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12 SPECIALIST TEST 2

CALCULATOR FREE 2023
Question 1 (10 marks)
Consider the points A =(1,4,7) B =(-2,4,10) C=(34 2) D=(407)
a) Determine the equation of the plane containing points A, B, C in the form rm=k (3 marks)
6
/4—8—) = B - A \/ AC = C - A
= ¢-3,0,3) T <2,0,°87
2 x AC ¢-3,0,35
_ /4 X = - ’ 0, - /
4 T = o, - o
x{2,0,-5) <o, -1, b
a.n = <y, ¥)<0,-9,0)
N / 2 vectors on p/c'mc”
= =3
° o pross prodvci
(n)
9'- r e o . " q: o = ‘3 é "
~ ¢ 4 / \/ éc‘/o’aflcf"' of
or ,C ) <0, I,O> =y Plan(.
b) Determine the equation of the line going through points € and D. (2 marks)
— —
P r = ¢ + A CP cD = D-C
p ~ ~
-2 7 =L, 4%, 5 D
ﬁy,/ z (3,q/2>+ ),<l,"1‘/5>
’G

\/ 7‘%.’ L:g or DC

v equation of
/ir”\f

Page 2 of 4




CALCULATOR FREE 2023 12 SPECIALIST TEST 2
Determine an un-simplified expression for the angle between the plane and the line found in
(2 marks)

c)
parts a) and b) respectively.
$4AQ_ &”3/5 between F/a,n( £ line =@
// A2
e B . n = /C_g//ﬂl cos «

7 e of clot

- L,l v,
P Vo dect .:/»0 v X

6: 90 ﬂcos*m

d) Determine the equation of the sphere that has AD as its diameter. (3 marks)
o AD = D - A J4B | = Jariero
i :(3/——4/O> = 5
7 \
( ‘g s.oradivs = 25
A ,\ | ">“? D
\ / oM = Centré
{ , - { =
. = 0A + % AD
1’// LU TPt 3 L3, -4,0)
. :<;Iq/?>+(§/'2,a)

-5

11
(AN}

<% .2, 1>
\/fav radivs

3 |43 ]

\/ Correct ceniré

\,/ egn 0—/ sphere
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CALCULATOR FREE 2023 12 SPECIALIST TEST 2
Question 2 (6 marks)
Consider the following system of equations

3x —4y+z=10

6x — 8y + kz =20, wherek ER

2x+8y—2z=4

a) If k = 2, describe the type of solution the system produces and state the geometric nature of the

situation. (Note, do not find the solution). (2 marks)
B, =10
o L{fj T : \2)(2 = Same plante
6 x —8& t Z% =20
2o + 8\(7 - Z} =4 —» lefer!ﬂf \//r)f,ni‘fc" L}'](?‘t"?f/
lalf)f
Infinite Solvtions along a bire V deseription of
é P/aﬂ(’_s.

Z planes are Fa,ra!/c’é £ same IO/Q'Q( =

) f5S + 7 lorng &4 linre.
+h o P/an(’ interseécTs thiese 2 & VU

b) Ifk=1,
1) solve the system of equations. (3 marks)
3 oy 10 - =0
& :
6 -8 ] 20 } = 0 \/"/:Or | row redl .
2 8 -2 4 , V for 2 row red
g 2 120 fon? 32y 8(e) J for (x.4.3)
) 22y < -8 = |
& -8 1 20 y__l/ (3, ’H,O)
6 24 b [ 12]p. 43 J
: . = 20
¢ -8 2,20 61-8( /9) +2(0)
o o -1 '0[R:-R, bx t 2 =20
O 22 -8 -8 25 - R, bx = 18
. % -3
ii)‘ State the geometric interpretation of your result to b 1). (1 mark)

3 lanes lnffffu"cf at a wunigue iPO/nf‘
F 7 \/umiC/‘b’@ Pf'

END OF QUESTIONS
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CALCULATOR ALLOWED 2023 12 SPECIALIST TEST 2
Question 3 (9 marks)

For this question, assume gravity does not exist — This is not a projectile motion question. Also assume
that the tip of the arrow is being defined by the vector function.

An archer, A, fired an arrow with the following vector function representing the arrow’s position,
where t represents seconds after being fired.

. 5+t
04,=| 5-2¢

5 —0.5t2
7

A spherical balloon has the vector equation |r — 1| = 1.
3

a) Determine the cartesian equation of this spherical balloon. (1 mark)

2 2 2
(I - :'l) y (y -1) ¥ (5’ - 3) =1 / cCartfesian (’(i_’ 7
@ corvrecT racivs
b) The arrow first hit the balloon 1.654 seconds after being fired. Show how this time value was
calculated, and state the time solution to 4 decimal places. (3 marks)
5+t / ? )
5-2¢t =

\/50}5 jine into

6,’7 V?'t;‘ i 4

! /
5-0-5t2 \3/

——

/
'«./E (—z+t)2 + (4 -21&)2 * (2 ~0-5t%)

{
~—

v/ ,/Sbf 5}70;\:‘.\ﬂj
[ 7 =
\" !
Use (. A.5 1o Solve
\// /653 .‘?'
%: |- 65 37 seconds
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CALCULATOR ALLOWED 2023 12 SPECIALIST TEST 2

c) Calculate the co-ordinate where the arrow first hit the balloon.

e

- Ai . 5 t+ 16537
/ o OA 5 - )
[ : 2(1-653%)
[ — . " 0.5(1.653%)°
j/‘\\tu-ém? /

/

(1 mark)

| _ \,/‘J.,"bin I 654
N (665, 1-69, 3.63) or 1165317

d) Determine the speed of the arrow when it first hit the balloon. (2 marks)
= d oA ‘
\/A (t ) ——d—{._f = -2
: ' -t
\/ veloci -f‘c/
. s ! i
Va (1-653%) ! \//V/
“1-6537
j Va ““53”/ : F+q+(w653?)’ T 2-78 ms
e) Determine the total distance travelled from when it was fired to when it first hit the balloon.
The distance formula is f: lv(t)|dt (2 marks)
16537 1.6537
J/VA (t)|dt : fﬁ—t)’ At

o ¢

\/[ofwec t in fif/f'a/
@ IjOU;/]dC“/"gﬁ‘
T y-0lm

\/ —_—
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CALCULATOR ALLOWED 2023 12 SPECIALIST TEST 2
Question 4 (10 marks)
On the moon, gravity accelerates all things downward at 1.62m/ sZ.

A machine can launch rocks at 5m/s at an angle of 6° to the positive x axis from the origin.

a) Show how the displacement of the rock after t seconds can be shown by
r [ Breos(U)t ] meters 0 (3 marks)
= €
—0.81t% + 5sin(8) ¢ : a(t) - (—:-ez) —
O 1
\/(f): fﬁ(f} dt = f(_l_éz) dt \ 5ml :55,n9
~ e )

T 5cosb

z O }
[—I-éZt] t L 3 5 cos 6
v, —[’
~ 551/‘!9
= 5cos 6
55!ﬂ9 - 1'62{]

5 ¢c05 6 i &
) [, °
j[55m9-;-(,24_] dat Le [0]
[/5fosé)t
/5 SIﬂQ)f - O'Bltz 4 ¢
\/ (-'z‘(f)

r(t) = [yee) dt

L]

- [/5 cos 0t
(5emo)t - d'e/tzj \/ \/(-&) with €

J () withc

On a flat ground, a rock was launched at 56° to the positive x axis.

b) Calculate when the rock was at its highest point. o (2 marks)
MAX o=56
[ F (5 cos 66°) t o
(5 8in 56°)t - 0-81t° 7

\/ vs5és J (‘c’én’?f)ﬂﬂ?z]‘)"
{max ((5 sin 56°)t - 0«8f¢7 5 t)
\/ 2 56 sécs

f = 2-56 seconds
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CALCULATOR ALLOWED 2023 12 SPECIALIST TEST 2

c) Calculate the horizontal distance the rock travelled when it first hit the ground. (3 marks)

hlahé 5t

/‘\ \/[C’rn’C“I‘ t

6 J sobs tinte x

— N

2:-56 t=2x2-5é cﬁ‘(wrnponer’)f

=6.12
vV ___m

RN R I i
0 o

Sy -372m

d) Using the fact that fMax(sin(a) cos(@)) occurs when a = 45°, prove that launching at an angle
of 45° to the positive x axis will lead to the rock travelling the furthest horizontal distance.
(2 marks)

Hom:}ion*a/ Com/oone/?f = -0:81({2 + [5 s1n'B) f
Hits 3r0(//’)d when -0 8It? 4+ (Gsing) t = O

t (5 51N - 0-81t) = 0

t =0 oR G sinG -0-8It =0
t =606
0+8l

Horrj)oﬂ'}a} distanct = (5 cos B )t

g
\/fzoiv, ng for t

5 (Osé (M) \/’t into —

0-81- distancé

= 25 ((059 s,ﬂe)-’v Ma)l/mu’ac’d When
0-8l 0 = 45°

Hor,Son%m distance maximised
when 645" Page 5 of 8



CALCULATOR ALLOWED 2023 12 SPECIALIST TEST 2
Question 5 (8 marks)

A hydraulic press can create a huge crushing force s W i
between two flat surfaces. 4 '
Typically, the bottom plate is fixed whilst the top plate
moves.

Consider two parallel planes which represent the two
parallel surfaces of the hydraulic press:

3 6
r.[5]=2 and r.[10]=k, k>4

6 12
a) Explain mathematically why these two surfaces are parallel, and explain which plane represents
the top, moving plate. (1 mark)

6 _
- [2] Pr p- [ 4]k
this P/an( 15 MO\/lﬂj a s

. Je6] 3
P, n- 33]:2[65] / k 15 a changing variable /

normals are para:‘le'
planes are parallel Ex,o/ama-hm

A of both needed for |

i le

A spherical marble of diameter 10cm is trapped between the plates but has not yet been crushed.
b) Determine any possible vector equation for a sphere representing a marble of diameter 10cm

trapped between the two planes. (4 marks)

A  Point on plant (-I) ¥ covld make any
nomber of porn 15 .
2[2] ;. We need apont 5 onits away from A,
6

7Lra\/€/11nj a/oni [5] (E_ +o Pl@nz)
/A" l I 3
— Centre of 5Phé S [ '] + 5 (\J—%)[f

] "
3-99
- JFo 3-59 ‘/P" on plan€
: 8.3é? \/u‘m:f vector 0,0/0
/1 i
o- 19
‘ 3 | = ..‘—- -.. ,/f - 3-99 - 5 \/ centré
Lol Tm |~ 3.59 "
‘ \/L’Cl’/) of spher
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CALCULATOR ALLOWED 2023 12 SPECIALIST TEST 2

c) Determine the value of k. (3 marks)
B - W a t 10 ovnits away From A
/ ? / X ¢ need a Pj/f; Y o rvi P
/ i n o2
o fraveiting slong T2l (4 b place)

>

A /’ = -1 / ’
e e

. 2:5%
B (ew?a)
317
2-59 \/ sub B into
(6 I8 ( egn of aplant:

. ko= 171-33
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2023 12 SPECIALIST TEST 2

CALCULATOR ALLOWED
Question 6 (5 marks)
3+ 2t
A fly is travelling with a position vector of OF; = | —3 + t | and a wasp is hunting it with a position
7 + 0.5t
8+ 1.2t
vector of OW, = |15 — 1.88¢|.
4+ aet
If there is a collision, determine a and the time when the collision occurs. (2 marks)
OFy = OWy 3+2¢ = 8+ 121
t = 6:25
Vot
Lo+ ¢ RHER = c5(6-25)
bt oae 7+0:5(6-25) \/a
a:=0-018
b) Determine the initial velocity of the wasp. (1 mark)
1-2 o
\/owi ) ~/ 88 \‘/W[O) s '1'35 >
’ 60118
\O-OlIfe

/ Vo

When hunting, a dragonfly predicts the future location of it’s target and flies in a straight line to collide,

travelling at a constant 3m/s.

(o) A dragonfly is also hunting the fly. If the dragonfly starts at the location (1, 5, 3), determine a
system of 4 linear equations that would be solved to find the velocity of the dragonfly and the

time of collision between the dragonfly and the fly.
DO NOT SOLVE THE EQUATIONS. (2 marks)
I+ at 2 52
00D, ° 5 bt cooat v b v’ s o3 S magnitvdé
ERM equat!er
ct
Z 478 - | +at V' 3 egns fro™
C
- L,J-
N 3 1 -t i 5 % bt C‘o;y)/:703’1€57f5
7 +05t -3 +ct

END OF QUESTIONS
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