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Question1 C

Using a CAS calculator gives:

r(x):=3- x-1 Done
g(x):=6-x+2 Done
Az(2)) 59
Question2 D

Using a CAS calculator gives:
y(x):=m-x2—2- m-x+4-m Done
A y( -2 m) 3m

2-m

Since m < 0, 3m is the maximum value.

Question3 C
Using a CAS calculator gives:
m 2 5
—_—=— m=—and /=-6
k+1 k
solve 7K
2 m-3
kK 4
Question4 B
Using a CAS calculator gives:
m:=0- 0.1+1- 0.25+2- 0.35+3- 0.3 1.85
2-m=-3 0.7
Question5 B

Using the chain rule gives:
h(x)=f(4x+T7)x(4x+T7)
=4 xf'(4x+7)
h(11)=4xf'(4x11+7)
=4 xf'(51)
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Question6 D
Using a CAS calculator to sketch the graph of y = f(x) gives:

11.07 1y

Reading from the graph, the maximum value is 9.
This can be verified by solving f(x) using a CAS calculator.

f(x):=(2- cos(x)— 1) 2 Done
solve(;ix(f(x))=0,x)|0<x<4 x=§ OF X=Tt
o 5

Question7 D
Each stationary point on fwill be an intercept on f.

When fis increasing, ' > 0.
When fis decreasing, f’' < 0.
This is shown in the graph below.

y
A
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Question 8 B
Pr(A)=x = Pr(B) =§x

Pr(Au B)=Pr(A)+Pr(B)-Pr(AnB)
Since A and B are independent:
Pr(Au B)=Pr(A)+Pr(B)-Pr(A)xPr(B)

0.34=x+gx—gx2
3 3

Using a CAS calculator gives:

2 2 9
solve|0.34=x+—: x——x“ x

3 3
x=0.224086 or x=2.27591

Question9 C
Using a CAS calculator gives:
%4 16 - 2
solve|p *=——p p=— or p=—
2401
2 0.676801
binom Cdf] 4,—,0,1)
7

Question 10 B

B is correct. Reading from the graph, the range is [-3, 9] and the period is 8. The graph crosses
the y-axis at 3. Equation B is the only option that satisfies all three of these conditions.

A and C are incorrect. The period of the graphs represented by these equations is 4.

D is incorrect. The y-intercept of the graph represented by this equation is 9.

Question11 C

y=3
Ynew =2x3 -1
=5
X=-2
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Question 12 A
Using a CAS calculator gives:

xX+k Done
—+1,0=x<2

f(x):= 10

1-x
—, 4L
k
5
solve f(x) dx=1,k
0

k=-9.81909 or /=3.81909

The valid probability density function should satisfy f(x) >0 for 0 < x < 5.
Using a CAS calculator to check the graphs for each value of k gives:

86§y
il £2(x)~(x) .
00— 518
57 ] .
.84 :]/
S
b1 ]k =382 X
0302 —®%, 5.19
5. 5. \
£2(x)=flx) _
N \ () =tx)
Therefore, k =—-9.82.
Question 13 A
Using a CAS calculator gives:
a(u):=i- U us (u-—2)2 Dorte

2

501Ve(i(a(u))=0,u) 1=0 or u=1or u=2
du

a(fo,1,2}) { 1 }

0,—,0
2
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Question14 C
Pr(at most two different colours) = 1 — Pr(three different colours)
Using a CAS calculator gives:

6-4-5-2 25
]-—

11- 10- 9 33

Note that the three different colours can be drawn in six different ways.

Question 15 A
Using a CAS calculator gives:

z:=invNorm(1-0.12,0,1) 1.17499
(22—16 ) $=5.10644
solve =z,§
s
5:=5.10644 5.10644
normCdf(-=,15,16,s) 0.422371

Question 16 B
~ f(xp)
f'(x0)
Let f(x) = x> — n.
Thus, f'(x) = 2x.

X02 -Nn

X1 :XO

X1 = XO —
2X0

In pseudocode, this is equivalentto x <« x — (x * x — num) / (2 * x).

Question 17 D

L4(f(x)+2x)dx 15
f Fx)dx + [x2f =15

4
L F(x)dx =0

This means that the sum of the signed areas is zero. Unless fis a constant function that is equal
to zero (which is not an option), this is only possible if f has at least one x-intercept.

Therefore, while all options could possibly be correct, only option D must be correct.
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Question18 D

The derivative function, which is quadratic, should not have any roots. This means that the
discriminant must be negative.

Using a CAS calculator gives:

r(x):=x3+p- x2_P_ - Done
i(f(x)) 3°x2+2-p-x—p
dx

solve((z-p)2—4- 3 -p<0,p) TRl
Question19 C

Using a CAS calculator gives:

7‘(x):=1n( —2) Done
y(x):=tangentLine(f(x),x=a) Done
A 0) 1n(a—2)—i-1

a-2

A solve(3(0)=0,a) @=6.31914

Question20 D
Iogaﬁ(c) =X
log.(c)

log, (avb)

1
=X

l0ge(a)+  10g, (b)

1 1
§|090(b)=;—|090(a)
1 1- xlog.(a)
—lo py=_——""°9Cc\7/
> dc(b) "

xlog,(b)=2-2xlog.(a)
log, (b*) =2 -log, (a2¥)
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Section B

Question 1 (11 marks)

a. Using a CAS calculator gives:

7(x):=(1—4- x)- eX Done

< (1) sy

f'(x) = (—4x — 3)e” A1
b. Using a CAS calculator gives:
tangentLine (f(x),x= 0) =g sz
y=-3x+1 A1

c. Using a CAS calculator gives:

6.67 Ty

Reading from the graph, the minimum value does not exist.

. 3
The maximum value occurs at x = ——. A1

3
-.range = (—oo, 4e 4 } A1
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d i Using a CAS calculator gives:

AN solve(f(x)=l,x) x=-2.33666 or x=0.

0
.[_2.34(f(x) “1)dx

correct boundaries A1
correct integrand A1

ii. Using a CAS calculator gives:

0 1.27674
j (f(x)—l)dx

-2.33666
1.28 A1

e. Using a CAS calculator gives:

y(x):=tm gentLine(f(x) ,x=a) Done
7o) o Bl P o B

solve(y(0)=2.5,a)
a=-2.19936 or @=-1.35165 or a=0.50360¢

The equation of the tangent at x = a:

y=(4a° —a+ 1)e° — (4a + 3)e’x M1
y(0)=2.5

a=-2.20,-1.35, 0.50 A1

f. f(X)=(1—4x)e* - (ax+ b)e X **

From the index of e:
X —>-2Xx+4 M1
S (1—4x) > 1-4(-2x+4)
1-4(-2x+4)=ax+b
8x—-15=ab+b
.a=8,b=-15 A1
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Question 2 (12 marks)

a.

Using a CAS calculator gives:

W Done
) e 15
IS
L 15
(w- f(w))dw
0
15 minutes

Using a CAS calculator gives:

0.201194

J ct,}‘(w) dw
18

0.30119421186582- 120 36.1433

Pr(W>18) =0.3012
36 passengers

Using a CAS calculator gives:

'2of( ) 0.124827
w) dw
J1s

v o
f(w) dw
18

_ Pr(18 < W < 20)
Pr(W >18)
=0.1248

Pr(W <20 |W >18)

Using a CAS calculator gives:

normCdf(10,15,28.3,5.6) 0.008

o
(95
(o)

0.0082

A1

A1
A1

M1

A1

A1
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e. Using a CAS calculator gives:

invNorm (0.2,28.3,5.6) 23.5869
T=23.6 A1
f. Using a CAS calculator gives:
pr=normCdf(-®,25,28.3,5.6) 0.277835
binomCdf(7p,3,7) 0.303292
Pr(T < 25)=0.2778 = p A1
X ~ Bi(7, p) M1
Pr(X > 3) = 0.3033 A1
5_0.72+084
g. T o
=0.78 A1
0.06-1.64 [0.78x0.22
n
n=129 A1

Note: Accept answers that are rounded to 128.

Question 3 (14 marks)
a. maximum = 16 and minimum = -4 A1
b. 15 A1
. 2r
C. perlodg = z
60
=120
periods = 2
T
80
=160 A1
Therefore, the period of h is:
LCM(120,160) =10x 2% x 3
=480 A1
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d.

Finding the t-values for the stationary points gives:

h(0):=¢())A0) Done

" solve(%(h(t))=0,t)|0$t$400

t=24.013 or £=79.4467 or =142.123 or ¢=?

%h(t)z 0=1=24.013, 79.4467,142.123, ...

Finding the respective values for h(t) gives:

#({24.013,79.4467,142.123 })
{5.15255,17.6639,-4.68183 }

#({207.195,272.805,337.877 })

{25.6148,-7.61478,22.6818 }

The maximum value of h(f) occurs at t = 207.195.
This can be justified by analysing the graph of h(x).

215.03 Ty

Thus, the maximum difference occurs at t = 207.195.

The maximum difference is 25.6°C.

Using a CAS calculator gives:

. [0 7.70543
—J he) de

60 | ¢

1 60
—j h(t)at
60Jo
—-7.7°C

M1

M1
A1

M1
A1
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f. Using a CAS calculator gives:

A solve(%(](t))=i(g(z‘)),t)|0$t$100

t=24.013 or =79.4467

f'(t)=g'(t)
t=24.013, 79.4467, ... M1
The temperatures will decrease at the same rate for the first time at t = 79.4 minutes. A1

g. 105in(7r—tj+6—7>7sin(ﬂ—tj+g
60 60/ 5

Ynew :ﬁy

7 \7sin(n—tj+15
yneW:y+€ 60
. [ «t
—3>7SIn(—)+15
tnewzzt 80

dilation by a factor of % from the t-axis A1

translation of % units upwards A1

dilation by a factor of g from the y-axis A1

Question 4 (11 marks)
11
a. f(-1)=—-—<0
-1 12
f(0)=1>0
fis continuous.
M1

Therefore, f(x) crosses the x-axis between —1 and 0.
Note: All three conditions are required to obtain full marks.

b. Using a CAS calculator gives:

fd(X)==;—x(f(X)) g
o A-0.5) -0.579235
7d(-0.5)

A-0.5792349726776)
7d(-0.5792349726776)

-0.5792349726776—

-0.577835
f(x
X1 = Xo - ( 0) M1
f'(xo)
X, =—0.5792 A1
X, =—0.5778 A1

Copyright © 2024 Neap Education Pty Ltd VCE_MM_3&4_Ex2_SS_2024
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c f’(x)=1x2—§xjL§
8 4 2
2
A= —E -4 x 1 X §
4 8 2
= —i <0
16
f'(x) has no solutions and f> 0 for all values of x. M1
d. Since fis increasing for all values of x and its graph crosses the x-axis between
—1 and 0, it will have only one root. M1
e. y
A
8 /

6 ~
/
////;
//
4 -~
P
Pl
7
2 7

7
/
4

8 -6 -4 2,0
/
—— +—2
/
I —4
!
!
!
p -6
1
)
Ll g

an increasing function with correct intercepts A1

an increasing function with correct points of intersection A1

Note: The original graph is shown by the dashed line. The correct
Sshape is required in order to obtain full marks.
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f.

Using a CAS calculator gives:

solve (]‘(x) =x,x)
x=-1.05932 or x=3.40441 or x=6.65491

3.40441 6.65491
20 (J (f(x) —x)dx+J (x—]‘(x))dx’

-1.05932 3.40441
9.67664

f(x)=x
x =-1.05932, 3.40441, 6.65491

2[ 3.40 ] 6.65 ; j
I—1.06( (x)—x)dx+J‘3-40 (x=Tlx)dx

=9.7

Question 5 (12 marks)

a.

Using a CAS calculator gives:

a-x+2 Done
f(X)'_ x—4
solve(f(x)=y,x) o 2- (2- ¥+ 1)
y-a
1 (X)= 4x +2
X—a
x e R\{a}

M1

A1
A1

A1

A1

Copyright © 2024 Neap Education Pty Ltd
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b. Using a CAS calculator gives:

r(x)=-x+a a-x+2

x—-4

=a-Xx

f; actor(f(x) - (-x+a)) 24 x+2: (2 a+1)
x-4

solve(16-4- 2- (2- a+1)>0,a)

| %

There are two conditions for S1 > 0.
Condition 1: f(x) = —x + a must have two solutions.
A>0

1
a<-— A1
2
Condition 2: The graph of y = f(x) must have the shape of Type 1, as shown below.
| |
| |
| |
| |
| |
| |
| |
| |

+

+

Type 1 Type 2
A change between these types occurs when y = f(x) is linear.
ax+2 a(x—-4) ax-4a
x—4 - x—4 - x—4

Hence:
—4a=2
1
a=——
2

By observation, Type 1 is satisfied when a > —%.

Therefore, S; > 0 when —% <a< % A1

VCE_MM_3&4_Ex2_SS_2024 Copyright © 2024 Neap Education Pty Ltd
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c. Using a CAS calculator gives:

a:=0 0
solve(f(x)=-x,x) x=-(\/? —2) or x=\/? +2

~+J?(f(x)+x)dx 2 In(-(2- (2 -3))+4- 2
2-2
f(x)=-x
x=2%2
2442
Jz—ﬁ
=2log, (3-2v2) + 442

N

(f(x)+ x)dx

d. When a=-0.5, both graphs are parallel lines.

A
4

-6 -4 -2 O 2 4 6 8 10
I I N

A

8 v
\
\ \
N
6 \\\
S~

\\\ 2 \
\\
—_— \‘ > X
6 -4 2 ON_2 4 6 8 10
_2‘
\
\
—4h

|
(o))
_/

(continues on next page)

M1

A1

A1

M1

M1
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(continued)
When a < -0.5, there is an enclosed area between the graphs. A1

y
A

4 p—— e

I

Therefore, 82 > 0 when a <-0.5.

e. S,isbetween the asymptotes x=4, x=a,y=4and y=a. M1
The region between these four asymptotes forms a square and contains S,.

Since the area of this square is (4 — a)2, S,<(4- a)2. M1
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