Sydney Girls High School
2026
Trial Higher School Certificate
Examination

Mathematics Extension 1

General e Reading time — 10 minutes
Instructions ) )
e Working time — 2 hours
e Write using a black pen
e Calculators approved by NESA may be used
e A reference sheet is provided

e In Questions 11-14, show relevant mathematical reasoning

and/or calculations

Total marks: Section I — 10 marks
70 .
e Attempt Questions 1-10
e Allow about 15 minutes for this section

Section IT — 60 marks
e Attempt Questions 11-14

e Allow about 1 hours and 45 minutes for this section

Name: THIS IS A TRIAL PAPER ONLY

............................................................... It does not necessarily reflect the format
or the content of the 2026 HSC

Examination Paper in this subject.




Section 1

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

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

Questions Marks

1 What is the magnitude of 2u + 3v? 1

A. V5
B. V11
C. V13

D. Cannot be determined.

2 The polynomial P(z) = z® 4+ 52% 4+ bz + ¢ has a double root at x = —1. 1

What are the values of b and ¢?

A b=T7¢=3



I

3  What is the value of J (4 cos?r — 5) dz? 1
0

I

4
BT
¢ i
b o

4 Which of the following is equivalent to |proj,u|? 1
A [yl
u-v
B‘ -~ =
¥
lu-y|
C.
¥l
u-v
D' -~ =
[l
5  Which of the following gives the same curve as x = sint and y = —t, for all 1

real numbers ¢?

A, x=sin(2t), y =2t
B. o2 =—sin(2t+n),y=2t+m
C. z=—sin(t®+nm),y=t*+n

D. z =sin(t?), y = —t?



6

How many seven letter words can be formed from the word THUNDER, such
that T and R must be at either end, and U is somewhere to the right of D?

A. 60
B. 120
C. 240

D. None of the above.

What is the number of solutions to the equation x 4+ e™* = ‘\x! - 2’?

A0

B. 1

The gradient of the normal at any point P on a particular curve is half the
gradient of the line joining P and the origin.

Which of the following differential equations does this curve satisfy?

dy «x
Al —=+—=0
dx+2y
B W_2*
de 2y
d 2
c. Y=g
de vy
D W 2 _y
der vy



9 Let f(x) = sin(2z) — v/3 cos(2x).

™

’ f(x)
What is the value of J sin™! (—) dz?

2
0
AT
12
BT
18
512
C. —
36
572
D. —
72

10 Distinct factors of 337 500 are randomly selected.

What is the minimum number of distinct factors of 337 500 that must be

selected to guarantee that the product of these selected factors will be a
multiple of 337 5007

A 22
B. 26
C. 31

D. 37

Examination continues overleaf. ..



Section 11

60 marks
Attempt Questions 11-14
Allow about 1 hour and 45 minutes for this section

Answer each question on the writing paper supplied. Start each question on a NEW

page. Extra writing paper are available.

For questions in Section II, your responses should include relevant mathematical

reasoning and/or calculations.

Question 11 (15 marks) Start on a NEW page

(a) Differentiate (tan~!z)?.

(b) Use the substitution u = x + 2 to find J(z —1)vVzx +2dx.

(c) Solve 1 ’

— 12

T —2
r—5
(i)  State the range of f~!(z).

(d) Consider the function f(z) =

(ii) Find an expression for f~1(x).

Examination continues overleaf. ..

Marks



(e) Consider the graph of the function y = f(x) shown below (which is also provided
on page 6 of the writing booklet.)

=

On the diagrams provided in the writing booklet, sketch the graphs of the following,
clearly showing all important features.

) oy =
W) i
() 4= 1) 2

End of Question 11



Question 12 (15 marks) Start on a NEW page Marks

(a) Find JEB cos (2x) cos (590 - %) dx. 2
(b) Solve 2 cosec 8 — 4 cot # = 3 using the t-formula, for 0 < 0 < 27. Give your 3

answer(s) correct to 3 significant figures.

x

(c) The region enclosed by y = e ™, y =z, v = 1 and = = 3 is rotated about 3

the z-axis.

Calculate the volume of the solid of revolution. Give your answer in fully
simplified exact form.

(d) Let u = 2i + 5j and v = —3i + A%}, where ) is a real number.

(i) Determine the values of A such that u and v are perpendicular. 2

(i) Explain why u cannot be parallel to v. (Justify your answer 2
mathematically.)

(iii) If A =1, determine q such that u = proj,(u) + q. 3

End of Question 12



Question 13 (15 marks) Start on a NEW page Marks

(a) The roots of P(x) = 8x3 — 522 + 2x — 1 are «, B and 7. 2
Find the value of o? + 52 + ~2.

(b) The triangle ABC' is right angled at A as shown in the diagram. 3
Let AB =5 cm and ZABC' = 6 radians.

C

n 0
A 5 cm B

If 4 is increasing at a constant rate of 0.1 radians per second, find the rate
T
at which the perimeter of the triangle is increasing when 6 = 3 radians.

Leave your answer in exact form.

(c) Prove by mathematical induction that, for all integers n > 1, 3

2Xx U +5x214+10x 3 +---+(n*+1) xnl =nx (n+1)!

Examination continues overleaf. ..
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(d) The rate of spread of a particular flu through a population is modelled by
the equation

ds 5(2000 - S)
dt 5000

where S is the total number of people infected after ¢ days.

(i)

(i)

(iii)

(iv)

1 1 1

1
how th ST S I S
Show that o500 (S * 5000 = S) S(2000 — 5)

Solve the above differential equation using separation of variables

2
to show that S = 000

T+ Qe 0t where (@ is a constant.
6_ .

ds  S(2000 — S)

The slope field of — = is shown below.

dt 5000
S

R
SRR RN ERREEREERRERREE
NSRS S S\ A N A W A W W WA W WA WA W A WA AR AN WY
R R R RN
NANATINANNANNN ANNNNNNNNNNNNNANN
NRANFIRNNANINRNRNNNNNNNNNNNN
S I -
A hnnINRNNITInnn
NS S A S S S S SN 2 N W WA WA W U A A AU WA AN
NS S N S SN N S S S N N N S S N A A WA AN
DS S Y S S N N S N N S W S W N W N W A
ARIRARRERRRRRRERARRRRERARS
L T L A O
Consider the particular solution S = %.

There are three regions labelled A, B and C.

In which one of these three regions will the curve of the particular
solution lie in? You must justify your answer.

According to this model, and using ) = 199, after how many days
does the rate of spread reach its maximum? Give your answer
correct to 2 decimal places.

End of Question 13
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Question 14 (15 marks) Start on a NEW page Marks

(a) In AABC below, M and N are the midpoints of AB and AC' respectively.

B

A

LetA_B):bandA—C’):g.

— 1 —
(i) Show that BN = 38~ b, and write a similar expression for C'M.

(ii)  Hence, using vectors, show that if BN and C'M are perpendicular,
then |b‘2 + |g|2 =5 }@}2, where a = BC'.

(b) The position vectors of particles P and () at time ¢ minutes are

cost nd cos 3t
sint a sin 3t

respectively, where 0 <t < 27.

Let 6 be the angle between the vectors OP and O_Cj at time ¢, where O is
the origin.

(i)  Show that cosé = cos 2t.

(i) Find the total time for which 6 >

NE

Examination continues overleaf. ..

12



(c) A particle is projected from the origin O with initial speed U and angle
of elevation «, where 0 < a < g

The position vector of the particle, r(¢), where t is the time after projection
and g is the acceleration due to gravity, is given by

Utcosa

1(t) = , gt? | . (Do NOT prove this.)
Utsina — 5

(i) Prove that if the particle passes through the point P(a,b), 3
where a > 0, then the minimum possible value of U is

\/g (b0+ Var+72).

Suppose that for parts (ii) and (iii), the particle is projected with the
minimum possible speed in order to pass through the point P(a,b).

b+Va®+ 2

(i)  Show that tana =
a

(iii) Deduce that v(0) bisects the angle between OP and the 2
positive y-axis, where v(0) is the initial velocity vector of
the particle.

End of paper
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Section 1

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

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

Questions Marks

1  What is the magnitude of 2u + 3v? 1

A5 U, v are not  Known .

B. Il @

C. V13

Cannot be determined.

2 The polynomial P(x) = x* + 52 + bz + ¢ has a double root at z = —1. 1

What are the values of b and ¢?

b:7,c:3 'P'(x,)= 34"+ [0 + b

B. b=7,c=—3 3(")1{. o(-1) + b=0
C.b=-Tc=3 -+ +b =0
D.b=-7¢=-3 bh=7
(—'f* 5(-1) + 3(-1) + ¢ =0
-3 +¢ =0
ne =3



a3

What is the value of J (4 cos® x — 5) dz?

1
’ 1
4 Q(Cﬁs?x. 4—1),5 doC
0
om
B. 1_Z l[r-f
371 - J '2("527(4 ’3 d)(,
C. -1—— 0
4 T
3 = [Sinlx, - 37(,] i
D. 2_Z o
|- 3
4—
Which of the following is equivalent to |proj,u|? 1
A [yl -y
| e "
B X
[¥] | we \Ll
= , |y'|
@\E-YJ |V |
v

Which of the following gives the same curve aor all 1
real numbers 7

e 7@=smj X
A. x =sin(2t), y =2t

X = -SMJ
x =—sin(2t+m), y=2t+m

C.z=—sin(t?+n),y=t*+7
:| Not +hese  gince :7 needs 4o
e able b athin all real velues.

D. z =sin(t?), y = —t?



6  How many seven letter words can be formed from the word THUNDER, such 1
that T and R must be at either end, and U is somewhere to the right of D?

A. 60
T ( 5 > R
C. 240 5l
——; x 2V = (20
2 .
D. None of the above. ‘ ‘1\
wap T and R
7  What is the number of solutions to the equation x 4+ e™* = |].1:\ — 2‘? . 1
A0 Y= ,f(;c)Jf a(x,)
B. 1 Note uvmtw\,j
pehaviowy end
@2 gradient ar
A x
D. 3 -
(C 1—7 0
K
foXte —,x)
8 The gradient of the normal at any point P on a particular curve is half the 1

gradient of the line joining P and the origin.

Which of the following differential equations does this curve satisfy?

AT m

'da:+2y v me 2 op

dy = _ [

de 2y —E =£Ll
oL

dy 2w da 2 £Up.



9

10 Distinct factors of 337 500 are ran

Let f(z) = sin(2z) — v/3 cos(2x). .!—(1): 2 SM(Q‘L - %) (A )('}‘ , )
wxi (0~Y:1
What is the value of J sin™ ( :v )
0 T
A‘W_2 —Jlsm (ém x.—*)) dn W= QV"L”;
12
’ du = 2 dx
72 at
B. — -
18 X > yin ‘(s‘m u> dw
C. 5t 3 A (R hk?““)

|
P
b3
> w|=
\
VY
@‘\F‘
i
a

/

1()§ﬁ W ;
72 v
* (5 5Tf>x2 ! \/

@\A
(UE)
2

SJI_
‘A;\

v\?‘
oA

omly Qected 1

(oW

What is the minimum number of distinct factors of 337 500 that must be
selected to guarantee that the product of these selected factors will be a
multiple of 337 5007

A 22 337600 = 9> x 3%)( 5°

26 WORST CRSE SCLENARI(D |

-select ;__ﬂ J;ﬂﬁws Wwith o 2 ¢
- «l\-at:\'W'> 9& +he ’Qorw\
D. 37 2% 8Y L 4xp = § dactors

- select & ,F,,(Q-\-W wit, 2!

C. 31

" oo ill A ch
,\?rdud-(w( b ax %3 xg (a;‘sl bzg)
l¢ St NOT o kuH'(P\L 4(, 23} 500

= select  anothe c,+or [which will tmfmm 2,
Examination continues overleaf. ..
Since ’G""h’“ With vio

'y are &l chosenj
:\fpmdud will be

2°x 3% y5b (ozz,az%/bzﬁ>

o il 1S e MULTIPLE of  3%F 50D
6

S8+t L =26 Jachs needed.



Question 11

(o) ,y,' = .’L(-Ian 9L,> (-fun 9(_) Marker’s Comments
+ Generally well done
.2 V4
1+t

di=de | x=u-2

e
J( a- W du /S

J T du.
: :

= u* 3 *x2 /
5 3

&)

2 3
—;f (x+2)* _ 2 we2) U V4

Marker’s Comments
+ Generally well done. The most common error was not replacing u in terms of x.




X le—?b:y_ < D« (I—DC?-)L
—x

2 (1-x*) ¢ 0 Ve

% ( I+x)((—>(_> <0

\ /N
-1 \ /0 \I

LokXL 0, > 4

Marker’s Comments

+ Generally well done. Most common errors included:
2
- eriug z,((—f) < (I»o()
2\ 2
- wm‘lwa £ (1-2*)" < o
- vof Skbb"\'mg ooﬂeui'ha,

- inclusjon v& either = - 0,1



(@)
(Y DPomain ,94% £ 60 All real +, 235
" ‘RamaL e:r, {" (x): All read 9, ‘af#§_ \/

i) 1 = 4 -x
‘4-5’

'i’ﬁ —54 = % -2 Marker’s Comments

+ Generally well done

5(*—0 = Hx-A

]f"(x)-_- 5% -2 \/

x -1

W)

(i)

All «Fea{uw) must bt
shown, inalucimz/
\d-m{awp-h ancl
CommMm Po'm‘l's whem
3=| and. sj: -1




(@)
( u) y

Marker’s Comments

+ Generally not well done

- Many students  did not include He a-—mi’uwpfs, or
e a,fl;,:,ﬁon Atvoss e w-axis,
- Some also had Heir frnpk below e m'lﬂ)vwi, {fw -yex & |,



- Provides correct solution.
- Applies appropriate product to sum formula correctly. 1 mark

Solution
From the reference sheet we have the following product to sum formula:

cos Acos B = % [cos(A — B) + cos(A + B)].

LetA:2mandB:5x—g:

cos(2x) cos (5LL‘ - g) = % :COS (Qx - (595 - g)) + cos (23: + (5:U - %))}
= % :cos (g — 3x> + cos (71: — g)] \/
= % :COS (33: — g) + cos (7x — g)]

We used the fact that cosine is even. Therefore

J3COS(2$) cos (596 - g) dx = gf (cos (396 - g) + cos (7:1: - g)) dx
= g (%sin (337— g) —l—%sin (737— g)) +C

=lsin<3x—z>+isin(7x—i)+0\/

2 3 14 3

Comments
e Some students used the angle expansion formula from the beginning, which needlessly
complicated the expression.

e Some students did not realise that cos(7z — %) can be integrated directly, and instead

used the angle expansion formula.



- Provides correct solution. 3 marks
- Obtains 6t — 6t — 2 = 0. 2 marks
- Substitutes relevant t-results. 1 mark
Solution
Let t = tan —.
e an 5
2
- = =3
sinf tanf
2
o T o 8
1+¢2 1-—1¢2

2(1+8)—4(1—t) =6tV
2+ 2% — 4+ 44% = 6t
66> —6t—2=0

32 -3t—1=0
34421

0 3++v21
tan - = ——
2 6
0 3++21 3—v21
izamtan 6 , T+ arctan 6

0 = 1.80,5.77 (3 sig. fig.) \/

Note that there is no need to check the solution § = 7, since it leads to division by zero
in the original expression.

Comments

e Most students were able to find the first solution of # = 1.80, but many were unable to
find the second solution 6 = 5.77.

e Many students wrote negative values of 6, which were not in the domain 0 < 0 < 27.
e Students are strongly encouraged to revise solving trigonometric equations.



- Provides correct solution. 3 marks
- Carries through at least one of the resulting integrals correctly. 2 marks
- Sets up top volume minus bottom volume as shown below. 1 mark

Solution
Use the principle of “top volume minus bottom volume”.

r3 3
V=m ygop dx — WJ ygottom dx J
1

1

[S—

r3
= 7TJ (2% — e ) dx
1

M1 1 3
=7 =2+ —6_2”} \/

_3 2 1
26 1 1
=TT (E + 56_6 — 56_2> /

Comments
’ 2 26m ’ 2 2
¢ 1 mark was awarded for either finding 7TJ xédr = = orm | e “der=m (6_ — 6_6) .

1
e After a fully simplified correct answer was found, subsequent simplification errors were

ignored.
3

e There were common mistakes in setting up the desired volume, such as f (:E — 6_2“”)2 dx

1
3

or having the top and bottom curves swapped around, that is, f (e — 2%)du.

1
e There were occasionally some problems with the limits of integration, and some students
attempted to find points of intersection (not needed).



- Provides correct solution.

- Writes u - v = 0. 1 mark
Solution
(-0
—64+5X* =0
M\ = 0

5
A:i¢§V/
5
Comments
e Well done. Some students forgot the plus/minus sign, and others had the fraction

upsidedown: A = J_r\/g )

- Provides correct solution. 2 marks
- Introduces a scalar of proportionality and solves simultaneously. 1 mark
Solution

If 4 and v were parallel, there would exist a real scalar r such that u = rv.(x)

-3

2=-3r (1)

5=A%(mv/

2
From (1) we have r = -3
2 3
Substitute this into (2) to get 5 = \? x —3 that is, A2 = 5 x 5= —7.5.

This is impossible, because the square of a real number can’t be negative.

Therefore no such r exists. Thus y and v cannot be parallel. \/

Comments 6
e Students often incorrectly assumed that \? = 5 but this does not apply in (ii), it only

applies for perpendicular lines, as found in (i).
e The scalar multiple criterion for two vectors to be parallel labeled (x) above was not
well understood and should be revised by students.

g} lives in the

first quadrant, but because A\* > 0, v lives in the second quadrant. Therefore they have
no chance of being parallel.

e Some students successfully avoided explicitly introducing a scalar by instead considering
a ratio of components.

e Some students gave the following elegant geometrical argument: v = {



- Provides correct solution. 3 marks
- Calculates relevant dot products correctly. 2 marks
- States projection formula correctly. 1 mark
Solution
u = proj,u+q
q = U~ proj,u
_ 2} ey \/
R A
5] 10 |1
[2-03
- |5+01
1.7
- |51 v
Comments

e Quite well done. A common mistake was to forget to square |v| in the denominator
of the projection formula. It is safer to use the formula shown above with v - v in the
denominator.

e Another common mistake was to forget to multiply q by 10 when multiplying both
. - 2 1 1-3

sides by 10 on this line: [5] =1 [ 1 } +q.

e Students commonly swapped ¢ and v by mistake in the projection formula. If this was

30
carried out successfully, the correct answer would be 20 E] :



Qiz| a) p(x) = 8’13— .S'Xaz—{—- 22 —1

oc[gb’ i "Ed: :-_l_ /
[0<+ﬁ+3’)(0<+g>+3’) x>+ B +a’+2(oc/z+od’+lg3’>
o + ,3 + ¥ ,_(o<+,3+3’) - Z(xp—f o<+ ﬁb’)
X+ 8" +X__<— ——L(—L) —"%/
‘ 6xpan0( <o<.+ 2 + 0") Can'cc?}lj 1M
. Correct Worlam7 and Solytion : 2 M

b) ¢
\ dd_te_'_—_ 0. ] rad/.s
1 & ' a h = U
. o B F—md XQL wnen G
‘éaﬂﬁzg—(’—> AC = Stant-
=i c-_—_s_
CoS © I — B SO

_ & s v
P._5+ Stan t =

dP_ _ sselo + —SS# - ssede + Stangseco
3 cos*o-

:j—% x jf_' = 1,0 (58689 + 5+anﬁSeCﬁ> 4




. Correct exprc&m'am f= 5 + Stant + _5;? 1M
cas

' Cczrrecff_gd(g in terms of © o 2M
’ C(Jr’r’acj' Worlcim? ahd SoltA‘HUVI Y|

C) prove true for n=1
Lis=(1"+ D=1l =2/
RS = Ix 21 = > S LHS = RHS
Assume, 1t is Hrne for n=FE
2340 + 52l #a0x3 )4+ (Kr g JE = I (ler1) ]
Prove. it is drme for n=lk+ 4
25400 4 5x2 ) - 0x3) 4. (KB +

K’“— _'L)L“I-.’EJ x@”—-F 1) I = (k+1)(+2) |



k (ke t) [ K/uﬂﬁﬂ x(lf_+i) (lc+i)(k-—7] !
From assumption

IHQ’OU— £t 2 +4 +1)

(e+) | (2 + 36+ 2)

(ler1) ! (e+2)(e+1)

( + i)( fe+2) | v

— RHS  (rue for nN—= k+41

2 Proven oy mothewodical induction.

prove (1 is dewe for n= 4 . 4N
» Subs the asSumption for St n=kt+l : 2M
‘ CUVru'[' /)ru:/é/ N |

LHS

\ | |1 1 \‘

) Lis _ zooo——\§+3\
2000 S(2000—5S) | /
— |
5(2000—S")
i) _ds _ <s(2000—5S)
5000

, -1 [dt
js(zooo—sj as SOOOJ



i L+ | )d_g — 2
zoooj ( S 2000—S bOOD

Ny !
zooo__J(V\lsl“ 4);/\,2000—%)—. 5000 -
’(V\} > — OvL{"LL + C

2000 — S
_ e.e |V
TR
S B OoL{—(_(c )
oo —s A € € = A
e — Lﬂf(zaw S)
S -"Sﬁr?f”5 = 2000. ﬂ-@ B
S(4 + ae” ) = 5000 ae”"
5000 Al 4t
S = 4—4_ Ae oqf
Div:e bj ﬁmﬂf

S 2.000 ,/
1 + @& &= l)

Mavis are awarded {0;/ cach S+aje ' ( aboe .




13/d/ii;)
‘6_> oo S—> 2000

t = o S = 209 _ ,p
) 200

Tn Vfﬁion A, S >/2_OOO/7Lh1,{J‘ NIt A
Tn region C, S= O NoT C

S = (v [ies In Vegt'r//\ 5

Reqion [5 "
13/d/iv) 2
ds (s maximum if 061“_37_ — O,

’H’Ie ()Ofn"‘_ Wh(_’}’e "H’\C 7rac{laevt+ chanjeg

]Cram [nc.reas z'n? to decreas 1'47.

fFor (0 istic rcde ( S = 4 —
J 4+ Be et
Max 7)"0:/&]#\ occurs u/her\ S = %_ /
< _ 2000 . S =_2000 _ 1000
T 44+ 199e”ot 2.
> 000 —out
1000 = 1L+ 199 o4t 1+ zqqea = 2
—'0'4975 l '
e :(Tﬁ_> —O.Qt:{nﬁq '/
1 =— 13.22 da\ajs

Ichgm'se, Max. 9V0u-j'l/\ occurs whenn S= 1wy : 1M
Dfﬁmw’h“a.{‘e, 0{5/ C{‘(‘ COVrec:ﬂj 1M
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cos &-cos3t + Sint sin3t

cosQ =
\V4

2 2

c6s
( (
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