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NESA 2019 HSC Mathematics Extension 2 Marking Guidelines

Section Il

Question 11 (a) (i)

Criteria Marks
* Provides correct solution 1
Sample answer:

z+w

=1+3i+2+1i

=3+4i
Question 11 (a) (ii)

Criteria Marks
* Provides correct solution 2

» Multiplies numerator and denominator by the conjugate of w, 1

or equivalent merit

Sample answer:

£
w
1+3i 2+
= X
2—1 2+

(1+3i)(2+1)
(2-i)(2+1)

_246i+i-3
4-(-1)

7i-1
5

-1 7i

5 5
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Question 11 (b)

Criteria Marks

» Provides correct solution 3

. Determines the Io_cation of the foci and the equations of the directrices, 5
or equivalent merit

» Sketches an ellipse, showing correct intercepts, or equivalent merit 1

Sample answer:

x2

T 4+42=1

4

a=2 b=1

b2 =a2(1—ez) Foci atxziaezi\/g

) ) a 4
directrices x =*—=1+—
e 3

A

S(J3,0)

2
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Question 11 (c)

Criteria Marks
» Provides correct solution 2
» Completes the square of the denominator, or equivalent merit 1
Sample answer:
dx
x% +10x+29
_P dx
VN
J(x+5)"+4
B ([ dx
- 2,72
J(x+5)"+2
1 -1 ( X+ 5)
=—tan | — |+¢C
2 2
Question 11 (d)
Criteria Marks
» Provides correct solution 3
» Correctly writes the integrand as the sum of partial fractions, or equivalent 5
merit
» Attempts to write the integrand as the sum of partial fractions, 1

or equivalent merit

Sample answer:

6
d
Jx2—9 *

6 a b
7o +
x“-9 x+3 x-3

a(x=3)+b(x+3)=6

Letx=3 and x = -3
b(6)=6 a(—6)=6
~b=1 a=-1

1—1dx
x—3 x+3

=ln]x—3]—ln\x+3\+c
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Question 11 (e) (i)

Criteria Marks
* Provides correct solution 2
» Obtains the modulus, or equivalent merit 1
Sample answer:
z==1+iJ3 LA
r=+1+3 tan0 = ?
r=+/4 o ==
3
2n
=2 arg(z) = - 1
[eoo % Jrisn( )
z=2| cos| — |+isin| —
3
Question 11 (e) (ii)
Criteria Marks
* Provides correct solution 2
» Uses de Moivre’s theorem, or equivalent merit 1

Sample answer:

=23 (cos3(2—ﬂ) + isin3(2—ﬁ))
3 3

=8(cos2m +isin2m)
— 8(1+0i)

=8+0i
Sx=8,y=0
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Question 12 (a)

Criteria Marks

* Provides correct solution 2

» Correctly interprets one condition, or equivalent merit 1
Sample answer:

Im
T
/ 4 Re

Question 12 (b) (i)

Criteria Marks
* Provides correct solution 1

Sample answer:

X2+ y2 - 2xyc0s2?7r =702

x?+ y2 - 2xy(_71) =702

)c2+yz+xy=702
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Question 12 (b) (ii)

Criteria Marks
» Provides correct solution 3
. dy . .
* Finds the value of d_ or equivalent merit 2
X
» Implicitly differentiates X+ Xy + y2 =707 with respect to x, or equivalent 1
merit

Sample answer:

x2+xy+y2 =707

2x+x.ﬂ+y.1+2y.ﬂ=0
dx dx

ﬂ_—(y+2x)
dx x+2y

at x=30y=50

dy —(50+2(30))
dx  30+2(50)

-110
130

-1
13
dx dx Q

dt  dy dt

Cdx -13

=04
di 11

=52

11

=47
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Question 12 (c)

Criteria Marks
» Provides correct solution 4
» Correctly applies integration by parts to an integral for the volume, 3
or equivalent merit
» Obtains an integral from which the volume can be evaluated, 5
or equivalent merit
» Obtains the volume of a shell, or equivalent merit 1

Sample answer:

(x.y)

C—
F ,
dx

2mx

40

Volume = ZAEJ xe * dx
10

_ 1 40 1 40
=2Arm ——xe_kx} +—J’ e M dx

- 40 —kx 740
=2Arm —lxe_kx} +l[e }
10 kL =k

CoAx (ﬂe—40k +&e—10k)_i2(e—40k _e—IOk):|
1 k k
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Question 12 (d) (i)
Criteria Marks
» Provides correct sketch 1
Sample answer:
vt y=|/(x)]
/1 X
//
//
/
/’
Question 12 (d) (ii)
Criteria Marks
» Provides correct sketch 2
» Provides sketch with correct asymptote, or equivalent merit 1
Sample answer:
yi
1“
X
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Question 12 (d) (iii)

Criteria Marks

» Provides correct sketch 2

» Provides sketch of curve passing through the origin which is not defined 1
at x =1, or equivalent merit

Sample answer:
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Question 13 (a) (i)

Criteria Marks
» Provides correct solution 2
» Finds the slope of the hyperbola at P, or equivalent merit 1

Sample answer:

2y
a®> b?
A 4y,
dx\a® | dx\ b2 ) dx
2x _ Q(@)_O
a®> b \dx
22y d)
2 p2ldx
Zxb* _dy
2ya®  dx
L dy _xb?
Cdx ya?
at P(asec6,btanf)
_bzasece
a*btan®
_ bsecO
atan@

Equation of tangent at P.

bsecH
atanf
atanf(y—btan6) = bsecO(x —asech)

y—btanf = (x —asech)

aytanf — abtan® 0 = bxsec — absec’ 0
absec’ 0 — abtan® 0 = bxsec — aytan0
ab(sec2 6 — tan® 9) = bxsecO —aytan@

~.ab=bxsecO —aytanf
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Question 13 (a) (ii)

Criteria Marks

* Provides correct solution 2

» Attempts to find the point of intersection of the two tangents, or equivalent
merit

Sample answer:

bxsecO = aytan6 + ab (tangent at P)
. bxsecO—ab _

" atan@ Y

bxsec¢ = aytand + ab (tangent at Q)
. bxsecop—ab _

o atan@ Y

. bxsecO@—ab bxsec¢—ab
" atanf atang

atang(bxsecO — ab) = atan6(bxsecd — ab)
abxsecOtan¢ — a’b tan¢ = abxtanf@secq — a*btan6
a’btan6 — a*btang = abxtanOsec¢ — abxsecOHtang

a’b(tan@ — tang) = abx(tanOsecd — secHtang)

At the point of intersection

o a(tan® — tang)
0~ tanfsec¢ —secOtang
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Question 13 (a) (iii)

Criteria Marks
» Provides correct solution 3
» Finds the slopes of OM and OT, or equivalent merit 2
» Finds the slope of OM, or equivalent merit 1

Sample answer:
Find M.

b

M= (a(sece +sec¢) b(tan6 + tan(b))

2 2
Find gradient of OM.
b(tan6 + tan¢)
3 _ b(tan +tang)
a(secO+secd) a(sech+secq)
2
Find gradient of OT.

b(secO —secq)
sec¢tan® —secOtang _ b(secOd —secy)
a(tanf—tang)  a(tan6 - tang)
secotanO —secOtang

Points will be collinear if the 2 gradients are equal.

b(tan0 + tang) y (secO —seco)

Gradient of OM =
a(secO+secg) (secO—seco)

_ b(tanB + tang)(secO —secy)
- a(sec2 0 —sec? ¢)

b (tan + tang)(secd — sec )

a (1+tan’6—1-tan’¢)

b (tan6 + tang)(secd — sec )

a (tanze— tan’ (/))

b (ta ang) (secO —secq)
;(tane—tanq))(ta ang)

= éw = gradient of OT.
a (tanf — tang)
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Question 13 (b) (i)

Criteria Marks
* Provides correct solution 2
» Finds the length of CB, or equivalent merit 1

Sample answer:

C B (x,l—xz)
1—x? 1—x?
45° ]
D 1 2 A(x,0)

T
X

1
B lies on the parabolay =1 —x*s0 |AB|=1—x2.

D lies on line parallel to x-axis and 1 unit away, known from isosceles triangle of height 1 in
the centre of the diagram. So | AD|=1.

Area of trapezium ABCD = %(1 — xz)[l +1-— (1 _ xz)}
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Question 13 (b) (ii)

Criteria Marks
* Provides correct volume 1
Sample answer:
"
1% =J —(1—x4)dx
2
-1
o
= 2J —(1 - x4)dx
0
1
= J (1 — x4)dx
0
1
5 1o 5 5
Question 13 (c) (i)
Criteria Marks
* Provides correct solution 2
* Finds the time at which Object 1 lands, or equivalent merit 1

Sample answer:

For object 1
y=—4.92+ 20sin§r
= —4.91* +10~/31
When y=0 #(-4.9r+104/3)=0

st=0 or I=M
4.9

Page 15 of 36




NESA 2019 HSC Mathematics Extension 2 Marking Guidelines

Question 13 (c) (ii)

Criteria Marks
» Provides correct solution 3
. Obtain_s two equa_tions for the speed and angle of projection of Object 2, 5
or equivalent merit
» Finds the time of flight of Object 2, or equivalent merit 1

Sample answer:

Let V be the initial speed and 6 the angle of projection of object 2. Let T be time (in seconds)

after projection.

y= —4.9T% + VTsin®

When y=0 T(—4.9T +Vsin6) =0
“T=0o0rT-= Vsinf
4.9
Distance travelled = V(Vsme)cose
_ V2sinfcosO
4.9
Equating these distances
VZsinfcos® 10043
4.9 4.9
V2sin@cos@ = 100/3 ®
Equating the times
Vsin® 103 3
49 49
Vsin =10+/3-9.8 ®)
V2sinOcosO =100/3 ®

Vsin=10/3-9.8=7.52
V2sin%0 =56.55 ®

152
~ 5in18.08°

=242
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Question 14 (a)

Criteria Marks

» Provides correct solution 3

» Uses the fact f[hat there i§ no net force parallel to the track to equate 5
forces, or equivalent merit

» Correctly resolves forces horizontally and vertically, or equivalent merit 1

Sample answer:

mg sin @

mg

Friction force parallel to slope = mass x acceleration along slope.

2

F+mgsinf = M cosO
r

If there are no net forces parallel to track, F = 0.

That is,

2

. my
mgsin@ = ——cosf
r

2

Y cosf= gsinf
r

)2 = grsinf
cos@
= grtan0
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Question 14 (b) (i)

Criteria

Marks

* Provides correct solution

Sample answer:

Terminal velocity is a solution of ¥ =0.

So0=g—kv
g=kv
y=2

k

So w = terminal velocity = % .
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Question 14 (b) (ii)

Criteria Marks
» Provides correct solution 4
* Finds the integral and evaluates the constant of integration, or equivalent 3
merit
» Finds the integral, or equivalent merit 2
_ dv . :
» Obtains = | dt, or equivalent merit 1
g—kv

Sample answer:
v = 1.6 w when parachute opens. Let that time be 7 = 0.

v=1.6% % from previous part.

i=—=g—kv
ar

J dv =Jdt
g—kv

%ln‘g—kv|=t+c

when =0 vzﬂ
k

-1 1.6g
—1 — K. —==

so —~In/ g ¥ ]{‘ c

-1

—1In|0.6¢g| =

L n|0.6g|=c

S0 %ln|g—kv|=t—%ln|—0.6g|

Find t whenv=1.1 w.

_—11n
k

g—%xl.lx%‘=t—%ln|—0.6g\

t=%ln|—0.6g‘—%ln‘g—l.1g‘

—0.6
_1 n £ =lln6
k |-0.1g| &k
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Question 14 (b) (iii)

Criteria Marks
» Provides correct solution 3
» Finds an expression for x in terms of ¢, or equivalent merit 2
» Obtains an expression for v as a function of ¢, or equivalent merit 1

Sample answer:
%ln\g—kv\ =t—%1n|—0.6g\
In| g — kv|=—kt+1In|—0.6g|
‘ g kv] _ e—kt+ln\ -0.6g|
:\—O.6g\e_k’
g—kv=-0.6ge", since g—kv <0
—kv = —0.6ge_k’ -g

06 k. 8
=ge k42
K k

v=_[06e7 41]

v

0= 5[_—10.6}+c
k| k
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when x =D, v=1.1w and t=%1n6

D= 5[—10.6[1‘16 + l1116} +-2.(0.6)
kL k k k

-8 I g g
=—0.6X—+-=>1n6+-=>(0.6
k2 6 k2 k2( )

- %(0.6— 0.1+1n6)
=%(1+1n6)
K2\ 2

Question 14 (c) (i)

Criteria Marks
» Provides correct solution 2
» Starting with one side, uses a double-angle result, or equivalent merit 1

Sample answer:

cotx —cot2x

COSX COS2x

sinx sin2x

_ cosx cosZ—sin? x

sinx  2sIinxcosx

2c0s% x — (cos2 x —sin? x)

2sinxcosx
B cos® x +sin? x 1
2sinxcosx sin2x
= cosec2x
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Question 14 (c) (ii)

inductive step, or equivalent merit

Criteria Marks
* Provides correct solution 2
« Attempts to use the fact that 2K+ = 2% 2K when establishing the 1

Sample answer:

Statement is true when n = 1 (from part (1)).

Assume statement is true for n = k.

That is cosec(2x)+ cosec(4x)+---+ cosec(ka)
=cotx — cot(ka)
Then

cosec(2x)+ cosec(4x)+---+ cosec(ka) + cosec(2k+1x)
= cotx — cot(ka) + cosec(2k+1x) (by assumption)
= cotx — cot(ka) + cot(ka) — cot(2k+1x)

Using part (i)
since 2Ky = 2x 2k x

= cotx — cot(2k+1x) as required.

Therefore statement is true for all n > 1 by induction.
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Question 15 (a) (i)

Criteria Marks
* Provides correct solution 2
» Uses the substitution u = —x, or equivalent merit 1
a
Let I = J _ S
 F()+ f(=x)
Let u = x so that du = —dx.
r—a
P A ) B
) )+ f)
ra a
_ Sl J S
J_ S0 ) F0+ f(=x)
Question 15 (a) (ii)
Criteria Marks
* Provides correct solution 2
e Uses part (i), or equivalent merit 1

Sample answer:

From part (i).
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Question 15 (b) (i)

Criteria Marks

* Provides correct solution 1

Sample answer:

1
The probability that A wins on the first draw is 5 If A doesn’t win on the first draw then A

still has a further chance of winning.
) 1
- P(A wins) > 5

1
-~ P(B wins) < 5
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Question 15 (b) (ii)

merit

Criteria Marks
» Provides correct solution 3
* Finds t_he limiting sum for P(A) or P(B) and forms an inequality, 5
or equivalent merit
» Finds an expression for the probability that one player wins, or equivalent 1

Sample answer:

P(B)=y><y+y><w><y><y+---
w+y w+y w+y w+y wt+y w+y
R

2
+
Limiting sum = %
1-—
(w+y)2
5
2
(w+y) - wy

For B to have a greater chance,

1

y2

2
(w+y) —wy 2

2y2 >w2+2wy+y2—wy

yz—wy—w2>0

2
(z) _Y 150
w w

+
Roots of quadratic are 1_2\/5
R 1+2\/§ (Positive root of quadratic).
w
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Question 15 (c) (i)

Criteria Marks
» Provides correct solution 2
» Finds correct primitive, or equivalent merit 1

Sample answer:

Letu=x+1
du = dx
1
al 2d)c
o(x+1)
r2
-1
= u2 du
J1 U
r2
=| u''=u?du

v 1

[lnu+u_1]12

=(In2+27") - (In1+1)

:1n2+l—1
2
=1n2—l
2
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Question 15 (c) (ii)

Criteria Marks

» Provides correct solution 3

» Completes integration by parts and writes the resultinterms of [, I _, 5
and constants, or equivalent merit

» Attempts to use integration by parts, or equivalent merit 1

Sample answer:

rl n
In: x—zdx
o(x=1)

rl

= x"di( _:ljdx (Integrating by parts)
x\ x

. 1 L -
[ a } +nJ a dx
x+1 0 0x+1

Il
|

+

S
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Question 15 (c) (iii)

Criteria Marks
* Provides correct solution 2
* Finds 12, or equivalent merit 1

Sample answer:

I, :1n2—l
2
I, :1—2(ln2—1)
2 2
:é—Zan
2
132 )
4 2\2
=3In2-2
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Question 16 (a) (i)

Criteria Marks
* Provides correct solution 2
+ Obtains a cubic in cos 6, p, g, or equivalent merit 1
Sample answer:
Let x =rcosf
4
r:,]—p and so r3:4—pr
3 3
x? —-px+q= r3cos39—pr0059+q
4
= ?prcos39— prcosf+gq
pr 3
=-—|4cos’0—3cosfO |+
S J+q
=Pl o536 + q
3
—4
- {5
2
_Ara 3 | J
3 Ap
=0
So rcos@ is a root of x> — px+q=0.
Question 16 (a) (ii)
Criteria Marks
* Provides correct solution 2
« Writes down a cubic with roots o + 3, B+ 3, ¥ + 3, or equivalent merit 1

Sample answer:

oa+3, B+3, y+3 will be roots of
0=(x—3)P+9(x=3)*+15(x=3)—-17
=x>—9x2+27x—27+9x% —54x+81+15x—45-17
=x>—12x-8
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Question 16 (a) (iii)

Criteria Marks
» Provides correct solution 3
« Finds three values for 6, or equivalent merit 2
e Calculates r (from part (i), or equivalent merit 1

Sample answer:
Use p=12, q=-8 in (1)

= |22 G4

cos30 = _4(3_8) = l

4 2
9T 5T n
3°3 3
g7 57 T
9 9 9

T

So 4cos—, 4c0s5—ﬁ and 4cos7—n
9 9 9

are roots of x> —12x—8 = 0,
and so the roots of
X +9x2+15x-17=0

are 4cos£—3, 40055—71-—3, 4cos7—n—3
9 9 9

Page 30 of 36




NESA 2019 HSC Mathematics Extension 2 Marking Guidelines

Question 16 (b) (i)

Criteria Marks
» Provides correct solution 3
» Simplifies the sum of the products of pairs of roots, or equivalent merit 2
* Finds the sum of the roots, or equivalent merit 1

Sample answer:

a+a+p+p=2k
2Re(0r)+2Re(B) =2k @

ad +of +op +af+ap + BB = 2k>
a(B+B)+a(B+B)=2k*-2
20:Re(B)+2aRe(B) = 2k* -2
2Re(B) (o + @) = 2k* -2
4Re(a)Re(B)=2k* -2
2Re(ar)Re(B) = k* -1
From ©®
2Re(a)+2Re(B) =2k
Re(a)+Re(B)=k
Re(ax)? +2Re(a)Re(B)+Re(B)” = k>
Re(a)? + k> —1+Re(B)* = k>

So Re(a)’ + Re(ﬂ)2 =1
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Question 16 (b) (ii)

Criteria Marks
» Provides correct sketch 2
 Finds one correct possibility for 3, or equivalent merit 1

Sample answer:

/
‘ol
¢ (P
0 ~
ol
ﬁ - B
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Question 16 (c)

sinDBC _ sinACB

Criteria Marks
* Provides correct solution 3
a d ) .
* Shows that — = — , Or equivalent merit 2
sin(B+E—-m) sin(C+E-n)
a . .
e Shows that , Or equivalent merit 1

Sample answer:

Sine rule in AABC

d B e
sinACB sinBAC
in ADBC

a e

sinDBC - sinBDC

But ZBDC and ZBAC stand on same chord and so are equal.
a e e d

sin DBC - sinBDC - sinBAC - sinACB

ABDE is cyclic so

E+ABD=r
but B= ABD + DBC
=nr—-E+ DBC

DBC=B+E—-=x
sinDBC =sin(B+ E—1)
=—sin(B+E)
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similarly ACB=(C+E—r) (C—ACD,and ACD=ABD=r-E)
sinACB = —sin(C + E)

a B d
sinDBC  sinACB
a B d
- sin(B+E) - sin(C+E)
d

a
Hence — = —
sin(B+E) sin(C+E)
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2019 HSC Mathematics Extension 2
Mapping Grid

Section |
Question Marks Content Syllabus outcomes
1 1 2.1 E3
2 1 4.1 E8
3 1 4.1 E8
4 1 7.2 E4
5 1 25,31 E3
6 1 1.7 E6
7 1 1.2,16,4.1 E6
8 1 2.2 E3
9 1 15,8 E6
10 1 8 E2
Section Il
Question Marks Content Syllabus outcomes
11 (a) (i) 1 2.1 E3
11 (a) (ii) 2 2.1 E3
11 (b) 3 3.1 E3
11 (c) 2 4.1 E8
11 (d) 3 41 E8
11 (e) (i) 2 2.2 E3
11 (e) (i) 2 22,24 E3
12 (a) 2 25 E3
12 (b) (i) 1 8 E2
12 (b) (ii) 3 18,8 E6
12 (c) 4 41,51 E7, E8
12 (d) (i) 1 13 E6
12 (d) (ii) 2 15 E6
12 (d) (iii) 2 15 E6
13 (a) (i) 2 3.2 E3, E4
13 (a) (i) 2 3.2 E4
13 (a) (iii) 3 3.2 E4
13 (b) (i) 2 5.1 E8
13 (b) (ii) 1 5.1 ES8
13 (c) (i) 2 6.1 E5
13 (c) (ii) 3 6.1 E5
14 (a) 3 6.3.4 E5
14 (b) (i) 1 6.2.3 E5
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Question Marks Content Syllabus outcomes
14 (b) (ii) 4 6.2.3 E5
14 (b) (iii) 3 6.2.3 E5
14 (c) (i) 2 8 E2, E9
14 (c) (ii) 2 8.2 E2, E9
15 (a) (i) 2 4.1 ES8
15 (a) (ii) 2 4.1 ES8
15 (b) (i) 1 8 E9
15 (b) (i) 3 8 E9
15 (c) (i) 2 4.1 ES8
15 (c) (ii) 3 4.1 ES8
15 (c) (iii) 2 4.1 ES8
16 (a) (i) 2 7.5 E4
16 (a) (ii) 2 7.5 E4
16 (a) (iii) 3 7.5 E4
16 (b) (i) 3 2 E3, E4
16 (b) (i) 2 2 E3
16 (c) 3 8.1 E9
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