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SECTION A - CALCULUS & ALGEBRA (200 marks)

Question 1 (33 marks)

(a) Solve for x, without the use of a calculator:

log, x —4log, 3=-3 .,
{ogaac ) \e 33'1 .
1995 & lqg * |
(g ) - \@‘5" \93.5 E -3‘@ 5.\@ plé
a‘i‘)sx)’d - 4 = -3lggx

—

(b)  Solve for x, proving that the equatign has only one solution:

x(3]x|-1)=-10 @)
o

&(.aac-Da-lO L(B&—\)a -10

coex-xt10 20

feax-% *lo =0
No read solubion

30C +x =10 =0
©(@x - 5)Et ¥)=0

3‘-—)‘ -55 oy L=—2 X

-
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2 1+bi

(c) If a_(l—i)2 =15 where j is the imaginary number, find the value(s) of
a and b respectively. b (9)'
. 1+ ba I+
LHS = a (au+b)-® RHS = " =2
G- .. .2
Ak - ® o Vrbbe -bu
T G- (=40
(+b + (b-Du
3 (“b)‘
|+b:_.‘;l v -q .-..-—WQI“/
. b = -3 \/ CLo = eV \/
L4 . ———?
* XzQ
(d) ()  Sketchthegraph: f(x)=2M-2 = a_t ¥ 6)
& - ,x<0

. ()
‘\ //\ )3=’*\/(/shc.xfb

G’*}’O\ /("/' ’
' 7 X

< h.’(-\'ﬁ)\/( 10

(9'1"0
—_— — — — — —_— _— - 3 T
- v
(i)  Hence, solve the inequality: 2" <4 4)
i) o < 4=

2,‘1"9“ <2

LX 6 (“é/,Q'L)/
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Question 2 (15 marks)

The temperature, T (°C) of a cooling cup of tea, after a time t (minutes), can be
modelied by the equation:

T =20+Ae ™ , where A, ® and k are constants.

(@)  Write down the room temperature. (2)
o
g0 C

(b)  Given that the initial temperature is 85 °C and that the temperature is
decreasing at the rate of 5 °C per minute, initially, determine the
value of k. 9)

| kb AT
- k. Ae and I * -5

kb
-obs.e (K :=-5
A: 65 i
: k = 3

(c) Determine the length of time, to the nearest minute it takes for the

tea to cool to 50 °C. % v 4)
=\
50 = &0 + 9.0
Vi
5.C

8

30
. _’OAa > \{‘(65

nubes
Lo {0 min 5
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Question 3 (12 marks)

(@)  ltis given that f(g(x))= ﬁ +x2-2x+1 and g(g(x))=x-2
Determine g(f(2)) (6)
1 2%
6(&): x-\ ?(ﬁ) = % 4(a")
4,

N S
fa) -3+

==
-

3(‘1?(:0.) - 4,51

= 35
—>
(b)  For which value(s) of x will y be defined:
2x -1
y=ln(x2+4x+4J . ©
_\ VL
_9__3.‘____—1‘ > O
(X+3)
- o — o}
; \ T N
-2 Y2
1 1.7
_DC—_ij_;. o
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Question 4 (11 marks)

In the diagram a square tile is shown, in which a regular hexagon is inscribed in a

circle with centre O. The circle fits exactly inside the square. The area of the
shaded region is 54 cm?.

(a)  Write down the size of ZAOB, giving your answer in radians. (2)
AL | R P
A 2
(b)  Determine the area of the square tile. 9)
(0
| v N =
=S¢ X3 y M 513 1
Vi 0 .
v\‘z‘ ( % - Sin 3 ) - ‘8
U
.‘ . r = ‘1‘!,3‘5 e o
ro= 9,97 cm

Cide of Wle s 1)k o )

Area oF tile = 3(‘7)4‘a‘cm
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Question 5 (12 marks)

Prove by induction that:

r=n 2 n
- tural values of n.
Z;(r+1)(r+2) P for all natural values of n

© Prove true for n=

1 2‘ B} —4\//
L\HS = ﬁ- (Y’+ ‘XV"'Q) R‘ % 3
N
= (ANED |
z S Tee fr n=l .
= ‘é) . >
@ Assume brue for ne k:
k % . k
Z. (reD(r+2) Kt
r=\

ue fov nelodd
@ Prove true s

k+\ ‘
M’\S = rzi\' (ra)(r+ )
k Ay
= —;‘:T * (kar+1 D(k 1+2)
K B
T Tk ' (kA 3Dkt 3)
kW(k+3) +a ,
= (kta)(Wead)
k' +ak +2 (ot Dk ﬂ)/
= | = k+3
il ) (k¥a) {
(k) (R4 . .
T I

| that
the prindple of inducion we have proved

© %\J the fgmde" is true fv One natura) numker , then
b ois also bue for all nobud vl fn
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Question 6 (18 marks)

(@)  The following function is given:

2x +1 if x<p
gx)=1 , :
X —-4x+10 if x>p

@ For which value(s) of p is g(x) continuous at x = p?
' ' (1)
by 3@‘3 _ m g}i 1
ZLr?P_ :»r-—:vp
. 10
&P +1\ P -qP +
2
o = —6p 4

o = (P'?Dl

P
N

@ (i) Is@differentiable at all points? Motivate your answer.
|
|\'/V\ 8 (X} = N
I P—
1
= ap-L
b N P
o 2 al® —u
ENnY
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(b)

1]

Determine the limit;

lim /2X—1—\/;(— " Qi + V= W
=1 x -1 Va1 + T 6)
lim Azt -x
22\ RESNRACE
\
lim
x| x4 VT \/
\
1 4+

vl-
N
o

Question 7 (18 marks)

It is required to solve: tanx =1-x2 using Newton’s method.

C)

Redhill High School 2019

By drawing a suitable rough sketch, show that a reasonable first
approximation is x, = 0,7 (6)

A \/ !

&

7 TX

Uﬂ .

V4

>
‘ 1\‘/&/057 | SW/Q
(

— — -——

|
|
{
l
|
!
1

/

)
—
~
-—
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(b)  Hence solve for the nearest solution, correct to 5 decimal places (8
Y
f(».x,] = danx -1+ T
) N
') = s’ +32

£ ()

= A -
;x’r‘a-\ ¢ f ' (:c-, D

X, ° G, )

x, = G)5°l313

x, = 0,56833%

Xy < 0,583y

Xy = 9,583%4

(c) Does the initial guess in Newton's method need to be close to the
actual answer? Explain why and/or why not? 4)

No - de\)enc\s an  Lhe s\GPe of the
bqv&enb drawn on the Gmph ab |
the wibial Juess A/
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Question 8 (20 marks)

2

A curve has equation y = X

(@) Find the equations of he asymptotes (5)
VA x= w)’// ab) abqsfm bobe
xX- ‘ x”
X - am
ax
akt -4
4
g
-~
(b)  Determine the coordinates of the stationary points (8)
dy
dy =
(-x_'%(ﬁ{) X0
(ac—a)m v )
LR -4x =X =0

&
|
)
9]
[
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(c)  Make a sketch of the graph on the axes given, including all
| 2= % (7)

significant points:

Question 9 (14 marks)

Cars are passing a particular point on a bridge. For the purposes of this problem we
will assume that each car is 3,5 metres long and that there is a distance of d metres
between each car. The cars are all travelling at v km/h.

(a8)  Show that the number of cars passing through the point on the bridge each

hour (i.e. the flow rate) is given by:
_ 1000y
d+3,5

v km\h

Yox \cccn/!\/
|- n

fouQ v m“n‘/

D {-,53,5

be g
loQQV :

.

fy
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4)
|
S b
= | x looov
v +35
1900V \/
h +3,%
t+3 >
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(b)  To ensure safe driving, we insist that cars keep a safe following distance,
represented by the value d. Let us assume that a car travelling at v km/h
requires a following distance of d =0,006v>.

Now find the velocity that maximises the flow rate of traffic over
the bridge 9)
jooo Vv

_loooV
F = Toomv?43S

df
dv

(o,oobvz-t 3,5)(1000) — (j ooov)(gst2v)
(0,006V? +3,5)° )

= 0

=Q

v s 3g00 -1yt =0 VY
A
A50Q0 = b\

ayisulh = v

7

Question 10 (6 marks)
The equation of a circle centre (a; b) and radius ris given by: (x - a)* +(y-b) =r?

Show, by differentiation, that % =a-x

x y-b

2 (x-a) + a(y-b) ® =0

A(g-ISE = - a (k)

2 (Y-8 2 (y-b)
: dy. -
. < * T
7
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Question 11 (26 marks)

Integrate the following functions:

(a) jx.cos(sz)dx
WY
Sin 55X
10

+ C

i

s
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it

(¢ ()  Use partial fractions to show that: J' dx=-1—|na+x+C (9)
a’-x? 2a a-x
\
‘ da
- e I
Ca-xD(a+x) = Sau(q‘“:) aa(ara)
A \/ + b \/ // / \
vV PR S “\‘C
a-x a+ & _ _;\zl__ in\q‘_x\ + 200 ‘n\qﬁm\
|
i L — -
A= 20 ond b- 3o __-——[\nlawf«\“"\“l\] +e
| \/ / A \ atx \/ +C
2a( =30 M a-x
el (0__1') a Q."?L) /“,
(i) Use‘this result to find the value of
i
eyl )
‘/2.
-V a4
‘ + 4L
=\ - a3
b MV ],/
ral
|
| 34 %
L\Vert L L, 3
= 6 W T © =
A _ L WARNEC]

J
5

\
|©
-J\m

- ooty
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Question 12 (12 marks)

The fuel tank on the wing of a jet is formed by rotating
the region bounded by the curve y=1x’4/2-x about

the x-axis between x = 0 and x = 2, where the units are
measured in metres.

s2 T e

-5z 4 e R L

Determine the volume of the fuel tank.

‘[ o)

!
=

Q 6
/“l '\// N S L
- = S a‘actt o d»
(6]
5 b oV
W ax/ X/
s Los e do
) S (a%) /
64 S
N 3
B —g—— unibs W'/
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