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Question 1
Answer: D
Explanatory notes
Period:

2r 5

ar/s 2
Range:

-1< sin(%[xj <1

-2< sin(%zxj <2

1S3—2sin(4?ﬂxjﬁ5

5
So the period and range is ) and [1, 5] respectively.

2
. The period of both sin(nz) and cos(nx) is —7[.
n
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Question 2

Answer: B

Explanatory notes

Multiplying the first equation by & and the second by 2 gives

2kx+k’y =5k

2kx+16y =-20

Subtracting the second equation from the first equation gives

(k> —16)y =5k+20

If we let £ =4, then we have Oy = 40, which is inconsistent. If we let kK = —4, then we have
0y = 0, which is consistent.

From this we conclude that no solution exists if k£ = 4.

Alternatively, we can use the determinant of the 2 x 2 coefficient matrix

2 k 5
=16-k"=0=k=14

k 8

If k= 4, then the equations become

2x+4y =5

4x+8y=-10

These equations have no solution.

If k = —4, then the equations become
2x—4y =5

—4x+8y=-10

These equations have an infinite number of solutions.

o Using the determinant is an efficient way of solving these types of problem.
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Question 3

Answer: D

Explanatory notes

If x — a is a factor of p(x) = x* —2x* —(3a+1)x+a, then p(a) =0.

Use CAS to solve p(a) = 0:

p(x):=x3—2-x2—(3- a+1)-x+a Done ||

solve(p(a)=0,a) a=0ora=5

Sincea %0, a =5.

Question 4

Answer: B

Explanatory notes

The average value of 1+2x° for the interval [1, ], b>1 is

ﬁ ]b(1+2x2)dx

Use CAS to determine the value of b:

Since b>1,b=4.
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Question 5
Answer: D
Explanatory notes

We require f to be 1 — 1 for the inverse to exist. Use CAS to find the turning points:

4{ERR» mecq0S_u..ted rap [l] X

d
501"6(_(2' x3-x2-20- x+s)=0,X)
dx

The turning points of the cubic occur when x = —g and when x = 2.

Therefore, fis 1 — 1 on the intervals (—oo, —%}, [—%, 2) and [2, ). Only the first interval

is available as an option.

Question 6

Answer: E
Explanatory notes

Define f(x)=ax’(3—x) in CAS and use the tangentLine function to find that the equation
of the tangent to fat x =3 is y =27a —9ax. Since this is in gradient—intercept form, the
expression for the y-intercept can be seen.

1
If the y-intercept is 9, then 27a =9 and a = 3
k] || b mcq06 <
Ax):=a- x2- (3—x) Done
tangentLine(f(x),x,?,) 27 a-9-a-x

solve(27- a=9,a)
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Question 7

Answer: B

Explanatory notes

Let X ~Bi(50,0.20). We want to find the smallest value of n such that Pr(X >n)=0.3.

This can be done using trial and error.

meq07 <
binomCdf(50,0.2,10,50) 0.55626
binomCdf(50,0.2,11,50) 0.416441
binomCdf(50,0.2,12,50) 0.289332

It can be found thatn =12.

Alternatively, the inverse binomial function can be used. In order to use this function, the

equation must first be rearranged:
Pr(X >n)=03=Pr(X <n-1)=0.7.
Then n—-1=11=>n=12.

‘ > meq07 =

binomCdf(50,0.2,10,50) 0.55626
binomCdf(50,0.2,11,50) 0.416441
binomCdf(S 0.2,12,50) 0.289332
ianinorn( 2) 11
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Question 8

Answer: A
Explanatory notes

y—1_ 1
-2 Bx-1

-2 .
Rearrange y =————+1 into the form
V3x-1

. . 1
The image is )’ = ——, so set
Jx'
x'=3x-1
yoy-1_ 1.1
YT T

Therefore the transformation has the form

s L]

1
2 2
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Question 9

Answer: D
Explanatory notes

If f(x)=x"—6x"+b, f'(x)=3x" —12x = 3x(x —4). Thus, the turning points occur when
x=0and x =4.

Now f(0)=b and f(4)=b—-32, from which it follows that »>0 and bh-32<0= b < 32.

Therefore there are exactly three x-intercepts if b € (0, 32).

Alternatively, sketch the function using sliders. Since the possible solutions include the
numbers 0 and 32, set up your sliders to cover these values. The solution can then be found
visually.

< W slider Settings

Variable: | b |

Value: |1 |

Minimum: | -5 |

Maximum: | 40 |

L ——
-10 Step Size: | 1 | .
Style:
|E| |Cancel|
Tip

o 1t can be helpful to draw a quick sketch of a typical cubic graph.
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Question 10
Answer: C

Explanatory notes

This is a conditional probability question.

Let X ~ N(48,147).

The probability that a trip takes less than 60 minutes (1 hour), given that it takes more than

45 minutes, is

Pr(X < 60| X > 45) = LTI <X <60) _ cosy

Pr(X > 45)

Rl 1.1 g mecql10_u..ted RAD D K

normCdf(45,60,48,14) 0.665407
normCdf(45,,48,14)

Question 11

Answer: B
Explanatory notes

Let X ~N(x,3%) and Z~N(0,1).

Pr(X <10)=0.9 so Pr[Z < 103‘”}:0.9.

Use CAS to find that £ =6.2 correct to one decimal place.

1|| 3 meqll =

10-m

2
-

solve( =invNorm(0.9 .0, 1),m)

m=6.15535

K
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Question 12
Answer: E

Explanatory notes

We have that g(2)= f(4)+3=-4 and so f(4)=-7. Therefore, the graph of f passes through
the point (4, —7).

Question 13

Answer: C

Explanatory notes

5
Since J‘; f(x)dx =5, the average value of f{x) on [2, 6] is 1 and the average value of f{2x)

on [1, 3] isi Therefore J.3f(2x)dx—2><§—§ and
’ 4° 1 4 2

f(f(2x)+x)dx=§+-|.l3xdx

3]
==+|—x
2 127 |
5 9 1
=4 ———
2 2 2
13

2

Question 14

Answer: A

Explanatory notes

The graph of f(x) has stationary points when x = -2, x = 0 and x = 2. The stationary point at
the origin is a stationary point of inflection.

Note that the gradient of f'(x) is positive when x < —2 and when x > 2 . Therefore, option A is
correct.
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Question 15

Answer: D

Explanatory notes

12

One way to determine which option is correct is to test each one. This can be done quickly in

CAS.

Ax)z=2%" 1 Done

()% A2 ) A=) :

It can be found that f(x)=2"" satisfies the relation.

Question 16

Answer: B

Explanatory notes

Use CAS to evaluate the integral and solve the equation.

1 -
solve —_— dx=2,k|k>—
2: x+1 2

k

It can be found that £ = 12.
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Question 17

Answer: B

Explanatory notes

The number of blue marbles in the bag is 8.

1.1 B meql7_u..ted RAD D X
n Done
binomCdf 5,—,3,5)
20
An):=
n
binomCdf 5,—,2,5)
20
A3) 0.478764

Question 18

Answer: E

Explanatory notes

The gradient of the graph of the tangent to the function gatx =3 is g'(3) =

1

re 2
As the tangent passes through the point (3, 5), the equation of the tangent is
1 1 13
=——(x-3)+5=——x+—
y=-5x=3) A
o Remember that the x values of the inverse function are the y values of the

original function, and vice versa.
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Question 19
Answer: B

Explanatory notes

Let a(u)=2u (12 - 3u2) . Use the fMax function of the calculator to find the value of u for

which the area is maximised.

243 2
u=——-=

343

. 3243 32
The maximum area is = T .
3
1.1 13 meql9_u..ted RAD D X
a(u):=2- u (12—3- 1:2) Done

fMax(a(u),u,O,2) 2t \/3_

u=

2
]

23 323

2 2
-

Question 20

Answer: D
Explanatory notes

Let f(x)=y=2". The area of the bars is
0.5x (f(O.S) + )+ 1.5+ f(2)) =0.90533

The area between the x-axis and the graph of y =2"" over the interval [0, 2] is

2 3
I 270dx =
0 4log, 2
The error is
3

—-0.90533=0.176691.

4log, 2
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SECTION B

Question 1a.

Worked solution

If a function will be used several times, it is always advisable to define it in your calculator.

Having done this, we can use CAS to differentiate the function.

f(x):=J;- (2—x)- e 22X Done [

i(f{\)) (4- .\’2—11. .\’+2)- e-g.x
dx

2 x

(47 -1xs2)e™
J'(x)= e

Mark allocation: 1 mark

e 1 mark for the correct answer in the required form

Question 1b.i.
Worked solution

CAS can be used to find the function maximum.

M 1.1 g ale Y]
7{X)==\/;' (2-x)- e X Done
fp o
dx

2 x
fMax(Ax).x,0,2) . ~(J89 -11)

3

11-+/89
—

The function is maximum when x =

Mark allocation: 1 mark

e | mark for the correct answer
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Question 1b.ii.
Worked solution

Evaluate the function at the value of x found previously.

tMax(x),x,0,2) . (89 -11)
8
~(//89 -11) 0.539661
A pe=——=

The function maximum is 0.5397 correct to four decimal places.

Mark allocation: 1 mark

e | mark for the correct answer

Question 1c.i.
Worked solution

The tangentLine function of CAS can be used to find the tangent.

As the answer was required to be in a particular form, the common denominator command
(comDenom) has been used.

7—5x

2¢°

The equation of the tangent is y =

Mark allocation: 1 mark

e 1 mark for the correct answer in the required form
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Question 1c.ii.
Worked solution
Use CAS to find the value of the x-coordinate of P.

comDenom -

]
%]

2
x=0.072588 or x=1. or x=1.

A solve(M =]{x),r)

|

The x-coordinate of P is 0.0726, correct to four decimal places.

Mark allocation: 1 mark

e | mark for the correct answer

Question 1c.iii.
Worked solution

7
Note that the tangent passes through the x-axis (point Q) when x = 3

The area of the shaded region is therefore

7
3 7-5x 2
j8.0726 (f(x) - 2 jdx + IZ f(x)dx=0.0781
5
8
MgenMeMx)J,l) ?‘e_z i 5'e_2-1
2
comDenom e’ - 5.e'2.xl e 2. {?—5-1’)
\ 2 2 2

& solve(mzjﬁ) n £=0.072588 or x=1. or x=1.
2

0.078056

[

0.072588 =

il

Mark allocation: 2 marks

e | mark for setting up the two integrals
e | mark for the correct answer
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Question 1d.i.
Worked solution

The shortest distance must be along a line perpendicular to the tangent passing through the
origin. Since we know the gradient of the tangent, we can calculate the slope of a
perpendicular line, and since it passes through the origin, its y-intercept must be 0. Therefore
the equation of the line perpendicular to the tangent and that passes through the origin is

2
_2ex . This can be found using CAS or from inspecting the tangent.

y

Use CAS to find the point of intersection of the two lines.
JEN al = rap {11] B

h(x):= _—1|x=1 "X

(1)

-7 25
e % (7-5-x) m—
S°“’e(”“‘)=f*‘] etz
3 2
h(x)lx=T5 14- e
4-e~+25 4 ed425

Alternatively, you can use the distance formula to calculate the distance from the origin to a
point on the tangent line, then use fMin in the CAS to find the point which minimises this
distance.

2
The coordinates of R are 435 , 144e .
4e" +25 4e” +25

Mark allocation: 2 marks

e 0 marks for incorrect coordinates or no relevant working
e | mark for relevant working towards the solution with 0 or 1 correct coordinate given
e 2 marks for relevant working and correct coordinates given
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Question 1d.ii.
Worked solution

Use the distance formula to find the required distance.

The distance from R to the origin is

7
Jaet +25

Mark allocation: 1 mark

e | mark for the correct answer
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Question 2a.

Worked solution
dy _ 3x(x—100)

dx 2500

d -3+ x- (x-100)
() 3 x- x—100)
dx 2500

|

Mark allocation: 1 mark

e | mark for the correct answer

. Although this is easy to find by hand, it is worth using CAS to find your
answer so that you have the function defined in your calculator. In this case
we have let y = f(x).

Question 2b.

Worked solution

Since ? =0 when x = 100, the function is strictly decreasing for x €[100, 150].
X

Mark allocation: 1 mark

e 1 mark for the correct answer

o The set of values for which this function is strictly decreasing includes the
end points and the turning point.
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Question 2c.

Worked solution

Integrate using CAS to find that the area of the vertical stabiliser is 16 875¢cm? (units are not
required).

i(;{x)) -3+ x- (x—100)

dx 2500

150 16875

[]

Mark allocation: 1 mark

e | mark for the correct answer

Question 2d.i.

Worked solution

The value of ¢ is found by solving f(x) = 20 for x using CAS.
The value of ¢ is 147.708.

solve(f(x)=20,x)

x=-17.2883 or x=19.58 or x=147.708

[<]

Mark allocation: 1 mark

e 1 mark for the correct answer
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Question 2d.ii.

Worked solution
The value of b is found by evaluating f(110).

b= % =193.6
5
150 16875
Ax) dx
0

solve(f(x)=20,x)
x=-17.2882 or x=19.58 or x=147.708

A110) 968
5

[«

Mark allocation: 1 mark

e 1 mark for the correct answer

Question 2e.
Worked solution

The area of the rudder is found by evaluating the integral

147.708
[ (f(x)—20)dx = 4118.679

10

x=-17.2882 or x=19.58 or x=147.708

A110) 968
5
147.70828671223 4118.68

(Ax)-20)dx
110

4118.6791719128

[]

Mark allocation: 2 marks

e | mark for formulating the integral
e 1 mark for the correct answer, to three decimal places
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Question 2f.i.
Worked solution

The line segment OP lies on the tangent to the curve that passes through the origin. To find
this tangent, first find the general equation for the tangent to the curve (at a point x = a, for
example) and then determine the value of @ when the tangent passes through the origin (that
is, when x = 0).

This can be done quickly using CAS. We find that we require the tangent to the curve when
x=715.

4118.6791719128 4118.68

solve(tangentLine (r(\) ,x,a)=0,a) pe=0

a=0or a=75

tangentLine (f(x) ,x,'?S) H
4

X

The equation of the tangent is y = Tx .

Mark allocation: 1 mark

e | mark for the correct answer

Question 2f.ii.
Worked solution

The tangent to the curve when x =1501s y =1350—-9x.

4118.6791719128 4118.68

so]ve(tangent[.ine (f(\) ,\',cr)=0,a) pe=0

a=0or a=75%

tangentLine (}‘(x) ;,75)

9 x
4

tangent[.ine(f(x),\', 150) 1350-9-x

K

Mark allocation: 1 mark

e | mark for the correct answer

. If the function is defined on a restricted domain, then the tangent line does
not exist at the endpoints. To avoid this problem, do not define the function
on a restricted domain.
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Question 2f.iii.
Worked solution

Note that %Tx = £(100) =200 = x :¥

1350—9x = £(100) = 200 = x =%

tangentLine(f{x),x,lSO) 1350-9-x
. 800

scalve(H =f( 100),x =—
4 9

solve(1350-9- x=A100),x) _ 1150

-
|
O
(<] —

Mark allocation: 2 marks

e | mark for each equation leading to the required solution

. This is a ‘show that’ question, evidence needs to be given to justify each

mark.
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Question 2f.iv.

Worked solution

The area of the trapezium OPQR is

%[150{11950_@]} (100 = 170000

9-x 800

solve|——= 100) X = —
4 9

solve(1250-9- x=A100),x) 1150
9

170000

L. (150 110 —ﬂ) - A100)
2 9

9 l

e 1 mark for using the formula for the area of a trapezium
e 1 mark for the correct answer

Mark allocation: 2 marks

Question 2f.v.
Worked solution

The error is the true value minus the approximate value. To find this as a percentage of the
actual area, we divide the error by the actual area and multiply by 100.

L6875 170000

x100=-11.93

16875

Therefore the error in the approximation is 11.93%.

1150 800 170000
(150 ———) - A100)
2 9
170000 -11.9342
16875-
9
- 100
16875

[<] —

Mark allocation: 2 marks
e 1 mark for calculating the error as the actual area minus the approximate area

e 1 mark for the correct answer (expressed as a positive value)
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Question 3a.
Worked solution
The amplitude is 15 and the period is 1. Therefore a = 15.
2
T sn=2r
n

Mark allocation: 1 mark

e | mark for both values (providing that justifications are given)

Question 3b.

Worked solution

The centre of wheel B is 50 cm horizontally from the centre of wheel A.

2
The amplitude is 30 and the period is 3

Therefore,

b=50

c=30

27 2
—=—=m=37
m

Mark allocation: 1 mark

e 1 mark for all values (providing that justifications are given)

Question 3c.
Worked solution

The period is 2.

Note: Wheel A makes 2 complete revolutions in 2 seconds and wheel B makes 3 complete

revolutions in 2 seconds.

Mark allocation: 1 mark

e 1 mark for the correct answer
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Question 3d.
Worked solution

Use the function maximum function (fMax) in CAS.

tMax(x(),4,0,1) t=0.818524

x(¢)|¢=0.81852386799071 93.3393

The maximum value of x(#) is 93.34 cm and this first occurs when ¢ = 0.82 seconds.

Mark allocation: 2 marks

e | mark for correctly calculating the maximum value
e | mark for correctly calculating the time

Question 3e.
Worked solution

The area is found by evaluating the integral

j‘x(z)dt=§+50
0 T

x\¢):=50+30 sin( 2 ;- 7)— 15+ sinl2- m-
Done
tMax(x(),4,0,1) t=0.818524
x(¢)|¢=0.81852386799071 93.3393
! == +50
x(e) dt o
0

Mark allocation: 2 marks

e 1 mark for formulating the correct integral
e 1 mark for the correct answer
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Question 3f.
Worked solution

By inspecting the graph, it can be seen that a reflection of the function x(¢) in the ¢ axis
followed by a shift upwards of 100 units produces a function with the required property.

’ 100 — x(¢ dt:§+50.
[ (1))
1 T

Therefore p =—1 and g = 100.

1 20
*le) de . +30
Jo
2 10- (5+ 542)
(100—x(¢))ds -
1

i<

Alternatively, calculate the integral using CAS.

x(¢):=50+20- sin(3+ - )-15- sin(2- - ¢)
Done
2 20
(- <(0)+g)a i
1
_20.
expand#- (50—£)+q) P +50- p+g
b4 n
[N

Then equate the terms containing nt and separately equate the remaining terms (since the
pronumerals cannot be irrational).

20 -20-
expand(p- |50-—|+¢g p+50-p+q
b b
-20- 20
solve =—and 50 p+g=50p,g
n b

p=-1and g=100

K

b

Mark allocation: 2 marks

e | mark for correctly calculating p
e 1 mark for correctly calculating q
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Question 3g.i.

Worked solution

% =907 cos(37t)—30x cos(2xt)

CAS may be used to check that the differentiation has been performed correctly.

90~ 7= 003(3- - t)—30- - 003(2- - t) i
|

Mark allocation: 1 mark

[«

e 1 mark for the correct derivative

S Tip

o 1t is not necessary to factorise the result.
Question 3g.ii.
Worked solution

d
The least value of ¢ such that # > 0 and 7); =0 ist=0.14.

This may be found by inspecting the graph of the function and finding the first local
maximum.

2 (x0)
90~ 7 cos(3- - t)—30- - 005(2- - t)

fMax(x(¢),,0,0.3) t=0.1448

[]

Mark allocation: 1 mark

e | mark for the correct answer
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Question 4a.

Worked solution

X ~(3.8,0.9)

Then Pr(X >3)=0.813.

JEER)» q4_updated rapD [I] X
normCdf(3,»,3.8,0.9) 0.812969

Mark allocation: 1 mark

e | mark for the correct answer

Question 4b.

Worked solution
Let A~N(55,7%).

Then Pr(51< 4<56)=0.273.

el 1.1 3 q4_updated RAD D x
normCdf(3,,3.8,0.9) 0.812969
normcCdf(51,56,55,7) 0.272944

Mark allocation: 2 marks

e | mark for two probability statements
e | mark for the correct answer
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Question 4c.
Worked solution
Let W ~ Bi(20, 0.273).

Then Pr(W >5)=0.476.

el 1.1 3 q4_updated RAD D X
normCdf(2,%,3.8,0.9) 0.812969
normCdf(51,56,55,7) 0.272944

binomCdf(20,0.27294398158057,6,20)
0.476266

Mark allocation: 2 marks

e 1 mark for binomial distribution, 20 trials, using the answer from part b.
e 1 mark for the correct answer
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Question 4d.
Worked solution
Pr(B <59)=0.15 and Pr(B > 68)=0.2= Pr(B <68)=0.8

Let Z ~ N(0, 1) be the standard normal distribution. Then

Pr[Z< 59_”):0.15

o
Pr(Z < 68_”)= 0.8
o
This gives two equations that can be solved to find xz and o.
U =63.967
o =4.792

q4_updated

normCdf(51,56,55,7) 0.272944
binomCdf(20,0.27294398158057,6,20)
0.476266
59-m -m
solve =invNorm (0. 15,0, 1), =in»
LY s

§=4.79219 and m=62.9668

Mark allocation: 4 marks

e 1 mark for writing probability statements
e 1 mark for converting to the standard normal
e 1 mark for solving to find ¢ and o

e | mark for the correct answer
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Question 4e.
Worked solution
We have Pr(A4>55)=0.5 and Pr(B >55)=0.969.

Since 90% of the trees are type A trees and 10% of the trees are type B trees, the probability
that a randomly selected tree has a diameter that is greater than 55 cm is

0.9%0.5+0.1x0.969 = 0.547

q4_updated

59-m 68-m
solve =invNorm(0. 15,0, 1), =in»

s s
§=4.79219 and m=63.9668

normCdf(55,%,m,s)|s=4.792192908868 and
0.969336

0.9- 0.5+0.1- 0.969233613841791  0.546934

Mark allocation: 1 mark

e 1 mark for finding Pr(B > 55)=0.969 and using this in the formula to find the given
answer

Question 4f.
Worked solution
This is a conditional probability question:

Pr(type A tree | diameter >55)
_ Pr(type A tree N diameter > 55)

Pr(diameter > 55)
~0.9x0.5
0547
=0.823
<BRR» q4_updated rap [I] X

A

§=4.79219 and m=63.9668

normCdf(55,°°,m,s)|s=4.792 192908868 and »*
0.969336

0.9- 0.5+0.1- 0.96932613841791 0.546934

0.9: 0.5 0.822769
0.54693361384179

Mark allocation: 2 marks

e | mark for correct conditional probability
e | mark for the correct answer
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Question 5a.

Worked solution

. . a+?2
The turning point at P occurs when x =

2 Therefore the coordinates of the point P are
a

a+?2 4a’+154*+12a—-4
27a*

solve(i(f{r)FO,x)la >i

a+2 1 1
xX= and g>— orx=1and g>—
2a 4 4
a+2 4a>+15-a%+12-a-4
AlS,
= 2
27 a

K

Mark allocation: 1 mark

e | mark for the correct answer

Question 5b.
Worked solution

Find the tangent line to f'at any point on the curve, say x = b. The tangent line passes through
the origin for certain values of b.

This can be obtained quickly using CAS.

27-a“
solve(tangentLine (f{.\) ,x,b) =0,b) pe=0

2-a+1
b=

or b=0
2-a

,(“_“2) 4 a2 +15 a2 +12- a-4
& ia 5

[]

2a+1

The x-coordinate of Q is >
a

Mark allocation: 1 mark

e 1 mark for the correct answer
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Question 5c.

Worked solution

£(b) 2a+1
; .

The gradient of the tangent is

\3-a

solve(tangent[.ine (7‘(x) ,x,b)=0,b) [x=0
2+a+l

b= or b=0
2-a
Ap)  2-a+1 4 a-1
D == p=——
b 2'a 4-a

Therefore the equation of the tangent to f'that passes through the origin is y = ( j_ ! J X.
a

The area of the shaded region is

I?(f(x)—(4a_lj>dex= (2a+1) (44’ +4a+1) (1420

4a 1924° 1924°

[]

Mark allocation: 3 marks

e | mark for the equation of the tangent
e | mark for the integral with correct terminals
e | mark for the correct answer

o Note that CAS does not automatically simplify the result.
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Question 5d.

Worked solution

4
Solve i w =0
da\ 192a

Ifa>l,then a:i.
4 2

d (2-a+1)2-(4-a2+4-a+1)
solve|— =0,a||a»

g 192+ a

[]

Mark allocation: 2 marks

e 1 mark for differentiating the result from part c. and setting it to zero
e 1 mark for the correct value of a
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Question Se.
Worked solution

The area of B is equal to

2 A8 +154% +12a—4 (a+2)(5a3+18a2+12a—8)
3a > —g(x) |dx = 3
0 27a 324a
B (a+2)’(5a-2)
324a’

(a+2)- (5- a3+18- a2+12- a—S)

factor -
324-q”

(@+2)>- (5+ a-2)
3

(]

24 aq

[<] (—

Mark allocation: 3 marks

e 2 marks for the integral with the difference between the functions, and for the correct
terminals
e 1 mark for the correct answer
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Question 5f.
Worked solution

The area of 4 is

a+2

3a —
IO ( g(x) x) dx
Equating this area to the area found in part e. gives

a+2 3 _
(@+20Ga-2) _ _

J.Oﬁ(g(x)—x)dx: 1

3244’

2
324- g~
a+2
3a 3 (e
solve \)—x)d1=(a+2) (5 a 2) el
0 324 a°

Mark allocation: 2 marks

e 1 mark for equating the integral for the area A with the area found in part e.
e 1 mark for the correct answer

END OF WORKED SOLUTIONS
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	MATHEMATICAL METHODS
	Question 1
	Answer: D
	Explanatory notes
	Period:
	Range:
	So the period and range is  and  respectively.
	Tip
	 The period of both sin(nπ) and cos(nπ) is .
	Question 2
	Answer: B
	Explanatory notes
	Multiplying the first equation by k and the second by 2 gives
	Subtracting the second equation from the first equation gives
	If we let k = 4, then we have 0y = 40, which is inconsistent. If we let k = –4, then we have  0y = 0, which is consistent.
	From this we conclude that no solution exists if k = 4.
	Alternatively, we can use the determinant of the 2 × 2 coefficient matrix
	If k = 4, then the equations become
	These equations have no solution.
	If k = –4, then the equations become
	These equations have an infinite number of solutions.
	Tip
	 Using the determinant is an efficient way of solving these types of problem.
	Question 3
	Answer: D
	Explanatory notes
	If x – a is a factor of, then.
	Use CAS to solve p(a) = 0:
	Since, a = 5.
	Question 4
	Answer: B
	Explanatory notes
	The average value of  for the interval ,  is
	Use CAS to determine the value of b:
	Since , b = 4.
	Question 5
	Answer: D
	Explanatory notes
	We require f  to be 1 – 1 for the inverse to exist. Use CAS to find the turning points:
	The turning points of the cubic occur when  and when x = 2.
	Therefore,  f is 1 – 1 on the intervals  and . Only the first interval  is available as an option.
	Question 6
	Answer: E
	Explanatory notes
	Define  in CAS and use the tangentLine function to find that the equation of the tangent to f at x = 3 is  Since this is in gradient–intercept form, the expression for the y-intercept can be seen.
	If the y-intercept is 9, then 27a = 9 and.
	Question 7
	Answer: B
	Explanatory notes
	Let . We want to find the smallest value of n such that .
	This can be done using trial and error.
	It can be found that.
	Alternatively, the inverse binomial function can be used. In order to use this function, the equation must first be rearranged:
	Then
	Question 8
	Answer: A
	Explanatory notes
	Rearrange  into the form .
	The image is , so set
	Therefore the transformation has the form
	Question 9
	Answer: D
	Explanatory notes
	If,. Thus, the turning points occur when  x = 0 and x = 4.
	Now  and , from which it follows that  and .
	Therefore there are exactly three x-intercepts if .
	Alternatively, sketch the function using sliders. Since the possible solutions include the numbers 0 and 32, set up your sliders to cover these values. The solution can then be found visually.
	Tip
	 It can be helpful to draw a quick sketch of a typical cubic graph.
	Question 10
	Answer: C
	Explanatory notes
	This is a conditional probability question.
	Let .
	The probability that a trip takes less than 60 minutes (1 hour), given that it takes more than  45 minutes, is
	Question 11
	Answer: B
	Explanatory notes
	Let  and .
	so .
	Use CAS to find that  correct to one decimal place.
	Question 12
	Answer: E
	Explanatory notes
	We have that  and so . Therefore, the graph of f passes through the point .
	Question 13
	Answer: C
	Explanatory notes
	Since, the average value of f(x) on  is  and the average value of f(2x) on  is. Therefore  and
	Question 14
	Answer: A
	Explanatory notes
	The graph of f (x) has stationary points when x = –2, x = 0 and x = 2. The stationary point at the origin is a stationary point of inflection.
	Note that the gradient of f (x) is positive when and when. Therefore, option A is correct.
	Question 15
	Answer: D
	Explanatory notes
	One way to determine which option is correct is to test each one. This can be done quickly in CAS.
	It can be found that  satisfies the relation.
	Question 16
	Answer: B
	Explanatory notes
	Use CAS to evaluate the integral and solve the equation.
	It can be found that k = 12.
	Question 17
	Answer: B
	Explanatory notes
	The number of blue marbles in the bag is 8.
	Question 18
	Answer: E
	Explanatory notes
	The gradient of the graph of the tangent to the function g at x = 3 is .
	As the tangent passes through the point , the equation of the tangent is
	Tip
	 Remember that the x values of the inverse function are the y values of the original function, and vice versa.
	Question 19
	Answer: B
	Explanatory notes
	Let . Use the fMax function of the calculator to find the value of for which the area is maximised.
	The maximum area is .
	Question 20
	Answer: D
	Explanatory notes
	Let. The area of the bars is
	The area between the x-axis and the graph of  over the interval  is
	The error is
	.
	Question 1a.
	Worked solution
	If a function will be used several times, it is always advisable to define it in your calculator.
	Having done this, we can use CAS to differentiate the function.
	Mark allocation: 1 mark
	Question 1b.i.
	Worked solution
	CAS can be used to find the function maximum.
	The function is maximum when.
	Mark allocation: 1 mark
	Question 1b.ii.
	Worked solution
	Evaluate the function at the value of x found previously.
	The function maximum is 0.5397 correct to four decimal places.
	Mark allocation: 1 mark
	Question 1c.i.
	Worked solution
	The tangentLine function of CAS can be used to find the tangent.
	As the answer was required to be in a particular form, the common denominator command (comDenom) has been used.
	The equation of the tangent is.
	Mark allocation: 1 mark
	Question 1c.ii.
	Worked solution
	Use CAS to find the value of the x-coordinate of P.
	The x-coordinate of P is 0.0726, correct to four decimal places.
	Mark allocation: 1 mark
	Question 1c.iii.
	Worked solution
	Note that the tangent passes through the x-axis (point Q) when.
	The area of the shaded region is therefore
	Mark allocation: 2 marks
	Question 1d.i.
	Worked solution
	The shortest distance must be along a line perpendicular to the tangent passing through the origin. Since we know the gradient of the tangent, we can calculate the slope of a perpendicular line, and since it passes through the origin, its y-intercept ...
	Use CAS to find the point of intersection of the two lines.
	Alternatively, you can use the distance formula to calculate the distance from the origin to a point on the tangent line, then use fMin in the CAS to find the point which minimises this distance.
	The coordinates of R are .
	Mark allocation: 2 marks
	Question 1d.ii.
	Worked solution
	Use the distance formula to find the required distance.
	The distance from R to the origin is.
	Mark allocation: 1 mark
	Question 2a.
	Worked solution
	Mark allocation: 1 mark
	Tip
	 Although this is easy to find by hand, it is worth using CAS to find your answer so that you have the function defined in your calculator. In this case we have let y = f(x).
	Question 2b.
	Worked solution
	Since  when x = 100, the function is strictly decreasing for .
	Mark allocation: 1 mark
	Tip
	 The set of values for which this function is strictly decreasing includes the end points and the turning point.
	Question 2c.
	Worked solution
	Integrate using CAS to find that the area of the vertical stabiliser is  (units are not required).
	Mark allocation: 1 mark
	Question 2d.i.
	Worked solution
	The value of c is found by solving f (x) = 20 for x using CAS.
	The value of c is 147.708.
	Mark allocation: 1 mark
	Question 2d.ii.
	Worked solution
	The value of b is found by evaluating f (110).
	Mark allocation: 1 mark
	Question 2e.
	Worked solution
	The area of the rudder is found by evaluating the integral
	Mark allocation: 2 marks
	Question 2f.i.
	Worked solution
	The line segment OP lies on the tangent to the curve that passes through the origin. To find this tangent, first find the general equation for the tangent to the curve (at a point x = a, for example) and then determine the value of a when the tangent ...
	This can be done quickly using CAS. We find that we require the tangent to the curve when  x = 75.
	The equation of the tangent is .
	Mark allocation: 1 mark
	Question 2f.ii.
	Worked solution
	The tangent to the curve when x = 150 is .
	Mark allocation: 1 mark
	Tip
	 If the function is defined on a restricted domain, then the tangent line does not exist at the endpoints. To avoid this problem, do not define the function on a restricted domain.
	Question 2f.iii.
	Worked solution
	Note that
	Mark allocation: 2 marks
	Tip
	 This is a ‘show that’ question, evidence needs to be given to justify each mark.
	Question 2f.iv.
	Worked solution
	The area of the trapezium OPQR is
	Mark allocation: 2 marks
	Question 2f.v.
	Worked solution
	The error is the true value minus the approximate value. To find this as a percentage of the actual area, we divide the error by the actual area and multiply by 100.
	Therefore the error in the approximation is 11.93%.
	Mark allocation: 2 marks
	Question 3a.
	Worked solution
	The amplitude is 15 and the period is 1. Therefore a = 15.
	Mark allocation: 1 mark
	Question 3b.
	Worked solution
	The centre of wheel B is 50 cm horizontally from the centre of wheel A.
	The amplitude is 30 and the period is .
	Therefore,
	Mark allocation: 1 mark
	Question 3c.
	Worked solution
	The period is 2.
	Note: Wheel A makes 2 complete revolutions in 2 seconds and wheel B makes 3 complete revolutions in 2 seconds.
	Mark allocation: 1 mark
	Question 3d.
	Worked solution
	Use the function maximum function (fMax) in CAS.
	The maximum value of x(t) is 93.34 cm and this first occurs when t = 0.82 seconds.
	Mark allocation: 2 marks
	Question 3e.
	Worked solution
	The area is found by evaluating the integral
	Mark allocation: 2 marks
	Question 3f.
	Worked solution
	By inspecting the graph, it can be seen that a reflection of the function x(t) in the t axis followed by a shift upwards of 100 units produces a function with the required property.
	.
	Therefore p = –1 and q = 100.
	Alternatively, calculate the integral using CAS.
	Then equate the terms containing π and separately equate the remaining terms (since the pronumerals cannot be irrational).
	Mark allocation: 2 marks
	Question 3g.i.
	Worked solution
	CAS may be used to check that the differentiation has been performed correctly.
	Mark allocation: 1 mark
	Tip
	 It is not necessary to factorise the result.
	Question 3g.ii.
	Worked solution
	The least value of t such that t > 0 and  is t = 0.14.
	This may be found by inspecting the graph of the function and finding the first local maximum.
	Mark allocation: 1 mark
	Question 4a.
	Worked solution
	Then
	Mark allocation: 1 mark
	Question 4b.
	Worked solution
	Let .
	Then .
	Mark allocation: 2 marks
	Question 4c.
	Worked solution
	Let .
	Then
	Mark allocation: 2 marks
	Question 4d.
	Worked solution
	and
	Let  be the standard normal distribution. Then
	This gives two equations that can be solved to findand
	Mark allocation: 4 marks
	Question 4e.
	Worked solution
	We have  and .
	Since 90% of the trees are type A trees and 10% of the trees are type B trees, the probability that a randomly selected tree has a diameter that is greater than 55 cm is
	Mark allocation: 1 mark
	Question 4f.
	Worked solution
	This is a conditional probability question:
	Mark allocation: 2 marks
	Question 5a.
	Worked solution
	The turning point at P occurs when. Therefore the coordinates of the point P are
	Mark allocation: 1 mark
	Question 5b.
	Worked solution
	Find the tangent line to f at any point on the curve, say x = b. The tangent line passes through the origin for certain values of b.
	This can be obtained quickly using CAS.
	The x-coordinate of Q is.
	Mark allocation: 1 mark
	Question 5c.
	Worked solution
	The gradient of the tangent is  where.
	Therefore the equation of the tangent to f that passes through the origin is
	The area of the shaded region is
	Mark allocation: 3 marks
	Tip
	 Note that CAS does not automatically simplify the result.
	Question 5d.
	Worked solution
	Solve .
	If , then
	Mark allocation: 2 marks
	Question 5e.
	Worked solution
	The area of B is equal to
	Mark allocation: 3 marks
	Question 5f.
	Worked solution
	The area of A is
	Equating this area to the area found in part e. gives
	Mark allocation: 2 marks

