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Mathematics Extension 1

General Instructions Total marks — 70

e Reading time — 5 minutes e Section I-10 marks
e Attempt Q1-10

e Working time — 2 h
orking tme ours Allow about 15 minutes.

®  Write using blue or black pen

e NESA-approved calculators may e Section I1-60 marks

be used Attempt Q11-16

. . All t 1 hour 45 minutes.
e A reference sheet is provided at ow about 1 hour 45 minutes

the back of this paper.
e For questions in Section II, show
all relevant reasoning and/or

calculations.



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. A curve is described by the parametric equations below.

x = y =31

2

What is the cartesian equation of the curve?

A, x = 12
B oo
YTy
2
C. y=-
X
D. y=12x

2. Which set of values for a and b satisfy the following equation?
(3a — 4b ) - (—16 )
2a + 3b 12
A. a=0andb=4

19
B. a=1landb= ?

C. a=2 and b =1
2

D. a=4andb=0



3. Jack starts at the origin and walks along vector 2t + 3) and then turns and
walks along vector 41 — 2). How far is Jack from the origin ?

A S

B. Jl1
Cc. $B7
D. Jol

4. What is the domain and range of the function y = 6 Sl'lfl_l(Zx) ?

1 1
A. Domain [ -5 5} ; Range [-3m, 3m].
) I 1
B. Domain [ -5 5} ; Range [-6m , 6T].
. 1 1
C. Domain [-6m, 6] ; Range [ -5 5}
. 1 1
D. Domain [-3m, 3m] ; Range [ ~5 5}



5. A library contains 10 different maths books and 15 different science books.

In how many ways can a group of three maths and two science books be borrowed?

A.

B
C.
D

250

. 900

12 600

. 20475

. . . -1 .
What is the derivative of cos (x3) with respect to x?

1

l—x6

N

What is the value of sin 2x given that

quadrant?
12
25

24
25

12
25
24
25

) 4
smx = ——
5

and x is an angle in the third



8. If the roots of P(x)= x>+ 5x +k+ 1 are consecutive integers then the

value of £ is
A. -7
B.-5
C.5

D.7

9. A particle currently has positive displacement and negative velocity and
always has constant positive acceleration. Which one of the following
statements must be true about the particle?

A. Its speed is currently increasing.

B. Its speed is currently decreasing.

C. Its velocity will always be negative.

D. Its displacement will eventually become negative.

10. g(x) is the inverse function of f(x)=¢ ' Which one of these

statements must be true for all x in the domain of g(x) ?
A gx)>0

B. g(x)<0

C. g'x)<0

D. g(x)<0

End of Section I, Multiple Choice,
Section II begins on next page.



Section 11

60 marks
Attempt Questions 11-16
Allow about 1 hour and 45 minutes for this section

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

For questions in Section II, your responses should include relevant mathematical
reasoning and/or calculations.

Marks
Question 11 (10 marks) Use a SEPARATE writing booklet
(a) Find the angle between the vectors # =-2i+6; and v =4i-2;j
- T~ - T~ 2
(b) Find the equation of the curve y = f(x) thathas f'(x)= ; and 2
9—x
passes through (3,0) .
(c) When the polynomial P(x) is divided by 4x” ~9 the remainder is
2
8x —5 . What is the remainder when P(x) is divided by 2x —3 ?
(d) 1) Write 3cosx — \/g sinv in the form  Rcos(x + ) )
i1) Hence solve 3cosx —\/3_sinx = J3_ for 0 < x<2m 5

End of Question 11



Question 12 (10 marks) Use a SEPARATE writing booklet

(a) Use -identities to solve \/E sin@ — cosO = 1 for [0,21]

3

(b) Use the substitution = sinx to find J — cosx sin’x d

(c) Prove by mathematical induction that 2n(n — 1) 1s divisible by 4 for all

positive integers n>1 .

End of Question 12

Marks



Question 13 (10 marks) Use a SEPARATE writing booklet Marks

(a) A particle, experiencing vertical acceleration due to gravity g and no air
resistance, is projected over horizontal ground at speed v ms ' atan acute

angle 0 to the horizontal. You may assume the six equations of motion
listed below.

i=-g £=0
y=(—gt+ vsinb);j X =vcosb i
g 2 . .
y:[—gf +vtsm6]] x = vicos0 i
1) Show that the
. e 1
o) time to reach greatest height is P
g
2.2 1
0
B) greatest heightis H = o
2g
2vsinf 1
v) time to reach the landing point is ro
vsin 20 1

d)rangeis R=

i1) If R is three times H, find the exact angle of projection.

Question 13 continues on the next page



Question 13 (continued) Marks

(b) The rate of change in temperature, T degrees celsius, of a metal over time, t
dar
minutes, as it cools is given by the equation D7l k(T —25) . The

metal is initially at 300°C and cools to 250°C after 5 minutes.

1) Show that 7 =25+ Ae " is a solution of the equation 1
ar _ k(T —25)
a0
i)  Find the values of A4 and k. 1
iii)  After how many minutes will the temperature of the metal be 2

100°C ? Give your answer to the nearest minute.

End of Question 13.



Question 14 (10 marks) Use a SEPARATE writing booklet

(a) The volume V" and surface area S of a sphere of radius 7 are given by
4
V=§1Tr3 and S=4m/

) av av dr
1) Showthat —=§ and —=9§—.
dr dt dt

i1) A spherical ice ball of radius 24mm is immersed in water. The time
it takes for its volume to decrease is measured in minutes. Its
volume decreases at a rate equal to three times its surface area. If the
ice ball is always spherical, how much time does it take to reduce its
radius to one-eighth its original radius?

(b) Find the vector projection of % =3i+2j onto v= —i+2

(¢) In AABC ,Disapoint on 4B. where |AD|:|DB|=2:3
B

A C

— — — 1
Given AD=a , AC=b and CB=c ,show that b=5(5a—2c)

(d) A father, a mother and five children stand in a circle. In how many ways
may they be arranged so that the father and mother do not stand together.

End of Question 14

10

Marks



Question 15 (10 marks) Use a SEPARATE writing booklet Marks

X
(a) Find J cos” 7 2

(b) Find the volume formed when the region between the curve y= tan 'x 4

T T .
and thelines y=x , y=— and y= 70 rotated around the y-axis.

3
/\y -
V=x

-

ST T T T 4 y=arcian x

ﬂ— ——————

4

X
d - -
(c) 1) Show that d—[xsin Y ral-x’ }: sin'x 2

X

1

ST— 683

ii) Hence, show that J sin x dx = T
1

2

End of Question 15

11



Question 16 (10 marks) Use a SEPARATE writing booklet Marks

(a) OACBisathombus. OA=a, OB=h , 2£A0C=a and 2COB=p

B
C

O a A

1) For the vectors in the diagram above, use properties of the dot 2
product to prove a - (@ +b)=b - (a +b)
2
i1) Hence, prove diagonal OC bisects 2A4OB
) ) ) 3 2
(b) 1) Prove the identity cos 30 = 4cos 0 — 3cosO

i1) Hence, find exact value expressions for three unique solutions of 4

8x  —6x= — J3_

End of paper

12



2022 FSHS Trial HSC Examination
Mathematics Extension 1 Course

SOLUTIONS

Name Teacher

Section I - Multiple Choice Answer Sheet

Allow about 15 minutes for this section

Select the alternative A, B, C or D that best answers the question. Fill in the response
oval completely.

1 AO BO ¢ O 1®
2 A® BO ¢c O 1O
3 AO BO ¢® DO
4 A® BO ¢ O D
5 AO BO ¢t@ »nO
6 AO B@& ¢ O DO
7 AC BO ¢ O D@
8 AO BO c¢c@® DO
9. AO B® ¢ O DO
100. AO BO ¢ @ DO



FORT STREET HIGH SCHOOL
WRITING PAPER

EXAM SUBJECT: Sheet of
H(q) cos & = U-v
(U] x |vi
T "Axd + 6x72
V224 g2 xJ 424 ()
- -20
2o x 24
- -20
- 2002 /,
_ VSTA
o5 @ = + /—r‘"f—(_ v
B = 180 ~-45 or i80+45 '
e = 135° as angle between lines < j8o°
(1'80”'33_-"—‘45n t:@ alfo Cer(ec_‘y)
: i
1 b) fe) = J mmm 4%
= sm"(i%) +c v~
W"\én W =3 , Yy=0

Y
I
"\I
-‘...
O




1 ¢y Py = @x*-9) Q60 +8x-5 -/
= Q.nc+3)('2x-'3) Qo +Ex -5
PE) = 0+ 8(%) 3
5

Remainder when By s divided by 2;(:-3) is 7

”d) I) dcosxk - \[é_.s;nx_ = R Cos ()(,+o(.)

e

= IQ coS X wlol —RSmt_S‘mo{
Equating co-efficients of like teyms

3 = R oSl .Q) &in ¢k J:;- = Rsinat --x (2)

(l)L'I-@)L 12 = R*(ws™t +51n%x¢)
22 = R (659‘”":@ R>o0)
@0 tan « = A5 _
% = .n-/e (a_CSummj Oe;oc<rr/z)

.. 3 wsK _ESmx = 203 cos (x—l-Tr/é)

1 d) iy 3cosx - Banx = 3
273 cos (x+Tg) = I3
3

cos [(L+TR) = v/
T = T er ST
2 s ’i'i'/’ or E/T.r 1/
2 L4

b 2



FORT STREET HIGH SCHOOL
WRITING PAPER

EXAM SUBIECT: Sheet of
(2 o) V3 5in @ - o5& = |
J3 _2€  _ (i-td) = | v
i+£* i+
202t -1 + &Y = i+ &2
R ERE
t = Yq v
tun 8, = V53
8, = T, or T+
g = TI'B or TTr
but 0<B22n
-. 6= Ty v

Also check 2 = T,

LHS= /38T —(os T

= O-—"I

= |

= RHS

L

© Selution s x :—‘ﬁ’/_5 or T Ve




i2 b)

U=3nx

Ulu.: cos X d)(_

. 3/1
- J‘—ooS)L sl 50 doa

-

—

= - ( W du
)

S,
- _ _LE_,/L s
5'/Z
= -'2/5 SN /il + C /
12 C’-) Fgr n=2%2 ZnCr\-—l)
= 4 (1)
=% |
W hich X d.ivf.ct‘b'é l?j T+
Lo trve {_‘0, n=2
Assume Hdrve foc =k
That & | assvme 2k (k=) = M, Man
' | i'njrejcﬁf

ﬂ:k—}'r\}

For

i+ 13 refiun'rQA +o  Show +1\qu

Jerd) (knt ) = 4 ¢

P an ;-;\+@'9£/

Thet 8, 20 (k+) =4F




O RTNG PP
EXAM SUBJECT: Sheet of

@ LHS = 2k( ka4

(atinved) = 2.I< (k- +2)
= 2k (k=) 4+ #k V|
- 4M 44k (by assomption)

4 (M+ k)

= 4 p Cwheae Pz Myl U an
= RHS

InTeges

b

[Hence

‘H’\Q rgsv H

—

Mathemadtical

IS

Se the resvld s tre for  nzkyl E frve for
n=lc , |

F rovein

‘(‘qu

(;'\ d\}C'l'J‘OfI .

Markn:\j

gv ideline

| mack

fo

n=2x

anch S et )
-

r\:lc

2

. OLf'hj

for

n=k+i

£ -I-ep

'l

Mo e

]Cv)('

o ree of

loncluvsioan




IS ﬂ) i) ,,() G"(‘Eob‘hi.\’l' L\sz] L\i‘ occur:S’

w hin
0=9
0= -9t + vsia®
gt= vsin0 v
-b - \/j;na‘
J
”u)B') Whin t= V—“-:‘jls',, Y= H
) ] ‘ - ‘
A 4 = "%(V"m@ +v(vrgm3/)!m

g
3 9
= Vz’_(.‘l.nle
29
‘)Y) When y=o,
_O= ___Q_f‘,l--} V"Eme
A
o= t ( _9,2:t + \/S’m@)
= O er 2 vsin v
J
Cotbime Ao ‘&r\dlﬁ Po(r\} s 2\/51:/\9-
<
i) 4 ) when t= 2v5100  Rarge =7
ﬂa,m;e:j:: \/( ZVJaAG)wse v
7

Vv SMZG

\\

9




FORT STREET HIGH SCHOOL
WRITING PAPER

EXAM SUBJECT: Sheet of
(3 a i)y . R=3H1
vicin2@ = 3visin’@
J >,
Sin2d = %__g,nl@ ' \/
2518 s = 2 s1n*0

4‘5“\9 s e —3,slnva = O
s5in@ (“7‘&03@ -3.5m@) =0

Sm@:’o or 45D = 2517 G
9:0 4-/3 :hﬂf\@
e;ﬁ#@g

o Exact Mﬂlﬁ Of !arfjecf-('% {_}’ +M—|(4/3) \/




4+
T
= E# (ZSH—A )
a<€
—izE
= ~kAe

s -l (T-25)

: ko
= -k {254 Ac kl -5 )

e

= LHS

S T =25 + Ae"d L} G Colution

bii) When T=300  t=0 ~

o

2 300 T28 + Ae
275 = A

When T=250, =5

Z

-5k
250 - 25 +2,L75 €

225 - @”SB
275
5K

?l? -z &
25

i —agk

9

dn(4) =5k

i = e dn () = -opoizt




FORT STREET HIGH S5CHOOL
WRITING PAPER

EXAM SUBIJECT:

Sheet of

y ) _f _f__. 1y
13b i) 00 = 25+ 175 ¢ (540 (")

s = W] /

275
3 (LL)'%
T q
3 = q/\ th-
o \71t7

103(3/,,) = "?S—
i°ﬂ(:7/n)
t= 5 log (%) /
le i

- 3 m i uts ({—o N2t m:?nwhz)

or I"F voundedh vp ?)3 i’VHr-\_w"CJ (QCLGPIL 'H’“'( Cl(l’o)

(32 - 371 35017 Mr:_v\\;-l{g)




v - 4gr” )
dr
- S /
g(_\{ = ,0,('_\./ X a(l/"—
at ar o
_ ar N
= 3 T (% v/
aii) 4V = =35
At
wng (S dr = -3S
A\ TE
é_.f' = "3
ax
r = -3t +C
wWhn T=0, r=2%
s 24=C
4
r= -3t+24 v
W hen r= 3/-
3z -3¢ +24
3t = 21 )

Ilf’r bolkes T mieutes fo reduce ra&(r'v{ +o

ont-eighth ifs  oriqunal  radiu

2




FORT STREET HiGH SCHOOL

LA WRITING PAPER
o
EXAM SUBJECT: Sheet of
) V= 9y
(4 b) Jy St
= Ix 4+ x2 (-,.':Jfl\j)'\/
[l = 2 -
N v
(i)
—7
14 © Dg = 2 a
—_ — I
Ac =  AB 4 Bc
b = AbD + o0k Y v
= 4+ 33 -£
2~ ~ /
— | -3,
= ;" (5& lg,)
l4‘d) 7 pe@plﬂ, M AN be arra,m;ea( I a corele 1a
Cd T ’ 7

b!  ways

/

The mother and fate may  (Fand foge fer

i~ 5! x2 ways v

Tobal ways that mother and fathe oo nof

stard  fogebber 6! ~5lx2

= 430




15 @) vf@z %z doc
.—_-;’Zr‘cmz—;—‘%lo(x v
J
- —li ( _7% Sin —+ 7L) + C \/
=TT 3
b) V= 7 { a ‘thly o(j \/ y=tan > }
J'qu- . Fany = %

T
m f /3 Séeqj—i aéq /

J

v
"4

I

a 'I—Tf‘any *7]1:;. _ \/

—
—

m o (3 -m - ( i3)

m——

]

T (31 -T)  yaihss

/

A

i- 477 (3d.p)




FORT STREET HIGH SCHOOL
WRITING PAPER

EXAM SUBIJECT:

Sheet of

[5 cyem) 5; [xfm")c + ‘\/i-xl:’,

- ) i -
- Sin )0 x| 4+ x x + z(i-xl X2
\/1-%1
— = ~'
= Sim i1 >< - X
V-t Ji-xt
— -1
et Sin X

) i
(L ¢ 1) rS:n"x A

'/2.

[ x5 + oo ]y,

i
x
i
>l
"
<
e
Q

= TVZ_ - ( ﬂ',—-q_ + J;)Z: )
- S v
- 1z 2

- U _ - S‘n_ ,_‘~,L Jf" D o s




!l

il

since 9ALB 1§
Q

rhombus

Q- (a+

lald g +hl ws o = |bix|larbklws B

Calxgarkl ws = 181 x ikl wip

8

oSl = (0§ P

L = f

-~

0C bisecks L AOB




FORT STREET HIGH SCHOOL
WRITING PAPER

EXAM SUBJECT: Sheet of

[t biy LHS= cos 36
= oS (26+@)

e

= oS 20 tos & - $1n200170 \/
:('ZC,szé}-!) s © - 2¢ine ws8 5in 6
:2.60.539 - ws @ - 2817 G s 6
= 2008%8 ~ B = 2088 (I-w0s%E)

:zcos3e —Wi 8@ 2ol 4+ Lu:.(gél ‘/

= 45’ -3 wsb

£ b i) Cx® - bx = -J3 (£2)
4x> - 33 = *ﬁ/z
Let x= cos 8,
4 cos0 -3ws0 = -{3 i
cos 30 = -3 v fec pe3@ 6T
30 = o (42)

L7}

- i ~ 297 3im
-sp 7, or, ar, ur e /S
T T T - L T - 1 I ol
e = 51‘7[9;771/';8} AT AT T
f“" 0« @s2r
bub X = s €
T Wy //
= o8 S (o Loy
% T4 ! gl:g / 48
pNobe s 19T

. . ~ — < T0/,
o= wi(ﬁfﬂ'/w) = oS (fr';r/,f)(; wf 1Tl
T .



( 2,9_"" : Hrr — X _J — )
cad = wS(\T” £) = ("”(Tr Wg) = s 1T

s BT - wy (T4 13E) = w(7-LB7) = b s
(y X Ly LY (k-
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