =17

o = tan /() = 61.927..° = 61.93°

Zsin® — 15cosd = 17sin(0 — 61.93°)
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Question
number

13 (b)

13 (c)

19 (a)

19 (b)

17sin(0 — 61.93°) = 7 = sin(B — 61.93°) = %

0 — 61.93° = 24.32° or 180° — 24.32° = |155.68°

6 = ¥6.24°, © = 217.6!°

! _ !
3sin® — 1Scos® + 23~ 17sin(® — 61.93°) + 23

-] < sin(@ - 61.93°) < |, so 6 < denominator < 40

Greatest value = % , least value = %

C oy = o _ 3 du _ 1 _ X
By parts: u=1Inx, = =x = - =, V=7

g 2
l=[lenx], —/,ZXTX£a’x

g
1= 0% mx] -[% ]

I=Cin2-0)-0-)

=402 -1 =183508.. = 1.835 (3 dp)

Let x = 2sin®, dx = 2cosB d6

W4 = x?) = (4 — 4sin®B) = 2cosH

x=0=06 =0 x=l=>sin6=’/z=9=%

_ /ﬂ/'S 2 + 2sin®

/6 .
g X 2cos0 do = 2/10T () + sinB) do

I=2[6—cose],,
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Question
number

1S

16 (a)()

16 (a) (i)

16 (b)

I=2( ¢ -

V3

2

) -200-1)

I = 2 +2-3=13154... = 1.31S (3dp)

2
/ S -2y

dy = [ ] dx

-nl§ = 2yl =x + C

x=0,y=1 -ln3=¢C
-m|S =2yl =x-In3 = InlS-2yl —In3=—-x
—-‘LS;Z =e* = §-2y= 3~

y=+(5- 3%

d

dx

a (eBtan x) = e3tanx % 3$€sz = gseczx e3tanx

dy _ x*(2cos2x) — sin2x(2x)

dx

X7

_ 2x cos2x — 2sin2x

=

X

3

SXZ%‘XL +6xy+2y%% -5=0

(3x2+2y)%% =S - bxy
Cdy _ S-12 -7 _
At Q,2): o = 554 = 5 =
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Question
number

17

Gradient of normal = =1 = (1) =)

Normal: y =2 =1(x-1) = y=x+1

Rewrite as cos x = x — | and sketch y = cos x and y = x — |.

7]

J

/
//=x—l

/I'\ / ~
xS
\—V -1 0,/ W o

The graphs intersect only once (between 0 and T/2), so x — | = cos x

has only one root (for |x — 1] > |, i.e. outside 0 < x < 2, no solution).

f&) =x—-1-cosx, Ff) =1+ sinx

x, — | — cos x,
| + sinx, °

Xp+l = Xp — Xg =1

x) = 1.293408, x, = 1.283436, x; = 1.283429, x, = .283429

Root = 1.28 (2 dp.)
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