Name:

Year 12 2024 Extension 2 Mathematics
Assessment Task 3

Investigative Assignment with Validation Task

Due Date: Monday
Task number: 3 Weighting: 25% 24/6/24 (8:00am to
9:00am in Rm 106)

Outcomes assessed:

MEX12-1 understands and uses different representations of numbers and functions to model,
prove results and find solutions to problems in a variety of contexts

MEX12-2 chooses appropriate strategies to construct arguments and proofs in both practical and
abstract settings

MEX12-3 uses vectors to model and solve problems in two and three dimensions

MEX 12-5 applies techniques of integration to structured and unstructured problems

MEX12-7 applies various mathematical techniques and concepts to model and solve structured,
unstructured and multi-step problems

MEX12-8 communicates and justifies abstract ideas and relationships using appropriate
language, notation and logical argument

Nature and description of the task:

As a result of completing this Assignment, students should be familiar with all content related to the
following topics:
e 3D Vectors i.e. Chapter 3 of the Extension 2 textbook.

e Further Integration ie. Chapter 6 of the Extension 2 textbook.

On the 25" June, 2024 you will receive a selection of similar questions to the Preparation Activity
below to complete in an in-class Validation Task. You are expected to investigate/attempt each of
these questions before the in-class Validation Task. The final mark for this assessment will be the
mark you receive in the in-class Validation task. NOTE: You will not have to hand in the answers to
the questions in this Preparation Activity AND you will not have access to the Preparation Activity
during the Validation Task.

Non-Completion of Task:

If you know you are going to be away on the day of the Validation Task and are unable to hand in /
complete both parts of the Assignment on the due day, then you must have supportive
documentation. Zero marks will apply if the Assessment Task is submitted/completed late, unless an
IlIness/ Misadventure or Application for Extension form has been submitted.




Part 1 Preparation Activity — investigate/attempt each of the following
guestions in preparation for the in-class Validation Task.

3D Vectors:

Find the magnitude of u=3i+j—-2k.

The position vector u is represented by oP

and the position vector v is represented by

A 2 B 6 —
Je 00.
C 4 D 14 Which one of the following expressions
represents E'?
A u-y B —u-—vy
Find the unit vector in the opposite direction C u+ty D v-u

to w=3i+j-2k.

3
A —i+——j-—k
\/H 14 \/H Given that |g|=2 and |l'|:3 and the angle
B —3 i 1 i+ 2 2 between # and v is 45°, what is the scalar
14~ 147 14~ product # -v?
c it 2y A 42 B 45
6 6~ 6 C 51 D 6.2
— 2
D _3£7LJ+LA:
NN RN G

What is the scalar product of ¥ =3i+ -k and
v=i—-2j+6k?

-5 B -1

7 D 11

O r



Which one of these is the equation of the line 9 Find the equation of the line through (2, 1, 2)

joining (2, 1, -1) and (0, 3, 1)? parallel to the line with equation.
A r=(2i)=k) (3 +) R

B r=(3/+k)+1(20+/-k) A p=(20+/+2k)+1(20+ )+ 5k)
C r=(2i+/-k)+1(-20+2/+2k) B r=(2i+/+2k)+ (31 ++4k)
D r=(-2i+2j+2k)+A(-2i+2j+2%) C r=(2i+/+k +l(3z’+j+4k]

x-1 y-2 46
Aline has equation o) =

-2 1
Which of the following is a vector parallel to 10 Which of the following lines is parallel to
the line? x=3+2t,y=2-t,z=3+41?
A 3i-2j+k A x-2_y-1_z-5
3 2 3
B i-2j+6k
l - B x—2__1-'—1::—5
c §g+j+6,(; 1 3 -1
c x—2 y-1 z-5
D —2i+4/+5% 2 -1 4
D x-2_y-1_z-5
Given the parametric equations of a line, 5 1

x=3-5t,y=2+t,z=3 - 2t, which of the
following is the Cartesian equation of the
same line?

x+3 y+2 z43

A : =
=5 1 -2
B t+5:_‘l'—l::+2
3 2 3
x |y _z
-15 2 -6
D t—3: 1‘—2::—3
=5 1 -2

How far is the point (3, 4, =5) from the origin?

Find, correct to the nearest degree, the angle between the vectors 2i +2j+k and i+2j+2k.

The vectors u=3i+nj+k and v=i+(2n-1)j+(4n—-2)k are perpendicular.

Find the values of n.

Use vectors to prove that the diagonals of a rhombus are perpendicular.



15

16

17

18

19

20

21

22

23

24

Given 2 non-zero vectors a, b such that |g + t)| = |§ -b | ,find a-b.
Draw a graph represented by the parametric equations x = 3sint,y =3 cost,z=t, for 0 <t <2m.

Consider the line M with vector equation m = (31 +j+ 4I5) + X(Zi +j- Ig).

Find the coordinates of the point P on the line m that is nearest to the origin and calculate the
distance of the line from the origin.

Find the value of n for which the vectors a=-8i +17j+12k and b=ni+20j-13k are perpendicular.

Find the value of n for which the vectors u =-24i —20j—-40k and v =6i +5j+nk are collinear.

-3 y-1 z+1
1 2

Find the distance of the point (0, 2, 3) from the line X

The line L goes through A(4, 3, -2) and is parallel to the line X ;1 _y-2_z2-3

P(m, n, -5) lies on the line L. Determine the values for m and n.

Find the perpendicular distance between the point (6, 7, 10) and the line that is parallel to the
vector 2i + j+k and passes through (5, 9, 4).

Find the perpendicular distance between the lines p = (i +3j+ Ig) +, (21 +j+ 3I5) and

9= (20 k) + (3L k). ~

Consider the line R with vector equation r = (—21 +j+ 3I5) + 7»(—1 -2j+ Ig).
a Find the coordinates of the point P on R that is nearest to the point (-2, 5, 8).

b What is the distance of the line to the point (-2, 5, 8)?



3D Vectors Answers:

1C 2B 3D 4 A 5 A
6 C 7 A 8D : 9B 10 C
1 52 12 27° 13 n=—%,—| 15 0
16 clockwise spiral, starting at (0, 3, 0) and ending at (0, 3, 2n)
x=3sint, y=3cost,z=tfor0=¢=2m

18 n=123 19 n=10 20 5

22 35 23 é 24 a P(—l%,Z,Z%J b ¢1=,/39%=6.28

21 m=13,n=-9



Further Integration:

1

—dx .
94x°

1 Find |

1. 4(x 1 (x
A —sin 1[3J+C B —tan 1[1J+C
3 3 3 3

C 3sin!(3x)+C D 3tan!(3x)+C

2 Find real numbers, 4 and B such that

4 A B
— = + ;
x—4 x-2 x+42

A A=1,B=1 B A=1,B=-1
C A=2,B=2 D A=2,B=1

30 fi(x)=— 1 whatis f(9?

(xl +2x+3]

1 1

2(x* +2x +3) 4(x*+2x+3)

2(x? +2x+3) 4(x% +2x +3)

4 1 _
If .[3mdl =21n M,whatis M?

Ag C1 D 243

g 2
B

Which integral, with an appropriate
substitution, is used to find
2 ()3 _3y? -9
J.l.t(b x)(x7 =3x% +4 )k
2 1
A 3 [1?!d?! B 3 [3;0’1;

C [DSH dit D ! [:y dt
12 340

Using a suitable substitution, which integral can

& ( Inx )2
be used to evaluate [1 —dx?
A [: v dit B rmy 2 du
Jo u Jo
C [m Ll ¥ D [:y 2 du
Jo Jo



7 Find [e“ Tcosxdx.

11

12

13

14

15

16

A e+ C B gosx+C
C —ginx+C D -gesx+C
Find

1
—_— .
T 3420 —«?

A %sin_l(x—l)+(: B lsin_l[x_lJ+C

< < <

x—1

(o4 sin_l[

v

a Show that 2x2 + 12x + 18 can be written as 2(x + 3)2.

b Hence, find J‘;dx .

2x? +12x +18

, show that I

a Find real numbers A4 and B such that

x(x+1)

1
b Hence, find-[ dx.
X(x +1)
2
-2
Evaluate .[4 X dx.
2x°+2

2
Use integration by parts to evaluate j 1e Inx.

Use integration by parts to find _[ xsin xdx.

J+C D sinl(x-1)+C

a2x +4
x4 x*-4 x*-4 Ix* -4

Find [t sin2x dx.

X 1.
A —:coslx+zsm2x+C

“

X 1.
B —;cosEx—ZsmEﬁc+C

“

C 2xcos2x+4sin2x+C
D 2xcos2x-4sin2x+C

Find[ 31 dx.
X +x
A hl.t\f.t2+l‘+C B In|x(x2+1)|+C
C hl—|+C D In x +C
v +1 xT+1




[y

17 a Show that, for the domain [0,—J,i(sinl<\/2_))=;.
X 2x (1-2x)

N
o

1
= dx
b Hence find the exact value of |4 ———.
I%,/2x(1—2x)
dx

18 Use partial fractions to find jm
X +3)(x° +

19 Letl, = [x" Inxdx.

n+l

a Showthatl, =

[(n+1) Inx-1] + C.

2

(n+1)

b Hence find Is.

PX dx forn=0.

20 Letlnzj01 -
+X

1
a Show thatl, = I, fornz2.
n_

b Hence find /.

21 a Evaluate J'OZtan *x sec’x dx.

T 1 ki k3 13
b Hence, show that J'O“tanex dx = o L;‘tan“x dx and deduce that IU“tanexdx T %



Further Integration Answers:

1B 2B 3D 4 B
5D 6 D 7 A 8 C
9 A 10 C
Mb ——iC
2(x+3)
13 a A=1,B=-1 b In +C
: x+1

14 2-2,2tan ‘(‘—?] =122

15 2¢ln2+1=4.77
16 —xcosx+sinx+ C

i =
12
) al x 1 1 1
18 —tan |— |+—tan" | —= |+C
2 (2) V3 [ﬁ]
x4
19b [, =—[4Inx-1]+C
* 16
20 [=F_2
4 3
21 !
5

End of Part 1 Preparation Activity




Mathematics Advanced
Mathematics Extension 1

Mathematics Extension 2

Measurement
Length

[ = ix 2r
360

Area

A=——xnur’

360

h
A=5(ﬂ+b)

Surface area

REFERENCE SHEET
Financial Mathematics

A=P(1+ r)”

Sequences and series

T =a+(n—-1)d

n

S, :%[2a+ (n —])d] :%((z +1)

T = ar"™!
A = 27r? + 2mrh
R n
A=4:EF2 S :a[]_r)za('r _])'ril
" 1—-r r—1
Volume
1 §=—"|r|<1
V = —Ah -
3
V= iJ'a:r?'
3
Functions Logarithmic and Exponential Functions
—b ++b* - dac N log x
X = : log a*=x=a =
2a “
_ log, x
For ax> +bx*+cx +d = 0: log, x = °
b log,a
a+ﬁ+y:—a
c a* = exlna
af+ay+ Py = ”
and offy = —%

Relations
(x — !1)2 + (y — k)2 =r’




Trigonometric Functions

SinA:m, COSA:a—d‘], LanA_m
hyp hyp adj
1
A=—absinC o
2 J2,/%
a b C
= — 450
sinA _ sinB _ sinC BT
c? = a* + b - 2abcos C
2 2 2
a +b"—c
osC =—— -~ o
cos Sl 40
2
l=r@
A= %rzél 60° [
1

Trigonometric identities

secA = ,cosA#0
cos
cosecA = _1 ,sinA =0
sinA
COtA = C?QA, sinA #0
sinA

cos’x + sin’x = 1
Compound angles
sin(A + B) = sinAcos B + cos Asin B

cos(A + B) =cosAcos B —sinAsin B

1an(A+B)= tanA + tan B
l—tanAtan B
If .t:tani then sinA = z
2 1+¢2
1— 2
cosA = !
1+¢°
tanA =
1— 2

cosAcosB = lz[cos(A — B) +cos(A + B)]
sinAsinB = %[COS(A — B) —cos(A + B)]
sinAcos B = %[sin(&l +B) + sin(A - B)]

cosAsinB = %[sin(ﬂi + B) —sin(A — B)]

sin”nx = %(1 — cos 2nx)

2

cos“nx = %(] + cos 2nx)

Statistical Analysis

An outlier is a score

o less than Q; — 1.5 X IOR
or

more than Q, + 1.5 X IOR

Normal distribution

)

Yy

—l3 —|2 —ll 0 ]
* approximately 68% of scores have
z-scores between —1 and 1
+ approximately 95% of scores have
z-scores between —2 and 2
* approximately 99.7% of scores have
z-scores between -3 and 3

E(X)=pu

Var(X) = E[(X —u)*] = E(X?) — i

\
! \

Probability

P(A N B)=P(A)P(B)
P(AUB)=P(A)+ P(B)— P(ANB)
P(A|B) = P(i(i;ﬂ)ﬁ’), P(B)#0

Continuous random variables

P(X £x) =J Ff(x)dx

b
Pla<X<b) :J S(x)dx

Binomial distribution

P(X=r)="Cp(1-p)"”

X ~ Bin(n, p)

= P(X=x)
=(;]P"(1—p)"_",x=0, I,....n

E(X) =np
Var(X) = np(1-p)



Differential Calculus

Function

y=/(x)"

y = g(u) where u = f(x)

y =sin f(x)

y = cos f(x)

Derivative

ﬁ_ ’ . n—1
= nf (/)]
dy _dv _ du

=U—+v—
dx dx dx

dy _dy du
dx du dx
du dv
V——Uu—
@: dx dx
dx 2

j—y= //(x) cos £(x)
X

dy

L fx)sin /()
j—y= F1(x) sec? £(x)

ay _ F(x)e’™
dx

dy _ /(%)

dx  f(x)

L _ (ina) £/(x)a’®
dx

Ay L)
dx (Ina)f(x)
d_y: S(x)

d.r l_[f(xﬂz
dy  f(x)

dx 1= [f(x)]Z

dy ()

dx 14 £(0)]

Integral Calculus

’ n _ 1 . n+l
Jf (x)[f(r)] dx—m[f(X)] +c
where n # -1

S(x)sin f(x)dx =—cos f(x)+¢

"

F(x)cos f(x)dx =sin f(x)+c¢

P

F/(x)sec® £(x)dx = tan £(x) + ¢

~

_[’(x)ef(x)dx pYAC)

d ff’((-:)) dx = ]n| f(x)l +c
( . S(x)
F(x)a”Pdx = a +c
) Ina
F—f’(x) dx = sin“lMﬂ?
J \a? —[f(x)lz
Adx :ltan_1M+ c
J a? +[f(x)]2 ¢ a

i
ud—‘dx =uv —Jv%dx

dx [x

@+ sy 2L )+ ()]

where a =x, and b =x,



Combinatorics

Vectors
|Lj| =|x£+yir'| = x? +y2

u-y =[uf[y|cos® = xx; + 3y,
where u = x)i +y,j

and g=x2£+y2£

r=a+Aib

Complex Numbers

z=a+ib=r(cos + isindh)
= re'?
[r[cosé’ +isin 9)]” = r*(cos nf + isinn@)

- rnemﬁ'

Mechanics

dx dv  dv d(l 2]
—2:—:\;—:——1;
dt© dt  dx dx\2
x=acos[nt+a)+c
x=asin(nt +a) + ¢

X= —nz(x -c)



