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2 2020 MATHEMATICS ADVANCED (YEAR 12 COURSE) ASSESSMENT TASK 4 (TRIAL EXAMINATION)

Section I

10 marks
Attempt Question 1 to 10
Allow approximately 15 minutes for this section

Mark your answers on the answer grid provided (labelled as page 28).

Questions

1. Which of the following describes the curve shown below?

Y

o

/

(A) one-to-one (C) one-to-many

(B) many-to-one (D) many-to-many

2. What is the value of x for which 43-5% = 827

() © -3
(B) g (D) _g

3. What is the value of a for which the y-axis is tangent to the circle?

(z-2°+@y—-57=a

Marks
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2020 MATHEMATICS ADVANCED (YEAR 12 COURSE) ASSESSMENT TASK 4 (TRIAL EXAMINATION) 3

4. Which one of the following is the set of all solutions to 222 — 5z + 2 > 07 1
(A) [%7 2] (C) (—OO, %) U (Qa OO)
(B) (3:2) (D) (=00, 3] U[2,00)
1
5. What is the value of tanx given that sinx = 3 for g <z <T. 1
1 3
(A) — (C) ————=

2v2

(B) == (D) ~2v2

6. What are the possible values of ZABC, correct to the nearest minute? 1

(NOT TO SCALE)

(A) 41° (C) 17°, 163°

(B) 17° (D) 41°, 139°

Examination continues overleaf. ..

NORMANHURST BOYS’ HIGH SCHOOL THURSDAY, 20 AUGUST 2020



4 2020 MATHEMATICS ADVANCED (YEAR 12 COURSE) ASSESSMENT TASK 4 (TRIAL EXAMINATION)

7. What is the area of the shaded segment? 1

8. The diagram shows the area bounded by the graph of f(z) =«

(NOT TO SCALE)

(D) 16 (Z + é) cm?

3 —z and the z-axis. 1

Y

Given that f(z) is an odd function,

shaded area?

0
(A) 2/ (m?’—x) dz

-1

1
(B) 2/0 (z° — 2) dz

8

which of the following correctly gives the

(© /1 (% — ) da

-1

THURSDAY, 20 AUGUST 2020
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2020 MATHEMATICS ADVANCED (YEAR 12 COURSE) ASSESSMENT TASK 4 (TRIAL EXAMINATION)

9. Among the labelled points on this curve, at which point is the rate of change of y

greatest?
)
D
C
i
/ \
(A) A (C) C
(B) B (D) D

10. A magazine surveyed 100 readers about whether they had read a certain novel
or watched its movie adaptation. The data collected is represented in the Venn

diagram below.

Movie

A reader was selected at random. If the reader selected has watched the movie,
what is the probability that they had also read the novel?

(A) o © 4
®) D) &

Examination continues overleaf. ..

NORMANHURST BOYS’ HIGH SCHOOL
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6 2020 MATHEMATICS ADVANCED (YEAR 12 COURSE) ASSESSMENT TASK 4 (TRIAL EXAMINATION)

Section I1

90 marks
Attempt Question 11 to 32
Allow approximately 2 hours and 45 minutes for this section

Write your answers in the space provided.

Question 11 (2 Marks)

Given the function f(x) = 22 — 4z and g(x) = 2? — 9, write an expression for g(f(x)) 2

in its simplest form.

Question 12 (3 Marks)

The function f(zr) = x? has been transformed into a new function whose graph is 3
shown below:

J (5,6)

.

Find the equation of the new function in the form g(x) = kf(x + b) + ¢ for some
constants k, b and c.

THURSDAY, 20 AUGUST 2020 NORMANHURST BOYS’ HIGH SCHOOL



2020 MATHEMATICS ADVANCED (YEAR 12 COURSE) ASSESSMENT TASK 4 (TRIAL EXAMINATION) 7

Question 13 (6 Marks)

logy (z 4+ 4) —4<x <4
A function is defined as f(z) = ¢ 2|z — 5| + 1 d<zx<T7
5 Tz >7
(a) Sketch f(x) in the space provided, showing all intercepts with the axes. 4
Yy
.................... SN RS S NN OO ST R TS U U PO MO O RO
.................... 4m
.................... 3m
................... Qm
.................... S N P
| | ' | | | ' | Il | ' |
I T I T I I I T I I I T
—5 —4 -3 —2 —1 1 2 3 4 ) 6 7
S S U U S IS AN NS SO £ N EUUUS SU i
............................................ 2 P D U St S S SRS SUTS ST SET U SRS
............................................ 3~_.
.............................................. 0 SO R SUOC U SN SV SUTNN AU APUUN SO SUUNE SUUURE SOUUE UUUE SRS
(b)  Using interval notation, state the domain and range of f(z). 2

Examination continues overleaf. ..

NORMANHURST BOYS’ HIGH SCHOOL THURSDAY, 20 AUGUST 2020



8 2020 MATHEMATICS ADVANCED (YEAR 12 COURSE) ASSESSMENT TASK 4 (TRIAL EXAMINATION)

Question 14 (4 Marks)

A sequence is given by v/8,v/32,/72, - - -

(a)  Show that the terms form an arithmetic sequence. 1

(b)  The sum of the first n terms is 132y/2. Find the value of n. 3

THURSDAY, 20 AUGUST 2020 NORMANHURST BOYS’ HIGH SCHOOL



2020 MATHEMATICS ADVANCED (YEAR 12 COURSE) ASSESSMENT TASK 4 (TRIAL EXAMINATION) 9

Question 15 (3 Marks)

An annulus sector is made with an angle 6 at its centre. Its inner and outer radii are 3

— metres and r metres respectively, as shown.
r

- (NOT TO SCALE)

The perimeter of this annulus sector is 6 metres.

2(—r*+3r+1)

Show that 0 = T

Examination continues overleaf. ..

NORMANHURST BOYS’ HIGH SCHOOL THURSDAY, 20 AUGUST 2020



10 2020 MATHEMATICS ADVANCED (YEAR 12 COURSE) ASSESSMENT TASK 4 (TRIAL EXAMINATION)

Question 16 (3 Marks)

Prove that 2 cos? 6 + 2 sec? (g - 9) +2sin?60 = 4 + 2cot? 4. 3

Question 17 (3 Marks)

Solve 4 — 8sin%220 = 0 for 0 < 6 < 2. 3

THURSDAY, 20 AUGUST 2020 NORMANHURST BOYS’ HIGH SCHOOL



2020 MATHEMATICS ADVANCED (YEAR 12 COURSE) ASSESSMENT TASK 4 (TRIAL EXAMINATION) 11

Question 18 (6 Marks)

David stands on ground level at point D and observes a cable car travel along a slanted
ropeway. The cable car departs from Station U at an altitude of 880 m and arrives at
Station T" at an altitude of 1 044 m. David observes Station U at an angle of elevation
of 66° and Station T" at an angle of elevation of 57°.

T

e—uWipp0 1

60
57°
(NOT TO SCALE)
D
(a) Show that DB = 880 cot 66° and find a similar expression for DC. 2
(b)  The area of ABDC is 112860 m?. Show that /BDC = 58°11’. 2

Examination continues overleaf. ..

NORMANHURST BOYS’ HIGH SCHOOL THURSDAY, 20 AUGUST 2020



12 2020 MATHEMATICS ADVANCED (YEAR 12 COURSE) ASSESSMENT TASK 4 (TRIAL EXAMINATION)

(¢) Hence find the slant length of the ropeway UT, correct to two decimal places. 2

THURSDAY, 20 AUGUST 2020 NORMANHURST BOYS’ HIGH SCHOOL



2020 MATHEMATICS ADVANCED (YEAR 12 COURSE) ASSESSMENT TASK 4 (TRIAL EXAMINATION) 13

Question 19 (3 Marks)

A discrete random variable X has the probability distribution table shown.

1

2

3

4

0.35

a

0.2

b

Find the value of a and b given that E(X) = 2.15.

Examination continues overleaf. ..

NORMANHURST BOYS’ HIGH SCHOOL
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14 2020 MATHEMATICS ADVANCED (YEAR 12 COURSE) ASSESSMENT TASK 4 (TRIAL EXAMINATION)

Question 20 (3 Marks)

A factory produces chocolate chip cookies and oatmeal cookies in both regular and

3
sugar free variants. Each day, v of the cookies produced are chocolate chip and the
5
rest are oatmeal. According to demand, - of the chocolate chip cookies are regular

2
and the rest of the chocolate chip cookies are sugar free, while 3 of the oatmeal cookies

are sugar free and the rest of the oatmeal cookies are regular.

(a) Using the information supplied, label all remaining branches of the following 1
probability tree with the correct probabilities.

The symbols given in the tree are:
— ( represents the chocolate chip cookie.
— M represents the oatmeal cookie.
— S represents a sugar free cookie.

— R represents a regular cookie.

(b) A cookie is selected at random. Given that a sugar free cookie is selected, find 2
the probability that the cookie was chocolate-chip.

THURSDAY, 20 AUGUST 2020 NORMANHURST BOYS’ HIGH SCHOOL



2020 MATHEMATICS ADVANCED (YEAR 12 COURSE) ASSESSMENT TASK 4 (TRIAL EXAMINATION) 15

Question 21 (3 Marks)

A company tracked the number of sales made by each sales staff in a day. Using 3
the data from a large number of days, the company estimated the probability of the

number of sales made by each sales staff in a day.

Let the random variable S be the number of sales made by Linda per day.
The following table shows the probability data for Linda’s daily sales.

P(S=s) | 005 | 01

0.15

0.35

0.15

0.2

Linda is expected to make 5.05 sales per day. Find Linda’s variance and standard

deviation, correct to two decimal places.

(Hint: Add any required rows in the table using the space provided above.)

Examination continues overleaf. ..

NORMANHURST BOYS’ HIGH SCHOOL
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16 2020 MATHEMATICS ADVANCED (YEAR 12 COURSE) ASSESSMENT TASK 4 (TRIAL EXAMINATION)

Question 22 (6 Marks)

An ice cream company launches a promotion in which customers have a chance of
winning a limited edition item. The probability of winning this prize is 0.07 with each
individual purchase. Each person can only win the prize once.

Benjamin decides to purchase one ice block each day until he wins the prize.

(a) Find the probability that he wins the item on the first or second day, correct to 2
two decimal places.

(b) Hence find the smallest number of days for which the probability that Benjamin 4
will win the limited edition item, is greater than 80%.

THURSDAY, 20 AUGUST 2020 NORMANHURST BOYS’ HIGH SCHOOL



2020 MATHEMATICS ADVANCED (YEAR 12 COURSE) ASSESSMENT TASK 4 (TRIAL EXAMINATION) 17

Question 23 (4 Marks)

A function is given by f(z) = —(z —2) (v +2) (x — 1).
(a)  Sketch the curve in space provided without using calculus. Show all intercepts 1
with the axes.

.......................................................................................................................................
.....................................................................................................................................

(b)  Hence find the exact area bounded by the curve and the z-axis. 3

Examination continues overleaf. ..

NORMANHURST BOYS’ HIGH SCHOOL THURSDAY, 20 AUGUST 2020



18 2020 MATHEMATICS ADVANCED (YEAR 12 COURSE) ASSESSMENT TASK 4 (TRIAL EXAMINATION)

Question 24 (7 Marks)

1 3
A function is given by f(x) = —§x4 + 223 + 7

(a)  Find the coordinates of stationary points and determine their nature. 3

(b)  Show that there is another point of inflexion at z = 2. 2

THURSDAY, 20 AUGUST 2020 NORMANHURST BOYS’ HIGH SCHOOL



2020 MATHEMATICS ADVANCED (YEAR 12 COURSE) ASSESSMENT TASK 4 (TRIAL EXAMINATION) 19

(c) Hence sketch the curve in the space provided, showing all stationary points and 2
points of inflexion. (Do not find the z-intercepts)

Examination continues overleaf...

NORMANHURST BOYS’ HIGH SCHOOL THURSDAY, 20 AUGUST 2020
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Question 25 (4 Marks)

A company is designing a closed cylindrical container of radius  ¢cm and height h cm

for their new product. The container is to have a surface area of 1127 cm?.

e— 1 —>|
h (NOT TO SCALE)
(a)  Show that the volume of the container is given by the expression: 2

V = 5671 —

(b) Find the radius for which the volume of the container is maximised, correct to 2
two decimal places.

THURSDAY, 20 AUGUST 2020 NORMANHURST BOYS’ HIGH SCHOOL
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Question 26 (2 Marks)

Find the equation of the tangent to y = e~ 5% at z = 7. 2
Question 27 (3 Marks)
The population P of a colony of ants is given by P(t), where ¢ is the time in years after 3

a scientist first discovered the colony. The ant population changes at a rate modelled
by the function:

8 _ 150060
dt

The colony had a population of 700 ants when first discovered by the scientist.
Calculate the number of years for the population to reach 79 700 ants, correct to
two decimal places.

Examination continues overleaf. ..
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Question 28 (4 Marks)

5
(a) Differentiate y = 2 (7 - ew3> 2

Question 29 (6 Marks)

1
The functions f(z) = 2— — and g(r) = 4e® — 3 intersect at points P and @) as shown.
e

Y g(x) =4e* -3

2
I :
T

Q

(a)  Show that the curves intersect when 4e%* — 5e* + 1 = 0. 1

THURSDAY, 20 AUGUST 2020 NORMANHURST BOYS’ HIGH SCHOOL



2020 MATHEMATICS ADVANCED (YEAR 12 COURSE) ASSESSMENT TASK 4 (TRIAL EXAMINATION) 23

(b)  Show that the points of intersection occur at x = 0 and = = In T 2

(¢) Hence find the area of the region bounded by f(z) and g(x), correct to three 3
decimal places.

Examination continues overleaf. ..
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Question 30 (4 Marks)

d .
(a) Show that %(sec x) = %. 1
(b) Hence show that the derivative of y = o seer can be expressed as: 3

sinx 4 cosx

dy tan?z + 2tanz — 1
dr 1+ 2sinzcosz

THURSDAY, 20 AUGUST 2020 NORMANHURST BOYS’ HIGH SCHOOL
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Question 31 (3 Marks)

Find the primitive function F'(x) of the function f(z) = cotx , given that F' (g) =3. 3

Examination continues overleaf. ..

NORMANHURST BOYS’ HIGH SCHOOL THURSDAY, 20 AUGUST 2020
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Question 32 (8 Marks)

The velocity of a particle is given by:
v(t) = —6cos 2t for 0 <t <2rm

where v is measured in metres per second and time is measured in seconds.

™
After 5 seconds, the particle has a displacement of 4 metres.

(a) Show that the displacement of the particle is given by: 2

x(t) = —3sin2t +4

(b)  Sketch the graph of z(¢) as a function of ¢ for 0 < ¢ < 2. 2

..................................................................................................................................................
..............................................................................................................................................

THURSDAY, 20 AUGUST 2020 NORMANHURST BOYS’ HIGH SCHOOL
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(¢) Find the acceleration of the particle in terms of ¢, and hence state the maximum 2
magnitude of acceleration.

(d)  State the values of ¢ for which the displacement of the particle is increasing at an 2
increasing rate.

End of paper.

NORMANHURST BOYS’ HIGH SCHOOL THURSDAY, 20 AUGUST 2020
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Suggested Band 6 Responses

1. (C) 2. (B) 3. (B) 4. (D) 5. (A)
6. (D) 7. (B) 8. (A) 9. (C) 10. (B)

Question 11 (2 marks)

v
v

[1] for correctly forming g(f(z)).

[1] for final answer.

9(f(@)) = g(a® — 42)

= (2% —42)? - 9

Sg(f(x) = zt — 823 + 1622 -9

Question 12 (3 marks)

v
v
v

[1] for correct values of b and c.
[1] for finding k using y-intercept.
[1] for final equation of g(z).

glx) =k(x +b)? +c

Substitute vertex (5, 6):

y="k(zx—5)%+6

Substitute (0, —g):

Question 13

(a)

(4 marks)

v' [1] for correct axes intercepts.

v [1] for logarithm shape with asymptote.
V' [1] for absolute value shape with vertex.
v" [1] for horizontal line.

y
y = f(x)

oV

A

|

|

|

|

|

|

3 I
jJ‘ZS 45 7

|

(b)

(2 marks)

v' [1] for correct domain.
v

[1] for correct range.

D:{x:xze(—4,00)}
R:{y:ye (-o0,5]}

Question 14

(a)

(1 mark)
v' [1] for correct proof.

Sequence can be expressed as:

2\/57 4\/5, 6\/5,
Ty — Ty = 6V2 — 42
=22
Ty — T, = 4V2 — 22
=22

T3 —To =Ty —-T

Hence arithmetic sequence.

(3 marks)

v' [1] for forming equation for arithmetic
sequence sum.

v [1] for correct manipulation to quadratic
formula.

v [1] for final answer and disregarding
negative solution.

S, = 132v/2
132ﬂ:g(2x2\/§+(n—1) ><2x/§)
132V2 =n (2\@+ nv2 — x@)
132v2 = n®V2 + nv/2

n?4+n—-132=0
(n—11)(n+12)=0

n=11orn = —12

But n > 1, hence n = 11 only.

NORMANHURST BOYS’ HIGH SCHOOL
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Question 15 (3 marks)

BN

[1] for forming equation for perimeter.

v [1] for significant progress in simplifying

equation.
v' [1] for final result.

Question 16 (3 marks)

\

[1] for using trigonometric identity.

v [1] for using complementary angle relationship. (b) (

v [1] for final result.

LHS = 2(sin? x + cos? ) + 2 cosec? x
=24 2(1 + cot® )
=4+ 2cot’x
..LHS = RHS

(a) (2 marks)
[
[

Question 17 (3 marks)

v [1] for correct manipulation to sin 26.
V' [1] for solutions within domain of 0 < 260 < 4.
v

[1] for final answers.

1
sin229:§ for 0° < 20 < 4r
1
sin20 = +—
V2
T
f/=—
re 1
T T T T
20 =—.m— — —, 2T — —
0 4,7r 4,7T—|—4,7T 1
T T T T
2 — — = N —
7T+4,37r 4,37T 4,7r 1
_E315i719i117r 137 157
4747474747 47 47 4
.9_E3£517I9i1177 137 157

88 87878 87 8" 8

Question 18

V' [1] for correct expression for DB.
v' [1] for correct expression for DC.
880
In ADBU : tan 66° = —
n an DB
880
~ tan66°
.. DB = 880 cot 66°
1044
In ADTC : tanb7° = —
n an e
1044
~ tanb7°
. DC = 1044 cot 57°
2 marks)

v [1] for forming equation for area.

v' [1] for final answer.
In ADBC:
1
A= 5 (880 cot 66°) (1044 cot 57°) sin ZBDC'
112860 = 459360 cot 66° cot 57° sin ZBDC

57 tan 66° tan 57°

232
. ZBDC = 58°11'

sin ZBDC =

THURSDAY, 20 AUGUST 2020
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31

(¢) (2 marks)

v' [1] for forming expression for BC using

cosine rule.
v' [1] for final answer.

In ADTC:

BC? = (880 cot 66°)? + (1044 cot 57°)*
— 2(880 cot 66°)(1044 cot 57°) cos 58°11’

BC =577.13

UV =577.13

TV = 1044 — 880
=164

Question 20

(a) (1 mark)
[

V' [1] for correctly labelled tree diagram.
5
7 R
3 C
/ \
2 S
7
\ 1 R
3
2
N
Py
3

In AUVT : UT? = (577_13)2 + 1642 (b) (2 marks)

v [1] for forming equation for conditional

S UT = 599.98

probability.
Hence the ropeway is 599.98 m in length. v' [1] for final answer.
P(CNS)
Question 19 (3 marks) P(C|5) = T P(S)
v [1] for forming equation for Xp(z). % X %
v [1] for forming equation for E(X). B % X % + % X %
v' [1] for final answers. 6 46
x 1 2 3 4 © 35 7105
P(X=xz)| 035 a 0.2 b = %
x - p(x) 0.35 2a 0.6 4b

Yp(z) =1
0.35+a+02+b=1

a+b=045

E(X) =0.35+ 2a + 0.6 + 4b
2.15 = 2a + 4b = 0.95

a+2b=0.6
Subtract (19.2) by (19.1):

b=0.15

Substitute b into (19.1):

a+0.15=0.45
a=03,b=0.15

Question 21 (3 marks)

[1] for correct values of s?p(s).

v
(19.1) v [1] for correct value for variance.
v

[1] for correct value for standard deviation.

s 2 [ 3] 4 [ 5] 6 |7
P(S=s) 0050101503505 | 0.2

s 4 | 9] 16 | 25 | 36 | 49

(192) [%p(s) [ 02 (09| 24 [875 | 54 | 938

Var(S) = 2s*p(s) — E(S)?

= (0.24 0.9 +2.4+8.75 + 5.4+ 9.8)

— 5.05%
. Var(S)=1.95
o =11.948
c.o=1.40

NORMANHURST BOYS’ HIGH SCHOOL
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Question 22 Question 23
(a) (2 marks) (a) (1 mark)

v' 1] for forming equation for probability. v '[l]te Cfeortsﬁnal graph with - correct axes

mter .

v [1] for final answer. P

Let A be the event that Benjamin wins on Y

the first or second day.

Let W be the event that Benjamin wins.

_ — 1 2
P(W)=0.93
P(A)=P(W)+ P(WW)
=0.07+0.93 x 0.07 A
=0.1351
Hence the probability that Benjamin wins
on the first or second day is 0.14.
Y f@)=—(z-2)(z+2)(z - 1)
(b) (4 marks) (b) (3 marks)
1] f i 1 of .
v’ [1] for forming equation for geometric v [l for correc.t otegra .O /(@) )
Sum. v [1] for forming equation for area using

signed areas.
v' [2] for significant progress in solving for &

n. v' [1] for final answer.

v’ [1] for final answer.

Let B be the event that Benjamin wins f(z) = _(332 —4)(x—1)

eventually. cf(@) = —(2® — 2® — 4z + 4)

The sequence of probabilities that

Benjamin wins on a certain day: Considering the negative signed area for
—2<zx<1:

0.07, 0.93 x 0.07, 0.93% x 0.07, - - -

1
Forms a geometric sequence: Area = — / [— (x3 e 4)] dx
-2

a=0.07,7=0.93 2 3 9
+/ [(—(2° —2® — 4z + 4)] do
1

1
:/ (9337x274x+4) dzx

P(B) > 0.8 -2
0.07(1 — 0.93") /2 5
) — —x°—4x+4) d
10093 > 0.8 1(30 x :L‘+) x
~0.93" > —0.2 - [4 B 4:”] i
0.93" < 0.2 R 2
2
n > log .930.2 N [4 3 2z + 433] .
1 2 _
> 1081002 =[F(1) - F(=2)] - [F(2) - F(1)]
n > 22.18 :(12_3>_<3_12>
71
Hence the smallest number of days is 23. . Area = 3

THURSDAY, 20 AUGUST 2020 NORMANHURST BOYS’ HIGH SCHOOL
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Question 24 e Horizontal point of inflexion at (0, 1%)

from part (a).
(a) (3 marks) part ()

v’ [1] for correct coordinates for both e When r = 2:
stationary points.

v [1] for correctly testing nature of both

stationary points. f(Q) — g
v [1] for correctly stating the nature of both 2
stationary points. . 112 3
f(x) | 6]0]-18
F(z) = —22° + 622 .. Change in concavity at = = 0.
" _ 2
fia) = —62"+ 122 Hence (2,93) is a point of inflexion.

Stationary points occur when f’(z) = 0:

9.3 2 _
22 +62" =0 (¢) (2 marks)

—2z%(z —3) =0 v' [1] for correct shape of graph.

r=0o0orxz=3 v' [1] for correctly shown stationary points

and points of inflexion.

e When z = 0:
Y
3 (3,15)
70) =
f"(0)=0
Potential point of inflexion at = = 0. (2,91)
T -110(1

fl(x) | 8 1014
m_ |/ ]-1/ (0,15)

Hence (0,13) is a horizontal point of ya
inflexion. / \L
3
e When x = 3: f($)2—73044—23034—5
f(3)=15
f"(3)=-18
f"(3) <0

Hence (3,15) is a maximum stationary
point.

(b) (2 marks)

v’ [1] for final graph with correct axes
intercepts.

Points of inflexion occur when f”(z) = 0:

—622+122 =0
—6z(r—2)=0

r=0o0orzxz=2
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Question 25 Question 26 (2 marks)

(a) (2 marks) v' [1] for correct gradient at z = .

V" [1] for correct manipulation to expression v [1] for final answer.

for h.
v [1] for final result. dy sina
—— = —coszx-e
Let SA be the surface area of the cylinder. dx
9 When xz =
SA =2nr°+ 2nrh
=1
1127 = 272 + 27rh dy
1127 — 27r% = 27rh CT?/ =1
) x
h:56_r som=1at (m,1).
r
Using the point-gradient form of a straight line:
o (56 — 12
V =nr . y—1:1><(.’1,'—71'>

-V = 56mr — mr® ny=z-m+l

Hence the equation of the tangent is
(b) (2 marks) y=z-m+l
v
o

] for correct value for r.
1] for testing that volume is maximised.

Question 27 (3 marks)

dv ) v' [1] for correct integral of %
— = 567 — 37r . : :
dr v' [1] for significant progress in solving for ¢.
*V — —6nr v' [1] for final answer.
dr?
: . dv 0.6t
Turning points for V' occur when o= 0: P = [ 1800e”"" dx
T
_ 0.6t
56 — 3712 — 0 = 3000e™>" + ¢
When ¢t =0, P = 700:
2 _ 56 700 = 3000€” + ¢
3 ¢ = —2300
56 .
r=14/— ,sincer >0
3 . P = 3000e%% — 2300
When r — «/ %6: When P = 79700:
79700 = 3000e-%" — 2300
d*v 56 82 _ o6t
M 3¢
82
SV In == = 0.6t
" dr? 3
Cy 51 82
Hence the volume is maximised when b= g
r =4.32 cm.

Hence the population will reach 79700 after
t = 5.51 years.
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for final answer.

Question 28 (¢) (3 marks)
v [1] for forming integral for area between
a 2 marks
(8) ( ) | /(&) and g(a).
v' (1] for correct use of chain rule. v'[1] for significant progress in finding area.
v' [1] for final answer. v

3%2“%7—¥34X03fﬁ3 A:[@[<$—i)—uﬁ—3ﬂdx

d 4 nl e
" d—y — 3022 (7 - e”3> 04
v :/1(5—6_:5—46:6) dz
hlZ

(b) (2 marks) 0

— - _ Y x]
V' [1] for correct use of part (a). [53: te €

1
ln4

v' [1] for final answer. _ (0 L0 460> _ (5 ln} g i _ 4 n i)
From part (a): 4

/—30z2@m3 <7—em3)4 dx :/flidm = <_3> - (511131 44— 1)

1

/—30:626963 (7—6’33)4 da;:2<7—ex3)5+c :—5ln1—6
S A=5In4-6

Divide both sides by —6:

4 5
,',/5.%26303 (7—6903) dr = —é <7—€I3> +c

Hence the shaded area is 0.931 units?.

Question 29

(a) (1 mark)

V' [1] for correct process.
Equate f(z) and g(x):

1
4e* —3=2— —
633

462 — 36 = 2¢% — 1
4e%* —5¢% +1=0

(b) (2 marks)
V' [1] for correct factorisation.
v [

1] for final result.

(4e” —1)(e*—1)=0

1
e =—-ore’*=1

11 0
r=In-orz=
4
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Question 30 Question 32
(a) (1 mark) (a) (2 marks)
v' [1] for correct manipulation to final v' [1] for correct integral of v(t).
answer. v [1] for correct manipulation to final
answer.

i(secgn) = % ((cosz)™)

dx
= —((cosz)™?) x (—sinz) z(t) = /(_GCOS 2t) dx
d sin x 1.
g = =—6X—=sin2t+c
" dw (sece) cos? x 2
~x(t) = —3sin2t + ¢
(b) (3 marks) When t = E, r=4:
v' [1] for forming derivative using quotient 2
rule. 4= —-3sinm+c
v 1] for  significant progress in e=4

manipulating derivative.

v [1] for final result.
u secxr
Let — =

v sinx 4 cosx

Hence the displacement is given by
x(t) = —3sin 2t 4 4.

Using the quotient rule and part (a):

U= secr v =sinx + cosx

, sinz , .

u = 3 v = cosx —sinx
cos® T

dy <sin x + cos x) C o —secw (cos T — sin x)

2
dr (sin Z + cos ZL‘)
_ tan?z +tanz — 1 +tanz (b) (2 marks)
sin? x + cos? z + 2sinx cosx v [1] for correctly sketched shape and
Cdy tan®?x + 2tanz — 1 period.
"dr 1+ 2sinzcosz v' [1] for correctly sketched amplitude and
endpoints.

Question 31 (3 marks)

v for. correct integral of f(z) with absolute Y 2(t) = —3sin 2t + 4
value signs. 71
v' [1] for correct value for c.
v’ [1] for final answer.
4
fla) =28 (27, 4)
sinz
F(z) =In|sinz|+ ¢
Using F <g) =3 ! } } .
n 27

F(g) =Inl+c
3=c
F(z)=In|sinz| + 3
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(¢) (2 marks)

v' [1] for correct equation for acceleration.

v [1] for correct maximum magnitude of
acceleration.

a(t) = %(—6 cos 2t)

= —6(—2sin2t)
a(t) =12sin 2t

Amplitude of the acceleration graph is 12.

Hence the maximum magnitude of

acceleration is 12 m s~ 2.

(d) (2 marks)

v’ [1] for correctly stating one range of
x-values.

v' [1] for correctly stating both ranges of

z-values.

From the properties of a sine curve, the
displacement graph has:

e points of inflexion at:

z=0, , T,

3
§,2W

7r
2
e minimum turning points at:

T 57
47 4

xr =

x(t) = —3sin2t 4 4

e b

L e i
_\_]44444444
ey

3

wl >
3

A I
3

Hence the displacement of the particle is

increasing at an increasing rate when
3T

ﬂ< <7T d57r< <
— — and — .
g Sty srs Ty
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