
NORTH SYDNEY BOYS 
HIGH SCHOOL 

2021 YEAR 12 HSC ASSESSMENT TASK 3 

Mathematics Extension 1 

I Student Number: 

General Instructions 

• Reading time -10 minutes 
• Working time - 2 hours 
• Write using blue or black pen 
• Board approved calculators may 

be used 
• All necessary working should be 

shown in every question. Marks 
may be deducted for illegible or 
incomplete working. 

• Write Multiple Choice responses on 
sheet provided 

• Write on the lined paper in the 
booklets provided 

• Use the Reference Sheet 

Question 1--10 11 No 

Mark - -
10 15 

12 

-
15 

13 

-
15 

Section I - 10 marks 
• Attempt Questions l - 10 
• Allow about 15 minutes for this 

section 
Section II - 60 marks 

• Attempt Questions 11 - 14 
• Allow about 1 hour 45 minutes 

for this section 

Class Teacher: 
(Shade the circle) 
0 Mr Berry 
0 Mr Lin 
0 Mr Umakanthan 
0 Mr Ireland 
0 Ms Lee 
0 Dr Vranesevic 

14 Total % 

- - -
15 70 100 



2021 Y12 Ext 1-Assessment Task 3 - Outcomes 
Question MEll- MEll- ME11- MEll- ME12- ME12- MEl2- ME12-

1 2 3 4 1 2 3 4 
1 / I 

2 /1 

3 /I 

4 /I 

5 II 

6 /I 

7 II 

8 /I 

9 /1 

10 / l 

1 t(a) / J 

ll(b) /2 

ll(c) /2 

11(d) /3 

1 l(c) /7 

12(a) /3 

12(b) /4 

12(c) /5 

12(d) /3 

13(a) /4 

13(b) /2 

13(c) /3 

13(d) /3 

13(e) 13 

14(a) /2 

14(b) /4 

14(c) /2 

14(d) /5 

14(e) /2 

Total /3 17 /3 /4 /19 /14 /16 /4 /70 



Section I 
10 marks 
Attempt Questions 1-10 
Allow about 15 minutes for this section 

Use the multiple-choice answer sheet for Questions 1-10 

1. Find f 4 

2 
dx 

25+16X 

(C) 5 tan-1 sx + C 
4 

(D) 5 tan-1 4
; + C 

2. Find the value of a such that P(x) = x3 - 2x2 - ax + 6 is divisible by x + 2. 

(A) -5 

(B) -3 

(C) 3 

(D) 5 

3. The domain and range of the function f (x) = 4 sin-1(3x + 1) are respectively 

(A) 
2 and -2n :5 y :5 2n 0 <x < -

- - 3 

(B) 
2 

0 and - 2rr :5 y :5 2rr --< X < 3- -

2 
(C) - - :5 x :5 0 

3 
and IT :5 y :5 2rr 

(D) 
2 and 1l :5 y :5 2rr 0 < X < -- - 3 



4. The diagram below shows a mass being acted upon by a number of forces whose magnitudes are 

labelled. All forces are in newtons, and the system is in equilibrium. 

The value of F 2 is 

(A) Y2 (8 + 3\/3) 
2 

(B) 11"2 
2 

(C) 3-./2 
2 

(D) 7 

4 

5. Let a, /J, y be the zeroes of x 3 
- 4x + 1 = 0. What is the value of ~ + ½ + ~ ? 

(A)-4 

(B) -1 

(C) 1 

(D) 4 



6. The diagram below shows the velocity-time graph of an object that moves over a 10 second 
interval. For what percentage of the time is the speed of the object decreasing? 

V 

6-----

(A) 30 % 

(B) 60 % 

(C) 70 % 

3 

0 

-3 

(D) cannot tell from the graph 

2 4 0 t 

7. The function f(x) = 2x3 
- 9x2 

- 168x will have an inverse function with which restriction of its 

domain 7 

(A) D = (7,oo) 

(B) D = (-4,8) 

(C) D = (-oo, 0) 

(D) 
1 

D = [- 2,oo) 



8. Given f (x) = ! - 4, f-1 ( 4) equals 
X 

(A)_ 13 
4 

(8) 13 
4 

(C) 3 
8 

(D) 
3 

8 

9. Consider the vectors given by g._ = m{ + L and !!_ = i + mL, where m E ~­

If the acute angle between g._ and f2. is 30°, then m equals 

(A) V2 ± 1 

(B) 2 +../3 

(C) ~,~ 

(D) 
,.fj 

4-,/3 

1 

10. Evaluate the integral f J 
(A) nz 

72 

(B) In 6 - In rr 

rr2 
(C) 36 

TC 
(D) ...!z 



Section II 

60 Marks 

Attempt Questions 11-14 

Allow about 1 hour 45 minutes for this section. 

Answer each question in the appropriate writing booklet. 
Extra writing booklets are available. 

In Questions 11- 14, your responses should include relevant mathematical reasoning and/or calculations. 

Question 11 (15 marks) Use the Question 11 writing booklet 

(a) Find the Cartesian equation represented by x =cost+ sin t and y = cost - sin t 

(b) Given the vectors f. = 2f + 3j and 4 = 9{ + j, find the projection of f. onto 4. 

(d) Find the coefficient of x8 in the expansion of f - ~) 14 
4 X 

(e) 

(i) Find all solutions for~~ 0 
1-x 

(ii) Show that sec x tan x = si~ ~ 
1-sm x 

(iii) Hence or otherwise find all solutions of sec x tan x ~ 0, 0 :::;; x :::;; 2n 

1 

2 

2 

3 

3 

1 

3 

Examination continues on the next page ..................... .. . .................. ... ........ . 



Question 12 (15 marks) Use the Question 12 writing booklet 

(a) The polynomial P(x) = x4 
- x 3 

- 11x2 + 9x + 18 has four distinct zeroes. Find them. 3 

(b) (i) Express sin x + ,,/3 cos x in the form R sin(x + a) where R > 0 and O ~ a ~ 2n. 2 

(ii) Hence solve the inequality sin x + ,,/3 cos x ~ 1 in the domain [O, 2rr]. 2 

(c) The diagram below shows the graph of the odd function y = f(x) where f(x) = ;x 
X -4 

.... 

' I 
I 

----.- - 1 
I 
I 
I 
I 

1-2 
I 
I 
I 
I 

' I 
I 

I 

- > 

• I 

., 

•J 

~ 

I 
I 
l 1(4, 1) 
l ...... 
I 
r 2 

I 
(1, -1) I 

:,e. 

I 
I 
I 
l 
I 
I 
I 
I • 

Sketch the graphs of the following functions in separate large diagrams, showing x-intercepts and 
asymptotes (stationary points are not needed): 

(i) 

(ii) 

y = f(lxl) 

(d) On the diagram below, AD= a, DB= 3b - a and AC and AB are straight lines. 
You are given that AD : DY : YC = 1 : 1 : 1 and AX : XB = 2 : 1 

B 

not to scale 

A a 
D y C 

Show that XY is parallel to BC. 

Examination continues on the next page 

2 

3 

3 



Question 13 (15 marks) Use the Question 13 writing booklet 

(a) Evaluate the integral f.
0
,/5,; 

2
:

3 

dx using the substitution u = x2 + 4. 
X +4 

(b) Find J 2 
ta~ 

50 d0 
sec 2 50 

(c) Using sums to products of trigonometric ratios, solve the equation 

cos x + cos 2x + cos 3x = 0, 0 :::; x :::; 2rr 

(d) Prove by induction that for all integers n ~ l, 
L~=l r X zr-l = (n - 1) X zn + 1 

(e) An observer at A is watching balloon Bas it rises from the ground at point C. 

The balloon is rising at a constant rate of 3 metres per second and the observer is 100 metres from 

point C. The angle of elevation of the balloon is 0 radians. 

Find the rate of change of 0 with respect to time at the instant the balloon is 50 metres off the 

ground. 

C 100 A 

4 

z 

3 

3 

3 

Examination continues on the next page .. .. ..... ...... ... ..... . ......... .. .... ... ... .... ... .. 



Question 14 (15 marks) Use the Question 14 writing booklet 

(a) The vectors!!:_ and E are such that l!!:.I = 4 and Iv! = 5. 

If!!:_ · (!!:_ + ~) = 21, determine the size of the angle between the vectors!!:. and !:· 

(b) The region enclosed by y = sin x and y = sin 2x in the domain O ~ x ~.:: is 
2 

rotated about the x-axis. Calculate the volume of the resulting solid of revolution. 

(c) Consider the function f (x) = x3 + 2x and its inverse function g(x). 

Use the derivative of f[g(x)] to find the gradient of the tangent toy= g(x) at the 

point where x = 3. 

(d) A ball is thrown uphill from the base of a hill inclined at 45 degrees to the horizontal. The initial 

velocity was 20 metres per second at 60 degrees to the horizontal. 

The position vector of the centre of the ba II at t seconds after release is given by 

2 

4 

2 

~(t) = 10t f + ( 10 t..fi - St2
) £ where f is a unit vector in the horizontal direction of motion of the 

ball, and} is a unit vector vertically upward. 

( j) 

( ii) 

(iii) 

Find the Cartesian equation of the ball's path. 

Find its time of flight. 

Calculate the ball's speed when it strikes the hill. 

{e) The function y = f(x) is odd, and f (x) 2:: 0 for x 2:: 0. 

J0a f(x) dx = ea+ e
1
a - 2 if a> 0. 

Find the area bounded by y = f (x + 4) and the straight lines x = 5, x = -5, 

and the x-axis. (Leave answer in exact form). 

END OF EXAMINATION 

1 

2 

2 

2 
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B 

D 

13 

B 

J) 

A 

A 

C 

C 

A 

Su ested Solutions 



(b) 
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C:oS t; +-S i'n -f::-

4,5-/:; - Sin-/; 

· •. ;:,c, .,__ + ~ .. -==- eo,,. -t t- yfsr,. t: 
+u,si-l. - ~f,i-l 

::: 2 C,c;:,$ 2-t + 2-~f n 1.,t, 

" :£2--+~'-:;:; 2 

C = 2 it 3 . 
J ....... "' -...,, 

. . 
~ .. f"'J --

J -

--

, 

c. J 
~ -
d.J ~ -

(8 .J- 3 

~, -+ ( 

d - q £ + J -
""" ....,, 

,t ti 

~{tfL+i) 
8'J.. 

Su ested Solutions 

✓ 

✓ 

✓ 

- qJ 
/6 38't 
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... 

. 
.,, ' 

(111) 
s,n.x 

. 2 
1-s,n .x 

Su ested Solutions 

✓ 

✓ 



2021 Y12 Ext 1 Task 3 
Su ested Solutions 

P{o) = 
p(,) ::;. 

I g FO 

I - I - II +'( +- J 8 :j: o 

P(-1) :: I + f -JI -'f + I 8 =o 

~ 0 f1w "c.-e,,v.S- OJ2_ ~, f . 
~ SuV\11 '?; r~ s.) ot +-{3 + (-,) -1- 2- ~ I 

tat+~ =O --- -Ci) 

lb f),,;)~,A i ~j/ o( ~ {-1) {.J-) ~ JS 

,: o(~::; -1 --~ ~ 

-} :i 3,-:s 
I I ' 

(b) {ij S•'>'\ X -f n tc>5X-- : f< Sin IX+- bi.) 

~ua'fi.., Ii~ f~: 
t. eos ex ::: I 
P- 5'/'rl ol. ~ n 

- /(S-inx CQSol. + f<'cs.>rSil'l<I.. 

eI) II 
M «.~ . I n1.-.,.h 

't 
in ~OY'VI f lek 
t()b-("k..,'nJ J I 
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~ eon+A. 
.. 

( 11 ) Si~x + J3 lqSx ➔ I 

1 sin (x -1- T) ~ I 

Si11 Ix'+ ,r) >- I 
1....0: ~17_..... 

2-

~· 50 /11~ Sin (x + f) =- :i. 
1 

, :>( + l[ :: 51r l3tr 
p . 

3 T / ' X :: -rr n rr - I -r '2-

'j 
2... 

.fi 

1l"' -2.. 

~ 

tJ ::- '2. Slf'J (~+ 'f) 

. 
So{41-,'oV? ~ O Sx < Tr .. 

' -2. 

,: e.. [o, f] u [ II -,r 
6 I 

Su ested Solutions 

✓ 

Z.ff' 

IN'" /I fr ~ :r~ 2Jr - .... 
6 

2"] 
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@u:) 
(t) 

. , 

(11} 

, .. 

__,.,,, 

I 
( 

I 
I 
f 
I 

fl,J) 

-----

= 

---

j~ 

Su ested Solutions 

>Att-f'l/ 
4 J !:J ,..,. I' -;. ;., {,J 

->o/"YIJ... 
Xb /'oi'1~ · 

X j~-; -· 
---

/// 
fJeR.J.A 0~ 

ci~ ~ 
oh/;1 c,J2.. 

It J !J .-y\. f' ~/.e. 

J._ ~ foM 
J(;.,) l'Y\~• 

..... 



2021 Y12 Ext 1 Task 3 Su ested Solutions 

B 

A 

Ab : Dy_. ye ; I: I : I 

Ax: xB = 2: I 

--ro f'"YOIJ'€ : xY /I 6c 

-:> -) -') -I {se -.! ) 
A8 - A.D + Sb - ~ 

-=- s b 
- - -

......., ....g 

. . Ax ::? ~ AS = .2. b 
~ -

~ 
➔ ➔ ~ 

xy = Ay -· -A~ 

- .2tJ.. - 2b - -_..,, 

~0/ ➔ ~ --> 
f,C = Ac. - .4& 

:. 3a. - 31, -v -
➔ 

~ , . ~'I t,t. r: 3 
2 I 

-!> 

_, 
4&tM,a~· 

~/!,I:, 

:::. I< xY ~ 
I 

ic-

Be JI 'i. y, 
. 

;.e. 
a,y.~ 



2021 Y12 Ext 1 Task 3 
Su ested Solut ions 

' JM .. 

'f 

-- ✓ 

= [~ (2r) - ~(?.}]-[ ~(i)- E{~j 
/f{ - 2 'f - /I, -1- /(, 

;;. -3 

:: I If / ---3 
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J 

-f 2 sin 58 a.ss-e M 

- f sin 10 tJ d.lJ 

- - _L Cos ./0 I) +- C. 
/O 

J~ih 100 di) (t -u.ff<) 

-_L CDS I oB -1- C. 
/0 

r= sin 2 56 ,,. C 
~ 

® l.>S x +- Cos 2z .,_ Co.s 5.r = o,,; o <. .:r .$ 211 

W,€_ wu. 2.eos A eosB = ~ (A-8) +- eo.s{.A-fB) 

~I Id;- A.=: 2.x.l 8 :::.X .·. ecr(ix-x) + Corr~+~) 
= 2 tc>S 2.z:_ Co J .X: . 

~ Cos .2..z + 2tos2z t.o.s ~ =-o 

G, S J.x r / +" 2.. 4,S ~ J :=. 0 f O S 1 ' :J..,,r ) / ~ c--. o 5 ~~ 'trr 

~s ')..,z::-1:=, a,s-~-=-- -:;:_ 
., ...... = .,.,- 3,r :f}I' 1tt- .,, = 2- ,.,,_ 

~A- ~} ~ / 2, ) z .,A. fl -i., . 
3" "3" 
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I 
FI 

LJ.15 = I ,c 2. ~ HS.:: (i~ I). 2 -t I 
0 

=- 1 ,.e 2. ::. I 

=- ' 
'=-- l-1-1-S. 

.i-f lt-f t 
I x i,-, f i '){ 2 -f • ~- 4- k. ,< i =- (}.-t ). 2. + f 

CJ) 

~ I wNJ.,v,. n -:: k. t / .I 

,- 1 2.-1 
It-I U'-1-1)-I 

}.,(2. f 2"'-2 +···+- ~,< 2 + {K+I)"' 2. o., ,)-1 

+ (}+1) · 2 

K -2..t /'+ I 
~ 

2 )(' K· 2. + I 

""'' 1<·2. .t I 
ft Jt+-1 
L (g.i-1 )- I] . ,2.. f- I 

·'· r.f +,,wz f,<- ,, :::-k-; ib 
f>-a-.,fv'Yl~tf-f 

.". Siri,~ ~ f' 11 : J/ ;l!J frw! 1,:1 i',__~~ 

fa- ~ n '?J> I . 

b~ Qf) 
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1' ---j - -
j, 

C /oo A 

kt ~:: ~hl c,,- ,n,'\ a.~ ~ 
J f,'rwL -b ACS. 

J~ -- 3 ~1$ ( ~,--vevi). 

M, 

;j'= loo +a-,t 0 

J.!1 ___, = 
l-

/oo Sec.. 8 ✓ 
dtJ 

w~ j .._,. S'""OIYI I ~9= i 

sue::. J;--2.. 

~ ✓ 
2 :: /oO · ~ == { 2.$" 

]8" 't 

tit, 
=- k dti 

TB 
. -- dk Jt 

3 ::. ,~s- . dB 
cJ£ 

Je - -2-- ~a-wjs 

J / {l..,ylf~ ~ - t 'l-.> 

- o•o7.-'f y.-4J,., /. 



d,; 
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But 

. . . 

V -:. 

:::: 

~-u + - -
lb + 

lA.. 'V' :: ...... 

~.v ~ 2-- I - -
<A.v.:; :z. I - -
. LA • V- ;: s-. . - -

(~ ( fr/ tksfi 

-rr rr - ..... 
?. 2 

'!£ 

Sln 2.:r ;; Sin .x 

l Sin x t:t, s x = s /YI x 

$trix (2t:oS¥-1):: O 

.: x:o 0v' -,,-

-:i" 

Ve 1T ;~ ~ (s1,, i-2x - sin ~) A~ 
0 

~ 

::::' . 7T J" :i {t- ,.,,. ,., ... )- i(I- c.o~.2z-) ~ 

0 
-,r-

= -rr Jj (j,o> 2:z - <oS '-/:,t.}h. -z 
0 

~ [ si'n'l..x s_i n 'f x__] '.f -
2. 2.. J(- 0 

,,.. [ -!l - {-1 Jl .- 7r [~] 
T 'f -2-

v=- 3.J3 7r 
~ 

,: e.. u-1'141-o . - --II, 

Su ested Solutions 

✓ 

✓ 

/ 



2021 Y12 Ext 1 Task 3 Su ested Solutions 

(§)-cc) 
f (-:,1) :. ~ 3 

f 2.-,c_, 

8{:i) :; 1-'(;{J 

.·. f [ 'j{r)J ::: ~ 

-~ J_ f [!Jt:tJ] ;: 1~ ;X_ 

/;" ~ 

tJ€_ ~ 1tJ) ~ 
.3 lf 3 ::: X r 2-x ~ / J,J ;.,._,,;uc)fl·~ 

-;;e == I 
,.e. 3 (3):::. / 

St'ne.e. :f tz) : 

.·. f' [ !){~)] ~ 

// 
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. 
CJ) X = 10-t , t- - .x I,.~ - -/0 

.. : J: Jo43 {~) s-(fo)2-

j :: I3x 
l-. x . . - -2-0 

.. 
bat/ ~fnhJ (11) hill <,AJNl-,,,,. bat/ ~ h,11 S"o--e_ ~J ~ 
. .x :; [ix - ~ , . 

.ia 

. X. .,_ 
-1- 6_-Ji )x ::::- 0 . . 

20 

:x:. [ ~ ,J-
/- J3] .=o 

.2..0 

.n- ( . X =' 2o (Ji -1) 
X. - -· .. - -:Z..o 

~ t= x.. ,. i; 2 {J3-1) sees - .. 
/0 

• 
(ill) x ;; lo/ -~ ~ .JoJ3 - /o t-

:::: ,o J? - ,o [2 c..fi. ..-1)] 

-; /OJ} - 2o~ +2-0 
.'. ~ ;::. 20- /0.Jj 

~ s~ = J,o-z. + (20-10..S)" 

= Jto 2-- + 10"{2-u)2. 

:;::., /o ✓I+ 'f- t/.Jl.f-3. 

::-- JO .r~-lf..U 

= ~o r) 2-✓3 fYI/J ;.e. --

Su ested Solutions 

f ✓ 'g,H4 
i1A..A~4lti'(.. 

✓ 
Svlt>lu ~-i;' 
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--
'f J flu.) o(., 

- I 

0 -- J J{u) ,(,,, 

-, 
+ 

'-4;(;-u.:c: x+'f 

k~ k 
:x:::r ➔ u.. :: Cf 

x=-.s-~ ~.:: _, 

r 

JJMk 
,J 

Su ested Solutions 

/ 


