Mathematics Specialist Units 3,4
Test3 2019

Calculator Assumed
Vector Calculus

STUDENT’S NAME SOLUT(OMNS

DATE: Wednesday 15" May TIME: 55 minutes MARKS: 54

INSTRUCTIONS:

Standard items: Pens, pencils, drawing templates, eraser

Special Items: Three calculators, notes on one side of a single A4 page (these notes to be handed in with this
assessment)

Questions or parts of questions worth more than 2 marks require working to be shown to receive full marks.
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(12 marks)
Consider the following system of equations:

X+ y+ z=2
x+2y+ (k=5z=2
3x+2y+(k*+3)z=k+9

(a) Represent this system as an augmented matrix and reduce it to row-echelon form. [3]
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(b) Determine the value/s of & for which the system will have

()  nosolution &£ Ao =0 £+2 fo [3]
(B 3)XFh2) = o £ #-3

’Z = - 3: 2 ,,‘ % - 2
(1)  aunique solution ) [2]

«£ + £ - & # 0O

4 # 2 -3
(ii)  infinitely many solutions Y z+ Dot -0 4z = 2]
g = 21 -3 'é = -3
2 % =~3
(c)  For the value of k obtained in (b)(iii), explain why the system of equations has

infinitely many solutions. [2]

TUERE 18 A CoOMMON  LinE OF 1WTERSECT70 4/

o THE X PLAMNES,

Page 2 of 7



(10 marks)

As part of a stunt in a movie, a car is driven off a cliff 80 metres high at a horizontal speed of
20 m/sec. Assume acceleration due to gravity is 9.8 m/sec?. Determine each of the following
using vector calculus:

(a) the velocity vector and the displacement vector t-o : [4]
o= -98T + ¢ v g0y
102 © =rc ' vz 207
o= -7 8y

vt Jon -9'37:“
>
JoT i ~j_’_-_§f rc
2

-,
Il

W

503‘ - 0 -0 &

v = 2ol4 (?0 '4’%72)4‘

(b)  when the car hits the ground [2]
2
g0~ 497 =0
T = 404 aec

(c) how far from the edge of the cliff the car hits the ground [1]
Zox F-0F = Gu§,

(d) the speed of the car when it hits the ground 2]
V(a.04) 2 dod - 396 prol([.?gQB‘?'é])

= . 62.2°
SPREDN = 44-4‘»«/&2:, [M 4+ L »2]

(e)  the angle of travel at the instant the car hits the ground [1]

63.2°
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(20 marks)

The position of a small body at any time ¢ seconds is given by

r(t)=24sin(%t)i+24cos(zt6—t)j, 120

(a)  Determine an expression for the velocity v(z) of the body. [2]
v(t) = 47 e ﬂg N %7“

(bj What is the speed of the body when ¢ = 4, and what angle to the x-axis is the body
' moving at this instant?

, < [4] A
v (+) 3 2 }
o /__» LA ’ ’ITK 5-'2: g
= AN~z - A = 3 0/ c
/
= - a’z 7(_ - ’?\S-E ?T‘
[via)] = 4T
ANGLE To X-~AxiS = —é—‘?
(c) Determine the distance of the body from (0,0) at any time 7, and interpret this result in
terms of the path described by the body. [3]
- : ﬂi z 24Cen 7T
’_;(__i = ot féf Y * . en’rt
a* 2a*
.2 2 .~ -
fe o+ cnte = o RADIVS = 04 (cevTrE OF
5 > ¢ RelE (0,0) )
-
24" 200
2 2 - :
Loy = 24 CIRCULAR
(d) Using the result of (c), determine the direction of movement of the body. [2]
v !
rlo) = 24, 1 s )
~ ( O) = AT < ?)

;1/ ' / >’>(
o CLOCKW ) SE (q/

(¢)  Determine r(t) o v(1)

- ~ (2]
244]&/\-‘%\ 4-17 C’A’J% )
v con o )" \camal nt
6 2
o 2w 4 s DT gl _ dexam g IU e T
) 6 3 8 Z
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® Explain the significance of the answer to (e).
» Y PERPEMDICULAR To VT

o AV TANGEMO T To CrRcté

(g) Determine J. 2v(z‘)dt and interpret the answer.
(8 et
} / y > / 24 )

- nJz< - oy
DISPACEHENT VECToR From v(o) To v(2)

. T T
() Explainwhy [ (o)}t > jo v(t)dt forall T > 0.

[2]

(3]

(2]

g/qr(vr)/o(’f s mae cewery eon (o) 1o v (7)
(9]
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(12 marks)

The acceleration of a particle at time ¢ seconds is given by a(f) = —4i + 24 , where distances
are measured in centimetres. At =0 the particle is at the origin and has a velocity v(f) =2i + j

(a) Determine the velocity of the particle when ¢ =2 [2]
S oate tHY v =
24 & c}' = o - O ~ C ree .
V= Qa4

fU'(’f) = (2"4%)4', + (TZM)&'

v(2) = -6+ gé‘

(b) Determine the position of the particle when it is moving parallel to the vertical axis [4]
2y . ? \
'Y"('f) = (3(\'97 )/L = (_;L- ++)3 +
+ o

o = O + <

1

()

< Gt-att)e o« (Fo4))

i)

v(+) (soat)i v (Tei)y

J~at =0
4ot

v(%) =05< + 8 3‘
2%

() Explain why the particle can never move parallel to the horizontal axis [2]

‘f’zw = 0
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(d)  Sketch the path of the particle for 0<#<2 [2]

y
6 H
N +(5)
: X
4 2 g 4
=2
(e) On the axes above sketch v(0.5) (2]

vlos) = (25,
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