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Section 1

Instructions

 This section has 10 questions and is worth 10 marks.

» Use a 2B pencil to fill in the A, B, C or D answer bubble completely.

* Choose the best answer for Questions 1-10.

 If you change your mind or make a mistake, use an eraser to remove your response and fill in the new

answer bubble completely.

A| B | Cc| oD
Example: | @ O @) O
A| B | cCc | D

1. o O e O
2. o O O e
3. ©C @ O O
4. o O O @
5. OO ® O O
6. ©C & O O
7. ® O O O
8. OO O O =
9. OO & O O
10. o O ® O

Ensure you have filled an answer bubble for each question.

Do not write outside this box.

10f21




Section 2

Instructions
* Write using black or blue pen.

* Questions worth more than one mark require mathematical reasoning and/or working to be shown to
support answers.

» Ifyou need more space for a response, use the additional pages at the back of this book.
— On the additional pages, write the question number you are responding to.
— Cancel any incorrect response by ruling a single diagonal line through your work.
— Write the page number of your alternative/additional response, i.e. See page ...
— If you do not do this, your original response will be marked.

 This section has eight questions and is worth 50 marks.

DO NOT WRITE ON THIS PAGE

THIS PAGE WILL NOT BE MARKED

Do not write outside this box.
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QUESTION 11 (4 marks) (alculator

The mass of checked bags that passengers take on a Brisbane—Sydney flight is normally distributed with a
mean of 21.3 kg and a standard deviation of 4.2 kg.

A random sample of 16 checked bags was conducted.

a) Determine the probability that the mean mass of the checked bags for this sample
exceeds 23 kg.

[2 marks]
r mean H
D‘; = — = L(Q— =
X In e l.os” sample means -
standard deviation —-
Jn
R =]
@17 Normal Normal PR - 0.0527185088
Tail A (X2) u=21.3 0=1.05
Data :Variable )
DisplayZ:0ff S)
X 123 -
e e — B S FAEN: ' N
Setup @ Results I

Pr(x>23) =~ 0.0527

There is a 40% probability that the mean mass of the checked bags for this sample is within £m kg
of the population mean. = 21.2

b) Determine the value of m.

[2 marks]
20, 20% _
/\—-{\ Pe(213-wm £ X €2130m) = 0.4
SN While Iaoki/.j at jrap\,\ of e norma) distribution ffom \ozﬂore,
2.2
X Xq e values and il optons are editable :
_ W [TOOLS][OK]: Edit/View Value
©), DT, @ £xz,> >, type Ok, @ PEIMEEIXS 21.85)= 0.4
u=21.3 0=1.05
o 2.3-m = 20,44 and 2034w = 285
Som= 055
. X
1€ Setup Results B

Do not write outside this box.
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QUESTION 12 (7 marks) (alculador @, Angle, Oegree, @) , lomplex Mode, atbi

A 10 kg object is travelling at ground level with a constant velocity.

At an instant, two forces of 60 N and 42 N act simultaneously on the object parallel to the ground in the
directions shown.

Not to scale

60 N

Let unit vectors in the east and north directions be i and j respectively.

a) Determine the resultant force acting on the object expressed in Cartesian form.
Simplify your answer. [2 marks]

Resdue. forces into lomponents. lo to the caluuate ape: @, ,
TO .M\Pu;\' o vedhor without SM\/\J'_ , Mmxn

1) s 14 [bows(/sof-sz)]z [—IO-"L{
l{ZSinI@J T [ 6o sin(is0¢ 33 = 13.82 [42cos (18) ]+[60cos (1,
F o —loa® _ (q.a2? 42sin(18) B0sin(1
= Ahe - 13.425 [—10.93851208
-18.81644209

b) Determine the acceleration of the object after the forces act. Leave your answer in
Cartesian form. [1 mark]

A
F=me —» a= F = ~lodhr-1%.%2
m lo

Jusk prcss\:— 0 and +he

Mat Ane abHOMaHCal(j c\ﬂ)m\-s; LOUS 1Nyl

15 1
[ 10.93851208
-18.816442089

[—1.093851208
~1.881644209

Calculation Vector | 21

. 4 of 21
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el

The object is initially travelling at 5 m s'ina northerly direction when the forces act.

c) Determine an expression for the object’s velocity in terms of time, ¢, after the forces act
[2 marks]

Leave your answer in Cartesian form.

,\{(f) =5 a dt S -1.04; - \.%%g at

|

= —lodte - 183t} + ¢
£=O) V= 63 v(ﬁ) = —\.O‘H:E — a4t + 5)
=-logel +(5- L%t}’i

d) Calculate the speed of the object after the forces have been acting for two seconds. [2 marks]

v(z) = -218% » 10u]

\1(’2|g)7— ¥ (‘I.Zl{)l A(ﬂ!’&rﬂahU&a) use vecl.a‘- NprM R)I‘ Majmlude,'.

6
feaq ©, @ Veckor, ® Vedor Norw, @ © mxn, epter

dimensions as M=2, n=\, then (onfirm,

Spee& = | \,('(7-)|

Wnpu¥ =24, v, (21, €@

m] [¥7)Rad Norml = a+bi
( Norm[ _12 °2148
2.507987241 T 2.507987241

Do not write outside this box.
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QUESTION 13 (7 marks) (Qalcwdador @, Anﬂ\c, Ladian

The sketch shows sections of the functions f(x) = —0.5x% +7.5x—18 and g(x)= 4cosec(%) -4,

Two points of intersection at (12, 0) and point 4 are shown.

Not to scale

y
A
Type: y= \ Viewing Setup > o
®yl=-0.5x*+7.5x-18
y2=
Sl"[24]
. —— INTSECT
1< | Function Graph | e
(12,0)
V) = -
a) Determine the codrdinates of point 4. [1 mark]
. :
©, |sraphatable| . inpuk both Funckions @D, set window fo: 0 £ 215 and 0 £y 415
©, ® Graph Solve, @ Itersedtion lise. e and ﬁjh+ acows fo find A, A=(4,u)
Consider the shaded bounded region between the functions.
b) Determine an approximate area of this region using Simpson’s rule with four intervals.
Show evidence of the values substituted into this rule in your solution. [3 marks]
[P 7 () den 2] £ (v0)+ AL () + £ () ]+ 207 () + £ () 44 £ (5,
Le}' \lj{‘ = -F(-x,) , = qx =y - Simpson’s rule e 1

(wnsdeck y, ank 4, oeional)
® to Gradag'fa\ole setup, ensure Ys s selected and input the difference. funckion:

@ @ Function @3\ . @ @ Function @32 ‘

f Minus Su-\\

Display T b[
Press down “'b M’ AH‘Una'HU(J(:JA, Now ‘I’M&d’ 33 s 5@;{-(4'@, we
€, © St Table Domain, O Range .

tn use o lde -ﬁumi'mmfuﬁon in_ Calculate.

\/Ipwl' valiles as Snown. These feldg also accept

CalewlatHons . @, Calculate ) @ @ Function @“‘3 ( L( ‘) @

TablaSemngmune % MSC, ‘me_ an&s OM i/l‘l’evhldo\ W‘\dHA ",'O 6OAS+mD+

@ Start
@ End
o a —}-a\ale,’ 05 evidence of values is required. .
y3(6)
7.343145751

y3(8)

5109 9.381197846 .
y

6 gf 21 6.858895278

4
3 Graph Table 3 Graph Table n Calculation Vector | 31

Do not




You can use Lunchian notation direc'HJ W ﬁ)mwua, but the question asks

for tiidence .
[] g []
3 (¥3(4)+4(y3(6)+x|0 ) +2(y3(8))+y3(12))

50.38037321

’Wl’ns '|'ab(e, .Sl/low\nj Hre values an be. mplied hj 5Mbé€q_um+ m.—me.

X y3
o 4 0
X, b 7.313)
2 9 q.38\\
X3 10 b.%5%%
*y 1L 0

1w
o S - g avx 204 U314 5e89) + 2 (23814 0
~ 50.39 ypits*

c) State a definite integral that represents the area of the shaded bounded region. [1 mark]

~

1
Iz

y (‘ 052>+ 1.5 % |4B — (Ll COSe(_(%) - L\> d»,

d) Determine the value of your result from Question 13c¢). Give your answer to two

decimal places. [1 mark]
)
(5] " W\ -sele C{’ 3 g A're" between curves ¥ chants here

<tm ——— A J_ A
©, Graph&Table oy w3 . 629 (D Select =@ 08 (), 6D, (D) Draw , €9, (D Graph Solve

® jdﬂ-l, ® Intersection | Press > until the ficst intersechion (h,h)/ , 7 , @=5014)
A=50.42 US'Vlﬂ ac.

e) Other than working to more decimal places, state a strategy involving Simpson’s rule
that could be used to improve the accuracy of your result from Question 13b). [1 mark]

M‘SQ— Moce. i/\‘l'&ﬁl%ls Rad Norml & atbi

LOWER=4" * ©
fax=54. 4233977

£1=50.42339Y

Do not write outside this box.
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QUESTION 14 (8 marks) Calcuwlator

The origin, O, is joined to points A(1, 2, 5) and B(-3, 4, 0) to form triangle O4AB
Point C is the point on OB such that AC is perpendicular to OB, as shown

Not to scale

t 40,25)
3 L0
C \B( ) I)
O\/‘a/

>y

vector projection

a on b =|alcos(6)b
a) Given the length of side OB is 5 units, show that the vector projection of
-3

(a-B)b

u5b1anﬂ wiplies wor\cmj must e
OA on OB is 1 4

shown .
[2 marks]
0
A A
Proj o = (ab)k
~ —
=1y ) LF)
LS/ /gk o/ ) \b)
/\y Fador %
= 1" [apaae\ /3
2{ Dok product: ab) ( ;/
I 3
- (D= ()
25‘ > § . :,
b) Use your result from Question 14a) to determine the length of OC. [1 mark]
—>
oc= l{)r‘o s loc l Norm / / \\ =
,Ve(,+vr:>, @VGC—"’DFNDI-M ;® Mxn , :‘\A:f;
Do not write outside this box.

8 of 21




¢) Determine the length of side OA. [1 mark]
SN !
onl = Nown ([2]) = I30
/ \= 41/
AS above
d) Use Pythagoras’ theorem to determine the length of AC. [1 mark]
v rﬁ’: 2
[Ac] = 115717~ (52
— % bR
= (@)= )
= XBO— \
- (22
e) Use your result from Question 14d) to determine the area of triangle OA4B. [1 mark]
/\ A= Ltbl. = Ly5xg = 5=
/ g \ 2 2 )
)
f) Use a vector product method to verify your result from Question 14e). [2 marks]
-
Arm = | | OA x OB| . (oss Product : ,Vcd-or )® Cross Poduct
R o [ 14]
CrossP||2],]| 4
5] [ o
2
=0.5 x Norm /Vdr Ams\ 10
\ / ﬁ Calculation Yector 21
[ [J7)Rad Norml = a+hi
,Véd‘vl‘ﬁ,@ve(fh?rNDrm\,Vg(jvlj‘@ VL"')@\ -15
’ ' ! 10
T 0.5xNorm(Vct Ans)
:/2 ,'; S‘Iww oidenace o} Cross Product @
- s-m ;n Calculation Yector | 1
2L

Do not write outside this box.
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QUESTION 15 (6 marks) Nop - (alcwlodor

De Moivre’s theorem can be expressed as
(r(cos(9)+ isin(H)))n =r" (cos(n@) +isin(nd) ) VneZ*

Prove De Moivre’s theorem using mathematical induction.
Prove e for Nz e
r(st ¥ is?r\B} = F[Los@ £ 15n8)
Ttis@ = s @8 V' True  as LHS = BHS
hssume true Lor n=lk
(F cis & )l‘ =t (is (ko)

proue, '('l‘ue -Cor n= l+I

(Feis o) o (cis(Gurs)
Expand LHS using index laws .
6@3 @k (reis@) = ler! Cis((kﬁ)@)
Tse./a_ssjam%o/\ statement
r ccs(w) (reis®) = bl es ((k+|)o>
r (cask@ 1150 k@)X Cos @ +isinE) = - C_tS ((Ld—l)éb
LHS= r! ( (05(1) cos(8) + 1 (k) 5n®) + 1 5in(k6) 5©) + 32 53 (k) sin®
e ( tos(kd)os 6 - sin (kO sin®) + 1 ( Los@@) sin(@) + 5\,\@9) (os(@)>>

sin(4 + B) =sin(4)cos(B)+cos(4)sin(B)
angle sum and difference | sin(4 - B) =sin(4)cos(B)—cos(4)sin(B)
identities cos(A+B)=cos(A4)cos(B)—sin(A4)sin(B)
cos(A—B)=cos(4)cos(B)+sin(A)sin(B)

et (5050"9*93 t 1 sin(kO+eY)

Do not write outside this box.

. 10 of 21 .



= " Cos (9Cerd) + 1 sin (o Cler))

= ¢t is ey = RHS

True g;r /\=L<+(,,

S he pro,lpos?-ﬁa/\ ‘s Frue \oj mMathematical ndution.

Do not write outside this box.
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QUESTION 16 (6 marks) Colcwlator

A certain population can be approximately modelled by the differential equation

4P _os5Pa-02P)
dt

where P is the population in millions and ¢ is the number of years since 1 January 2025.

Given that the population on 1 January 2025 was estimated at 0.3 million, use a calculus approach to
estimate the'population on 1 January 2030. Fird P whe~ t=5".

4P = 05P (/—o.?.P)
at
Y I ap -—jo.g at
J P(1=02¢)

Packial Lractions

/ = A +_ B
Pli-0.20) P I-o.2P
| = All-04p\ + BP

[ef PZO,, | =A(iI-0d+ o

| = A

Dedesmine what P value do use next: olve N //— 0.2% =

=0) , x=5
let P=5 1= A()-0axs) + 5B

| =5R

é’—s = 0.9

[0y
J p

0.2 AP = QO-S’dz‘:

|—0.2P

In[P] = In|)-0ap] = 0.5t + ¢

Do not write outside this box.
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=0 P= 0.2

In (0.3) - |/\<l—o.1xo.3> = O +C

OPTioNaL: Hoce. ¢ a5 AprA ¢ +o paianse row\dif\j esrors.

M [~7|Rad Norml = a+bi

In{(0.3)-Lln(1-0.2x0. 3>
-1.142097401

Ans>C
-1.142097401

-

SHIFT A
®,
)

In(P) - In(1-02P) = 0.5t — .y

Detecmine P when T =5 ysing Solve N.

‘%mtm<hw®)— M(J—oﬁﬂ = 0.56) + C)

( P~ 92187 /

v

\3 ' @ Funchion Avmjas'|57® SolveN ) 4
SolveN(ln{(x)—-Lln{(l1-0.>
{2.187228212)

Tre estimated Population after & years s 214 million.

Do not write outside this box.
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QUESTION 17 (5 marks) (alcuator
A variable, X; is assumed to be normally distributed with‘u =24.311 and ¢ = 5.102.

Two 90% confidence intervals for u were calculated from two different random samples from X, with the
second sample being smaller than the first sample by 60. | Sample Sze =n 2nd sarple @ _é®

Both confidence intervals were calculated using the population standard deviation rather than their
respective sample standard deviations. o~ = 5. (02

The confidence interval produced from the first sample was (23.560, 25.498).

Determine the probability that the confidence interval produced from the second sample overlaps the
confidence interval from the first sample.

Flrst Samlole,‘, \/23.6’61. 215, l{‘i‘Z) wiHr 90%  conldence interuad

E: Zi imat in of s
\"—; :Erzl;oxmaemarglno E=Zﬁ |
wr, = 23.66+ 25493 = 2k 529
L
F=2L.524 - 3.6 = 0.44¢4
Q7% 2z-value
/
S. lo
SolueN <0.%4 :@Wi\ —> n, = 75 o174
\
First Sampl& <ze s N=75 .. N, =75-6o =Is-
5100

Error -pof Second  Sample EZ: z > = L.6LS x
i s

EL% 2.167
| [ Jad C.]. will ourlop with~ Hhe ficst il 7, 32 behveen
- 2] 42167 21-392  gnd 27.665
2 3
%, | | % 2256 - 267 = 2(.343
9361, 25 119 25 k49 + 2,167 = 21.66s

Do not write outside this box.
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mean u

Y v M (/],( 0‘> sample means =
standard deviation T
n

Soenple 22 X~ N (B3n 52

Petermine pr‘(?l 393 £ >< £ 27.66S) M.Slmﬂ Nnocmal  disteibution .

AN\°®
@} Distribution , NDrMa,\ ) N orma I. @ -['o fesu H's
Tail A (<X<) !
Data :Variable
DisplayZ:0ff
Lower :21.393
Upper :27.665

M :24.311 /
o :5.102+-4 (15
P Fecuits i

] [TOOLS][OK]: Edit/View Yalue
P(raWEEEI<X<27 .665)= 0.9811755366
M=24.3110=1.3173

Result

P- (21343 £X £ 27.665) = 0.4%12
The. prdoaloi IEJ—j Hat Hhe LO/\](‘ideﬂce, ntervals overlap is 98127

Do not write outside this box.
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Consider the polar curve = 1 + cos(0).

QUESTION 18 (7 marks) Non- Lalculodor

Polar curves are defined by points that are a variable distance of 7 units from the origin and dependent on
the angle O (in radians) measured from the positive x-axis.

A table of four polar coordinates on this curve is shown.

(/] r

0 2
z | NG
6 ey
i

3 1.5
i

5 1

"

b

-]

=
\

= \+Los(7f/z) = ko

The length of a polar curve, L, from 0 = a to 6 = b can be determined using the rule

2
P2 +{ﬂj do
do

1+ os ()= I+

I+ s (o) = 141 =2

&
2

- 1 -
r= v tos ()= 3=l

The graph shows the polar curve » = 1 + cos(6) for 0 < 6 < 27 on a Cartesian plane. The polar coordinates
from the table have been plotted on the curve.

Do not write outside this box.
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Use a complete algebraic method to determine the length of the section of the given polar curve that lies
above the x-axis.

T
0<B6<rC
[ = Y 1 ocY 4

Jo {7
H: = [“" LOSG; Ar = ’Sif\e ) rl = (|+6059>Q-
4p

= |4 2058 + x*C

(0.‘%6)1: sin" O

IL

L= Y J 142050 4 ws*0 1 sin’e A
Jo S~

U using Pothag ident
4 Pythagocenn ideatihy

w0
= ( 24258 db

Jo
= wa \}2(|+oo5¢9) d6

T
= VY \pY |+t 48 sin(24) = 2sin(4)cos(4)
0 = cos’ —sin?
0=94 —» A:—SQ_ \ double-angle identities COS(ZA)zl_ZS(i:E(A) ()
) =200s2(A)—1
L v .
—_ lse Hnis identihy to eventuall
’\ﬁ'S ‘\ | + (2 wsZ(_i_), D a6 Conced +he sgdace root. J
0

- G | T7erE) a8

O

Do not write outside this box.
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= Ga| () s

Vo

= 2 [as(%),
=2 \/25;/\/17;/7:) - 25:/\(0)/\
=2(2-0)

w
= 4 mits  ———> (an roalirm with G.C. Q \I2+lcos¢9 46 =k

(0}

END OF PAPER

Do not write outside this box.
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ADDITIONAL PAGE FOR STUDENT RESPONSES

Write the question number you are responding to.

Do not write outside this box.
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ADDITIONAL PAGE FOR STUDENT RESPONSES

Write the question number you are responding to.

Do not write outside this box.
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ADDITIONAL PAGE FOR STUDENT RESPONSES

Write the question number you are responding to.

Do not write outside this box.
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