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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	ms–2,	where	g	=	9.8

Question 1 (3	marks)
A	5	kg	mass	on	a	smooth	plane	inclined	at	30°	is	held	in	equilibrium	by	a	horizontal	force	of	
magnitude	P	newtons,	as	shown	in	the	diagram	below.

P

30°

a.	 On	the	diagram	above,	show	all	other	forces	acting	on	the	mass	and	label	them. 1	mark

b.	 Find	P. 2	marks
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Question 2 (3	marks)

Find	a	given	that	 8
16

622 −
=

−∫ x
dx

a

elog ( ),	a ∈	(–2,	4).

Question 3 (3	marks)
Find	the	gradient	of	the	curve	with	equation	 x

y
x= 






 =sin .

15
1
4

when 	Give	your	answer	in	the	form	 a b ,	
where	a,	b ∈ Z+.
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Question 4 (4	marks)
Find	the	values	of	a	and	b	given	that	z – 1 – i	 is	a	factor	of	z3	+	(a + b)z2	+	(b2 – a)z	–	4	=	0,	where	a	and	b 
are	real	constants.

Question 5 (4	marks)
Part	of	the	graph	of	 y x

x
=

+

−

1

1 24
	is	shown	below.

0.5

1

1.5

–0.5 0 0.5

y

x

Find	the	volume	generated	if	the	region	bounded	by	the	graph	of	 y x

x
=

+

−

1

1 24
,	the	lines	 x x= − =

1
2

1
2

and ,  
and	the	x-axis	is	rotated	about	the	x-axis.



2017	SPECMATH	EXAM	1	(NHT)	 6		

Question 6 (3	marks)
Find	all	real	solutions	of	tan(2x)	=	–	tan(x).
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Question 7 (5	marks)

Let	 dy
dx y= −( )4 2.

a.	 Express	y	in	terms	of	x,	where	y(0)	=	3. 3	marks

b.	 Express	
d y
dx

2

2 	in	terms	of	y. 2	marks
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Question 8 (3	marks)
A	3	kg	mass	has	velocity	v	ms–1,	where	 v x= 2arctan 	when	it	has	a	displacement	x	metres	from	the	origin,	
x	>	0.

Find	the	net	force,	F	newtons,	acting	on	the	mass	in	terms	of	x.
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Question 9 (4 marks)
The random variables X and Y are independent with μX = 4, var(X) = 36 and μY = 3, var(Y) = 25.

a. The random variable Z is such that Z = 2X + 3Y.

 i. Find E(Z). 1 mark

 ii. Find the standard deviation of Z. 1 mark

b. Researchers have reason to believe that the mean of X has decreased. They collect a random 
sample of 64 observations of X and find that the sample mean is X = 3 8.

 i. State the null hypothesis and the alternative hypothesis that should be used to test that the 
mean has decreased. 1 mark

 ii. Calculate the mean and standard deviation for a distribution of sample means, X , for 
samples of 64 observations. 1 mark
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END OF QUESTION AND ANSWER BOOK

Question 10 (4	marks)
Consider	the	vectors	

 



  





a i j k and b i j k.= − − + = + +2 3 2 c

Find	the	value	of	c,	c ∈ R,	if	the	angle	between	
� �
a and b is π

3
.

Question 11 (4	marks)
Find	the	length	of	the	curve	specified	parametrically	by	x = aθ – asin(θ),	y = a – acos(θ)	from	 

θ
π

θ π= =
2
3

2 to ,	where	a ∈ R+.	Give	your	answer	in	terms	of	a.
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Specialist Mathematics formulas

Mensuration

area of a trapezium 1
2 a b h+( )

curved surface area of a cylinder 2π rh

volume of a cylinder π r2h

volume of a cone 1
3
π r2h

volume of a pyramid 1
3 Ah

volume of a sphere 4
3
π r3

area of a triangle 1
2 bc Asin ( )

sine rule
a
A

b
B

c
Csin ( ) sin ( ) sin ( )

= =

cosine rule c2 = a2 + b2 – 2ab cos (C )

Circular functions

cos2 (x) + sin2 (x) = 1

1 + tan2 (x) = sec2 (x) cot2 (x) + 1 = cosec2 (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 ( ) tan ( ) tan ( )
tan ( ) tan ( )

x y x y
x y

+ =
+

−1
tan ( ) tan ( ) tan ( )

tan ( ) tan ( )
x y x y

x y
− =

−
+1

cos (2x) = cos2 (x) – sin2 (x) = 2 cos2 (x) – 1 = 1 – 2 sin2 (x)

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

2 2
1 2x x

x
=

−
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Circular functions – continued

Function sin–1 or arcsin cos–1 or arccos tan–1 or arctan

Domain [–1, 1] [–1, 1] R

Range −





π π
2 2

, [0, �] −







π π
2 2

,

Algebra (complex numbers)

z x iy r i r= + = +( ) =cos( ) sin ( ) ( )θ θ θcis

z x y r= + =2 2 –π < Arg(z) ≤ π

z1z2 = r1r2 cis (θ1 + θ2)
z
z

r
r

1

2

1

2
1 2= −( )cis θ θ

zn = rn cis (nθ) (de Moivre’s theorem)

Probability and statistics

for random variables X and Y
E(aX + b) = aE(X) + b
E(aX + bY ) = aE(X ) + bE(Y )
var(aX + b) = a2var(X )

for independent random variables X and Y var(aX + bY ) = a2var(X ) + b2var(Y )

approximate confidence interval for μ x z s
n
x z s

n
− +









,

distribution of sample mean X
mean E X( ) = µ
variance var X

n( ) = σ
2
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END OF FORMULA SHEET

Calculus

d
dx

x nxn n( ) = −1 x dx
n

x c nn n=
+

+ ≠ −+∫ 1
1

11 ,

d
dx
e aeax ax( ) = e dx

a
e cax ax= +∫ 1

d
dx

x
xelog ( )( ) = 1 1

x
dx x ce= +∫ log

d
dx

ax a axsin ( ) cos( )( ) = sin ( ) cos( )ax dx
a

ax c= − +∫ 1

d
dx

ax a axcos( ) sin ( )( ) = − cos( ) sin ( )ax dx
a

ax c= +∫ 1

d
dx

ax a axtan ( ) sec ( )( ) = 2 sec ( ) tan ( )2 1ax dx
a

ax c= +∫
d
dx

x
x

sin−( ) =
−

1
2

1

1
( ) 1 0

2 2
1

a x
dx x

a c a
−

= 





 + >−∫ sin ,

d
dx

x
x

cos−( ) = −

−

1
2

1

1
( ) −

−
= 






 + >−∫ 1 0

2 2
1

a x
dx x

a c acos ,

d
dx

x
x

tan−( ) =
+

1
2

1
1

( ) a
a x

dx x
a c2 2

1

+
= 






 +

−∫ tan

( )
( )

( ) ,ax b dx
a n

ax b c nn n+ =
+

+ + ≠ −+∫ 1
1

11

( ) logax b dx
a

ax b ce+ = + +−∫ 1 1

product rule d
dx
uv u dv

dx
v du
dx

( ) = +

quotient rule d
dx

u
v

v du
dx

u dv
dx

v






 =

−

2

chain rule dy
dx

dy
du
du
dx

=

Euler’s method If 
dy
dx

f x= ( ),
 
x0 = a and y0 = b, then xn + 1 = xn + h and yn + 1 = yn + h f (xn)

acceleration a d x
dt

dv
dt

v dv
dx

d
dx

v= = = = 







2

2
21

2

arc length 1 2 2 2

1

2

1

2

+ ′( ) ′( ) + ′( )∫ ∫f x dx x t y t dt
x

x

t

t
( ) ( ) ( )or

Vectors in two and three dimensions

 





r = i + j + kx y z



r = + + =x y z r2 2 2

� � � � �
ir r i j k= = + +
d
dt

dx
dt

dy
dt

dz
dt

 

r r1 2. cos( )= = + +r r x x y y z z1 2 1 2 1 2 1 2θ

Mechanics

momentum




p v= m

equation of motion
 

R a= m
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