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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. Let f(x):L,g(x)zl—x,the range of g(f(x))is:
Jx
A. x>0
B. y#0
C. yeR
D. y<1

2. The following table represents a probability distribution with a mean of 1.2.

x 0 I 2
P(X=x)| a b 0.3

The value of a and b are:

A. a=0.1, b=0.6
B. a=0.6, b=0.1
C. a=03, b=04
D. a=0.5, b=0.7

3. It is known that for a particular function, y = f(x), that

f(@2)=-5
f'@2)=0
f'2)=3

Which statement below is true regarding the graph of y = f(x) ?

It passes through the point (2,0).
There is a local minimum at (2,-5).

It’s concave down at (2,-5).

C o w >

There is a point of inflexion at (2,4).



4. Which one of the following is equivalent to cot® ?

A. tan(27—-6)
B 1
tan(”—@j
2
C. sec’0-1

D. sinécosé cosec’d

5. The graph of the function y = f(x) is known to have a minimum turning pointing at the point
P(—4,-8). Therefore, the graph of y =—f(2x) will have a maximum turning point at:
A. (-2,8)
B. (-8,8)
C. (-4,8)
D. (2,-8)

6. The solution of |x—1| >2 is:

A x>3

B. x<-1,x>3

C. x<-1

D. x<-1,x=3
7. Which one of the following statements is not true?

A. Ji Xdx=0
B. Ji xldx = 2J‘_03 xdx

C. I;xdx = —J-O xdx



8. The Pareto chart below shows the data collected from a survey where people were asked to

choose their favourite overseas holiday destination.

200 e 100%
1801 e 90%
160 1 80%
140 1- 70% &
i 1]
1 k=
120 60% &
- 1
] [H]
1003 50% %
] 2z
80 — — — 40% 2
] £
601 -+ -+ -+ 30% Q3
404 —+ — + 20%
204 — — -+ —+ - 10%
0- 0%
Bali Fiji New America Europe
Zealand

Using the chart, which one of the following is true?

A. 80% of the people chose Bali and Fiji as their favourite holiday destination.
B. 50% of the people chose New Zealand as their favourite holiday destination.
C. 100 people chose Fiji as their favourite holiday destination.

D. A total of 500 people were surveyed.



9. For which domain is the expression cosd+cotd <0 true?

A 0,1]
2
5 (x2)
2
C 1,7[)
2
D —72',—1)
2

10. Which function is a primitive of 4x(x2 + 3)5 ?
A 12(x+1)(x* +3) 4 C

(xz +3)6
3

+C

2(x2 +3)6
3

+C

D. ()c2 +3)6 +C

End of Section I



Section II 90 marks

Attempt all questions. Allow about 2 hours and 45 minutes for this section
Answer each question in the spaces provided.

Your responses should include relevant mathematical reasoning and/or calculations.
Extra writing space is provided at the back of the examination paper.

Question 11 (3 Marks)

Twenty people had their heart rate measured in beats per minute after a period of exercise.

The information is displayed below in a stem and leaf plot.

Heart Rate After Exercise

8 66789
9 03445889

10 133
11 7

12 45
13

14 3

(a) Use calculations to explain why the heart rate of 143 beats per minute after

exercise could be considered an outlier for the recorded data.



Question 12 (4 Marks)

Metal spherical balls are manufactured so that their weight, W7, varies directly 2
with the cube of their radii, ». A ball manufactured with a radius of 2.5 cm,

has a weight of 1.25 kg.

(a) Calculate the radius of a ball manufactured with a weight of 5.12 kg.

(b) Graph the relationship between the radius and weight of the metal spherical balls 2

from r=0cmto r=10cm.
W
100

30 -
60 T
10 4

20 1




Question 13 (2 Marks)

Use the trapezoidal rule with three subintervals to find an approximate value of

[
.!. oM dx.

Give your answer correct to 2 decimal places.

Question 14 (2 Marks)

The graph of y = kcosnx is shown.

5

A

am -9md -3m2 -4 0 3md 32 4 3w 15%4  om2  2fm4
5

What are the values of k£ and n ?

NOT TO
SCALE



Question 15 (3 Marks)
Three standard six-sided dice are thrown once.

a) What is the probability that all three dice show six?

10



Question 16 (3 Marks)

The diagram shows the graphs of the functions y =sec’ x and y = x.

Calculate the exact area of the shaded region between x =0 and x = %

NOT TO SCALE

11



Question 17 (4 Marks)

AB is a vertical tower 30 m high, Cand D are points at the same level as
the foot of tower, 4. The point C is due south of the tower and D is due

west of C. If the angles of elevation of Cand D to the top of the tower

are 16° and 11° respectively, find the distance CD and the bearing of D from

the tower. Correct your answer to 2 decimal places and nearest minute respectively.



Question 18 (3 Marks)

(a) Differentiate y = xtanx

13



Question 19 (3 Marks)

The curve y = kx” +c is subject to the following transformations:

e Translated 2 units to the right.
e Dilated vertically by a factor of 4.

e Reflected in the y-axis.

The final equation of the curve is y =8x” +32x—8.

Find the values of k and c.

14



Question 20 (4 Marks)

The population of magpies, P, in a suburb is modelled by the function

300

=120’ where ¢ is the time in years.
+1lae ~

(a) Find the range of the function P.

(b) What is the rate of change of the population of magpies 5 years later?
Answer correct to the nearest whole number.

15



Question 21 (4 Marks)

(a) A university is made up of local and international students. 85% are local
students of whom 25% hold a scholarship. Of the international students,
45% are scholarship holders. If a randomly chosen student holds a scholarship,

what is the probability that he or she is an international student?

(b) Suppose that A and B are not independent events.

P(A):%, P(B)=§, P(AUB):%.

If 4 denotes the complement of A, find P(Zﬂ B).



Question 22 (3 Marks)

Find the global maximum and minimum value of
-2, for x<-3
y=<x+1, for -3<x<l1

—x’—x*+4, for 1<x<15

Show working or sketch a graph to justify your answer.

17



Question 23 (6 Marks)

The price, P(t), of a pineapple during an average year in Queensland can be modelled
by the function P(t) =60+ 48sin (%) , where P(¢) is the price of a pineapple in cents

and ¢ is the number of days after 1* January 2020, for 0 <¢ <366 .

(a) What is the minimum price of a pineapple during the year?

(b) Sketch the function P(z) for 0 <7 <366.

(c) When will the price of a pineapple be 84 cents for the second time in 2020?




Question 24 (4 Marks)

A team of horticulturalists counted the number of plants in a field at the end of each month
over a year, where p is the number of plants and # is the amount of rainfall in mm.
This data is shown in the table below.

Average
monthly
rainfall
n

28

11

15

18

22

25

20

10

Number
of plants

p

300

500

450

220

350

420

200

520

320

210

(a) Before they lost certain data values, they calculated Pearson’s correlation

coefficient to be 0.446, correct to 3 decimal places. Comment on the strength
of the correlation of these data values.

(b) A certain horticulturalist remembered that the least squares regression
line has equation p =7.065n+b , where:

Calculate the value of b, correct to 2 decimal places, given b= p —mn .

m="7.065

b is the vertical intercept
p 1s the mean number of plants

7 1s the mean amount of rainfall

p=317n

(c) Another horticulturalist explained that the lost values in the above table could be

found by interpolation using the least squares regression line. Explain why the

horticulturalist is most likely incorrect.




Question 25 (3 Marks)

The volume of liquid in a tank is given by the formula V' = cos2¢ — V3t + 1,
where V' is the volume of liquid in litres and ¢ is the time in seconds.

The liquid is leaking from the tank. At what time is the rate of change of

. 3z .
the volume zero, given 0 <t < e ? Express your answer in exact form.

Question 26 (3 Marks)
The Venn diagram below shows the number of students who watch television (7)

and listen to podcasts (P).

3x

(a) If 244 students took part in the survey, show that the value of x is 10.



Question 27 (7 Marks)
Let f(x)=x"Inx, x>0.
(a) Show that f'(x)=x(2Inx+1).

-3



Question 28 (7 Marks)

The graph of the circle x* + y* = 4 is shown.

The interval connecting the origin, O, and the point (1, NE) ) makes an angle of € with the

positive direction of the x-axis .

1,43)
. NOT TO SCALE

(a) By considering the value of @, find the exact area of the shaded region,

as shown in the diagram.

22



Question 28 continued
The parabola x = ay® which passes through the points (0,0) and (1,x/§ ) is drawn with the

circle x* + y*> = 4 as shown.

¥ x= ayz
NOT TO SCALE
(b) Find the value of a and show that the upper half of the parabola has 2
equation y = J3x.
(c) Using parts (a) and (b), find the exact area of the region bounded by the 3

upper half of the parabola, the positive direction of the x-axis and the circle as

shown in the diagram.



Question 29 (4 Marks)

(a) Sketch f(x)= 1_—; Clearly label asymptotes, x and y intercepts.
x f—

(b) Find the equation of the tangent to f(x) where x=1.

24



Question 30 (3 Marks)

Find the value of the constant p, where p >0 such that

lnp2 1
j (1+—]dx=ln14.
X

Inp



Question 31 (5 Marks)
The diagram below shows the graph of the function f(x)=kIn(x+a)+c,
where k, a and ¢ are real constants.
e The graph has a vertical asymptote with equation x =—1.

e The graph has a y intersect at 2.

e The curve passes point (e—1,5).

NOT TO SCALE

26



(b) Find the area bounded by the curve f(x), the y-axis and the line y=5.

27



Question 32 (6 Marks)

A flat sheet of metal is bent at an angle of 6 from the horizontal to form a cross-section
of a drain, where 0 < @ < 7 . The resulting shape is an isosceles trapezium with three side

lengths of 2 metres, as shown in the diagram below.

Not to scale

|
I
+——— 2m—>

(a) Show that the cross-sectional area is given by A4 =4sin 9(1 +cos 6) .



(b) Find the value of # that maximises the cross-sectional area, and hence 4

find the exact maximum area.

Continue to Question 33 on next page

29



Question 33 (4 Marks)

A particle is undergoing straight line motion. At time # seconds it has displacement

x metres from a fixed-point O on the line. The particle has velocity given by

v=6e' —e* . Initially the particle is 5.5 metres to the right of O.

(a) Find when the particle changes direction, expressing your answer as an exact value.

End of Paper
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» Working time — 3 hours
» Write using black pen
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Total Section I — 10 marks (pages 3—6)
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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

LL 1 I—x,th f - g(f () =1
. Let =—, =1-x, the range o is: =l-—
S(x) NP g(x) x ge of g(f(x)) NS
1
A. x>0 —>0,x>0,
Jx
B. y#0 1
x =40, -—=—>1
C. yeR Jx
1
<1 x—>0,]l-—— > —©
y Jx

2. The following table represents a probability distribution with a mean of 1.2.

X 0 1 2
P(X:x) a b 0.3
a+b+03=1
The value of a and b are: a+b=07

a(0)+b(1)+0.3(2)=1.2
=0.1, b=0.6 b=12-0.6

B. a=06, b=0.1 =0.6
. N a=0.7-0.6
. a=03, b=0. _01

D. a=0.5, =07

3. It is known that for a particular function, y = f(x), that

f(@2)=-5
f'@2)=0
f'2)=3

Which statement below is true regarding the graph of y = f(x) ?

A. Tt passes through the point (2,0). -
At x =2, 1it’s concave

There is a local minimum at (2,-5). up, and it’s a stationary
point, therefore, a local

C. It’s concave down at (2,-5). minimum is at (2,-5)

D. There is a point of inflexion at (2,4).




4. Which one of the following is equivalent to cot® ?

tan(27 — @) =—tan @

A. tan(27r —9) 1 1
= v =tanf
1 E_ Cco
B. tan[ 5 0]
VA
tan(z—ﬁj sec’@—1=tan’ @
sin @ cos @ cos ec’ = sin @ cos 0———
C. sec’0-1 sin” ¢
_cosd
sin @ cos Ocosec’d T sin@
=cotd

5. The graph of the function y = f(x) is known to have a minimum turning pointing at the point

P(—4,-8). Therefore, the graph of y =—f(2x) will have a maximum turning point at:

(-2,8)

B. (-8,8) The y value is flipped on x-axis
and becomes 8. The x value is

C. (-4,8) halved and becomes —2.

D. (2,-8)

6. The solution of |x—1| >2 is:

A x>3

x<—1,x>3 \

C. x<-1

D. x<-1,x=3

7. Which one of the following statements is not true?

A. fsx%lx:O
B. J’j3x2dx:2j_03x2dx
C. _[;de=—f3xdx f13dx=3><3=9

OIEE




8. The Pareto chart below shows the data collected from a survey where people were asked to

choose their favourite overseas holiday destination.

200+ e 100%
1804 e 90%
160 1- .~ 80%
140 1 70%
] ©
] e
120 - 60% &
. 1™
] []
1003 50% %
] =
801 o -+ 40% 2
] €
601 — + + 0% 3
403~ L -+ = 20%
201 £ -+ + . - 10%
0- 0%
Bali Fiji New America Europe
Zealand

Using the chart, which one of the following is true?

A. 80% of the people chose Bali and Fiji as their favourite holiday destination.
B. 50% of the people chose New Zealand as their favourite holiday destination.

C. 100 people chose Fiji as their favourite holiday destination.

A total of 500 people were surveyed.

100 people which is 20% chose NZ. Total
number of people =100+0.2 =500




9. For which domain is the expression cosd+cotd <0 true?

10. Which function is a primitive of 4x(x2 + 3)5

A 12(X+1)(243) 4 C

cosd

cosd+——<0
sin
cos@(l+ .1 j<0
sind

QOl:cosd>0 and 1+——>0
sin

02:cos0<0 and 1+——>0
sind

Q3:cosf <0 and 1+——<0
sin

O4:cos0>0 and 1+——<0
sind

Therefore, the expression is true for

angles in Q2 and Q4.

?

(xz +3)6
U

J.4x(x2 +3)5dx = 2J.2x(x2 +3)5 dx

End of Section I

5



Section II 90 marks

Attempt all questions. Allow about 2 hours and 45 minutes for this section
Answer each question in the spaces provided.

Your responses should include relevant mathematical reasoning and/or calculations.
Extra writing space is provided at the back of the examination paper.

Question 11 (3 Marks)

20 people had their heart rate measured in beats per minute after a period of exercise.

The information is displayed below in a stem and leaf plot.

Heart Rate After Exercise

8 66789
9 03445889
10 133
11 7
12 45
13
14 3
(a) Use calculations to explain why the heart rate of 143 beats per minute after 2

exercise could be considered an outlier for the recorded data.

‘,‘\\"“"K{bg Y 1\ \\—‘;5!‘fﬁlg ‘gl\) kll}) l“\f)_ .
l\\:‘_) gr;_ \ (__)
1 B D
T N T I L s vy ensa A A o i i A S B A
= = - . . L
=100 ox \D SJ .......................... Conclusion needs to be justified correctly.
D2 - Many students used incorrect formula.
- o ™ _
S S U TR N Note the formula is on the reference
sheet.
LI et LA B D ] hevvie, N Score. v S (on Sider
........... W T ST R ———
(b) Describe the skewness of the heart rate data after exercise. 1
..................................................................... Many chose Negatjvely skewed.
................... ‘/“‘“\*/4“\




Question 12 (4 Marks)

Metal spherical balls are manufactured so that their weight, WV, varies directly

with the cube of their radii, . A ball manufactured with a radius of 2.5 cm,

has a weight of 1.25 kg.

(a) Calculate the radius of a ball manufactured with a weight of 5.12 kg.

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

.......

.......... DL E.Q08 T
................. € R SN,
0O
e
.................. LR

A

This question was surprising not
done very well.

Many considered ratios and got
the correct answer.

There were many who had a linear
relationship, it was a cubic
relationship!

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

N radins v-k g »4““ \\

drodare o, .

(b) Graph the relationship between the radius and weight of the metal spherical balls

from r=0cmto »=10cm.

A variety of acceptable
solutions based on carry on
error from part (a).

Some students not reading the

W question fully, i.e., graph drawn
100 for a specified domain.
80
/
60 /
i
40 :
20 v
L~
[CENEE S p
2 4 6 8 100 12 14




Question 13 (2 Marks)

Use the trapezoidal rule with three subintervals to find an approximate value of

7
1
j dx. Many students took 3 subintervals
L V2x—1 .

for 3 function values!
Need to take care to not round off

Give your answer correct to 2 decimal places. to early, if not using exact values in
the table.

......... Sj-.rv—rﬂr‘L‘rT.-...Cer’...,..............----...--.---.....-.-..-...-....-----.-........a-c......-.
......... L'Q:"”‘ - li 3 b A
9 i i
e 2 Ui 4 & aloe o & —C()t)Jl = W
..... Vil 10 TPt B P ooy S8, U CRUBIERRERIISRE s pat B0 BE JONEL, [ TR T
2 | K VS \:53 '

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

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

Question 14 (2 Marks)

The graph of y = k cosnx is shown.

5
T ~
=3m -4 -3mf2 | -4 0 3T 312 4 am 154 92 2fmid4 em
-2

What are the values of £ and n?

it fuae , g= 3
......Donewell ............
- A0 A a3 2 1T
,,,,,,,,,,,,,,,,,,,,,,,, PR R R R R R R
4l .
EE T B B E R EE G BB E BE BB 000 00t e0ccecsessesseesoes ot esserseseserseteetestestessessesse e s e
< T
- ¥
A=
4



Question 15 (3 Marks)
Three standard six-sided dice are thrown once.

a) What is the probability that all three dice show six?

Some students did not multiply by 3

c) What is the probability of rolling three different numbers?

- . . 1 iiieiesieetecncenaaan
Tis £ B Lae =

f 2 5
........... ; - i r 3

Fy - 5

. - ™ - =

i

[ \o (- - ||

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



Question 16 (3 Marks)

The diagram shows the graphs of the functions y =sec’ x and y = x

Calculate the area of the shaded region between x =0 and x =—.

NOT TO
SCALE

2
o (5) 2
Many students made errors with —_—

9

Some made an error with I sec’ xdx # tan’x

10



Question 17 (4 Marks)

AB 1is a vertical tower 30 m high, Cand D are points at the same level as the foot of tower 4.

The point C is due south of the tower and D is due west of C. If the angles of elevation of C

and D to the top of the tower are 16° and 11° respectively, find the distance CD and the

bearing of D from the tower. Correct your answer to 2 decimal places and nearest minutes.

B
............................ l’ Aon bl A o 1" < AD
- . Sl Ace RN AD = T
W e 2 AR AC =30cottel  AD= 30 cob
~:. b ﬂ'a"{r)

AbT = Ac” + b
.................................. 30 cot™ N’ = 30 corie’ pebt L
........................................... A vt o Ui s T
N & Bl b )

ch W3 tea3sliz

ch = L T SR 1 - Ny

£ Le AD = Ac et ccAb =0

-
........................................................ S g
.................................... Cos © - . . 30¢mth
..................................... (ot B 3 Oreynf@RLR" g .

& 47 SLI+3 3L
............................................... e st
................................... Bearing of b Ffom A is 800"
______________________________________________ I & e st L A
USRS PuRRTOUID = M- OO . . . I/: . S
................................................................................. or S47 S47°19'W

Many students had an incorrect (and easier) diagram with the right angle for AACD at ZDAC
instead of Z4ACD .

11



Question 18 (3 Marks)

(a) Differentiate y = xtanx

1
+23 = -li-(_m']-f w | + W SEC M

Part (a) was done well, part (b) was not

(b) Hence, or otherwise, find jxsecz x.dx.

JG‘&*"&K + ﬂ..';"-et'w-} A = M® Fon v +

\[1—0-‘1»{‘;—);& -+ fy( secadre = btoam + C
| F

f;n'_ Sec, du = » o e = f'l-r.'{r-.--f_.:ﬂ't..t ¢
Sl c'{r'.

= » fdm - T i

sl 4

12



Question 19 (3 Marks)

The curve y = kx* + ¢ is subject to the following transformations:

e Translate 2 units to the right.
e Dilated vertically by a factor of 4.

e Reflected in the y-axis.

The final equation of the curve is y =8x” +32x—8.

Find the values of k and c.

y=k(x=2)"+c
Y 2
—=k(x-2)"+c
2 (x=2)

Y 2
—=k(-x—-2)"+c
. ( )
%zk(x+2)2+c

y=4k(x* +4x+4)+4c
y = 4kx® +16kx +16k + 4c
4k =8

k=2

16k +4c=-8
32+4c=-8

Se=-10

Generally, well done. Some students didn’t read the question carefully. They need to transform

y=kx*+cinto y=8x"+32x—8. Not vice versa.

13



Question 20 (4 Marks)

300

The population of magpies, P, in a suburb is modelled by the function P = SR
+14e™

where 7 is the time in years.

(a) Find the range of the function P.

2
300
1=0.P = o
300
1+14
=20
t>0,t > 40, >0
_ 300 OO_OSt 5300
1+14e"
~.20< P <300

Some students were not able to find the limit of the function. Note: 1 >0, and P #300.

(b) What will be the rate of change of the population of magpies after 5 years? 2
Answer correct to the nearest whole number.

P=300(1+14¢ )’1
dP 300(-1)14(-0.5)¢
dt (1+14e°%)

2100e "
(1+14e )

t=5

dP _ 2100e "

i (141450)
=37.31929883....
~ 37 per year

Most of the students did well. Some didn’t differentiate the function correctly.

14



Question 21 (4 Marks)
(a) A university is made up of local and international students. 85% are local students
of whom 25% hold a scholarship. Of the international students, 45% are scholarship
holders. If a randomly chosen student holds a scholarship, what is the probability that

he or she is an international student?

Let I be the event 'the student is an international student.’
Let S be the event 'the student holds a scholarship.’
P(INS)
P(S)
B 0.15 x 0.45
~0.85 % 0.25 + 0.15 x 0.45
B 27
112

P(118) =

Most of the students did well.

(b) Suppose that A and B are not independent events. P(A4) = %, P(B) = %,P(A UB)= % .

If 4 denotes the complement of A, find P(Z N B) .

P(AUB) = P(4)+ P(B)— P(A( B)

31 2
Z_Z+§—P(AHB)

1 2 3
P(AﬂB):Z+E—Z

1

6
P(ANB) = P(B)—P(AN B)

201

3 6

1

2

Many students were able to find P(4(\B) , but not able to find P(4B).

Note that if the events are not independent, P(Z N B) # P(Z) x P(B)

15

2

2



Question 22 (3 Marks)

Find the global maximum and minimum value of

-2, for x<-3
y=<x+1, for -3<x<l1

—x’—x*+4, for 1<x<15

Show working or sketch a graph to justify your answer.

for y=—x'—x"+4,

\
y'=-3x"-2x ‘ \\\
y'=0 for stationary points =
\
—3x> =2x=0 . \
x(Bx+2)=0 Tl
x=O,—z
3 /

y": —6x-2 ) 2 0 2 4
x=0,y"=-2<0, concave down \ (1.5, -1.625)
.. local max at x =0 ‘ . : |

‘l

|

x=_§,y"=_6(—§j—2 =2 >0, concave up

. 2
. local min at x = ——

However, the max and min values are not in the domain.
At x=15y=-1.625. x=1,y=2 .
Therefore, the global max value is 2 and the global min value is —2.

1 mark for max. value
1 mark for min. value

1 mark for correct graph or working to justify the answers

Many students managed to sketch the graph correctly to find the answers.
Note that the cubic function has a negative direction.

Some students answered the coordinates of the maximum and minimum points, which is
not correct. The max/min values are the y-values.
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Question 23 (6 Marks)
The price, P(t), of a pineapple during an average year in Queensland can be modelled
by the function P(#)=60+48sin (%) , where P(f) is the price of a pineapple in cents

and ¢ is the number of days after 1% January 2020, for 0 <¢ <366 .

(a) What is the minimum price of a pineapple during the year?

Generally well done

: Zn—
(b) Sketch the function P(¢) for 0<1<366. o=4g P e 218% , Cenha =2,
€3
A P (}’)

\o%

bo

14+

~

" L A ] L} T T 1= T
453 QL8 R 123 uwaw gauk,y W B

Well done!
(c) When will the price of a pineapple be 84 cents for the second time in 20207 3
B ot 2T g L (i 0 3 W
‘g3 ....... Poorly
2 S (_E_.‘; done
e e T T—— s T s s s % e s T Tk e ‘93. ....................................................
g 4 =S Many
........ 0m S (FBERY . S O
53 - the
e .-_.;'““5"5_2- ........................... k"lé’tsot‘jl quadrants
163 6! b

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



Question 24 (4 Marks)
A team of horticulturalists counted the number of plants in a field at the end of each month

over a year, where p is the number of plants and # is the amount of rainfall in mm.

This data is shown in the table below.

Average 5 7 28 11 15 18 8 22 9 25 20 | 10
monthly

rainfall
n

Number | 300 500 | 450 | 220 | 350 | 420 | 200 520 | 320 | 210
of plants X X

p

(a) Before they lost certain data values, they calculated Pearson’s correlation 1

coefficient to be 0.446, correct to 3 decimal places. Comment on the strength

of the correlation of these data values.

(b) A certain horticulturalist remembered that the least squares regression 2
line has equation p =7.065n+b , where:
e m=7.065
e b is the vertical intercept

e p is the mean number of plants
n

o is the mean amount of rainfall
e p=3ln
Calculate the value ot: b, correct to 2 decimal places, given b= p —mn .

VO, M= \483 b= 459.%3 = F 06w x 1453 .
------ Poadlxtgd . k=355.0%
------ ’§=‘f§‘73’5
Poorly done! Many students couldn’t work out how everything was
oT0) V4 11T P

(c) Another horticulturalist explained that the lost values in the above table could be 1

found by interpolation using the least squares regression line. Explain why the

horticulturalist is incorrect.

----------- G e Sl pnrealadh i a wenk coasdesde S .. Genenlly
%h:)wxh 3 MH;FQN;WU'&M% well done
‘m swrﬁw&um"l&ﬂ .......................................



Question 25 (3 Marks)
The volume of liquid in a tank is given by the formula V' = cos2¢ — V3t + 1, where V' is the
volume of liquid in Litres and ¢ is the time in seconds. The liquid is leaking from the tank.

. . kY2
At what time is the rate of change of the volume zero, given 0<¢ < > ?

Express your answer in exact form.

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

................................................ 2t =00 B e
3 3
................................................... T
........... a 7 (A 2Tt e
.=
(3 Marks) S O& k<L, T3

Question 26 (3 Marks)
The Venn diagram below shows the number of students who watch television (7)

and listen to podcasts (P).

3x
(a) If 244 students took part in the survey, what is the value of x? 1
M 48, ALY A 3% =29 Very well done!
........................... 2.2%..5.2L0. .
(D) | pmemimmdiienssionmmnsisass e s S s isrussits random watches television? 2
24+ llo Very well done!
PCWWLL(’ML’«LVVM’ ...... B e 1
........................................................ B s e
V22



Question 27 (7 Marks)
Let f(x)=x"Inx.

(a) Show that f'(x)=x(2Inx+1). 2

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

............... £ ’Lﬂ)%(mqgﬂ)

)

(M) Find anv stationarv noints of f(x) and determine their nature. 3
...... Q..—.'..’?.L..L?r.l.q.m.-tj.. RO - - O SO
' L . Well
..... = NN & PN Y +|‘=’¢’°(l 0.5 € ”
...................................... g.'l.’.‘. 7‘-...:.-..-.'......................3.'...\..'.':'.2.. ..9....]..!.. done
ln 2= —L Benadoe
_-L lﬂLﬂ.aP .......
R A R O b R M R AR S A A VO : 5 P PRRTRS a ..... S "“P
vhen. M@, .. o0 - T (. 0, (R s ol 1O
s A=Y Iaet ) of (A, )
.......... W= PINR ", I — T oyt S (ORI 510 8, O L F e i MR SRS P SR e e
’J _“’Ql  , . ve ’ Z.e,ﬁ
............................ :j..-c-r._,._e_‘_“.....-.-.....................................................-....... R
,_—l .........................................................................
............................ 3’2,3
3
(c) Show that there is a point of inflexion at approximately (e 2,-0.075). 2

...Generally well done. Many students didn’t show the full calculator reading for the y

value




Question 28 (7 Marks)

The graph of the circle x* + y*> =4 is shown.

The interval connecting the origin, O, and the point (1, NE) ) makes an angle of & with the
positive direction of the x-axis .

Y
(L45)
x2+y2=4 NOT TO SCALE
JL"+:|‘ Tt
r
=1 &
A
- i
" |
{a) By considering the value of @, find the exact area of the shaded region, 2
as shown in the diagram. Doae well by
vash  atudEaTs
ﬁ 4% T s a1
__________ e s
______ B o s e e
......... Acen of secfor= 57O rEEonet 3
.................................. S AR K E o ———— e
—_ J3
RN . 0 - .<BONN ; SOOI .. it -
EN
..... Aea of shaded region = avea of secto- - area of biongle
. S = S, 4.5 ]
.................................................. R e

[or _$rizragy
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Question 28 continued

The parabola x = ay® which passes through the points (0,0) and (1, V3 ) is drawn with the
circle x> + y* = 4 as shown.

i
x=ay

NOT TO SCALE

I"""_"::l gk Aep ey e

[=rap—————

\f h“ JJ'
_.l' oAy
-]

L

3

ExA gk rhag ™ .-_i--rl
W nL

A g uacrsad = J ke
q
(b} Find the value of g mdwme upper half of the parabola has bok $hat A aot

(o il ghitr Flan 2
equation ¥=1/3x. -‘f"_"rl" A8 o punp il 4l
........ .—..f’r:;...;’-‘eﬂ.?.é??,.ihfw
LB g __H

(¢} Using parts (a) and (b), find the exact area of the region bounded by the

3
upper half of the parabola, the pos:m:: direction of '[hﬂ x-axis and the circle as

shown in the diagram.

w m -
J S gy w8 g ""I"-!l' Adw we-e aAgl ._._.:\-_.,L-rﬂ"u_l

............... ‘..ﬁ.’...'..-::. Yoindeggm) statenesb

------------------------------

oL rT T e |
By AL salg WeFE
s oy @ringd o £k W0 ok
S s shod
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Question 29 (4 Marks)

Consider the function f(x)= 1_; .
x —
(a) Sketch f(x)= 1_—; Clearly label asymptotes, x and y intercepts.
x J—
y
4 1
I-x
xX) =
f=—= N
_—(x-2)-1
x-2 27
= —1 — 1 1 .
x=2
.. the vertical asymptote is x = 2 5 i N ] 4

the horizontal asymptote is y = —1 —_—

x-intercept is (1,0)

. . -1
y-intercept is (O, 7)

Most of the students did well. Some students didn’t find the correct horizontal

asymptotes.

(b) Find the equation of the tangent to the curve where x=1.
~“1(x-2)—(1-x)1
(x-2)°

_—x+2-1+x
-2y
1
(x-2)

1-1 1
= =0,m=——s=1

1-2 (1-2)

.. the equation of the tangent is y = x —1

S'(x)=

x=1y

Mostly well done. Some students didn’t differentiate the function correctly using

quotient rule.

23



Question 30 (3 Marks)

lnp2
Find the value of the constant p, where p >0 such that j (1 +lj dx=In14.

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

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

Aedhoga €. ¢ Log . (Aheg,. ?)1- Llog, e+ A0y, (toge.e) | :deg. 1+

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

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

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

.D-E" /Lba P rdo 2 ’LO{TJ.@ <

............... R R PRI s LT A R DT o e S R P E o e P

ko, (203 ~ Aeges
'-_ ‘li_;. ~ \4
P - 1

Many students did well in this question, there were
different correct approaches.
Unfortunately some made a none attempt.
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Question 31 (5 Marks)
The diagram below shows the graph of the function f(x)=kIn(x+a)+c, where k, a and c are
real constants.
e The graph has a vertical asymptote with equation x =—1.
e The graph has a y intersect at 2.

e The curve passes point (e—1,5).

7 ()

-3 -2 -1 /o0 1 2 3
-1+
2+
(a) Find the values of &, @ and ¢, hence show that f(x) =3In(x+1)+2. 3
x+a#0
X#-a

from the graph, x # —1
sa=1f(x)=kIn(x+1)+c
subx=0,y=2
kIn(0+1)+c=2
k(0)+c=2
se=2,f(x)=kIn(x+1)+2
sub x=e—-1,y=35,
kln(e-1+1)+2=5
klne+2=5

k=3,

S f(x)=3In(x+1)+2

Students should show sufficient workings to justify their answers.
It is not sufficient to say c=2 because the y-intercept is 2. It is not always the case for log

functions.
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(b) Find the area bounded by the curve f(x), the y-axis and the line y=5.

y=3In(x+1)+2

Y72 jnx+1)

=2

e’ =x+1
-2

x=e3 —1

Many students did manage to convert the function into the subject of x,

however, some didn’t integrate the function correctly.
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Question 32 (6 Marks)

A flat sheet of metal is bent at an angle of &, from the horizontal to form a cross-section
of a drain, where 0 < @ < 7 . The resulting shape is an isosceles trapezium with three side

lengths of 2 metres. As shown in the diagram below.

Not to scale

«— 2m—>

(a) Show that the cross-sectional area is given by A4 = 4sin¢9(1+cos 9). 2
..... S “8*‘1‘—Mk@cp?mﬂw*fdwjmwﬁfmz o
e Z2SA G, B Bt ccimmcmmmsana e

CosE= 2= DA Siche oA Pe Ziuan be Qac+ 2.

................... T LIS RL T BTSSR BT

A few different approaches, R A E —:3: X258 % L.«Q.. I W S P
done reasonably well by most i >
— — c n "4 "
students.  preereeeeeeeeecennfod 2 XK. "\(- T Lé\' 2; C«L@u.::ﬂ— ))
Students should introduce | ... 2.4 %2500 (4 A RSB
variables used. - = \
...................... o S10€) ...L.?-....‘..‘T.’:%.&-?.D....."!.fs req N uE8 - =
(b) Find the value of @ that maximises the cross-sectional area, and hence 4

find the exact maximum area.

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

....... At = (\acose .."t‘:.tQ‘..cr..:i...‘ifqu.«.. SSNQ). AWBIAG | 3, weese
........ . \%b‘\:4”t5*\+V:'b &
saesenpn b Dk COS 8‘3'\1@ ............... ;

................ = A (1050.4.00520. 5. 17 4o SO0, | Moststudents were able to give
............ ; ‘k—(\(.uﬂ‘—)—k = B 3 NSRRI

............ N A e WE T S I T R N S



Now  AA
A&

EEE TR

A (28 heenOt ),
4. (2020 Sos8x ).

Focamaxisna s & At dBA 2y
ol &

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

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

W

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

This part was
completed
reasonably well by
most students.
However, many not
considering the given
domain in the
question, this error
was ignored.

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

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

bW LT T SR

Many are still not
showing that a max

Vi
occurs for 8 = ? .

Also need to have
values in the show
part. Not sufficient to
just have signs.

Quite a few did not
read the hence part of
the question!

L

............................................................................................
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Question 33 (4 Marks)

A particle is undergoing straight line motion. At time ¢ seconds it has displacement

x metres from a fixed-point O on the line. The particle has velocity given by

v=6e' —e* . Initially the particle is 5.5 metres to the right of O.

(a) Find when the particle changes direction. Give answer as an exact value.

..... ,t 2't: I R
lek v=0 . be e =0
- ©

T T O -t 0 1= SO

Some found the b o _ o
displacement function €-"‘C’ ....... T W,

in part (a). BuA e >0 pf; = b
Thismarkwasgivenas Illllllllllll'l.lllIlllll'lDlll'llll!Illl!'llllllllllﬂ ------------------------
being done for part (b |.............cccoorverrriinrieneeennes A o VS T

e b 4 2%€
..... X \S‘cu—é}ﬁ
; e
........ 7 ....k%h....?f._éi’ T o T T A S ROV D T s
L
ooooooooooooooooooooooooooooo c-. D I I R I R R T I I R R ThoseStudentSWhoattempted
; i e .
WM D s B 22 D et ee e enes the question made reasonable
[+] 2(o) :
F BB L - & rc attempts, errors.unfortunately
sesaBissssnaasssassssanbitaadaana BB BB fp ¢ & 6 4 8 4 4 68 B as s a8 a4 a8 B s s b s e madelncalculatlons_
N S v 2
............. ‘—)kc?—-—'-%-{-
’ e <
........ T T A
L e ol
__’._ .:_)C.T" ((j =4 Foges 634 -
.......................... e R A AR SR EAD ST sTasesd
3V A RS TR
{'\ 4
T R T RS Ry L PP PP PP T PR ; _.*.._.:.\.ﬂ(‘,, .......................
%
........................... 1 i T NN T
° 56 S
.............. e s o T
Ientzilale, 2T 0% S —
=
i 2
PN ¥ - . - O, eSO
=
........................................ -0 N e,
L2 2\ i\
wentztn a2 be o U
-3
( ey
......................................... T OB R L T AR ceresamrees e
2.

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

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

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

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

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




Alternative solution:

In12

'[ (6e’ —e” )dt

In6

In6

j (6e’ —e” )dt+

0

Total distance travelled= =12.5+ |—1 8|
=30.5

End of Paper
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