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Assessment Schedule – 2008 

Scholarship Mathematics with Calculus (93202) 

Evidence Statement 

For up to a maximum of 4 question parts a single minor error in that part may be accepted without loss of marks. 

Question Evidence Code Judgement 

ONE 

(a) 

 

 

 

 

 

 

 

 

 

 

 
 Using 6 equilateral triangles: 

 

  

Area = 6 !
1

2

s
2

sin 60°

= 3s
2

sin 60°

=
3 3

2

s
2

 

OR 

With two triangles and a rectangle: 

  

Area = 2 !
1

2

s
2

sin 120° +2s
2

sin 60°

= 3s
2

sin 60°

=
3 3

2

s
2

 

 Total area of the hexagonal stack  = 16 !
3 3

2

s
2

 

     = 24 3s
2

 

2 

 

 

 

 

1 

 

 

 

 

 

 

 

1 

 

ONE 

(b) 

  

A = 6hs +
3

2

s
2

! cos"

sin"
+

3

sin"

#

$
%

&

'
(

  

= 6hs +
3

2

s
2

! cot" + 3 cos ec"( )  

So 
  

dA

d!

=
3

2

s
2

cos ec
2
! " 3 cos ec! cot!( )  and for max/min 

  

3

2
s

2
cosec

2
! " 3 cosec! cot!( ) = 0

cosec! cosec! " 3 cot!( ) = 0

cosec
2
! 1" 3 cos!( ) = 0

 

 

But  cosec
2
! " 0  so  

1 ! 3 cos" = 0

cos" =
1

3

 

OR 

  

A = 6hs +
3

2
s

2 ! cos"
sin"

+
3

sin"

#

$
%

&

'
(    

 

 

  

dA

d!
=

3

2
s

2

sin! sin!( ) " " cos! + 3( )cos!

sin
2 !

#

$

%
%

&

'

(
(

 

 

 

 

3 
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=
3

2
s

2 sin
2 ! + cos

2 ! " 3 cos!
sin

2 !

#

$
%

&

'
(

=
3

2
s

2 1" 3 cos!
sin

2 !

#

$
%

&

'
( = 0 for max and min

 

 

 

1! 3 cos" = 0

cos" =
1

3

  

Hence, surface area is a minimum at  

   

 

! = cos
"1

1

3

#
$%

&
'(

= 0.9553 radians( )

= 54.7
!( )

 

 

1 

 

 

 

 

2 

 

ONE 

(c)  
  

ds

dt
= k sin!     

  

k sin
!

4
= 2

k = 2

 

  

A = 6hs +
3

2
s

2

! cot" + 3 cos ec"( )  

  

  
dA

dt
= 6h

ds

dt
+

3

2
2s

ds

dt
! cot" + 3 cos ec"( ) + 3

2
s

2

cos ec
2
" ! 3cos ec" cot"( ) d"

dt

 

  

= 2sin! 6h + 3s " cot! + 3 cosec!( )( ) + 3

2
s

2
cosec!

d!
dt

cosec! " 3 cot!( )

=
2 2

3

6h + 3s "
1

2

+ 3
3

2

#

$
%

&

'
(

#

$
%%

&

'
((
+

3

2
s

2 3

2

d!
dt

3

2
" 3

1

2

#

$
%

&

'
(

=
2 2

3

6h + 3s
2

2

#

$%
&

'(

= 4 6h + 3s( )

 

(increasing, –sign not needed) 
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Both needed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Or equivalent 
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Assessment Schedule – 2013 

Scholarship Calculus (93202) 

Evidence Statement  
 
Question One 
 

(a) Solving 
  

dy
dx

= ϕ 2e−2x − e−x

2 e−x − e−2x
= ϕ 2e−2x − e−x

2y
= 0 , we find 

  

2e−2x − e−x = 0
ln2− 2x = −x

x = ln2  
The drop is widest at   x = ln2 ≈ 0.6931 , and then

  
y = ϕ e− ln2 − e−2ln2 = ϕ 1

2 −
1
4 = ϕ

2 ≈ 0.6360 . It is widest  ln2  cm from 

the rounded end C, and is exactly ϕ  cm wide there.
  

(b) Now we need 
  

d2 y
dx2 = 0 , so   e

2x − 6ex + 4 = 0 .  

-Solving as a quadratic in   e
x  we find 

  
ex = −(−6) ± 20

2
= 3± 5 , so 

  
x = ln 3± 5( ) . 

Since  0 < 3− 5 <1 , 
  
x = ln 3− 5( ) < 0  and so this point is not valid, and the only turning point is at 

  
x = ln 3+ 5( )  

  
(c) 

  

π y2

0

ln p

∫ dx = !ϕ e−x − e−2x( )
0

ln p

∫ dx

= !ϕ 1
2 e−2x − e−x⎡

⎣
⎤
⎦0

ln p

= !ϕ 1
2 +

1
2 e−2ln p − e− ln p( )( )

= !ϕ 1
2 +

1
2

1
p2 + 1

p( )
= !ϕ p2−2 p+1

2 p2

= !ϕ ( p−1)2

2 p2

= 1
2 !ϕ

p −1
p

⎛
⎝⎜

⎞
⎠⎟

2

 

Since   p −1< p  and   ln p ≥ 0  for the model, we can see that 
  
0 ≤ p −1

p
<1  and so 

  
0 ≤V < 1

2 !ϕ . 

(As p gets larger, the volume approaches 
 
1
2 !ϕ ≈ 2.54 cm3 . In the diagram, the drop has 99.99% of the maximal volume in the 

model.) 

1(a) Expression for 
  

dy
dx

= 0  [1st mark], 

widest at 2ln=x [2nd mark], 

width is ϕ  [3rd mark]. 

1(b) Recognise quadratic   a2 − 6a + 4 = 0  and solve [1st mark], 

find 
  
x = ln 3+ 5( )  [2nd mark]. 

1(c) Definite integral 
  
= πϕ 1

2 e−2x − e−x⎡
⎣

⎤
⎦0

ln p
 [1st mark], 

show required form 
  
= 1

2πϕ
p−1
p( )2  [2nd mark], 

explain upper limit [3rd mark]. 
 
In all questions, minor error ignored once if one single character is incorrect, 
inserted or omitted. 
Note that the 2-mark question is not always part (a). 

Marks in each question part are 
independent, with follow through 
marks. 
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Question Two 
 

(a) The two functions are orthogonal if 
 
θ = π

2
, so 

  
0 = f ,g

0

1
. 

 

  

f ,g
0

1
= (kx +1)(x + k)dx

0

1

∫

= kx2 + (k2 +1)x + k( ))dx
0

1

∫

= kx3

3
+ (k2 +1)x2

2
+ kx

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥0

1

= k
3
+ (k2 +1)

2
+ k = 0

k2 + 8
3

k +1= 0

2k = − 8
3
± 64

9
− 4 = − 8

3
± 28

9
= − 8

3
± 2

3
7

k = − 4
3
± 1

3
7 = −4 ± 7

3

 

 

(b) The angle requires finding three inner products, since 
  

f ,g
0

1
≠ 0 . 

 

  
f ,g

0

1
= (3x − 4)(9x −5)dx

0

1

∫ = 27x2 −51x + 20( )dx
0

1

∫ = 9x3 − 51
2

x2 + 20x
⎡

⎣
⎢

⎤

⎦
⎥

0

1

= 9− 51
2
+ 20 = 7

2
 

  
f , f

0

1
= (3x − 4)(3x − 4)dx

0

1

∫ = 9x2 − 24x +16( )dx
0

1

∫ = 3x3 −12x2 +16x⎡
⎣

⎤
⎦0

1
= 3−12+16 = 7  

  
g,g

0

1
= (9x −5)(9x −5)dx

0

1

∫ = 81x2 − 90x + 25( )dx
0

1

∫ = 27x3 − 45x2 + 25x⎡
⎣

⎤
⎦0

1
= 27 − 45+ 25 = 7  

  

cosθ =
f ,g

0

1

f , f
0

1
⋅ g,g

0

1
= 7

2
÷ 7 = 1

2
 so 

 
θ = cos−1 1

2
= π

3
 

 

(c) 

  

sin(mx)sin(nx)dx =
0

2π

∫ 1
2

cos((m− n)x)− cos((m+ n)x)( )
0

2π

∫ dx  

  
= 1

2
sin((m− n)x)

m− n
− sin((m+ n)x)

m+ n
⎡

⎣
⎢

⎤

⎦
⎥

0

2π

= 0  if  m ≠ n  

 
However, if  n = m  

  

sin(mx)sin(nx)dx =
0

2π

∫ 1
2

1− cos(2nx)( )
0

2π

∫ dx = 1
2

x − sin(2nx)
2n

⎡

⎣
⎢

⎤

⎦
⎥

0

2π

= π − sin(4nπ )
4n

= π ≠ 0 . 

 
So sin(nx) and sin(mx) are othogonal if m ≠ n. 
 
(see also integration by parts in appendix) 

2(a) Definite integral [1st mark], 

values 3
74±−=k [2nd mark]. 

2(b) Find at least two of 
  

f , g , f ,g
0

1
 [1st mark], 

find 
 
cosθ = 7/2

7 7
 [2nd mark], 

and 
 
θ = π

3  [3rd mark]. 

2(c) Either trig identity used, or first step of integration by 
parts [1st mark], 

show that 
  
…

0

1
= 0  when  m ≠ n  [2nd mark], 

test what happens when  n = m  [3rd mark]. 
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Question Three 
 

(a) (i) A polynomial    p(x) = a0 + a1x + a2x2 ++ anxn  is: 

  even if and only if the odd coefficients are all zero, and 
  odd if and only if the even coefficients are all zero. 
  neither if there are both even and odd coefficients which are non-zero. 
  
Candidates might note that   p(x) = 0  is the unique polynomial which is both even and odd. 

[It is insufficient to say that   p(x) = ax2n  is even, and   p(x) = ax2n+1  is odd, unless also noting that the sum of odd polynomials 
is odd, and the sum of even polynomials is even.] 
 

(ii) We are given that g is an even function, so   g(−x) = g(x)  for all x. 
 We use the facts that   g(−x + h) = g(x − h)  and   g(−x) = g(x) . 
 

  

′g (−x) = lim
h→0

g(−x + h)− g(−x)
h

= lim
h→0

g(x − h)− g(x)
h

= lim
k→0

g(x + k)− g(x)
−k

= − lim
k→0

g(x + k)− g(x)
k

= − ′g (x)

 where  k = −h  

Since   ′g (−x) = − ′g (x)  we have shown that 
  

dg
dx

 is an odd function. 

 
(b) We find the third derivative, then look to the coefficients of the terms. 

 

  

dy
dx

= −e−x sin(kx)+ ke−x cos(kx)

d2 y
dx2

= e−x sin(kx)− ke−x cos(kx)− ke−x cos(kx)− k2e−x sin(kx)

= (1− k2 )e−x sin(kx)− 2ke−x cos(kx)

d3y
dx3

= (k2 −1)e−x sin(kx)+ (k − k3)e−x cos(kx)+ 2ke−x cos(kx)+ 2k2e−x sin(kx)

= (3k2 −1)e−x sin(kx)+ (3k − k3)e−x cos(kx)

= (3k2 −1)y + k(3− k2 )e−x cos(kx)

 

 To have 
  

d3y
dx3 = Cy  we must have   k(3− k2 ) = 0  so   k = ± 3  and then   C = 3k2 −1= 8 . 

 

3(a)(i) Recognise building block 
functions (powers) as odd and even [1st 
mark], 
full description of odd, even and neither 
[2nd mark]. 
3(a)(ii) Write expression for   ′g (−x)  
[1st mark], 
use   g(−x + h) = g(x − h)  
[2nd mark], 
full proof [3rd mark]. 

3(b) Find 
  
d2 y
dx2  [1st mark], 

get form 
  
d3y
dx3 = Ay + Be−x coskx   

[2nd mark], 
find   C = 8  [3rd mark]. 
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Question Four 
 
(a) For each   2 ≤ n ≤ 9  we list the solutions of  zn = z ; these are the solutions of   zn−1 = 1 ; roots of unity. 

We need to be careful not to count any roots twice; this is easiest when writing the solutions in the form 
  
z = cis a

n−1
π

⎛
⎝⎜

⎞
⎠⎟

. 

  n = 2    n = 3    n = 4    n = 5    n = 6    n = 7    n = 8    n = 9  

  z = cis0!    z = cis!  

  

z = cis 2
3 !

z = cis 4
3 !

 

  

z = cis 1
2 !

z = cis 3
2 !

 

  

z = cis 2
5 !

z = cis 4
5 !

z = cis 6
5 !

z = cis 8
5 !

   

z = cis 1
3!

z = cis 5
3!

 

  

z = cis 2
7 !

z = cis 4
7 !

z = cis 6
7 !

z = cis 8
7 !

z = cis 10
7 !

z = cis 12
7 !

 
  

z = cis 1
4 !

z = cis 3
4 !

z = cis 5
4 !

z = cis 7
4 !

 

1 1 2 2 4 2 6 4 

There are 22 solutions in the form  
  
z = cis a

n−1
!

⎛
⎝⎜

⎞
⎠⎟

, and also the solution   z = 0.  

There are 23 solutions in total. 
 
(b)(i)  
We rearrange to collect vΔ  terms together. 

  

m0

m1

⎛

⎝⎜
⎞

⎠⎟

2u
c
=

1+ Δv
c

1− Δv
c

m0
m1

( )
2u
c 1− Δv

c( ) = 1+ Δv
c

m0
m1

( )
2u
c − m0

m1
( )

2u
c Δv

c = 1+ Δv
c

m0
m1

( )
2u
c −1= Δv

c
m0
m1

( )
2u
c +1

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟

Δv = c

m0
m1

( )
2u
c −1

m0
m1

( )
2u
c +1

= c
exp 2ln m0

m1
( )u

c
⎛
⎝⎜

⎞
⎠⎟
−1

exp 2ln m0
m1

( )u
c

⎛
⎝⎜

⎞
⎠⎟
+1

= c tanh
u
c

ln m0
m1

( )⎛
⎝⎜

⎞
⎠⎟

 

 
Also possible to work this backwards.

4(a) Understanding of roots of unity (could be shown in a 
diagram) [1st mark], 
find all non-zero roots (repetition allowed) 
[2nd mark], 
23 solutions in total (allow MEI for 22) 
[3rd mark]. 
4(b)(i) Multiply out ( )cvΔ−1  [1st mark], 
get  Δv  as subject, any form [2nd mark], 
required form [3rd mark]. 
OR an equivalent form in the opposite direction, with 
substituting   tan h  correctly as [1st mark]. 
4(b)(ii) Differentiate both sides, or integrate with partial 
fractions [1st mark], 
into required form [2nd mark]. 
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(b)(ii)  
We differentiate the given equation and show it satisfies the differential equation. 

  

d
dv

ln M( ) = − c
2u

d
dv

ln 1+ v / c
1− v / c

⎛
⎝⎜

⎞
⎠⎟

⎛
⎝⎜

⎞
⎠⎟

1
M

dM
dv

= − c
2u

×
1− v / c( )
1+ v / c( ) ×

1
c 1− v / c( )− −1

c 1+ v / c( )
1− v / c( )2

dM
dv

= −Mc
2u

2
c

1+ v / c( ) 1− v / c( )
= −M

u 1− v2 / c2( )
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U
ESTIO

N
 TH

R
EE SO

LU
TIO

N
S 

(a) 
(i) 

  ddx
xcosx
(

) =
cosx−

xsin
x

 

 
 

H
ence by observation,   

xsin
xdx

∫
=

sin
x−

xcosx+
c

 

  
(ii) 

  
xsin

xdx
0 n!

∫
=

sin
x
−

xcosx
⎡⎣

⎤⎦
0 n!=

sin
n!
(

) −
n!

cos
n!
(

) =
−

n!
cos

n!
(

) =
(−1)

n+1n!
 

 

(b) 
D

iagram
 should also be labelled, or otherw

ise described, to show
 the radius is also 1, and the ‘eye’ is at 

 0+
0.512i . The ‘m

outh’ is open to an angle of  !2
, w

ith one edge at an angle of  !4
 

 

 

 

TH
R

EE(a)(i) 

1 
x

x
x

x y
sin

cos
d d

−
=

 
 

1 
hence 

x
x

x
x

x
x

cos
sin

d
sin

−
=

∫
 

by observation from
 the result 

1 
c

+
 

the constant m
ust be there 

 TH
R

EE(a)(ii) 

1 
)

cos(
)

sin(
π

π
π

n
n

n
−

=
 

find definite integral 

1 
0

)
sin(

=
πn

 
note this 

to 
3 

⎩ ⎨ ⎧−
=

−
+

even
 

is 
 

if 
odd
 

is 
 

if 
)1

(
1

n
n

n
n

n
n

π
π

π
 

either form
, w

ith specific cases: 
πn

±
 is not sufficient 

 TH
R

EE(b) 

1 
pacm

an shape: sector betw
een 

180 and 360 degrees 
m

outh open to the right 

1 
correct 

3
z

 for the eye 
close to 

i5
.0

, on im
aginary axis 

1 
pacm

an m
outh open at 90 

degrees, 45 degrees above and 
below

 
 

either labelled w
ith angles in diagram

, 
or angles calculated in w

orking 
elsew

here 

 



S
ch

ol
ar

sh
ip

 M
at

he
m

at
ic

s 
w

ith
 C

al
cu

lu
s 

(9
32

02
) 2

01
2—

 p
ag

e 
4 

of
 7

 
Q

U
ES

TI
O

N
 F

O
U

R
 S

O
LU

TI
O

N
S 

(a
) 

 

  f(
x)

=
lo

g m
x
+

lo
g x

m
=

ln
x

ln
m
+

ln
m

ln
x

 
us

in
g 

id
en

tit
ie

s f
or

 lo
ga

rit
hm

s 

  df dx
=

1 ln
m

1 x
+

ln
m

1 x
−1

(ln
x)

2
 

us
in

g 
th

e 
ch

ai
n 

(o
r q

uo
tie

nt
) r

ul
e 

  

df dx
=

0

1 ln
m

1 x
=

1 x
ln

m
(ln

x)
2

(ln
x)

2
=

(ln
m

)2

 

se
tti

ng
 d

er
iv

at
iv

e 
to

 z
er

o 
to

 fi
nd

 c
rit

ic
al

 p
oi

nt
 

 
re

ar
ra

ng
in

g 
to

 g
et

 in
 te

rm
s o

f x
 

 
no

te
 th

at
   x

≠
0

 

  ln
x
=
±

ln
m

 
po

si
tiv

e 
an

d 
ne

ga
tiv

e 
so

lu
tio

ns
 a

re
 p

os
si

bl
e,

 

 x
=

m
 o

r   x
=

1 m
 

M
in

im
um

 v
al

ue
 is

 lo
g m

m
 +

 lo
g m

m
 =

 2
 

bu
t w

e 
ru

le
 o

ut
 th

e 
se

co
nd

 a
s 

  m
,x

>
1

 

 

(b
) 

Su
bs

tit
ut

in
g,

 w
e 

fin
d 

  y2
−

q2 x2
 is

 a
 fa

ct
or

: 

  

y4
+

1−
q2

(
)x2

y2
−

q2 x4
+

q2 x2
−

y2
=

0

q4 x4
+

(1
−

q2
)q

2 x4
−

q2 x4
+

q2 x2
−

q2 x2
=

0
q4 x4

+
q2 x4

−
q4 x4

−
q2 x4

+
q2 x2

−
q2 x2

=
0

0
=

0

 

 
So

 w
e 

ca
n 

fa
ct

or
is

e:
 

  y4
+

1−
q2

(
)x2

y2
−

q2 x4
+

q2 x2
−

y2
=

0

y2
−

q2 x2
(

)y
2
+

x2
−

1
(

)=
0

(y
+

qx
)(

y
−

qx
)

y2
+

x2
−

1
(

)=
0

 

 

Th
is

 g
iv

es
 th

e 
lin

es
  y

=
±q

x
 a

nd
 th

e 
un

it 
ci

rc
le

   x2
+

y2
=

1 .
 

 

FO
U

R
(a

) 

1 
fin

d 
2 )

(lnln
ln1

dd
x

x
m

m
x

xf
−

=
 

an
y 

fo
rm

 

to
 

2 
m

in
im

um
 v

al
ue

 is
 a

t 
2

)
(

=
m

f
 

ev
id
en
ce

 re
qu

ire
d 

(m
in

im
um

 te
st

 n
ot

 
re

qu
ire

d)
 

+1
 

“c
le

ar
ly

 e
xp

la
in

 th
e 

st
ep

s o
f y

ou
r 

w
or

ki
ng

” 
ex

pl
ai

ns
 c

or
re

ct
 a

nd
 v

al
id

 st
ep

s 

ne
ed

 n
ot

 b
e 

as
 c

om
pl

et
e 

as
 sh

ow
n,

 b
ut

 
m

us
t e

xp
la

in
 a

t l
ea

st
 T

W
O

 k
ey

 
de

ci
si

on
s m

ad
e 

 FO
U

R
(b

) 

1 
bo

th
 

qx
y

±
=

 a
s e

qu
at

io
ns

 o
f 

lin
es

 
ne

ed
 n

ot
 b

e 
dr

aw
n,

 c
ou

ld
 b

e 
la

be
lle

d 
in

 d
ia

gr
am

 

1 
fa

ct
or

is
e 

to
 fi

nd
 o

th
er

 fa
ct

or
 

1
2

2
−

+
y

x
 

ne
ed

 n
ot

 re
co

gn
is

e 
as

 a
 c

irc
le

 

1 
di

ag
ra

m
 w

ith
 c

irc
le

 a
nd

 li
ne

s 
cr

os
si

ng
 a

t c
en

tre
 

lin
es

 o
f a

ny
 sl

op
es

 
q

±
 w

ith
 re

fle
ct

io
n 

sy
m

m
et

ry
. 

A
xe

s n
ot

 re
qu

ire
d.

 
La

be
lli

ng
 ra

di
us

 
1

=
r

 n
ot

 re
qu

ire
d.

 

 



S
ch

ol
ar

sh
ip

 M
at

he
m

at
ic

s 
w

ith
 C

al
cu

lu
s 

(9
32

02
) 2

01
2—

 p
ag

e 
5 

of
 7

 
(c

) 

 

  ta
n4

x
ta

n2
x
−

2t
an

x
−

1
(

)ta
n2

x
+

2t
an

x
−

1
(

)
=

2t
an

2x
1−

ta
n2

2x
ta

n2
x
−

2t
an

x
−

1
(

)ta
n2

x
+

2t
an

x
−

1
(

)
=

2t
an

2x

1−
2t

an
x

1−
ta

n2
x

⎛ ⎝⎜
⎞ ⎠⎟2

ta
n2

x
−

2t
an

x
−

1
(

)ta
n2

x
+

2t
an

x
−

1
(

)

=
2t

an
2x

1−
ta

n2
x

(
)2

1−
ta

n2
x

(
)2
−

4t
an

2
x

ta
n2

x
−

2t
an

x
−

1
(

)ta
n2

x
+

2t
an

x
−

1
(

)

=
2t

an
2x

1−
ta

n2
x

(
)2

1−
ta

n2
x
−

2t
an

x
(

)1
−

ta
n2

x
+

2t
an

x
(

)ta
n2

x
−

2t
an

x
−

1
(

)ta
n2

x
+

2t
an

x
−

1
(

)
=

2t
an

2x
1−

ta
n2

x
(

)2
=

2t
an

2x
ta

n2
x
−

1
(

)2
=

2t
an

2x
ta

nx
−

1
(

)2
ta

nx
+

1
(

)2

 

O
R

 

U
si

ng
   ta

n4
x
=

2t
an

2x
1−

ta
n2

2x
⇒

2t
an

2x
=

ta
n4

x
1−

ta
n2

2x
(

) 

  2t
an

2x
ta

nx
−

1
(

)2
ta

nx
+

1
(

)2
=

ta
n4

x
1−

ta
n2

2x
(

)ta
nx

−
1

(
)2

ta
nx

+
1

(
)2

=
ta

n4
x

1−
ta

n2
2x

(
)ta

n2
x
−

1
(

)2

=
ta

n4
x

1−
2t

an
x

1−
ta

n2
x

⎛ ⎝⎜
⎞ ⎠⎟2

⎛ ⎝⎜ ⎜

⎞ ⎠⎟ ⎟
ta

n2
x
−

1
(

)2

=
ta

n4
x

1−
ta

n2
x

(
)2
−

4t
an

2
x

1−
ta

n2
x

(
)2

⎛ ⎝⎜ ⎜

⎞ ⎠⎟ ⎟
ta

n2
x
−

1
(

)2

=
ta

n4
x

1−
ta

n2
x

(
)2
−

4t
an

2
x

(
)

=
ta

n4
x

1−
ta

n2
x
−

2t
an

x
(

)1
−

ta
n2

x
+

2t
an

x
(

)
=

ta
n4

x
ta

n2
x
+

2t
an

x
−

1
(

)ta
n2

x
−

2t
an

x
−

1
(

)  
 

FO
U

R
(c

) 

B
ec

au
se

 th
er

e 
ar

e 
di

ff
er

en
t a

pp
ro

ac
he

s p
os

si
bl

e,
 th

e 
m

ar
ks

 a
re

 fo
r t

w
o 

sk
ill

s 
an

d 
th

en
 fo

r c
om

pl
et

in
g 

th
e 

w
ho

le
 id

en
tit

y.
 

1 
co

rr
ec

t u
se

 o
f d

ou
bl

e 
an

gl
e 

fo
rm

ul
a 

fo
r 

)
4

ta
n(
x

 
no

te
: n

ot
 if

 u
se

d 
on

 th
e 

LH
S,

 th
is

 is
 

un
he

lp
fu

l 

1 
R

H
S 

ex
pa

nd
ed

 to
 c

on
ta

in
 a

t m
os

t 
on

e 
x2

ta
n

 te
rm

 
 

to
 

3 
fu

ll 
pr

oo
f o

f i
de

nt
ity

 g
iv

en
 

an
y 

va
lid

 p
ro

of
, r

eg
ar

dl
es

s o
f 

ap
pr

oa
ch

, g
et

s f
ul

l m
ar

ks
 

C
on

ve
rti

ng
 to

 
)

sin
(x

 a
nd

 
)

co
s(
x

 is
 u

nl
ik

el
y 

to
 le

ad
 to

 fr
ui

tio
n.

 

A
ls

o 
no

te
 th

at
 th

at
 th

e 
ex

pr
es

si
on

s a
re

 e
qu

iv
al

en
t t

o 
xx
2

ta
nta
n

8
2

 



Scholarship Mathematics with Calculus (93202) 2011— page 2 of 6 

QUESTION TWO SOLUTION 

 (a) We aim to find 
  

dx
dt x=3

 and we see that 
  
dV
dt

= 0.015! 25" = 0.375" . Also 
  

dV
dx

= !25" +" x2 . 

  

dx
dt

= dx
dV

dV
dt

= dV
dt

÷ dV
dx

= 0.375!
(x2 " 25)!

= 0.375
x2 " 25

. 

  

dx
dt x=3

= 0.375
9! 25

= !0.0234375  metres per hour. The water is rising at (approximately) 23.4 mm per hour. 

(b)(i) Differentiating: 

  

d
dx

A 1! x( ) 3
2

2+ 3 x( ) +C
"
#$

%
&'
= A 1! x( ) 3

2 3
2 x

! 3
4 x

A 1! x( ) 1
2

2+ 3 x( )
= 3

4 x
A 1! x( ) 1

2

2 1! x( )! 2+ 3 x( )(
)*

+
,-

= 3
4 x

A 1! x( ) 1
2

2! 2 x ! 2! 3 x(
)

+
,

= 3
4 x

A 1! x( ) 1
2

!5 x( )
= !15

4
A 1! x

 

and so 
  
A = ! 4

15
, and the Fundamental Theorem of Calculus gives the integral as required. 

(b)(ii) The area under the curve )(xgy =  is 
  

g(x)dx
0

1

! = " 4
15

1" x( ) 3
2

2+ 3 x( )#

$
%

&

'
(

0

1

= 8
15

. 

The area beneath the dotted curve is the same as the area between   y = g(x)  and   y = 1 ; that is, 
 
1! 8

15
= 7

15
. 

So the area between the curves is 
 

1
15

. 


