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Structure of the Answer Book

Section | Number of Questions | Number of Questions to be Answered | Number of Marks
A 20 20 20
B 5 5 60
Total 80
Section A: Answers
Question No. 1 2 3 4 5 6 7 8 9 10
Answer D E C D E B C B E B
Question No. 11 12 13 14 15 16 17 18 19 20
Answer c E A A B D C D A =
Definitions

Multiple Choices

Question 1

 f(-1)=4,9(f(-1))=g(4) =6
= Option D
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Question 2
m= MCQ2p[x_] t=x3-2ax?+x-1

2= Solve[MCQ2p[-2] == 5, a]
ouz= {{a-»-2}}

= Option E

Question 3

2
wej-  TraditionalForm[DSolve[f'[x] = ————&&f[6] =4, f[x], x]]
2x-3

Qut[4)/TraditionalForms=

{{f(x]—»?(m A 1]}}

m Option C
Question 4
ne-  Expand[Solve[2 Cos[2x - E] +1 =8, x]]
3

ous= {{x - ConditionalExpression|- X c1, c1 e Z|},
6
{x - ConditionalExpression [ e €1, €1 € Z] +
2
= Option D
Question 5

3x+2

ner= FullSimplify| ]
5-x
17
go= -3 -
-5 + X
1 x:S’y:_
= Option E
Question 6

= Two x-intercepts fory=f"(x) wherex <0
m Hence two turning points for y = f(x) where x < 0 for the x-coordinate of both turning points

= Hence, option B.



Question 7

» Recall that for f(x) = 9™, f' (x) = g" (x) e9¥)
m Recall that for h(x) =g(k(x)), h' (x) = k' (x)xg" (k(x))
= Hence, for f(x) = e9¢), f' (x) =2x2 g (x?) &)

= Hence, option C

Question 8
m Recallthat y=nxp,n=25, y=1.4
" p=22=0.056

1.4

In[11]:= _—
outfit}l= 0.056

In{12]:= Probability[x > 3, x @ BinomialDistribution[25, 0.056]]
oupiz= 0.0484965

= Hence, option B

Question 9
s [[f2(x+2)dx= [[f(2x)dx
» & [7(2(x+2)dx=1 [[f(x)dx
n o [[(2(x+2)dx=12

m Henceoption E

Question 10

= Option B
m Since logy((2X - 1) + 1) = logy(2¥) =k

Question 11

In[13]:= 1-Probability[x > 1.5, x & NormalDistribution[0, 1]]

oup1zl= ©.933193
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In[15]:= Solve[
Probability[x < 259, x & NormalDistribution[250, ¢]] == ©0.9331927987311419", o]

. Solve: Inverse functions are being used by Solve, so some solutions may not be found; use Reduce for complete solution
information

oufisl= {{oc>6.}}

= Option C

Question 12

= OptionE

Question 13

= Dilation by a factor of %from the y-axis. AND Translation of 4 units left.

= Hence, due to matrices, option A
Question 14

= Solve[Probability[x > 5.2, x @ NormalDistribution[2 g, ¢]] = 0.9, o]

- Solve: Inverse functions are being used by Solve, so some solutions may not be found; use Reduce for complete solution
information

oufisl= {{c=>7.23782}}

= Option A

Question 15
= Finding the x-intercepts:
= Left graph: y = -2 x - g, x-intercept: (-2 a, 0)
= Rightgraph:y=2x-a, x-intercept: (%a, 0)

= Right graph can be cancelled as Area between x =0 and x = a is zero.

= Average value

1 1 2 1 2
inf22]:= —x[—tZa*(Z——]a——*a*—a]
3a 2 3 2 3
a
outj22)l= —
= Option B
Question 16

= Formulating the equation: A(m) = %m(g -m?)
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In[23]:= D [% m (9 - mz) % m]

I .
2 2
ounzal= —-M“+— (9-m
5 { }

Inf24];= Sc:FIJ\.\'e[—m2 + 2 (9 —mz) =0, m]
2

vz {{m V3 ), (m-V3))

In[27]:= i m (9 - mz) fem—= ‘\/?

2
out7=3 ¥ 3

= Option D

Question 17

® Maximum occurs atx =0

mnesp= Plot[-Log[x +2], {X, -5, 5}]

2k

Out[29]=

In[28]:= D[-Log[x + 2], X]

1
Out[28]= —
2+ X
1
In[34]:= - f«. X=20
2+ X
1
Oulf3dls = —

In[36]:= Solve[— (@ - k) = -Log[2], k]

N |

oupel= {{k - -2 Log[2]}}

= Formulating the tangent:y = '2—1 (x + 2logs(2))
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Question 20
= Range of f(x) €[ 3, 1]
= Given that f(x) = cos(a x), possible values ofaxE[G+ 2kit, Z+2k ]T] U [ST" +2km, 2T+ an]

= Only option C satisfies, when a=1.

Question 1
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SECTION B

Instructions for Section B
Answer all questions in the spaces provided.
In all questions where a numerical answer is required, an exact value must be given unless otherwise specified.
In questions where more than one mark is available, appropriate working must be shown.
Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Question 1 (11 marks)
Let f: R — R, f(x) = a(x + 2)*(x—2)%, where'a & R. Part of the graph of /'is shown below.

y
g
(0,4)
—» x
20 ¢ @0 ;
a. Show thata-l. 1 mark
N e
As. (o.ﬁr) Iveg o:n__z Tix) _
froy=G 2 a(2) (_2) - P
Ax 1b = ‘+
o A Al
A= - S 6{1 i . W
b. Express f(x) =l(:c +2)2(x—2)? in the form f(x) = —l—x" +bx? +c, where b and ¢ are integers. 1 mark
v L it S
]Lf’_‘) = q.x_ 2X 'H‘f' e
R o N

SECTION B — Question 1 — continued
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Part of the graph of the derivative function f is shown below.

¥
A F

(-2,0) o0 (2,0)

€. 1. Write the rule for f* in terms of x. 1 mark

0 = D x12) (0= x-ux)

ii. Find/the minimum value of the graph of /* on the interval x e (0, 2).
x> =0 (or let 80() +ix), 80{): °)

R
MI'&{D 2-) \.~ ':-;.;J_-éé
W AL S R

Leth:R >R, h(x)= —:l;- (x+2)? (x—2)% + 2. Parts of the graphs of / and / are shown below.

A’[’I'VMJHN/"} Cra Hnat W)
@ TWSLLLW\ 2 A
Acvon (_’m :%»47\4 13 dﬁm"""‘)

d.  Write a sequence of two transformations that map the graph of / onto the graph of . 1 mark

; O QLMM a»bmit X axis

O Tmslaﬂ»m 2 wife MT’

(1% wne Fugaﬁ?/e H AAM%)

SECTION B - Question 1 - continued
TURN OVER
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(__2 o)\o / (2,0) 4

h

- i. State the values of x for which the graphs of f and h intersect. 1 mark

L= ] =2

ii. Write dowi a gefinite integral that will give the total area of the shaded regions in the graph
above. -z

It
Gqfx) - ftx))dx e :"fﬁ@fx}*_ﬁx})o&(

| mark

iii. Find the total area of the shaded regions in the graph above. Give your answer correct to two
decimal places. I mark

Area= 2x 1-3bo54F ... R 2-F2 weil

f.  Let D be the vertical distance between the graphs of fand h. —> Abs Vwbwe 7 ) g&ﬂ‘m«&@7

Find all values of x for which D is at most 2 units. Give your answers correct to two decimal places. 2 marks

Lt Dex) = I-Jtrx)- h{x)l
P €2, Qo‘f/v-w\/a for x grws

~2-bl € x ¢~1-08 or' 10§ € X & 2:4]

SECTION B — continued
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Question 2 (11 marls)

An area of parkland has a river running through it, as shown below. The river is shown shaded.

The north bank of the river is modelled by the function £ :[0,200] - R, f,(x) = 20ccs[%)+ 40.

The south bank of the river is modelled by the function £, :[0, 200]— R, f,(x)= 20@05[%] +36

The horizontal axis points east and the vertical axis points north.
All distances are measured in metres.

north

L] T
0 50 100 150 200

A swimmer always starts at point P, which has coordinates (50, 30).

Assume that no movement of water in the river affects the motion or path of the swimmer, which is always
a straight line.

a.  The swimmer swims north from point P.

Find the distance, in metres, that the swimmer needs to swim to get to the north bank of the river. 1 mark

Distame = :fl(ED)- J(z(f?_o)
= |0 mélres

SECTION B — Question 2 — continued
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b.

C.

The swimmer swims east from point P,

Find the distance, in metres, that the s ilg'm}er needs to swim to get to the north bank of the river. 2 marks
plx A
ﬁu)gm fj_{x)-= 20 ju-r X ever

(52,40 ) L 2v0 V4 lﬁ?_@
:f'-,‘aqw 2. é _ dd‘?f" 220D — &0 = _-E_C?_
< 1A N gL T AR >
L“ - 2 mepres
On another occasion, the:'swimmer swims the minimum distance from point P to th i
river. : i B
Find this minimum distance. Give your answer in'metres, correct to one decimal place. 2 marks

Fadidhe. lise/ perpidivader b y = fotx) at P x= 5o

2 BX | 10(3T25)
s~ —
Selare { 3.-.-, 5_{%_--;— ff?(i'::"’“) P x‘i:ﬁf.s’b‘io%...

Hj Y= 100 4= 3717635
2 ol s O Aivtmme = J(Etr-sv?o.-. - 59) 4 (37-17435- 3

Calculate the surface area of the section of the river shown on the graph on page 16, in square metres. 1 mark

A’M = jwé'u) .-:.)C}Lx_)).d,;c = )g'aﬂo[—ml]

v,

A horizontal line is drawn through point P. The section of the river that is south of the line is declared
a ‘no swimming’ zone.

Find the area of the ‘no swimming’ zone, correct fo the nearest square metre. 3 marlks
5. 78 . -
'tg'." E— d
B Go= Frx)dx — | (30 fiux)) dx
Y 5 5

=. 83 248G m-

SECTION B — Question 2 — continued
TURN OVER
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f.  Scientists observe that the north bank of the river is changing over time. It is moving further
north from its current position. They model its predicted new location using the function with rule
y=1kf (x), where k> 1.

&mgic*valucs-ogk for which the distance north across the river, for all parts of the river, i§ strictly

less than 20 m. 2 marks

et Dy = kfioo - fa) g
Dic =20k 20) co (T35) £ “oEAE
. XNy @ o~

For 20, A;}O. Gok =38 \2 o

Nmi u‘,ﬂ PL % 9 re % '
Mu;‘ F rh Lok -50 < 20

4
D

k <
g[‘wk—lo, bok -50] (I"E s
Max |

De @88~ A, C+ A |

SECTION B — continued
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Question 3 (12 marks)
A transport company has detailed records of all its deliveries. The number of minutes a delivery is made
before or after its scheduled delivery time can be modelled as a normally distributed random variable, 7,

with a mean of zero and a standard deviation of four minutes. A graph of the probability distribution of T'is

shown below.

P =

_ P T Lt g )|
J V% \\
B TN

~12-11-10-9 8§ -7 6 5-4-3-2-101 1 2 3 4 5 6 7 8 9101112

""--..._-..._,______

a. IfPr(T<a)=0.6,find ato the nearest minute. | A A/( /u_z 0o, 6= 4%
L/l.;ulg . nevm on CAS
arete = 0-60 , f(:o, 5:‘-[—
o= 1-013388 = AR | mnte

b. Find the probability, correct to three decimal places, of a delivery being no later than three minutes
after its scheduled delivery time, given that it arrives after its scheduled delivery time.

M T<2| T>00
= [P0<T<3) [ ©-2733%232...

By 0 oF
- 0'54'6?%54%"“-‘-“"‘ &:0-54%

. |

I mark

2 marks

SECTION B — Question 3 — continued

TURN OVER
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¢,  Using the model described on page 19, the transport company can make 46.48% of its deliveries over
the interval -3 ¢ <2.

It has an improved delivery model with a mean of k and a standard deviation of four minutes.

Find the values of k, correct to one decimal place, so that 46.48% of e transport company’s deliveries
can be made over the interval -4.5 <1< 0.5 0 5 N (2—-4’: % 3 marks
84

E =B Wiz aﬂ?
By
Pr(3€T¢2)

o e f" k W“J’t?
MW&J Cist-\2 5™ or —|-&

A rival transport company claims that there is a 0.85 probability that each delivery it makes will arrive on
time or earlier.

Usi jwtegred Q(Tﬁ
Nﬂ‘tﬂ T v N ?

Assume that whethereach delivery is on time or earlier is independent of other deliveries.

d. Assuming that the rival company’s claim is true, find the probability that on a day in which the rival
company makes eight deliveries, fewer than half of them arrive on time or earlier. Give your answer
correct to three decimal places. 2 marks

X~ Bi(n=8,p=08&) _
Wx<t) = IHlocxes)

= 0. 00235%87’ .. ® 0-003

e.  Assuming that the rival company’s claim is true, consider a day in which it makes » deliveries.

i. Express, in terms of n, the probability that one or more deliveries will not arrive on time or

eatlier. XV‘ ™ Blh(n; 0-15) Do WE Mg,r-rw 1 mark

rlXn21) = 1= [RlXn=0)
085" /5, a&'
- (Bor) = |=TCalel5)o3p 4 Z fow /0 ?)

¥
, = |- (0:55) .
ii b otherwise, find the minimum value of » such that there is a¥ least a 0.95 probability that
0

1 more deliveries will not arrive on time or earlier. 1 mark

SECTION B — Question 3 — continued



- - «-‘ T
o IAlTH 15 ¥ 7 —IU‘D nridn I ;,J,,---.f} " 2020 MATHMETH EXAM 2
Y v 7

& ument department believes the rival transport company’s claim.is only true for
ade before 4 pid; For deliyeries made after 4 pm, the analyst believes thle robablhr.y 0

delivery arpiving on fime or e@“gﬁé is x, where 0.3 <x<0.7
: rvmg a large number of the rwal transport company s delwencs the analyst behevus that

Let the probability that a delivery is made@fter 4 pm be

. ol

Assuming that the analyst's beliefs are true, find the minimum and maximum values of y. D ' 2 marks
b Pntve

~ \ . - 9.3.1_ \1,:'3-_{,
p-30 ;f \\ | | / 18 /

SECTION B — continued
TURN OVER

- -
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Question 4 (13 marks)

. 2 .
The graph of the function f(x)=2xe! =), where 0 < x <3, is shown below.

 Wanelet foetion, ok

S &)
")
A 2%
k
o 3 B x
a.  Find the slope of the tangent to fat x = 1. I mark

#fan=-2

b.  Find the obtuse angle that the tangent to / at x = 1 makes with the positive direction of the horizontal
axis. Give your answer correct to the ncarest degree. & 1 mark

tam (D)= -2 2 §= 1165650

B = Hi:_;__

¢.  Find the slope of the tangent to f'at a point x = p, Giv,t;.' your answer in terms of p. I mark

j’(f): (:e.——érF‘-e)e"f’ o

SECTION B — Question 4 — continued
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d. i. Find the value of p for which the tangent to fat x = 1 and the tangent to f'at x = p are

q@w to each other. Give your answer correct to three decimal places. 2 marks
m, = -2

My = = ._.2_{2?)) :.P!
mx Ma = —| ‘f_bf"):.g,/ aﬁ-FEB
= p= 065881 HNR 0-655

ii. Hence, find the coordinates of the point where the tangents to the graph of fatx=1and x=p
intersect when they are perpendicular. Give your answer correct to two decimal places. 3 marks

N Aot = peR -~ s

Tﬁﬂﬁﬁmﬁ\.{' of =\ IS
ﬁ: 4-2% ()

s (080, 239)

SECTION B - Question 4 — continued
TURN OVER
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Two line segments connect the points (0, £(0)) and (3, f(3)) to asingle point Q(n, f(n)), where
1 <n <3, as shown in the graph below.,

v
A

6.70) A 2

e. i Thefirst line segment connects the point (0, £(0)) and the point O(n, f(n)), where 1 <n <3.

Find the equation of this line segment in terms of &. I mark

L ey e
Mo = in’ = 2¢ ( —i .
B e = 12 ) » X

ii. The second line segment connects the point Q(n, f(n)) and the point (3, /(3)), where 1 <n <3,

Find the equation of this line segment in terms of ». 1 mark
2 ) - b
mep = $3)-J0 fz”f" e e ek,
3 - n = g n-3)e" -3)e
op b _ bne

iii. Find the value of #, where 1 < <3, if there are equal areas between the function /" and each line

segment. Give your answer correct to three decimal places. 3 marks
\

n - o 4
jo (_”) - go&("))"{x 5 ﬂ(ﬁ&ﬂ(x) 3 f(XJ>dx

S0l for N =1-088

where |ene =

SECTION B — continued
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Question 5 (13 marks)

Letf:R—R, f(x)=x-x.
Let g, : R — R be the function representing the tangent to the graph of fatx =a, wherea € R.

Let (b, 0) be the x-intercept of the graph of g,,.

ad hﬁ_w thal = za . A _'..
3a? -1 c?

2 .

! { = '?,d?p.— it

Jzr= 32 —| jcﬁﬂk)
Fooy = a3~ a

- (j@) f{a)(x a.) frrr ed;n cﬁ*«mywi Tl x=a

P 3 (a3-o) =(BatiN0xzo)
Swh Kb, ig-—-o £ p-a-o) = (3-1)(b-a)
N GL_&%‘-CS&—>CB &)

fEEss 2
30— |

3 marks

- -35&,"— | .
ey e B a3 L 2 (a.;f o=t + 363 o
2
b. State the values of a for whichbdo%scﬁot cxiél. ;'?}_I' I mark
2 . = LB
b dininishes whon 34| = => ED 36— J
o=
E
1 mark

State the nature of the graph of g, when b does not exist.

c.
Hevizongad -fmgc:m‘ hnes @ i crwéy g - fwiﬂ'rc.offpfg
d. i. State all values of @ for which & = 1.1. Give your answers correct (o four decimal places 1 mark
A= -0-505123I( .. , A& =08084677. .
(34676535088 A 27 (DA< -0.5052
ii. The graph of £ has an x-intercept at (1, 0). A\ = 89{'
' ALY [ mark

State the values of a4 for which 1 €& <'1.1. Give your answers correct to three decimal places

=0.505 <a ¢ -o-5jlor 0-S08 <A< !-345

SECTION B — Question 5 - continued
TURN OVER
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The coordinate (b, 0) is the horizontal axis intercept of g,,.
Let g;, be the function representing the tangent to the graph of f at x = b, as shown in the graph below.

8 4
A
1+

e.  Find the values of a for which the gra|phs of g, and g,, where b exists, are parallel and where b # a. 3 marks

Grediends af x = oo | Gradients ot x= b

% AF E| o 6 == QI%E,.WY

Letp : R = R, p(x) = x* + wx, where w € R.

f.  Show that p(—x) =—p(x) for all w € R. 1 mark
3 3
LHS = pL=Xd= EXD WA & =X WX

WtS= —pOOE = (K wx) R Ewx
O UHS = RHS | shown

SECTION B — Question 5 — continued



27 2020 MATHMETH EXAM 2

A property of the graphs of p is that two distinct parallel tangents will always occur at (1, p(r)) and
(=t, p(~1)) for all £+ 0.

g.  Find all values of w such that a tangent to the graph of p at (1, p(t)), for some ¢ > 0, will h"ﬁve aﬁ
x-intercept at (-, 0).

The %wwfl W Y= p) M X =T s g/"-—-’-'b + 3™ Z.'thX.)

Witk x-—-t,g..o,w0W“Wt 3 Al F A

W= -5\t >4¢
.'I-.".W<fo

__ WAY /|
X m 0f'x h
7 R# -->‘R2,T = +| |, where m, n € R\{0} and &, k € R.
\ ¥ 0 n y k

m=_,|f ﬂ_:'_!; h= o, k :D .

ke it www
ﬂsbw;,wsuwu Wwfmmmﬁ% g ed
me R\ (ie: W«tummfl W.-..I)
N el&\i‘bj
h=o
ke I
g e codie !

I mark

1 mark

£
13
K

R

END OF QUESTION AND ANSWER BOOK



