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QATs VCE Specialist Mathematics Practice Examination 1, Units 3 and 4

Instructions

Answer all questions in the spaces provided.

Unless otherwise specified an exact answer is required to a question.

In questions where more than one mark is available, appropriate working must be shown.
Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Take the acceleration due to gravity to have magnitude g m/s?, where g = 9.8.

Question 1

a. Sketch the graphs of f(x) = x + % and g(x) = 4, on the axes below, showing any relevant

asymptotes, turning points and/or points of intersection between f(x) and g(x).
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3 marks
b. Find the volume when the area bounded between f(x) and g(x) is rotated about the x —axis.

2 marks
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QATs VCE Specialist Mathematics Practice Examination 1, Units 3 and 4

Question 2

In the diagram below, OABCDEFG is a cube of side length 2 units.

Unit vectors i, j, k are parallel to 04, OC, OD respectively. Points M and N are the midpoints of AB and
DE respectively, and point P is the location on the OM that is closest to point N.

Express the following vectors in terms of i, j, k.

a. OM and ON

2 marks
b. OP

2 marks
c. PN

1 mark
©2013 Ser2SME1
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QATs VCE Specialist Mathematics

Question 3

Consider the polynomial P(z) = z3—6z-9, z€ C.

+5% find || and Arg(w).

3
T2

If w

a.

2 marks

b. Given that P(w) = 0, show that (z? + 3z + 3) is also factor of P(z).

1 mark

Hence find a, in P(z) = (z — a)(z® — 6z — 9).

C.

1 mark

{z € C: P(z) = 0} on the Argand diagram below.

d. Sketch S
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Question 4
2 _ 2
a. Show that Treosad) — €€ (26).
1 mark
. /12 2

b. Hence, find fO m .

2 marks
c. Sketch the graph of y = sec2(29),—% <0< %

v
Ir. O T X
i 1

2 marks
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. T 1
d. Hence solve the equation Troosdd) = 2foro e (_Z'Z)'

2 marks
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Question 5

Find the gradient of the tangent to the curve xy + y? + arctan(x) = 6 + % at the point (1,2).

3 marks
Question 6
Let y = xarcsin(e‘x),x = 0
c
i > in(efyx)) = 5%
a. Assuming x = 0, show that tan(arcsin(e€x)) Newrorres
1 mark
. . dy _ 'y y .
b. Hence, find the value of a given that —, = a+tan (;) where a is a real constant.
2 marks
©2013 Ser2SME1
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1oge()

c. Ify(1)= %, find the value of ¢ in the form Twhere a, b are positive integers.
1 mark
Question 7
The position of a particle at time t is given by
6t . , 6t% .
r(t) —ml‘l‘m], teR

a. Find velocity vector v.

2 marks
b. For points on the curve, find the greatest value of x.

2 marks
©2013 Ser2SME1
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Question 8

A box of mass 4 kg is resting on a rough horizontal plane. The box is pushed downwards with a force of
magnitude P newtons acting at an angle of 30° to the horizontal. The box is in equilibrium. The
coefficient of friction between the box and the plane is 0.5.

a. On the diagram below, show all forces acting on the box and label them. (You may assume that all
forces, including contact forces, act through the centre of mass).

1 mark

b. Find, in terms of P, the normal component and frictional component of the contact force acting
between the box and the plane.

2 marks
c. Find the value of P when the box is just about to slide.

2 marks
©2013 Ser2SME1
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SPECIALIST MATHEMATICS

Written examinations 1 and 2

FORMULA SHEET

Directions to students

Detach this formula sheet during reading time.
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Specialist Mathematics Formulas

Mensuration

1
area of a trapezium: 5 (a+b)h
curved surface area of a cylinder: 2nrh
volume of a cylinder: nr?h
1 2
volume of a cone: 37T°h
1
volume of a pyramid: §Ah
4 3
volume of a sphere: 57"
1
area of a triangle: 5 besind
) a b ¢
sine rule: sinA_sinB_ sinC
cosine rule: c?=a*+b%?-2absinC

Coordinate geometry

(x —Zh)2 4 (v —k)?

pz 1

ellipse:

x-h? -k?
2 _

b? !

hyperbola:

Circular (trigonometric) functions

cos?(x) + sin*(x) =1

sin(2x) = 2 sin(x) cos (x)

1 + tan?(x) = sec?(x)

cot?(x) + 1 = cosec?(x)

sin(x + y) = sin(x) cos(y) + cos(x) sin (y)

sin(x — y) = sin(x) cos(y) — cos(x) sin (y)

cos(x + y) = cos(x) cos(y) — sin(x) sin (y)

cos(x — y) = cos(x) cos(y) + sin(x) sin (y)

tan(x +y) = 1tan(x) + tan (y)

— tan(x) tan (y)

tan(x) — tan (y)
1 + tan(x) tan (y)

tan(x —y) =

©2013

Ser2SME1

Published by QATs. Permission for copying in purchasing school only.
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Practice Examination 1, Units 3 and 4

— 20 _ cinZ
cos(2x) = cos (Zx) sin“(x) 2tan(x)
= 2cos“(x)—1 tan(2x) = ——— —~
_ e 1 — tan?(x)
= 1-2sin“(x)
function sin~t cos™! tan
domain [—1,1] [—1,1] R
range [—E r [0, 7] (__ -
g 2’7 ' 22

Algebra (complex numbers)

z=x+iy=r(cosf +isinf) =rcisb

|z| =x%2+y2=r

—T<Arg(z) <m

Z1 T, 6, — 6,)
=nrrycis(6; + 60 —=_Cs(b1 — 02
2125 = 1i715Cis (01 + 6,) z, T
z™ = r"cis (nf) (de Moivre’ s theorem)
Calculus
(x™) = nx™ 1 [x"dx = ——x"1+c,n# -1

n+1

dx
d
a (e%) = qe™

1
[e%dx = Ee“" +c

d 1
a( 0g.(x)) = o

1
—dx =1
fx x = log.|x| + ¢

d . B
P (sin (ax)) = a cos(ax)

1
f sin (ax) dx = Z cos(ax) + ¢

d .
P (cos (ax)) = —asin(ax)

1
f cos (ax) dx = —Esin(ax) +c

d — 2
P (tan (ax)) = asec*(ax)

1
fsecz(ax) dx = Etan(ax) +c

©2013
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Practice Examination 1, Units 3 and 4

d 1 1
—(sin71(x)) = f—dx=sin‘1 ax)+c,a>0
dx ( ) ‘,1 — x2 /az — xz ( )
d - -1
— (cos™1(x)) = f— dx = cos™(ax) +c,a >0
dx — x2 VaZz = x2
a
< (tan~1 () = | s dr=sin @ +
dx 1+ x? as+x

product rule:

d d d
a(uv) = ua(v) + va(u)

) d v L (w) — us (v)
quotient rule: a (E) __dx dx
dx \v v2
d dy du
chain rule: dd = Ly
dx dudx

Euler’s method:

d
£=f(x),x0 =aandyy, =Db
= Xpp1 = Xn R, Yngr = Y + A (X0)

acceleration:

dzx_dv_ dv d(l 2)
dx? _dt Cdx  dx\2

constant (uniform) acceleration:

v=u+at,s =ut+%at2,v2 =u? + 2as,s =%(u+v)t

Vectors in two and three dimensions

r=xi+yj+zk

Ir| =yx2+y%2+2z2=r

r; 1, =11, c08(0) = XXy + V1Yo + 212,

dr dx  dy, dz

r=—=—i+—j+—Kk

de _dt' ) T ae
©2013 Ser2SME1
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Mechanics

momentum: p =mv

equation of motion: R =ma

friction: F <uN

©2013 Ser2SME1

Published by QATs. Permission for copying in purchasing school only. 15



Practice Examination 1, Units 3 and 4

3 marks

2 marks
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Below are sample answers. Please consider the merit of alternative responses.

Specialist Mathematics Exam 1: SOLUTIONS

QATs VCE Specialist Mathematics
Solution Pathway

Question 1

(A1)

(41)
points of intersection (A1)

(A1)

turning point
(M1)

Asymptote

2 dx

9
10 — 7z x
cubic units
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J!
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16w
3

3
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QATs VCE Specialist Mathematics

Question 2
a.
OM =2i+j, (A1)

ON =i+ 2k (A1)

Practice Examination 1, Units 3 and 4

2 marks
b.
0P = projm(O_M)
ON.OM \ —
= |=—=—=|O0M mostly correct(M1)
OM - OM
= &8 + 25 Al
= gitg) (A1)
2 marks
C.
PN - ON-OF
= 142 +2k (A1
= $i-gl (A1)
1 mark
Question 3
a.
3\2 | (V3)?
wl=J(=3)" + (%) =3 (A1)
()
Arg(w) = arctan( (_23) )+m (A1)
2
2 marks
b.
Coefficients of P(z)are real,so conjugate root theorem applies = P(w) = 0
~(z—w)(z— @) = (2% + 3z + 3) is also a factor. (R1)
1 mark
C.
P(z) = z3—6z—9
= (z—a)(z?+3z+3) expanding and equating like terms
= z22+B-a)z’+ (3—-3a)z—3a
~a = 3 (A1)
1 mark
©2013 Ser2SME1
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3 marks

Question 4

Attempt to use double angle cos(M1)
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1 mark
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b.
/12 2 /12
—df = 2(20)do
J;, 1+ cos(4 0) fo sec”(29)
1 /12
> = —f — (tan(26)) d@ mostly correct (M1)
2J), de
1
= E[tan(ZG)]g/12
- = (1)
- 2v3
2 marks
C.
¥
| |
L |
Vo [
[ II | 1
b [
i ‘\ .// E
| | !
II o T X
i n
turning point (A1)
Asymptotes (A1)
2 marks
d.
1
- =2
1+ cos(46)
= sec?(20) = 4 mostly correct (M1)
1
= cos (20) = ii
= 20 € rr
{ 3'3}
6 € (-2 (A1)
6’6
2 marks
©2013 Ser2SME1
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Question 5

dif ferentiate both sides wrt x

Practice Examination 1, Units 3 and 4

d d 1
— 2y — — =0 tl t (M1
ytax O +2y O+ 12 mostly correct (M1)
1
d RN CEED)
- = Al
dx 2 x+ 2y (A1)
— () = —= Al
Y w2 (A1)
3 marks
Question 6
a. Letf = arcsin(e€x) = sin(f) = ? = %
Using Pythagoras’ Theorem
v’f.\'p:{,”’ | opp=e x
A a1
So,
. c opp e‘x
tan(arcsin(ex)) = tan(9) = wd) = Ve mostly correct (M1)
1 mark
b.
dy d(xarcsin(e‘x)) . ¢
a = dx = arcsm(e X) + Xﬁ
= arcsin(e®x) + tan(arcsin(ex)) (M1)
y Yy
= - t. —
x + tan (x)
La = 1
2 marks
C.
(1)=2 = arcsin(e®) =~
y) =4 arcsin(e®) = 7
T
c  _ o
e¢ = sin (4)
1
log (—)
Ce (1Y) = 22 \2
~c = In (sm (4)) = > (41)
1 mark
©2013 Ser2SME1
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Question 7

a.

Practice Examination 1, Units 3 and 4

3 d(6t >_+d 6t2 \ w1
v at\1+¢3) Tact\1+¢3)) (M1)
6(1—2t3 6t(2 —t3
_ sa-2e9, ee-r), m
(1+1t3)? (1+1t3)2
2 marks
b.
. dx
maximumx = i-v =20 il 0 (M1)
= (1-2t3) = 0
t = 1/32
x(1/32) = 2V4 (A1)
2 marks
Question 8
a.
normal reaction (N)
push (F)
30°
friction (Fy) \‘h
welght (4g)
1 mark
©2013 Ser2SME1
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b.
Resolving along the plane
E. = Pcos (30°
V3
= —P (A1)
2
Resolving perpendicular to the plane
N = Psin(30°) + 4g
P
= 3 +4g (A1)
C.
Limiting Friction
E = 1N
)
V3 1/P
—P = —-(=+4 M1
2 2 (2 T4 ) (M1)
89
P = —— Al
2v3-1 “4n
©2013
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