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Section 1: Multiple Choice— 1 mark each.
Q1. Which line is perpendicular to the line 4x + 3y +2 =07

(A) 4x+3y—-2=0
(B) 4x—-3y+2=0
C) 3x+4y+2=0
(D) 3x—4y—-2=0

20
Q2. The value of Z 10—-3k is
k=2

(A) —342
(B) —414
(C) —437
(D) —500

Q3.  Which function is an odd function?

(A) y (B)

[,

(©) y (D)




Q4.  Using the trapezoidal rule with 4 subintervals, which expression gives the approximate
area under the curve y = x e* betweenx = 1and =3 ?

1

(A) Z(e + 3e'® + 4e? + 5e2° + 3e3)
1

(B) 7 (e+06e'® +4e” +10e%° + 3¢%)
1

© S(e+ 3el® + 4e? + 5e2° + 3e3)
1

(D) 5 (e+6e +4e +10e%° + 3e?)

Q5.  What is the period of = 3 tan(4x) ?

(A)

Al] ol x

(B)

NS

(©)

(D) —

Q6.  The solutionto 3x2 + 2x > 8 is
4
(A) -3 <x< 2

4
(B) x<—§,x> 2

4
© x<—2,x>§

4
(D) —2<x<§



Q7. If aand B are roots of the equation 2x? — 4x — 1 = 0, what is the value of a? + B2 ?
(A) 3

(B) 4
€ 5

(D) None of the above

Q8. Itis knownthatln3a =Inb — 21Inc, where a,b,c > 0.

Which statement is true?

(A) a=

(B) a=—

(C) In3a=—

Inb
(D) In3a=
In c?

6
Q9. Evaluate jlx — 2| dx
0

(A) 10
(B) 20

(C) 30

(D) None of the above.



Q10. The graph of y = f'(x) is shown.

y =f'(x)

/8
The curve y = f(x) is tangential to the x-axis.

What is the equation of the curve = f(x) ?

(A) y=2x2—-8x+8
(B) y=2x?2-8x+16

(C) y=x*—8x+8

(D) y=x?2—-8x+16

End of Section |



Section Il — Short Answer 90 marks

Question 11 (15 marks) Commence on a NEW page. Marks
(@ Rationalise the denominator 1-V5 2
6 +5
(b) Factorise fully 16 — 4x2. 2
(c) State the domain of the function y = v4 — x. 1
(d Solve |2x—1]| < 4. 2
(e) Differentiate y = 5x° — +/x. 2
(f) Differentiate  y = (cosx — x)3. 2
() Find f(Bx + D*dx. 2
3

h) Solve N _V3 for0 <x <4 2
(h) cos (2) > x T

End of Question 11



Question 12 (15 marks) Commence on a NEW page. Marks

(@ The points A (—8,2), B(—4,8), C(6,—2), D(0 — 6) define a trapezium in the
Cartesian plane.

The equation of the line BCisy = 4 — x, and of line ADisy = 6 — x.

The distance AD is 8v/2 units.

1) Find the perpendicular distance from the point A to the line BC. 2

i) Hence calculate the area of the trapezium. 2

3x—1

(b) Differentiate  y = log, Gt 2
(c) Find:
i) ] x (3 —+/x)dx 2
i) jsin(Sx +2) dx 2
i) f *=5 2
X2 —10x

Question 12 continues on the next page.



Question 12 (continued)

(d) Inatriangle ABC, AB = BC. The point L is on BC such that AL bisects 2BAC.

B

i) Copy the diagram into your workbook.

i) IfAL = AC, find the size of ZABC, giving reasons.

High quality setting out is required for full marks.

End of Question 12



Question 13 (15 marks) Commence on a NEW page.
(a) State the location of the vertex and the focus of the parabola

8x—y?+6y—1=0.

(b) Triangle ABC has sides AB =5cm, BC =13 cmand AC = 10 cm.

A

10 cm Scm

13 cm

Find the exact value of tan C in simplest form.

(¢)  Sketch the region y < V25 —x2 and y < x.

(d) Find the values of k for which y = 5x2 + (20 — k)x + 20 is positive definite.

(€)  The curve y = 4cos G x) meets the line y = 2x at the point (1,2) as shown in

the diagram below.

Find the exact value of the shaded area.

End of Question 13

10

Marks



Question 14 (15 marks) Commence on a NEW page. Marks

(@ Given
fO)=(x+2)(x—2)°
and
fl(x) =4(x—2)%(x+1) =4x3—12x% + 16,
1) Find the stationary points of y = f(x) and determine their nature. 3
i) Find the coordinates of any points of inflexion. 2

1) Sketch the graph of y = f(x), clearly indicating the intercepts, stationary 2
points and points of inflexion.

(b) Giventhat x +y, x —y, xy form an arithmetic sequence, write an expression 2
for x in terms of y.

(c) Given the graph of y = f(x) below, 3

| 3

A

IARAVA

Y

4
Apply Simpson’s Rule with five values to find an approximation for ff(x) dx.
0

Question 14 continues on the next page
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(d) A region is defined by the function y = log,. (x — 2), the y —axis, and the lines
y =0andy =1.

Find the volume of the solid of revolution formed by rotating the region about
the y-axis.

I y = In(x-2)

End of Question 14

12



Question 15 (15 marks) Commence on a NEW page. Marks

(@) The velocity of a particle travelling along the x-axis is given by the equation

where t is the time in seconds and the velocity is in m/s.

i) When is the particle stationary? 1
i)  What happens to the velocity ast — oo ? 1
1)  Sketch the graph of v(t) for t > 0, showing any intercepts. 1
iv) Find the acceleration when the particle is stationary. 2
v) Find the distance travelled in the first 6 seconds. 3
. d 2 2 2
(b) i) Show that - x%e " =2xe™* —2x3%e™* 2
X
i) Hence find Jx3 e~ dx 2

Question 15 continues on the next page

13



(c) Three circles of radius 1 unit with centres A, B and C respectively are arranged
as shown in the diagram below.

i) Find the exact value of the area of the triangle HIK.

i) Hence or otherwise find the exact value of the shaded area.

End of Question 15

14



Question 16 (15 marks) Commence on a NEW page.
(@) By using the property x = y'°8*, or otherwise, show that

alogb X — xlogb a

(b) The following diagram appears in the 1913 book “Carslaw’s Plane Trigonometry”:

=)
F
3
p oL o —x
i F;
ro x E ‘\'
9 x? . E:“}'
B B
X C LB‘
X
1
O A N

This diagram has become a famous “Proof Without Words” for the sum of an
infinite geometric series.

In the questions below, the aim is to prove the result for the sum of an infinite
geometric series, so don’t use the result in your working out.

We can see from the diagram that ON =1 + x + x2 + x3 + ---.
1) Explainwhy NP = ON — 1.
i) Explainwhy NP = x ON.
iii)  Using the results (i) and (ii) above, show that,

1

1+x+x24+x34+ =
1—x

iv) How does this proof demonstrate that x must satisfy the restriction x < 1 ?

Question 16 continues on the next page

15



(c) At midday, Keanu is in a speedboat on a river at location K when he receives a call
from Sandra at location S, riding a bus along a coastal highway towards T.

Sandra asks Keanu to meet up with her bus further along the highway at a location of
his choosing — she doesn’t mind where they meet, just so long as they eventually meet.

A
[11]

=)

PR S EEEEE LT

The bus is travelling at a constant speed of V' km/hr, scheduled to pass K’ at 1 PM.
The distance KK’ is D km.

Keanu leaves at midday on a bearing of angle 8 and meets the bus at point B.

i)  Show that the bus arrives at point B at time t hours,

. DtanH_}_1
v

i) Hence show that Keanu will need to travel at a speed r, where

_ D Vsecf
r_Dtan9+V

iii) Show that
dr _ DVsec8 (Vtan6 — D)

do (Dtan @ + V)?

. d
glven: Esec@ = secfHtan6

. . D : .
iv) Show that r is minimised when  tan 6 =7 (reasoning required).

DV
VD2 +Vv2

v)  Show that the minimum speed r is given by r =

END OF THE EXAMINATION.
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2 2018 MATHEMATICS 2U HSC COURSE 2018 ASSESSMENT TAsk 3 SOLUTIONS

Suggested Responses (8)

1. . . (C) 4. (A) 5. (B)
6. (C) 7. (C) 8. (B) 9. (A) 10. (D)

Question 11
(a) (2 marks)

_0-vH 6-v5
6+v5 6+v5  (6—5)
(1-V5)(6 —V5)

1-+/5

36 —5
_6—V5-6V5+5
B 31
C11-7V5
-3l

(2 marks)

16 — 42% = 4(4 — 2?)
=42+ )(2 - )

(2 marks)
'/®x+n4(m
(3z 4+ 1)°
=-——+4C
5x3 +
3 5)°
—(a:;)+c
(2 marks)
(:0532::\2g 0<x<d4dnr
0§g§2n
x 117
2 6 6
m_27r 227
2 66
T 11w
r=—=,—
373

Question 12

(¢) (1 mark) (a) i. (2marks) BC:z+y—4=0 A(-8,2)
z<4 g 11(=8) +1(2) — 4]
NieEsE
| —8+42—4]
(d) (2 marks) =5
10 .
—4<2r—1<4 =E=5ﬂun1‘cs
—3<2x<5H
3 5 ii. (2 marks)
——<zr< -
2= T2
(BOY = (~4 -6 + (8 +2)°
(e) (2 marks) BC — 2v10
24+ 10v2
Yy = 528 — g;% Area trapezium = 5v2 x S\f—;O\[
! = 90 units
I —302° - ——
V= T e
(b) (2 marks)
(f) (2 marks)
N 3z —1
y = (cosz — x)3 Yy @+ 1)t
y = 3(cosz — x)* x (—sinz — 1) =In(Bx—1)—4ln(zx+1)
= —3(sinz + 1)(cos z — z)? g 3 4
7 3r—1 z+1



2018 MATHEMATICS 2U HSC COURSE 2018 ASSESSMENT TAsk 3 SOLUTIONS 3

(c) i. (2 marks) triangle)
S LABC =180° — 2 x 36° — 2 x 36° = 36°
/33(3 —Vz)dz
5 Question 13
= / (Bx —x2)dx
(a) (3 marks)
o 3 2 2 5 C 9
=gt Tttt 82 —y* +6y—1=0
2 o
ii. (2 marks) y —by=8r—1
Y —6y+9=8z—1+9
/sin (5x + 2) dz (y—3)2 =8(x+1)

(draw a diagram!)
vertex: (-1, 3)
focus: (1, 3)

1
= —gcos(5x+2) +C
iii. (2 marks)

1
/a:2 — 10z dx = 3 In (22 — 10z) + C (b) (3 marks)
A =a’+b>—2abcosC

(d) (2 marks) cosC' = M
2ab
B C_1o2+132—52
S T T 10 % 13
61
C=—
COS 65

(draw a diagram!)

x

x

L - =

tan C 6l

6v'14

tanc = 6—]_

.
4 C
(¢) (3 marks)
/95 _ 22

Let /BAL = ZBAC = 0 (given) y<v2—z¢ y<ux

AABC is isosceles (two equal sides)
. LACB = ZBAC = 20 (base angles of
isosceles triangle )

©

(3.54,3.54)"

AALC is isosceles (two equal sides, given)
S LACB = ZALC
L LALC =26

In AALC,

LLAC + LACL + ZCLA = 180° = 560
(angle sum of a triangle)

o0 =180 = 36°

In AABC, (d) (3 marks) y = 5z% + (20 — k) + 20
LABC + 20 + 20 = 180° (angle sum of a is positive definite when A <0




4 2018 MATHEMATICS 2U HSC COURSE 2018 ASSESSMENT TAsk 3 SOLUTIONS

(20 — k)% — 4(5)(20) < 0
400 — 40k + k* — 400 < 0
k? — 40k < 0
k(k —40) < 0

(draw a diagram)

0 <k <40
(e) (3 marks)
! ™
Area = / (4cos -z — 2z) dx
0 3

12« o1
=|——sin_-x—
3

T 0
12 T
=(0—-0)— (——sin- —1?
(0-0)— (~—sing —17)
—77_‘_ units (b)

Question 14
(@) fl@)=(z+2)(z-2)°

fl(x) = 4(x—2)%(x+1) = 423 — 1222 + 16

i. (3 marks)
Stationary when f’(z) =0
ie: 4(z —2)%(x+1) =0
r=2o0rz=-—1

f(2)=0,f(-1)=27
()

Stationary points at (2,0) (-1, —27)

T 2 -1 01| 213
fi(x)|-64| 0 [16] 0 | 16
N =S =1
.. horizontal point of inflexion at
(2,0), local minimum at (—1, —27)

ii. (2 marks)
f"(x) = 122% — 24x
Possible points of inflection at
f"(x) = 0ie: 122% — 242 =0
z(x—2)=0
r=0o0orz=2
We have already shown z = 0 is a
point of inflexion, test for x = 2

(d)

x 11213
7@y | <12 | 0 | 36
n|—1lUu
.. Points of inflexion at (2, 0), (0—16)

iii. (2 marks)

(2 marks) AP: x +y, z — y, zy

a=z+y, d=x—y—(x+y)=—2y

Ts—To=Ty—T)
zy—(x—y)=(@-y)—(r+y)
TY—r+Yy=r—yYy—r—yY
ry=-2y+xr—y
Ty —r=-2Y—y
z(y—1) =3y
x_i?)y
=1

(3 marks) Using Simpson’s rule:

T 0 1 2 3 4
f(x) 2 1 0 -2 -1
Xx1| x4 | x2|x4] x1

/04f(a:)da?z

=1

(24+1x4+0x24+(—2)x4+—1)

W =

(3 marks) V=7 fol 22dy

y=In(z—2)
x—2=¢€Y

x=eY%+2

22 = (e¥ +2)2

=e% +4e¥ + 4



2018 MATHEMATICS 2U HSC COURSE 2018 ASSESSMENT TAsk 3 SOLUTIONS

V

1
w/‘ (e* + 4e¥ + 4) dy
0

1 1
=7 |=e®Y 4+ 4e¥ + 4y]
2° 0

E
= (; 2 44601 (1)>

—7r<2 ()+4e(0)+4(0))

1 1
=T <2€2 + 4@ — 2> uﬂits 3

Question 15

(a) i.

12
24+t
12
2 _3

2
3(2+1) =12
2+t=4

t = 2 seconds

ii. (1 mark) Ast— co,v — 3 m/s

iii. (1 mark)

iv. (2 marks)

(1 mark) Stationary when v =0

v. (3 marks)

z(t)=3t—12In(t+2)+C

2(0) = 3(0) — 12In (0) + 2) + C
=-12In2+C

x(2)=3(2)—12In(2)+2)+ C
=6—12In4+C
=6—-24In2+C

2(6) = 3(6) — 121n (6) + 2) + C
=18 —12In8+C
=18 -36In2+C

particle moves left t =0 to t = 2:
distance = z(0) — z(2)
=(—12In2+4C)— (6 —24In2+ C)
=12In2 -6

particle moves right £ = 2 to t = 6:
distance = z(6) — x(2)

= (18—36In2+C)—(6—241n2+C)
=12—-12In2

Total distance = (12In2—6)+ (12—
121n2) = 6 metres

=uv+uv
=2z x e — 22 x —2ze "
d 12
a=0 3_72+t O
d = RHS
= (3-12(2+t)7")
=12(2+ )2
12 ii. (2 marks) From (i),
~(241)?
12
2) —
2= Gy
:§1rn/s2

4
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i. (1 mark)

b) i

dzx

.2 2 .2 .
e de = —e —x%e™™ + C from (i)

x
2/x36x2daz = /Q:erzda:—:c2ex2 ii.

+ x26_r2> +C

iii.

AHJK is an equaliteral triangle,
sides 2 units
area = 1 x 2 x 2 x sinm/3

ii. (2 marks)

segment area =

Question 16

(a)

(2 marks)

LHS

_ AR
—7T—7u

— alogb T

_ (xlogz a) log;,

— xIng axlogy, x

Inx
Inb

Ina
—= Ilnz

Ina

iv.

ii.

(1 mark)

AP has gradient 1, so NP = AN.

From the diagram, ON =1+ AN
S ON=1+NP

- NP=0ON -1
e dr = /2$6_z2d$—/<d$26_$2) dz

(1 mark) OP has gradient z,
NP

“oN ="
NP =20ON
(1 mark)
ON — 1=z ON from (i), (i)

ON —zON =1

ON(1l—-2z)=1

1
ON = T

From the diagram,
ON =14z +22+ 23+ ...

1
cl4x+ 2243+ =
1—=x

If x > 1 then the line OB will not
intersect the gradient=1 line AP.

or

If 2 > 1 then 2?2 > z,2° > 22,
etc, so the sequence of triangles will
not reduce in size, so the diagram
will not work.

NB: the distances will not become
negative if x > 1 - it is possible
to draw this condition, however the
lines OB and AP do not intersect.

(1 mark)
K’'Bis Dtanf

) Dtan6
S travel time = v

Sandra takes 1 hr to reach K’, so

Dtan6
|4
(2 marks)

KB is Dsec6
Keanu needs to travel this distance

t= +1

= [L'm
l_logb x

= RHS



iil.

v.

in the time S reaches B

r—(Dsec0)+<Dtan0+1>
Vv
Dtanf+V

= (Dsecl) ~ | ———
(Dsect) ( v )
~ DVsect
- Dtanf +V

(2 marks)

dr  uv—ud

g~ 02
wv’ —uv' = (DV secftan 0)(D tand + V)

— (Dsec? 0)(DV sech)

= DV secf(Dtan? 6

= +V tan @ — D sec? 0)

= DV secO(Dtan? 6 + V tan 6

— D(1 + tan®9))
= DV secf(V tanf — D)

dr  DVsecf(Vtan6 — D)

do (Dtan +V)?
(2 marks)
) ) dr
Stationary points when 0 0.

sect) > 0 for the domain 0 < 6 < 7.

D
(Vtan® — D) = 0 when tanf = v

Let 6,, be the wvalue for which

tanf,, = —
"V

To show that r is a minimum for

0, we must test using the first or

second derivative (!).

Consider o < 0,,.
Since tan f is an increasing function

for0 <0< 3,

D
tana < tan @, < v

S (Vtana— D)< (V=-D) <0

Consider 8 > 0,,.
Since tan @ is an increasing function
for 0 <0 <7,

D
tan 8 > tan,, > —

Vv
S (Vtang-D)> (V2 _Dy>0
Vv
0 « 0 I51

secl — D | &)

Vtanf — D (-) 0 (+)

(D tan6 + V)2 (+) (+) (+)
& <+><—\>/<+> 0 <+><+/>/<

Therefore r is a minimum when

tanf = —.
an v

(2 marks)
D
If tanf = —
an v

ViEa
V

, draw diagram

then sec§ = , ( 0 acute ).

_ DVsect
"= Dtanf +V
NiEne

5 \%

D<V) +V

D(vD?+V?)
D2
e +V

D(vD?+V?)

i

\%

. DV (VD2 +V?)
D2+ V2
DV

VDET 2

DV

T =

r =
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