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SECTION A — Multiple-choice questions
Question 1

Answer: C

Explanatory notes

The period is given by 2—7z = 277[ 4,

2
The median is 3 and the amplitude is 2. Hence, the range is 3 — 2 to 3 + 2; that is, [1,5].

This can be readily checked by sketching the graph using CAS.
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Question 2
Answer: B

Explanatory notes

Using CAS to obtain the inverse function gives the inverse function as y = iz +3.
X

And since the range of the original becomes the domain of the inverse, the domain is R".

So the answer is option B.

£ Edit Action Interactive

3] b [iafsime [ [ V[

solve [Fﬁ y] 4
[v="5+3]

D

L Mathl | [ine | = | vm | = &
Math2 || e | loggl| VO

Mathd |1 T e |t [logam)| solveC
Tri
’ g BOO toDMS| {™ | {3 | ()
Yar

sin | cos | tan | °© .
abc

Tyl + | B | Gy | s |Exe

Alg Decimal Real Rad i

. You could also use the draw inverse function on the calculator to sketch
the inverse.
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Question 3

Answer: C

Explanatory notes

The roots (x-intercepts) are at x =b, x =c and x = d, with a repeated root at x =d.
So, the factors are (x—b), (x—c) and (x—d)°.

Question 4

Answer: B

Don’t be confused by the fact that the roots at b and c are negative.

Explanatory notes

Using CAS to find the equation of the tangent line to the curve at x =-2 gives y=12x+16,

whereby (-1, 4) satisfies this equation.

@ Edit Action Interactive
1] o [iafsime [ [ V[
tanLine[xE,x,—E]
12+x+186
1]
}METhE = ol In ID'P:.D .lylﬁ
MIth3 T e |t [logae)|solveC
Tri
- g RO toDMS| {™ | {3 | ()
. Var
e sin | cos | tan | ° v
abc _ |
Tl *= |Ba | Gy | ans | EXE
Alg Decimal Real Rad 11
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Question 5
Answer: B

Explanatory notes

Reflect the graph in the line y = x to get the graph of the inverse and then reflect in the x-axis

to get the graph of y =—f ().

Question 6
Answer: A
Explanatory notes

Using CAS gives

b

solve [xa—av12+6—x-7=—3 | x=2 E
{fa=4}

- Mathl || Line = | P

-
 Math? |perinel £ | g o
MIth3 oove astv| * (=2 |
LU e e P []
Var
; = = = + £
abhc _ _
vl *= | Bz | Oy | ans | EXE
Alg Decimal Feal Rad (i
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Question 7
Answer: D
Explanatory notes

Sketching the graph using CAS shows that the range is from the right endpoint to the
maximum turning point.

& Edit Zoom Analysis ¢ (%]| | ¢ Edit Zoom Analysis +
a0 B D B ) S S I E @a]@[i’_\_l
Sheet1 [Sheet2 |Sheet3 |Sheetd | Sheet5 | Sheet1 [Sheet2 [Sheetd |Sheetd |Sheet5 |

M v8=—y2_3.4-5|-3¢x<5 — 0 M v8=_x2_3.x-5]|-3¢x<5 —
[(Jv9:0 [(1¥9:0

[ lylo:0 [ lylo:0

[vl1:0 . Cv11:0 .
[lv12:0 [lw12:0

[1v¥13:0 [lv13:0

= [ J| = (]

VE=—d=dagh [~3<xZ0

Max

=]
Rad Real @| |{Red Real (i
Question 8
Answer: D

Explanatory notes

For the average value of the function to be zero, the area bounded by the curve and the x-axis

over the interval [—p, 0] has to equal %

Therefore
1. 81
2 8
. _81

P =7
n=

2

Copyright © Insight Publications 2017 SECTION A



Question 9
Answer: D

Explanatory notes

To be a probability density function, the value of a is 14 as the area under the curve

must be 1.

Because the function is symmetrical, E(X) occurs in the centre, so E(X)=11.

o Remember to look for symmetry.

Question 10
Answer: E

Explanatory notes

oo fp(l— P)
n

& Edit Action Interactive

L

lm‘f.%[d‘turlj;::a Siml'f'_l"\@ ,].w_
1.4
1 5 5
solve BaE = X
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Question 11
Answer: D
Explanatory notes

The 95% confidence interval for p is

(f)—l.%x /@ p+1.96 /@]

o The confidence intervals for 90% and 95% are worth remembering:

90% | p—1.65x
n

5% | p-1.96x |PL=

n

Question 12
Answer: D

Explanatory notes

np =3 and npq :%.

9
=30=—
A 4
3

So g=—
f 4
pet
' 4

o
~
H
'C5>

o))
H
-o>

), p+1.65x%

), p+1.96 x

Hence, Pr(X =1) = [13( p) (q)* =12 G)l GJH.
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Question 13
Answer: A

Explanatory notes

Pr(X <46)= Pr(Z < 46_60}

—Pr(z<-2)
=Pr(Z > 2), using symmetry

Question 14
Answer: D

Explanatory notes

y =e”*** —3 can be written as y +3=¢”*"*

and therefore y'=y+3and x'=2x+4.

Soy=y-3and x= % (X'—4)= % x'—2. The matrix equation that corresponds to these

equations is option A.

Question 15
Answer: D
Explanatory notes

Using the chain rule

ﬂ— 1 X 1 x f' X
dx  Jf(2x) 2f(2%) Fexxz
_ f'(2x)
~f(2x)

Or, using logarithmic laws, the equation for y can be written as y = % log, (f (2x)).

d—yzlxixf'(ZX)XZ
dx 2 f(2x)
_ f'(2x)
f(2x)
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Question 16
Answer: E
Explanatory notes

Using CAS gives

£ Edit Action Interactive

‘B3| b | i sive S| v { 441 'ﬂ:

5
j 2/xdx o
2
2+In(5)=2+In(2)
e172(2:In(5)-2In(2))
=]

ki)
2
i
_Mﬂﬂ“ Line = | VB | = &
Meth2 | | em [y |
Math3

e 0| &0 | [ | b
Tr
LS TIEIETIEE

gin | cos | tan & F 4

v« B2 | B |ans | ExE

&lg Standard Res! Rad (i

Question 17
Answer: B

Explanatory notes

N

j(s— f(x))dx:jsdx—j f (x) dx

-1

=[3x]’, -4
=6+3-4
=5
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Question 18

Answer: C

Explanatory notes

Using CAS, the area required can be seen as the shaded region (shown left).

Use the main menu to then find the exact value of the x-intercept (shown right).

£+ Edit Zoom Analysis ¢ £ Edit Action Interactive
ETEE [E’Ell@]lbﬁfl o [alswe o[ O
Sheet1 Sheet2 [Sheet3 [Sheetd |Sheets | solve (e2"%-2.e%-3=0, %) 4]
mE,r]_I_:ez‘x__z,ex__,a |—1u {x=In(3)}
[Jvl2:0 a
[y13:0
[Jv14:0
[ lwl5:0 .
[wils:0 n
= ¥
_—
Lower=—6E-3 [ Upper=1.0974
[dx=—3.321802 |
L [E&[f] v
Rad Real 1| Alg Standard  Real Rad |

Hence, the area is

£ Edit Action Interactive

1] b [leasime] 2o [V [ [+ ]

solve(e2"%-2.eX-3=0, x)

B
{x=In(3)}
In(3)
—[ e2'X-2.0¥-3dx
0
3+In(3)
D
il

Mathl | [ine = | vE | = =
Mathz | om b oam |y || e
% i [ ol &0 /=] in
% 01| =]/ 28] | 5= | O=
5? sin | cos | tan | & F 4
,|+|%|%|ans|ﬂ£
Alg Standard Real Rad = @@
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Question 19
Answer: D

Explanatory notes

The rate of change meansg—y.
X

Using CAS gives

13

£ Edit Action Interactive
] s o[ O+
diff( 2+e+(e”x=1),%, 1, 0) 4]
Expression:  |2e(e”(x)-1) | 2-el
Variable: X | N
Order: [1 |
Value: ol |
0K Cancel v
 Mathl |fine = | vl | & | » Mathl |l e ™= yE | & | 2
}Matl‘r? 0™ | e® | In |loggd| VO | Mathe | o= | om | 1y | § | o
:”“‘E“E m | x* | x [logem|soivec|| | Mot g a0 | /e [ Iim
Trig Trig :
p BOO toDMS| {™ [ €3 | () ; [(mo1|[= L= =
Yar = Var [:':[ [DU = ﬁ
sin | cos | tan | ° v sin | cos | tan | @ t
abc ] j ahc | :
v || *= | Ez | Oz | ans | EXE v %= | Bz | O | ans | EXE
Alg Standard Real Rad i Alg Standard Feal Rad (]
Question 20
Answer: C

Explanatory notes

The graph drawn is the graph of the derivative; that is, the graph of the gradient function.
The graph has a positive value over this domain and it does not have an x-intercept or
change signs (therefore there are no turning points and stationary points of inflexion over

this interval).
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SECTIONB

Question 1a.

Worked solution

Maximum height is 4 metres.
Mark allocation: 1 mark

e 1 answer mark

Question 1b.

Worked solution

The gradient function is given by dy =2sin (ﬂ—xsz = 2—ﬂsin (”—Xj
dx 3) 3 3 3

. . 2r 2 o
The range of this function is {—?ﬂ ?ﬂ} , SO the gradient is always less than or equal to 2?”

Mark allocation: 1 mark

e 1 mark for finding the range of the derivative
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Question 1c.

Worked solution

Using CAS gives
6 .
] 2—2-003[%—:{]:]1(
0 }
12
frF i wrsvw |_
| Mathl | [ ine = E . &
Mathe [ om [ el |1y | i | e
;. "fr‘“lh‘* ml | &0 Zof =] L
t =
>ug o1 (=] (28] | 8= | T
ar
; sin | cos | tan g 4
abc

_—

v+ B | B |as | exe

Alg Decimal Fesl Rad (i)

So the area is 12 square metres.
Mark allocation: 1 mark

e 1 mark for correct answer

o Be guided by the number of marks allocated for the question. In this case
there is 1 mark, so there is no need to show any working; just use CAS to

find the answer.
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Question 1d.

Worked solution

Two-thirds of the area is 8 and we want half of that; that is, 4 square units, to be between
3and 3+c.

So set up the integral and use CAS to find c.

£ Edit Action Interactive

] b Jinasim o [+ [ [+ ]

v . [ &
snlva“ 2-2~cns[ﬂg—x]dx=4.y] —
3

1v=4. 119773379}
D

(Mathl ||| = | m | & %

| Ha‘thE D' E'- In i a0

| Math3 . : .

s L 0| 420 | [ | bm
r =

> \!’af o1 | (=] (=8| = | =

7 abe &in | cos | tan a t

“Tvll *+ B | O |ens |EXE

Alg Decimal Real Rad 1)

Hence, c=1.12.
Mark allocation: 2 marks

e 1 method mark for setting an integral equal to either 8 or 4
e 1 answer mark for the correct value of ¢
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Question 1e.

Worked solution

AB is the line drawn normal to the curve at a point when y =1.

First, solve 2— ZCOS( 3 j 1for x €[3,6] for x, to get x=5.

2 Edit Action Interactive
”1 e ﬂﬁ;l Simp | o | w | AL- | v

[fus— T ST av Ty A e T
nnrma][z—z n:‘n:nss:[)'(;E . X, 1]
—V3x V3,
7 i
sulve[2—2 os| X2 |= ’:
{x=5} [
i} [
| Mathl || 1ine = | ym | = 2
(Math? |pefinel § | g
\ ”‘“Iha solve(| dslv| ' | {%B] |
> Trig < > ()| 4| [1]
Yar
; s 2 = * £
abc

' v|*-.EE.%|ans|ExE

Alg Standard Real Rad (i

Then, use CAS to find the equation of the normal line drawn at x=5.

% Edit Action Interactive

solve [ 2=2-co8 [% =]|3=x=6 \t
{x=5}

rlorma](2—2-cns[x3;ﬁ] ' X, 5]
x93,
T w

1]

| Mathl || Line| = | yvE | = | »

}Ma‘thE Define| f 2 i o0

L Math3 sobve(| dSIv [ * [{BE| |
Tr

TS To oo
Yar

. < | 2 = | £ | &
abc L !

=y ‘ « |Bp | Oy ‘ ans ‘ EXE

Alg Standard Real Rad (i

\/_x 53,

The equation of the normal is y = ———-——
T

Mark allocation: 2 marks

e 1 method mark for setting 2— 2COS( 3 j 1for xe[3,6] toget x=5

e 1 answer mark for the equation of the normal
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Question 1f,

Worked solution

d—yzz—”sin(”—Xj
3

dx 3
At x=a, d—yzz—”sin(”—aj
dx 3 3
= ﬂ(normal) -1
dx 27 . [ﬂ'aj
“Zsin| 22

Gradient of normal line passing through (3,0) and (a,Z—Zcos(?

a-3
2—2003(”61)
3 -1
So = >

a-3 ”sin(m]

3 3
a—-3 27 . (ﬂ'aj
=——38in| —

3

2-2 cos(ﬂaj 3
3
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Solving this using CAS gives a =4.966.

& Edit Action Interactive

St & 1] sir

[ [

Mathl | Line ™= | vl | = | #
Math2 | nefine| i | e
_Mﬂth:i solve(| dSlv | ' {82 | |
Tri
M s To o[
Yar
= = = * £
abc _ |
v | - By | Oy | ans | EXE
Alg Standard Feal Rad (i

Mark allocation: 3 marks

e 1 method mark for getting the gradient of the normal line %(normal) =
X

e 1 method mark for setting it equal to

e 1 answer mark for finding a =4.966
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Question 1g.

Worked solution

Let the longest strut be located at x=a, y=2-2 cos(?).

Q(x:a):z—”sin(”—aj
dx 3 3

-1

normal — 272_ ] (ﬂ_aj
—SIn| —
3 3

S.m

The equation of the normal is y—(Z—Zcos(”—aD

To find the x-intercept, lety =0.

= —[2—2005(%61D:2ﬂ_—1(ﬂa](x—a)
“sin| ==
3 3

2r . (ra ra
= Xyt = a+?sm(?j[2—2cos(?n

Strut extends from (x,,,0) to (a,Z—ZCOS(%aD.

za

-1

3 3

2
Length of strutis d = J( X —a)" + (2 - ZCOS(”—;D :

27w . (ﬁaj(x_
—SIN| —

a).

=
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Using CAS to find the maximum value of this function gives

& Edit Action Interactive @ Edit Action Interactive
Ca] b [iafsm] o [ O[] [Ea] e [iafsm]e v [+
a\FZeos( 5] o |[@EzestFT) D
z-sin[xéﬂl-rr z-sin[xgi]-ﬂ
3 3
2 L (XY (o n. e UHH_E
fMax[\/[EH[a][EEE fMax (3n[3 [221:-
{MaxValue=E. 249607266, x=3p» . Hue=ﬁ. 249607266, x=3.9179; .
I | |0 &3
:Mﬂﬂ“ Line| = | VO | = * :Mﬂﬂ“ Line| ® | VB | = &
rMEthz sin | cos | tan | £ o0 ! Meth? | <in | cos | tan | i 20
:Ma?ﬁ sin™ |cos™ [tan™| & i :Ma?ﬂ sin™ (cos™ |[tan™| & i
Tr Tr
:—g sinh |cosh [tanh | ° " _g ginh | cosh [tanh | ° .
AL sink® |cosh™®| tank?| O : AN sink? | cosh® | tank| ™
ahc | abe :
vl *= Bz | Oy | ans | EXE vl += | Bz | Oy | ans | EXE
Alg Standard Cplx Red | |Alg Standard Cplx Red (]

d.., =6.2496 at a =3.9179, so x = 3.9179.
So the longest strut is 6.2496 metres in length and is positioned at (3.9179, 3.1450).

& Edit Action Interactive £ Edit Action Interactive
nﬁ%]&‘lfﬁnlﬁiﬁmlﬂxﬁ 'l"‘rl'fl‘ 'E “1]&'|mﬂ[~im|“_‘*ﬁ |‘I'fl'f|‘ 'ﬂ:
LIV Y AIUE=U y =0 L0 T I308 LIV WAl =0y K=ol A0 T 04 [ u
. AT S A5 S BN PP . 2ew . X >
fM’“U 3eosin( 7% ) (2-2-e | f“’“N[T'“[T (2200
{MinValue=0, x=61% {MinValue=0, x=6}
AL 409 DN IPNEPO UHH
fMax[j[En[a][EEE iMax| | [ 22 sin| % |
{MaxValue=6. 249607266, x=3p | || | [alue=6. 249607266, x=3. 9179} [}
0 || |Bb v
:Mﬂﬂ“ Line| = | VO | = > (Mathl [ e | ™ | @ | & *
Math2 [inetinel £ | g | i | e ||| Meth2 |Definel £ | g
z”“'im solve(| dSlv | * |{®3] | r”“'im sobve(| dSlv | * | {25 | |
Tr Tr
e T TolalaolllM"d <15 Tol o
Yar Yar
= 2 = * Fa i = 2 = * £
abc _ abc J
v || *= Bz | O | ans | EXE |f <+ | Ez | Oy | ans | EXE

Alg Standard Resl Rad am| | Alg Standard Real Rad {im
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£ File Edit Type # @ Edit Zoom Analysis +

I 7 EE R R E E e B BB A R G E @]E[I’_‘LI

Sheet1 [Sheet2 [Sheet3 |Sheetd |Sheet5 | Sheet1 [Sheet2 [Sheet3 |Sheetd |Sheet5 |

[y21:0 Bl [|C]v21:0 (4
v22= ‘/ 2o, ’T‘KD‘ l"'—1. }-‘22=\/ 2o an [ X, l"'—‘.

a [3 "’”[3 [ - [3 ""”[3][

[ Iv23:0 [v23:0

[v24:0 [v24:0

| lw25:0 [ lv25:0

1v28:[] Bl |1v2s: v

iad ~22 ((2 3:!3 Elll(ﬂ' :ncf Ve (2=2-cosl

[

Sk

4

3:—

E.-

1t i

IR [=3.9179 2 09 yc=642496073

Rad Real ai| |Rad  Real i

Mark allocation: 3 marks

e 1 method mark for finding the equation of the normal line at x =a,
za
-1 2-2c08| — | |=m—F——=
Y ( (3)) 2 _ (ﬁa)(x ?
——sin
3 3
e 1 method mark for finding the function that gives the length of any strut drawn normal

2 2
tothecurveat x=a, d = 2—ﬁsin(”—aj 2—2cos(”—aJ + 2—2cos(7[—aj
3 3 3 3

e 1 answer mark for maximum length of 6.2496 metres at (3.9179, 3.1450)
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Question 2a.i.
Worked solution
E(X)=120

Mark allocation: 2 marks

e 1 method mark for setting up the integral for E(X)

23

e 1 answer mark for the correct antiderivative and evaluation leading to a =180

. This is a ‘show that’ question, so appropriate working must be shown.
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Question 2a.ii.

Worked solution

Pr(X >150) = j 1802

Using CAS gives Pr(X >150) = %

# Edit Action Interactive

"ii1|n"1 Iﬂi;l ‘hrrurl""“& vl-'wl-:'- v |
|._-.

Jluu Ty
1501302
11
B
]130 e
150 1804
0.3055555556 |
1] ¥

:Mﬂﬂﬁ Line = | VO | x &
o0

}Ma‘thE ™| e* | In i

Math3 .
= Wl | 50| 550 | flm | Lm
v (W01 [=]|[%6] | g= | O=
i abe %in | cos | tan a t
Tyl + | B | Gy | s | ExE

Alg Decimal Real Rad i

Mark allocation: 2 marks

e 1 method mark for setting up the integral

e 1 answer mark for E
36

o This question is worth 2 marks, so you must also provide a solution step.
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Question 2b.

Worked solution

Xee ~N(u=25, 0 =5)

Using CAS gives Pr(X.- <18)=0.0808.

£ Edit Action Interactive

Lo [iba]swe o [+ [+
Iy,
36
180 p.y
[10 2y,
150180

0.3055555556

normCDf{=2e, 18, 5, 25)
0.08075665923

P ¥

:Mﬂﬂ'l‘] Line = | Jm . 3

. Math2 o e® | In i .

Math3 - :

s L 0| 20 | [im | lim
rig : =

e (M0 [™=]| (28] | E= | I

/ abe gin | cos | tan g F 4

“Tvll *+ B | O |ens |EXE

Alg Decimal Real Rad 1)

Mark allocation: 2 marks

e 1 method mark for X ~ N(u=25, 0 =5)
e 1 answer mark for 0.0808

o Be careful to define the distribution using a new variable. Something like
Xge IS suitable.
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Question 2c.
Worked solution
Using symmetry, the mean is 24 mm.

X; ~N(u=24, 0 =7?), where Pr(X,, <20)=0.1.

Using CAS gives o =3.12.

£ Edit Action Interactive

e b a2 [T [T

Juuu‘ Fex -
1501802

dx

0. 3055555556
normCDf (~%, 18, 5, 25)
0.08075665923
solve (normCDf (~2, 20, x, 24) =k
{x=3.121216584}

0 E
Math2 o e T e
;ﬁﬁm’ FRENIESI IR
¥ —
> ug ool (=] [=8] | = | O=
ar
- gin | cos | tan | & F 4
abc _ _
T Tl *= | Bz | Gy | ens | EXE
Alg Decimal Real Rad ]

Mark allocation: 3 marks

e 1 answer mark for finding the mean
e 1 method mark for setting up an integral to find the standard deviation
e 1 answer mark for the correct standard deviation

o Be careful to use a different notation for defining the distribution.
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Question 2d.i.
Worked solution
Pr(X,, <18)
Pr(3J) x Pr(X,, <18) + Pr(RF) x Pr(X 5 <18)
0.7 x0.027235

~ 0.7x0.027235+ 0.3x 0.0808
— 0.440

Pr(JJ |length <18) =

Mark allocation: 3 marks

¢ 1 method mark for recognising conditional probability or for using a tree diagram and
for finding Pr(X,, <18) =0.7x0.027235

e 1 method mark for having a denominator that involves 0.7 multiplied by one
probability and 0.3 multiplied by another

e 1 answer mark for 0.440
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Question 2d.ii.
Worked solution
p=0.7, n=500

R p(l-p) \/0.7x0.3
E = = 0.7, = =
(P)=p o \/ - 00

P~N(u=0.7, o =0.0205)

Pr(P > 0.75) =0.0073

£ Edit Action Interactive

] & Jlafsiwe] o [T ]
500 [
%3
500

0.02049390153

(0, 70,3
nnrmﬂ[}f[l] T5, o, W”:

7.348710885e-3|

0

| Mathl | [ine _ . 3

| HE‘“‘IE El'l' E'- 11] ].DHID .'gl'ﬁ

Math3 P e |kt [loga) solveC
Tri

s g BOO |toDMS {™| [ {3} | ()
Yar

e gin | cog | tan | ° i
abc _ |

v| = | Bz | Oy | ans | EXE
Alg Decimal Real Rad 1)

Mark allocation: 2 marks

e 1 mark for identifying parameters x=0.7, o =0.0205

e 1 mark for answer Pr(P > 0.75) = 0.0073 (although if the rounded value for & is used
this will give Pr(P > 0.75) = 0.0074, so accept either 0.0073 or 0.0074)
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Question 3a.i.

Worked solution

Using CAS, the gradient of PA is %
a_

£ Edit Action Interactive

"Bt | v | s sivee |25 | v [ A4 Tﬂ:

B2 &
L . o 2=g
s1mphfy{?J
_6_
a—2
1]
v
_Mﬂﬂ“ Line| = | VO | = %
rM“hE ™ | e* | In |loggd| VO
ﬂ Wl | x® | x™ (logg()|sclvel
Tri
"8 w00 frooms| {= | <1 | O
Var
? sin | cos | tan | ° ¥

v« B2 | B | s | Exe

Alg Decimal Real Rad i

Mark allocation: 1 mark

e 1 mark for answer in simplified form
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Question 3a.ii.

Worked solution

We need to solve f'(x) = Lz for x.
a —

Using CAS, this gives

x=i\/a—2 +2

Since x>2, x=+a-2+2.

£ Edit Action Interactive

i [imafsm[mo [ G [ ]

a=2 e
solve[%=i(%] ' x] |
{x=—(a-2)9- %42, x=(a-2) 0" E
sobve( 323 =4x (3% %)
{x=—Va-2+2, x=vVa-2+2} |

D | ¥
M Line| ® | VO | = &
}Ma‘thE ™ | e® | m | i | e
! "fr":l';a i FRIES :“- lim
e (mo1 | [=]|[%8] | g | I
" abe sin | cos | tan | & f 4
T Tw| *+ | B2 |G | |EXE
Alg Standard Resl Rad (i

Mark allocation: 2 marks

e 1 method mark for solving f'(x) =i2 for x
a_

e 1 answer mark for correct answer (the negative answer must be discarded)

o Always consider the domain when validating solutions.
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Question 3b.i.

Worked solution

Set up and evaluate using CAS to give an answer of 6.

£ Edit Action Interactive
] b [ma]swe[ B [ TG
[E="=1d=ZL) Tl A—vd=a ) |:
solve i:i[i] X [EI
a—2 dul2-x)"'
{x=—va=2+2, x=va-2+2}

o et g
mmphfy{—] 5 ﬁdx)

0 [*:-].

Mathz |l oem |y || e

:TTE ml | Lo Ep| fm | Lm
rig -
v (mo1 | [=]|[%8] | g | I

&in | cos | tan a F 4
abc

v« | B | 5 | ans [ EXE

Alg Standard Resl Rad (i

Mark allocation: 1 mark

e 1 mark for correct answer
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Question 3b.ii.

Worked solution

Set up and solve using CAS. Note that b>2,sob=e™" +2.

£ Edit Action Interactive

] b Jiafswe] o [

N 25
simplify (= F:- ﬁdx J

3
solve -[ 2—dx=ﬁ.h
'h =X

{b=—e~ 142, b=e"1+2}

D

)

0 2
}Mathﬂ 0 | e® | In | & | o
:”“‘E“‘* I
Trig :

v [(mo1| [™=]|[%E] | E= | D=
‘ gin | cos | tan & F 4

abr _ | :
vl *= Bz | O | ans | EXE

Alg Standard Real Rad 11

Mark allocation: 2 marks

e 1 method mark for b=+e*+2

e 1 mark for answer b=e™+2 (the negative answer must be discarded)
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Question 3c.i.
Worked solution

Shape of the region is a trapezium with vertical sides of length 6 and % ,

and a width of a — 3.

Using the formula for the area of a trapezium gives A:%(a+b)h = @2
a_

# Edit Action Interactive
it e [iafsie [ [ [ [ /][

35 3

salve -] —dx=6, b
b2—x

L,

{b=—e~142, b=e~ 142}
simp]ify(% (a+%) (a=2))

F+(a=13-(a=3)
a-2

n

| Mathl | [jpe ™ | /m | = »

Math o e T T [ |

[Mathd | =T a-T o 7o &
= m L0 L0 fm| lim
rig = o
; (Mol [™=][®E] | &= | Q=
- Var - = =
; gin | cog | tan | & t

abc ! L

T+ [ T s e
Alg Standard Real Rad (i

Mark allocation: 2 marks

¢ 1 method mark for recognising the trapezium and finding the lengths 6 and

e 1 answer mark for correct answer
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Question 3c.ii.
Worked solution

3(a-)(@-3)
@a-2

Set 6.

Using CAS to solve for a gives a = i\/§+ 3.

Since a>3,a=+/2+3.

£ Edit Action Interactive

L3 ] b [l e foo [ [+ T

T "y T

simplify (% m+%> (a=2))
3+(a-1)+({a—-3)

-2
sulve[ 3- (a_;i:?(a_g) =6, a]

{a=—V2+3,a=v243} |

0 C
| Mathl || 1jpe = | /@ | = "
}METhE o= ol In i a0
;. "fr‘“lh‘* w | ol Lo [ b
Ir =
> uaf o1 | (=] (28] | 5= | T=
; abe sin | cos | tan | @ i
el - Bz | O |ens | e
Alg Standard Real Rad (i

Mark allocation: 2 marks

3(a-1)(a-3) 6

e 1 method mark for setting
(a-2)

e 1 answer mark for a= «/5+3

o This question is worth two marks, so a working step must be shown. It is not
sufficient to just give an answer.
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Question 3c.iii.

Worked solution

The area bounded by the curve y = Zi the x-axis and the lines x=3 and x=a is less than
—X

the area of the trapezium, so

—j —dx<areaoftrape2|um
Fora:f+3
2+
= 23de<6
3 2-X
Now — J —dx 6 from partb.i., so
— X
P2+ e+
_J' S—d _j 2—dx
:>\/_+3<e+2
—J2+1<e

Mark allocation: 2 marks

e 1 method mark for using —LMZL dx =6 from part b.i.
—X

e 1 answer mark for a clear and logical argument

o This question is a ‘hence’ question, SO it relies on using arguments and
results established in earlier parts of the question. It is not sufficient to

simply calculate a decimal equivalent for «/5+1 and show that e > /2 +1.
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Question 4a.

Worked solution

Using the product rule gives

f'(x) = 3x(x—4)* +(x—4)°

=(x—4)*(3x+x—4)
=(x—4)*(4x-4)
= 4(x—1)(x—4)

So a=4.

Mark allocation: 2 marks

e 1 mark for evidence of product rule
e 1 mark for answer

Copyright © Insight Publications 2017 SECTION B



Question 4b.

Worked solution

£+ Edit Zoom Analysis & (%]
] S ‘B -
Sheet1 [Sheet2 Sheetd |Sheetd Sheet5 |
[ly1=4-4-cos( %3* | |0sxs6 u—1i;
e T | M| X |
_}2—(1_‘:[4 4 cos[ 5 ]] o]
__‘,'3=4.Tﬂ [ ]
Bl v a=x. (x—4) 3+1 — g
yd=x- (-4h ~3+1
ﬂ"-‘?d,l}
Inflection
EAED
Rad  Real (i

Stationary points: Let f'(x)=0 = 4(x—4)*(x-1)=0

At x=1 y=-26andatx=4, y=1.

Sou=1landv=1.

Mark allocation: 2 marks

e 1 mark for correct value for u

e 1 mark for correct value for v
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Question 4c.
Worked solution

Looking at the graph of f(x) gives the region of the graph from the x-intercept at x =0.016
to the minimum turning point at x =1. So the region is [0.016, 1].

Mark allocation: 2 marks
e 1 mark for correct x-intercept

e 1 mark for correct range

Question 4d.

Worked solution

£ Edit Zoom Analysis + E3

S EE B
Sheet1 [Sheet2 [Sheet3 [Sheet4 Sheets|

M 4=y, (x-4) %41 i
E]}'5=2 [ ]
[Iv6:0

[1y¥7:0

[1v8:0

_'_‘;EI:ZI

=11

vid=x.(x—45 " 3+1
vh=2
{=0,015,2
5

%\ Intersection

Rad Real @@

Looking at the screen, the graph must be moved to the right at least 0.015 units, so k > 0.015.
Mark allocation: 1 mark

e 1 mark for answer k >0.015

o Sometimes questions are completed more easily using a graph.
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Question 4e.
Worked solution

The graph of y = f(x)—1 has x-intercepts at x =0 and x =4, so the area can be calculated as

4
Area = J.x“ —12x3 + 48%* — 64X dx

0

4

5 4 3 2

{XS 12x* N 48x° ~ 64x2}

0
=|-51.2-0|
=51.2 square units

Mark allocation: 3 marks

e 1 mark for setting up the integral with correct intercepts
e 1 mark for correct antiderivative
e 1 mark for answer

o Be careful here as the area cannot be negative — it is best to use absolute
value signs around the calculation.
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Question 4f.i.

Worked solution
Dilation of factor of % in x-direction (or from the y-axis)

Translation of 1 unit down
Mark allocation: 2 marks
e 1 mark for dilation specified correctly

e 1 mark for translation specified correctly

Question 41.ii.

Worked solution

(0,0) and (2,0) by looking at the x-intercepts of y = f(x)—1 and halving
Mark allocation: 1 mark

e 1 mark for both coordinates correct

o Note that the question is a ‘hence’ question, SO it needs to be obvious that
the answer has come from working with the previous answer.

Question 4f.iii.

Worked solution
1 .
Area = > X previous area

= %xSl.Z = 25.6 square units

Mark allocation: 1 mark
e 1 mark for answer (showing appropriate working)

Note: Must have evidence of halving previous answer. If area is calculated using an
integral, then zero marks allocated.
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Question 5a.i.

Worked solution

The sum of the edges is equal to E cm; therefore, 6x+3y=E,so y = % —2X.

Using Pythagoras, or otherwise, it can be shown that the vertical height of the triangle is

(X)X B
2 4 2

2
The area of the triangle end is 1bh = 1 xﬂ = 3
2 2 2 4
The volume of the prism is
2 2 3
Aviange XY = ﬁ—X(E—ZXj = V3Ex - 3x , as required.
‘ 4 \3 12 2

Mark allocation: 3 marks

e 1 method mark for finding y :E—ZX

¢ 1 method mark for finding the vertical height of the triangle
e 1 answer mark for finding area of triangle, leading to volume of prism
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Question 5a.ii.
Worked solution

) dv
Maximum volume occurs when ™ =0.

X
. _dv —(9V3x —\BEX]
Using CAS gives — = :
dx 6
—(9«/§x2—«/§Ex)
Set =
6
Using CAS gives
& Edit Action Interactive £ Edit Action Interactive
61 | v | 122 sive | 5855 | v [ 445 vﬂ: Gt | v | i sive | 5255 | v | A4 vﬂ:
= Fagd - =
d [V3-Ex? E-zﬁ] (A (YBEE Yo 1)
dxl 12 2 dx / !
. O e S ol
—(9+3-x% V3 E-x) [Qﬁxﬁ V3-Erx)
5]
| sulve[ﬂ*ﬁ*xﬂ—ﬁ*E-FU,x]
- E
| [R—U,Fg}_
o 0
:Hﬂﬂﬂ Line| ™ | & | = o :Hﬂﬂﬂ Line| ™ | v | = o
}Math? 0 | e | In | i | o }Ma‘th? 0 | e* | In | i | o
Math3 : Math3 :
:T“H | L0 | 50| S | lm :T“[ | | L0 | 45D | S|
r
}'!.!'af o1 | (=] | (=8| = | U= }ug 01| (=] (28] | 8= | T
ar
‘ sin | cos | tan g 4 / sin | cos | tan g 4
abc _ _ ] abc _ | .
vl *= Bz | Oy | ans | EXE vl * Bz | Oy | ans | EXE
Alg Standard Real Rad Alg Standard Real Rad

. E
So the maximum volume occurs x = 9 cm.

Mark allocation: 2 marks

Cav —(9\/§x2 —J§Ex)
e 1 mark for setting FV 5 equal to zero

e 1 mark for answer x = %

o For questions worth more than 1 mark, appropriate working must be shown.
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Question 5b.
Worked solution

Surface area of the prism is

2 x Areatriangle + 3 x Arearectangle
J3x?
= +3X
> y
2
:\Ex +3X(E—2Xj
2 3
2
X
:\/§ +Ex—6x%?
2
Using CAS gives
# Edit Action Interactive
g1 [laasme [ [ TGV
d [ vV3x? P ] 4
dx[ 7 +Ekx—Bx"2
V3x—12-x4E
solve (V3 x—12-x+E=0, %)
_E
[F-ﬁﬂz}
0
| Mathl | [ine | = | vm | = %
}HaThE D' E'- 11] i
| “‘“lha FRESIESIN R
Trig — =
p = [mo1| =] [BE] &o | 0o
¢ %in | cos | tan a it
abc _ |
v = Bz | Oy |ans | EXE
Alg Standard Real Rad i
] E
So, the maximum surface area occurs when X =
12-3

Mark allocation: 2 marks

e 1 method mark for finding prism’s surface area

E
12-+/3

e 1 answer mark for x =

cm.

END OF WORKED SOLUTIONS
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