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Mathematics Extension 2

General - Reading time — 10 minutes
Instructions . Working time — 90 Minutes
- Write using blue or black pen
- Calculators approved by NESA may be used
- A reference sheet is provided at the back of this paper
- For questions in Section Il, show relevant mathematical reasoning
and/or calculations

Total Marks: Section | — 5 marks

48 .
- Attempt Questions 1-5

- Allow about 15 minutes for this section
Section Il — 44 marks

- Attempt Questions 6-8
- Allow about 75 minutes for this section



Section I

5 marks
Attempt Questions 1-5

Use the multiple-choice answer sheet for Questions 1-5.

1 Consider the vectors ¢ =3i —2j+kand b = —3i+ j— 3k

Which of the following is closest to the obtuse angle between g and b?

A, 0.5¢
B. 2.6°
C. 1.3¢
D. 1.8



2 A parallelogram OABC has the vertices at A and B defined by the position vectors

-2 3
3 | and |1|. Let M be the midpoint of IQ .

1 4

—
Which of the following is the vector OM?

8 4
| |
A - | c. -
2|1 2 |°
7 9
8 4
B. 1 D, 1
2 |! SRR
7 9



Gladys is looking at the relationship between two lines, L} = a; +Ab and Ly = a + otb; where

A and o are constants. She finds the following pieces of information.

- The ratio of g; to g3 is 3.

- When solved simultaneously, there is no solutions.

- The dot product of b and b, is not zero.

Based on her information only, which of the following relationships between L; and L, is

guaranteed to be true?

A. Parallel.

B. Perpendicular.

C. Skew.

D. None of the above.

Consider three unique unit vectors, g, b and ¢. It is known thata-b =0and ¢-b = 0.

Which of the following is false?

A, agac=1



A square based, right pyramid OABCD is placed with its square face in the xy plane as shown

below. All sides of the pyramid are unit length.

v

Let M be the point on the triangular face, CBD, that is equidistant from B, C and D.

—
What is the vector OM?

A (si+3j-v)
TR
C. é(5~'+3j—|—\/§/§>
D (5i-3j+ V%)

End of Section I



Section 11

43 marks
Attempt Questions 6 — 8

Answer each question in the appropriate writing booklet. Extra writing booklets are available.

Question 6 (14 marks) Please begin a new Writing Booklet.

(@) Letg=6i—3j+kandb=—4i—2j—3k

(i) Find 3g —2b.

(ii) Evaluate a- b showing full working.

(iii) Itis known that Ag+ ub is a vector parallel to the y/z plane. Find the smallest possible

positive integer values of A and u.

(b) The points A = (3,2,7), B=(1,—3,-3) and C = (4,5, 13) are co-linear. Find the value
of A.

(c) Consider the following vectors ¢ = 2i — j+4k and b = —2i —2j + 3k.

(i) Find the vector projection of b onto a.

(i) Hence or otherwise, find the values of A and ¢ where b=Aa+candag-¢=0



-2 -3 3
_>
(d) Consider the position vectors OA = | —1 |, 0? =11/ and 0? =13
2 1 -1

(i) Find the parametric equations of the line passing through A and B.

(i) Does C lie on the line found in part (1)? Justify your answer.

End of Question 6



Question 7 (15 marks) Please begin a new Writing Booklet.

(a) Consider the following two lines.

2 2 -2 3
Ly:|—1|+A |2 |andlp: | 1 |+u|—4].

3 —1 -3 -2
(1) If it exists, find the point of intersection between L; and L.

(i1)) Hence or otherwise state the relationship/s between L; and L, justifying your answer.

(b) Consider AABC, where A, B and C have position vectors g, b and ¢ respectively.

The points M, N and P are the midpoints of AC, AB and BC respectively.

(i) Show that BM — (@+c)—Db.

| =

(ii) Show that BM +CN + AP =0



(c) The plane P; contains the points A = (1,4,—2), B=(—3,0,6) and C = (—1,2,—4)

(1) Find the Cartesian equation of the P;.

(i) P is a different plane that contains the points R, S and 7. However, those three
points are not sufficient to find the equation of P,. State the relationship between R, S

and 7.

(ii1)  Ps is another plane with Cartesian equation 3x — 2y 4z = 5. Find the acute angle

between P; and P; correct to the nearest degree.

(d) State the centre and radius of the sphere 2x% 4 2y> + 27> —4x+y — 127 = —2.

End of Question 7



Question 8 (14 marks) Please begin a new Writing Booklet.

2sint

(a) Consider the vector equation r(f) = |2cost | -

sin 2t
(i) Find the Cartesian equation of the curve.

(i) Find the cartesian equation of the tangent to the curve when t = 7

(i11) Find the point/s at which the tangent to the curve is parallel to the x-y plane.

(b) Consider the following two lines.

3 -1 4 2
rn=|-4|+A| 2 |andrn=|0 | +u |—2| where A, u € R.
3 3 -2 —1

Let the point P lay on r; with parameter p and let the point Q lie on r, with parameter q.
(i) Find I@ in terms of p and q.
(i1) Find the values of p and ¢ when @ is perpendicular to both r; and r».

(iii)) Hence find the minimum distance between the lines.

10



(¢) In the diagram, OPQR is a trapezium where 0? =P, 0? =rand (ﬁ is parallel to @

Let the diagonals of the trapezium intersect at A.

(i) Show that the vector equation of the line OQ can be written as [ (1) =1 ( p+A r)

where t,A € R.

(i1) Prove by vector methods that the point of intersection of the diagonals of a

trapezium lies on the line passing through the midpoint of the parallel sides.

End of Exam

11
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Measurement Financial Mathematics
Length A=P(1+r)
[ = i X 27r
360
Sequences and series
Area
_A=J1xﬂﬂ T =a+(n-1)d
360
h
Aza(a+b) Sn=%[2a+(n—l)d]=%(a+l)

Surface area T =ar"!
A = 27r* + 27rh ( ) ( )
a(l-r") alr"-1
A = 4nr? S = = r#l
" . I-r r—1 g
Volume
1 s=—2_|r|<1
V=—Ah r
3
V= i7[;’3
3
Functions Logarithmic and Exponential Functions
[12
‘= —-b b —4ac log,a* = x = 8"
2a
log,x
For ax’ + bx*>+ cx +d = 0: log,x= log,a
a+ﬁ+y:—§
at = exlna

c
aﬁ+ay+ﬁy:E
and aﬂy=—%

Relations
(x—h)2+(y—k)2=r2




Trigonometric Functions

SinA:%, COSA :a—dj’ tanA:ﬂ
hyp hyp adj
1
A=—absinC o
2 2 45
a b c
= = 45°
sinA sinB sinC L
¢ =a*+b*-2abcosC
2 2 2
a+b°—c
cosC= ————— o
ab 30
2
[=r0
A= %ﬂe 60° ]

Trigonometric identities

SecA = , cosA#0

COS

cosecA = ,1 ,sinA#0

sinA

COSA
COotA =
sinA

2

,sinA#0

cos?x + sinx = 1

Compound angles
sin(A + B) = sinAcos B + cos Asin B
cos(A + B) = cosAcos B — sinAsin B

tan(A + B) = tanA +tanB
l1—tanAtan B
If z‘=tané then sinA = 2
2 1412
2
COSA = —!
1412
tanA = 2
1-¢2

cosAcosB = %[COS(A — B) +cos(A + B)]
sinAsinB = %[COS(A — B) —cos(A + B)]
sinAcosB = %[sin(A + B) + sin(A - B)]
cosAsinB = %[sin(A + B) —sin(4 — B)]
sin®nx = %(1 — cos 2nx)

cos’nx = 5(1 + cos 2nx)

Statistical Analysis

An outlier is a score

o less than O, — 1.5 X IQR
or

more than O, + 1.5 X IQR

Normal distribution

3 02 -1 0 1 2
e approximately 68% of scores have
z-scores between -1 and 1
e approximately 95% of scores have
z-scores between -2 and 2
e approximately 99.7% of scores have
z-scores between -3 and 3

E(X)=pu

Var(X) = E[(X - u)’] = E(X?) - u?
Probability

P(4 2 B) = P(A) P(B)
P(AUB)=P(A)+ P(B) - P(ANB)
P(A|B):M P(B)#0

P(B)

Continuous random variables

P(X<r) :J’ J(x)dx

b

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

a

Binomial distribution
P(x=r)="C,p'(1-
X ~ Bin(n, p)
= P(X=x)

p)n—r

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



Differential Calculus Integral Calculus
Function Derivative 1 |
[ et Lswree
_ n Q _ ,(x)[f(x)]n—l n+l1
y=7) dx n/ where n # -1
dy dv du r
y=uv P S(x)sin f(x)dx = —cos f(x)+c
y = g(u) where u= f(x) Z—y:?x% o
roan A F'(x)cos £(x)dx = sin f(x)+c¢
du_ dv “
_u dy _ vdx dx -
Y= dx )2 F/(x)sec? £(x)dx = tan £(x) + ¢
: dy _ .,
y=sin /() Lo fcos )|
f’(x)ef(x)dx =Wy
y = cos £(x) L sin f(2)
o r
dy j;(((;))dlen\f(x)Hc
y =tan f(x) E=f’(X)Seczf(X) v
( ) i a’ ™)
y:ef(x) Z_i: ff(x)ef(x) d ya (x)af( )dx = na +c
_ dy _ f'(x) ,
y=Inf(x) el W)
J \/az —[f(x)]2
y= a/ Z_y — (lna)f'(x)af(x)
x ’
J—2 f[ (x) ]2 dx = %tan_1@+c
_ dy __S(x) a”+|f(x)
y=log,/(x) dx  (Ina) f(x)
dv du
b= sin! /() Z_y:Lx) Juadx—uv—‘[vadx
*-[F@F
b
y=cos™! £(x) Z—y - S > J S(x)dx
TNI=[A)] ‘
b—a
: |l )
y=tan™! £(x) 2L
X 1+[f(x)] where a =x,and b =x,




Combinatorics

np — n!
" o(n-1)
n n!

Vectors
[u| =] xi+yj| = 22+

u-y =[ul[y|cosd = x5, +3,,

where u = x,i+y,j

and vy =x,i+y,J]

r=a+i

1S

Complex Numbers

z=a+ib=r(cosf+isinh)
= re'?
[r(cos@ + isin 0)]” = r"(cosn@ + isinné)

— rneme

Mechanics

d’ dv dv d (1 2)
—2 = =sy—=—| =V
dt= dt dx dx\2
x=acos(nt+a)+c
x=asin(nt + a) + ¢

X=- 2(x—c)
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