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Instructions

Answer all questions in the spaces provided.

Write your responses in English.

Unless otherwise specified, an exact answer is required for each 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 2, where g=98

Question 1 (4 marks)

Consider the curve with equation xe " + y2e* = 8e*.

Find the equation of the tangent to the curve at the point (4, -2).
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Question 2 (3 marks)

Consider the following two lines, L1 and L.

L passes through the point 41(2, 3, 1) and has directionu=1+2j—

s

ion

L> passes through the point 4>(1, 3, 2) and has direction v=—1—j+

Find the coordinates of the point of intersection of the two lines.
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Question 3 (5 marks)

A particle starts from rest at a fixed point O and travels in a straight line.

The velocity, v m s™!, of the particle at time ¢ seconds has equation v(¢) =

N

where £ is a positive constant and ¢ > 0.

a. Use integration to show that the displacement, x metres, of the particle relative

to O is given by x(¢) =Vt* +k —Jk. 1 mark
b. Find the initial acceleration, in terms of &, of the particle in m s™2. 2 marks

c. Another particle starts at O at the same time as the first particle and follows the
same path.

Its position relative to O is described by the equation s(¢) =¢.
Three seconds after leaving O the second particle is 1 m ahead of the first particle.

Find the value of £. 2 marks
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Question 4 (5 marks)

The waiting time, 7 hours, to see a particular doctor at a clinic has a distribution with
a probability density function f'defined by

0 , elsewhere

: . 1
a. Use integration to show that E(7) = 5 3 marks
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b. For random samples of 25 waiting times, it may be assumed that the sample means
are approximately normally distributed.

Find the probability that the average waiting time for a random sample of 25 patients
is between 0.44 hours and 0.5 hours.

Use c=03and Pr(Z<1)=0.84 2 marks
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Question 5 (4 marks)

The position vectors of particles P and Q at time ¢ seconds are given by
p(t) =+ at*)i—jand t o) = (bt +20) i +(21* +ct+1) ],

where t>0and a, b, c € R.

The particles collide when 7= 1.

a. Show that for collision to occur when ¢ = 1, the value of ¢ is —4. 1 mark

When the particles collide, their velocities are at right angles to each other.

b. Find the two possible values of a for collision to occur when # = 1. 2 marks
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c. When the particles collide at # = 1, the magnitudes of their accelerations are equal.

Find the values of ¢ and b for collision to occur when ¢ = 1. 1 mark

Question 6 (4 marks)

Find the volume of the solid of revolution formed when the area between the curve

y= /%ngx) and the x-axis from x = 1 to x =+/3 is rotated about the x-axis.
1+x

b

) . ar
Give your answer in the form ——, where a,b,ce Z*.
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Question 7 (4 marks)

Use mathematical induction to prove that

Z(i+l)2 :én(an +9n+13) forn e N,
i=1

where Z(i+1)2 =22 4324424+ (n+1)2.
i=1
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Question 8 (5 marks)
Consider the function with rule f(z) = z* + 6z% + 25, where z € C.
a. Consider z; =1+2i.
Plot and label z; and z, on the Argand plane below. 1 mark
Im(z)
A
4
2
> Re(z)
4 2 © 2 4
-2
—4
b. Given that 1 + 2i is a solution of f(z) =0, find a quadratic factor of f(z). 2 marks
c. Hence, find all remaining solutions of f(z)=0. 2 marks
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Question 9 (6 marks)

X +x2-2x
2

Let /:R\{-L1I} >R, f(x)=

a. Show that f(x) can be written in the form f(x)=—-x—-1+ Ll’ for xe R\{-1,1}. 2 marks
X+

)

(o)

S

S

g

b. Consider the function with rule ?—D.:
3, .2 =
TAX I R\ =

g(x)= 1—-x =
k , xedl} =

o

Qo

Find the value of k& such that the graph of g is continuous at x = 1. 1 mark
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c. Sketch the graph of y = f(x) on the axes below.

Label the asymptotes with their equations. 3 marks
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End of Question and Answer Book
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Formula Sheet VCE Specialist Mathematics Examination 1

Mensuration

area ofa ﬁ(@ —sin (9)) volume 4 I
circle segment 2 of a sphere 3
volume of 2h area of l besin (4)
a cylinder a triangle 2
volume of a cone 1 wrh sine rule 4 b _ . ¢
3 sin(4) sin(B) sin(C)
volume . 1 Ah cosine rule ¢ =a* +b* —2abcos ©)
of a pyramid 3

Algebra, number and structure (complex numbers)

z=x+iy=r(cos(0)+isin(0))=rcis(0)

|z| =Jx*+y?=r

—-T<Arg(2)<nm

2,2, = I, Cis (91 + 02)

de Moivre’s theorem z"=r"cis(n0)
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Data analysis, probability and statistics

for independent random
variables X, X,, ..., X,

E(aX,+b)=aE(X,)+b
E(ale +a Xy +...+a,X, )
=aB(X))+aE(X,)+...+a,E(X,)

Var(aX; +b)=a*Var(X))
Var(a X| + a, X, +...+a,X,,)
= alear(Xl) + aszar(Xz) +...t+ anzVar(Xn)

for independent identically
distributed variables
X,X%5, .., X,

E(X,+X,+...+ X, )=nu

Var()(1 +X2+...+Xn):na2

approximate confidence
interval for u

distribution of
sample mean X

mean E(X)=u

variance
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Formula Sheet VCE Specialist Mathematics Examination 1
Calculus
1
d(xn):nxn_1 J.x"dx=—x"+1+c, n#-—1

dx n+l

d " 1

—(eax):ae”x e“dx=—e"+c

dx J a

d 1
E(loge (x))= .

Lo log, |x|+¢
X

o (sin (ax)) = acos (ax)

sin (ax)dx = 1 cos(ax)+c
a

%(cos (ax))=

—asin (ax)

cos (ax)dx = 1 sin (ax)+c
a

% (tan (ax)) = asec® (ax)

sec’ (ax)dx = 1 tan (ax) + ¢
a

% (cot(ax))=

—acosec’ (ax)

cosec? (ax)dx =— 1 cot(ax)+c
a

o (sec(ax)) = asec(ax) tan (ax)

J. sec(ax)tan (ax)dx = 1 sec(ax) +c¢
a

o (cosec(ax)) = —acosec (ax) cot (ax)

J. cosec (ax) cot (ax) dx = — 1 cosec (ax) + ¢
a

a

i(sin—l (ax)) -4
dx J1-(ax)?

J‘;dx =sin~! (fj
/aZ _ X2 a

+c,a>0
—(cos_1 (ax))=_—a ! dx = cos ™! (£j+c, a>0
dx 1—(ax)? I Ja? - x? a
d -1 a " _1()&')
—(tan" (ax)|=——= de=tan | — |+c
dx( ( )) 1+ (ax)* Ja?+ x? a
(ax +b)" dx = ! 1)(ax+b)"+1+c, n+-1
L4 +
1

J

ax +

bdx=éloge|ax+b|+c
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Calculus — continued

duct rul d(uv) udv+vdu
roduct rule — =uU—+v—
P dx dx  dx
du dv
. V— —U—
quotient rule d (z] __dx dx
dx \ v V2
chain rule & = &b X du
dx du dx
d d
integration by parts Iu Ly =uv- jv A i
dx dbx
If@:f(x, »y),xy=aand y,=b,
dx
Euler’s method thenx,,,=x,+hand
Yn+1 = Vn +h Xf(xrw yn)
; 2 2
arc length parametric I ’ (@j + (ﬂj dt
4 dt t
. . % dy Y’
surface area Cartesian about x-axis I 2y, |1+ (d_yJ dx
X X
Y2 da 2
surface area Cartesian about y-axis 27mx, |1+ (—xj dy
N dy
surface area parametric h dr Y’ dy ?
about x-axis ; 2ry \/ (_tj * (_t dt
surface area parametric h dx \’ dy ?
about y-axis ; Zﬂx\/ (_,j - (_t di
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Formula Sheet VCE Specialist Mathematics Examination 1

Kinematics
. d’x dv dv d(1 ,
acceleration a=—F=—=v—=—|—v
dt dt dx  dx\2
1 5
v=u-+at S=ut+—at
constant 2
acceleration
formulas , 1
Vvi=u"+2as S=E(u+v)t

Vectors in two and three dimensions

1) =x(O1i+ y(@)]+ z(Nk

()] = yx(0) + y(0)* + 2(2)?

for ry=x 1+ yj+zk

and £, = xp1 + ypj + 25k

vector scalar product

r,.1,= ‘gl“g2‘cos(0):xlx2 + 0y, + 2,2,

vector cross product

Ij k

L=% N 3 :(ylzz_yzzl)i+(XZZI_XIZZ)J+(x1y2_xzyl)ls
Xy Vo &

vector equation of a line

t(t)=1,+11,= (xl + xzt)i + (y1 + yzt)j + (z1 + zzt)lg

parametric equation
of aline

x(f) =xy + x5t YO =y, +y,t z(O) =z + 2zt

vector equation
of a plane

r(s, f)=1,+s1, +11,

:(xo +x;8 +x2t)i+(y0 + s +y2t)j+(zo +z8 +zzt)lg

parametric equation
of a plane

X(S, ) =Xg+x18 +Xo0, Y(S,8) =Yo+ V1S +at, z(5,0) =2y + 25 + 25t

Cartesian equation
of a plane

ax+by+cz=d




VCE Specialist Mathematics Examination 1 Formula Sheet Page 7 of 8

Circular functions

cos’ (x)+ sin’® =1

1 + tan’ (x)= sec? (%) 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)+tan(y) __ tan(x)—tan(y)

A ) = an () tan () By = an () tan ()

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

cos (2x) = cos” (x) — sin*(x) =2 cos”(x) — 1 = 1 -2 sin*(x) =~ tan(2x) = %
sin’ (a2) = %(1 —cos (2ax)) cos? (ax) = %(1 +cos (2ax))

End of Formula Sheet
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