Year 2013 - Question 1(e) - EXAM

(e) A closed cylindrical tank is to have a surface area of 20 m.

Find the radius the tank needs to have so that the volume it can hold is as large as possible.
You do not have to prove that your solution gives the maximum volume.

Show any derivatives that you need to find when solving this problem.
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Year 2013 - Question 1(e) - ANSWER

d—V=0 = r:1/£ or r=1.03m
dr 3n

OR 20 =’ + 2mrh
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v=10r-""_
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d_V:10_3nr
dr 2
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3n

oo rororo=oro—- page 2 of 5
© | 20=2w2+2mh quuatior} fi)r Prolblgm solved t
B volume in terms | including correc
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N@ = No response / no relevant evidence

N1 = ONE question demonstrating limited knowledge of differentiation techniques
N2 = ONE correct derivative

A3 =TWO of Achievement

A4 = THREE of Achievement

MS = ONE of Merit

M6 = TWO of Merit

E7 = Excellence with minor errors ignored

E8 = Excellence correct




Year 2013 - Question 2(e) - EXAM

(e) A copper sheet of width 24 cm is folded, as shown, to make spouting.

Cross-section:

cross-sectional area

8 cm

Find angle 8 which gives the maximum cross-sectional area.

You do not need to prove that you have found a maximum.

Show any derivatives that you need to find when solving this problem.
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Year 2013 - Question 2(e) - ANSWER

wororor=oro—- page 3 of 5
Two Expected Coverage Achievement Merit Excellence
(a) 1 =2 Correct derivative.
LA —(Tt—xz) 3. 2x
dx 3
d =2
oy Yo T2
dx 2

®) % - 3(x3 - 2x)2 ~(3x2 - 2)

Atx=1, d—y=3~(—1)2~1=3
dx

Correct solution
with correct
derivative shown.

(iii) | Does not exist.

Atx=1, y=-1
y+1=3(x-1)
y=3x-4

(c) Correct derivative. Correct value for k

’ X k
f(x)=1-e+— and correct
o derivative
f(x)=0 =1-¢'+k=0 ’
k=e'-1
Or k=-0.632
D@ | 1. x=1 THREE correct

2. x>3 answers (out of 5).
3. -2,-1,3

(i1) -3

(e) A(0) =64sin6 + 64sinB cosO
OR A(0)=64sin0+32sin20

A'(6) = 64c0s0 + 64cos” 0 — 64sin” 6
OR A’(0)=64cos6 + 64cos26

= 64(2cos” O +cosO—1)
Minimum when 4'(6)=0
2c08>0+cos@—1=0
(2C059 - 1)(cos9 + 1) =0

Or cos6 :% or cosf =—1(NO)

0=6O°0r9=E
3

=64c0s0+64cos’ 6 — 64(1- cos’ 0)

Correct derivative.

Correct solution
with correct
derivatives.

N@ = No response / no relevant evidence

N2 = ONE correct derivative

A3 =TWO of Achievement

A4 = THREE of Achievement

MS5 = ONE of Merit

M6 = TWO of Merit

E7 = Excellence with minor errors ignored
E8 = Excellence correct

N1 = ONE question demonstrating limited knowledge of differentiation techniques




Year 2013 - Question 3(e) - EXAM

(e) A spherical balloon is being inflated with helium. AssEssoR's

The balloon is being inflated in such a way that its volume is increasing at a constant rate of
300 cm? s7!.

The material that the balloon is made of is of limited strength, and the balloon will burst when
its surface area reaches 7500 cm?.

Find the rate at which the surface area of the balloon is increasing when it reaches bursting
point.

Show any derivatives that you need to find when solving this problem.

Calculus 91578, 2013



Year 2013 - Question 3(e) - ANSWER

page 5 of 5

(e)
d_V =300
dr
A=4m? =-"=8mwr
dr
=—m i = 4mr?
dr
d4 _dV dd4 dr
dt dt dr dV
_ 240077
4m?
_ 600
7
A=7500 = 4nr*=7500
r=, ’ 7500 =24.43 cm
4
L4600 o s6 em?s!
dr 24.43

for
drv
dr

Correct expressions

— and

Correct expressions

for

v
dr r

d4

dt

Correct solution
along with

correct expressions
for

dv  d4
dr dr
d4
dr

and

N@ = No response / no relevant evidence

N2 = ONE correct derivative

A3 =TWO of Achievement

A4 = THREE of Achievement

MS5 = ONE of Merit

M6 = TWO of Merit

E7 = Excellence with minor errors ignored
E8 = Excellence correct

N1 = ONE question demonstrating limited knowledge of differentiation techniques

Judgement Statement

Not Achieved

Achievement

Achievement
with Merit

Achievement
with Excellence

Score range 0-8

9-13

14 -20

21-24




Year 2014 - Question 1(e) - EXAM

(e) What is the maximum volume of a cone if the slant length of the cone is 20 cm?

20 cm

{mmmmmm e e e - - >

You do not need to prove that the volume you have found is a maximum.

Show any derivatives that you need to find when solving this problem.
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Year 2014 - Question 1(e) - ANSWER

NCEA Level 3 Calculus (91578) 2014 — page 2 of 7

© et =400 Cor.rec‘F
- derivative for
h=N400—+ an incorrect but

R ) - relevant
V= %m“h = %ﬂ:f‘_ 400 — 7~

expression for

ar 2 1,1 ! V.
—— = A0 -7 +—nr2.—(400 F‘E) R 7
dr 3 3 2

ar %nr(400—r2]—%m‘3

dr Jaoo—r

At maximum volume: _p =0
dR

2(400—r*) =72

3r% =800

r=163cm
V=3225cm’

Alternative working:
r’=400- 4’

% zlm-zhzln(ztoo-#)h
3 3

- 2(40011 - i)

& _Z(400-3n)
a3

At maximum, d—V =0
dh

400-34* =0
_ 400
‘.;

20‘
h:T=1].547C1T}
3

hE

V =3225cm’

A correct
expression

av
for dr .

A correct
solution.

Units not
required.

NO N1 N2 A3 A4 M5 Me

E7

E8

No response; ONE answer ONE correct 2u 3u Ir 2r
no relevant demonstrating derivative
evidence. limited
knowledge of
differentiation
techniques.

1t with minor
error(s).




Year 2014 - Question 2(e) - EXAM

(e) Arectangle is drawn inside a right angled triangle, as shown in the diagram below.

50 cm
|
I h
« -
30° !
A B C
€« -=-=-=-=-=- y ————— e - — — — - b —————— >

Point B moves along the base of the triangle AC, beginning at point A, at a constant speed
of 3cms.

At what rate is the area of the rectangle changing when point B is 20 cm from point A?

Show any derivatives that you need to find when solving this problem.
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Year 2014 - Question 2(e) - ANSWER

NCEA Level 3 Calculus (91578) 2014 — page 4 of 7

(e)

h
tan30=—
y

A= ytan30
cos30=m

50
y+b=50c0s30
h=50cos30-y
Area = base x height
A 2(5000530— J)(_} lanBO)

=50vsin30— y” tan 30
2
y
=25y —-—F
A \.‘E
M5 2y
dy 3

Aty =20
d4 40

=25

o 5%

=572cm?s™?

Correct
derivative for
an incorrect but
relevant

expression for
A.

A correct
expressio

d4

n for dy

A correct
solution.

Units not
Required.

NO N1 N2

A3

A4

M5

M6

E7

ES8

No response; ONE answer ONE correct
no relevant demonstrating derivative
evidence. limited
knowledge of
differentiation
techniques.

2u

3u

2r

1t with minor
error(s).




Year 2014 - Question 3(e) - EXAM

(e) A cone has aradius of 20 cm and a height of 40 cm.

A cylinder fits inside the cone, as shown below.

What must the radius of the cylinder be to give the cylinder the maximum volume?
You do not need to prove that the volume you have found is a maximum.

Show any derivatives that you need to find when solving this problem.
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Year 2014 - Question 3(e) - ANSWER

NCEA Level 3 Calculus (91578) 2014 — page 6 of 7

(e) h=40-2r Correct A correct | A correct
V— ik derivative for expression | solution.
, an incorrect but dr
= (40 - 2r) relevant O Units not
= 407 = 290 expression for for required.
V.
dr
— =80nr — 6mr°
dr
dr 5
—=0=80nr -6 =10
-
2mr(40-3r)=0
40
r=—or(
3
40
F=—cm
3
NO N1 N2 A3 A4 M5 M6 E7 ES8
No response; ONE answer ONE correct 2u 3u Ir 2r 1t with minor 1t
no relevant demonstrating derivative error(s).
evidence. limited
knowledge of
differentiation
techniques.
Cut Scores

Not Achieved

Achievement

Achievement with
Merit

Achievement
with Excellence

Score range

0-7

8-12

13-20

21-24




Year 2015 - Question 1(e) - EXAM

(e) Salt harvested at the Grassmere Saltworks forms a cone as it falls from a conveyor belt.
The slant of the cone forms an angle of 30° with the horizontal.
The conveyor belt delivers the salt at a rate of 2 m? of salt per minute.

For copyright reasons,
this resource cannot be
reproduced here.

https://bronzblog.files.wordpress.com/2013/07/imgp1182.jpg

Find the rate at which the slant height is increasing when the radius of the cone is 10 m.

You must use calculus and show any derivatives that you need to find when solving this
problem.
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Year 2015 - Question 1(e) - ANSWER

oo oo page 2 of 6
(e) | Let ¥ =volume (m) ds dv Valid Correct
S = slant height (m) " ar statement solution
h = height (m) correct. of the with correct
r =radius (m) relationship | derivatives.
between
r rates.
cos30=—
S
s=—"
cos 30
s 1
dr cos30
tan30 = ﬁ
r
h=rtan30
V= lJcrzh
3
15
=—mr’ tan 30
3
dv
— =mr’tan30
r
dS dS dr dV
— = — X —X—
de dr dV dt
= ! X — ! X2
cos30 mrtan30
Whenr=10m,
ds 1 1
_ X > X 2
dr  cos30 w0~ xtan30
=0.01273 m/minute
NO N1 N2 A3 A4 M5 Mé6 E7 E8
No response; ONE answer lu 2u 3u Ir 2r 1t with minor 1t
no relevant demonstrating error(s).
evidence. limited
knowledge of
differentiation
techniques.




Year 2015 - Question 2(e) - EXAM

(e) A water container is constructed in the shape of a square-based pyramid. The height of the
pyramid is the same as the length of each side of its base.

h

A vertical height of 20 cm is then cut off the top of the pyramid, and a new flat top added.

The pyramid is then inverted and water is poured in at a rate of 3000 cm? per minute.
h

A
~

Find the rate at which the surface area of the water is increasing when the depth of the water
is 15 cm.

1
Volume of pyramid = 3 X base area x height

You must use calculus and show any derivatives that you need to find when solving this problem.
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Year 2015 - Question 2(e) - ANSWER

=ovoT (o ToT

page 4 of 6

(e)

Depth of water = x
h=x+20

V= lh3 —1203
3 3

(x+20)° —%203

o
< W | =

=(x+20)’
(x+20)°

= 2(x+20)

= 3000

IR

&|&

dx dV
X——X—
dv dr

1

t

2(x

o

+

20)x

When x =15

%=2><35><L2>< 3000=171.4 cm® min™
de 35

Correct
dv

&g 2|

Correct

v
dx
AND

dA

dx

Correct
solution.

NO

N1 N2 A3 A4

MS

Mo

E7

E8

No response;
no relevant
evidence.

ONE answer lu 2u 3u
demonstrating
limited
knowledge of
differentiation
techniques.

1r

2r

1t with minor
error(s).

1t




Year 2015 - Question 3(e) - EXAM

(e) A corridor is 2 m wide.

At the end it turns 90° into another corridor.

2m

What is the minimum width, w, of the second corridor if a ladder of length 5 m can be carried
horizontally around the corner?

You must use calculus and show any derivatives that you need to find when solving this
problem.
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Year 2015 - Question 3(e) - ANSWER

oo rororo=oro—- page 6 of 6
(e) ‘ Differentiate Correct
' om AN S corretedly dw
related but da
v incorrect
y expression for
5-f w.
D »
w
2
COSA=—
f
2
CosA
SinA=——
-/
w=(5-f)sinA
2 .
=[5- sin A
CosA
=5sinA—2tan A
dw
— =5cosA—2sec’ A
dA
dw N
—=0=5c0sA—-2sec"A=0
dA
5c08°A-2=0
cos’A==
A=425° Correct
w=1.55m solution.
NO N1 N2 A3 A4 M5 M6 E7 E8
No response; ONE answer lu 2u 3u Ir 2r 1t with minor 1t
no relevant demonstrating error(s).
evidence. limited
knowledge of
differentiation
techniques.
Cut Scores
Not Achieved Achievement Achievement with Merit Achievement with Excellence

0-7 8-12 13-18 19-24




Year 2016 - Question 1(e) - EXAM

(e) A curve is defined by the function f(x) = e &9’ ASSESSOR'S

USE ONLY

Find, in terms of 4, the x-coordinate(s) for which f"(x) = 0.

You must use calculus and show any derivatives that you need to find when solving this
problem.

Calculus 91578, 2016



Year 2016 - Question 1(e) - ANSWER

(o ToT

page 2 of 6

techniques.

(e) — oK) Correct f’(x) Correct f”(x) | Correct solutions
f=e .

' with correct
f(x)==2(x—k)e ™ f’(x) and
Frx)==2e " pa(x—k)Y et f)

=Y [4(}6— k)2 - 2]
f"x)=0= 4(x—k)'=2=0
4(x—k) =2
1
x—k) ==
(v k) =1
+1
x—k)=
(0=
1
x=kt—
V2
NO N1 N2 A3 A4 M5 Mo E7 ES8
No response; ONE answer lu 2u 3u Ir 2r 1t with minor 1t
no relevant demonstrating error(s).
evidence. limited
knowledge of
differentiation




Year 2016 - Question 2(e) - EXAM

(e) A cone of height 4 and radius r is inscribed, as shown, inside a sphere of radius 6 cm.

The base of the cone is s cm below the x-axis.

Find the value of s which maximises the volume of the cone.

You must use calculus and show any derivatives that you need to find when solving this
problem.

You do not need to prove that the volume you have found is a maximum.
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Year 2016 - Question 2(e) - ANSWER

oo page 4 of 6
(e) 1, Correct Correct solution.
Vol =Zarh expression for
h=6+s a
sS+r’ =6’ ds
r’=36-s"
.-.v=1n(36—s2)(6+s)
3
1
= (216436565 —5°)
3
dav 1
— =—m(36-125-35")
ds 3
Max volume when v =0
ds
= 35°+125-36=0
s’ +45-12=0
(s+6)(s—2)=0
s=—6 or s=2
s=2
NO N1 N2 A3 A4 M5 Mé6 E7 E8
No response; ONE answer lu 2u 3u Ir 2r 1t with minor 1t
no relevant demonstrating error(s).
evidence. limited
knowledge of
differentiation
techniques.




Year 2016 - Question 3(e) - EXAM

(e) Inarugby game, a try is scored 15 m from the left-hand goal-post. The conversion kick is T
taken at some point on the line perpendicular to the goal-line from the point where the try was
scored, as shown in the diagram below.

The ball needs to pass between the goal-posts, which are 5.4 m apart.

goal-line e FREAALN

Find the distance d from the goal-line that the conversion kick should be taken from in order
to maximise the angle @ between the lines from the ball to the goal-posts.

You must use calculus and show any derivatives that you need to find when solving this
problem.

You do not need to prove that the angle you have found is a maximum.

Calculus 91578, 2016



Year 2016 - Question 3(e) - ANSWER

oo page 6 of 6
(e) 15 )= 204 Correct Correct solution
tane=-- tan(or +6)= expression for | — units not
d(tan®) required.
tan@ztan((a+9)—a) dd
_ tan(a+6)—tana
- . or —
1—tan(a+6)-tan ad
204 15
__d _d
204 x15
e
54
__d
d*+306
d2
_54d
d’ +306
Max when d(tan6) =0
dd
(a”+306)x5.4-5.4dx 2d .
> =
(a” +306)
54d> +306x5.4-10.84° =0
54d*-306x54=0
d* =306
d=175m
NO N1 N2 A3 A4 M5 Mé6 E7 E8
No response; ONE answer lu 2u 3u Ir 2r 1t with minor 1t
no relevant demonstrating error(s).
evidence. limited
knowledge of
differentiation
techniques.
Cut Scores

Not Achieved

Achievement

Achievement with Merit

Achievement with Excellence

0-7

8-12

13-18

19-24




Year 2017 - Question 1(e) - EXAM

(e) Find the values of @ and b such that the curve y = a

You must use calculus and show any derivatives that you need to find when solving this

problem.

2

Calculus 91578, 2017

1 has a turning point at (3,1).
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Year 2017 - Question 1(e) - ANSWER

o page 1 of 6

Assessment Schedule — 2017

(o ToT

Calculus: Apply differentiation methods in solving problems (91578)

Evidence Statement

Q1 Evidence

Achievement

Merit

Excellence

(@) 1 2

E)ﬁ +2sec’(2x)

Correct solution.

®) | dy  (x+2)2e"-e™

Correct solution
with correct

© | y=05(x=3)+2

expression for

2
dx (x+2) derivative.
Atx=0 Q=2x2—l=§
dx 4 4
Correct Correct solution

with correct

T P
Atx=3,%=0 =8a—-B3a-b)x6=0

—10a+6b6=0
Sa=3b

one of the two
equations
relating a and b.

ﬂ: 2x0.5%(x-3) dy derivative.
dx dx
=x-3 (i.e. correct
At x=1 d_ -2 derivative).
.. For normal & = 1
dx 2
Through (1, 4) ..Eqnofnormal y= %xﬂ- 35
. 1 2
At point P: 5x+3.5=0.5(x—3) +2
x+7=(x=3) +4
x+7=x"-6x+9+4
X =7x+6=0
(x—6)(x—1)=0
AtpointP x=6
(d) dx 1 | ‘71 1 dx dy Correct solution
E_E(H' ) Todi+1 a2 ar with correct
dy derivatives.
ar 2cos21 correct.
% =2co0s2t 2t +1
=4cos2tNt+1
Ati=0 Do 4eos0x T
dx
=4
(e) dy ( - 1) .a—(ax—b).2x Correct Correct Correct solution
——= derivative. derivative plus with correct

derivative.




Year 2017 - Question 2(e) - EXAM

(e) Arectangle is inscribed in a semi-circle of radius , as shown below.

—r —X X r

. . r
Show that the maximum possible area of such a rectangle occurs when x = ﬁ

You do not need to prove that your solution gives the maximum area.

You must use calculus and show any derivatives that you need to find when solving this
problem.

Calculus 91578, 2017
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Year 2017 - Question 2(e) - ANSWER

differentiation
techniques.

oo page 4 of 6
1
Alternative: d = (x2 —Tx+ 16)2
dd 1 -
—= —(xz —Tx+ 16) 2 (2x=17)
dx 2
_ 2x—17
2Nx*=T7x+16
Minimum when % =0
dx
2x-7=0
etc
(e) Area = 2772 — 2 C01frec‘F Correct so'lution
. derivative. presented in a
A(x) = 2x(r2 _ ¥ )5 correct .
mathematical
1 1 i manner
A (x)=2(r" =x* )2 +2x.~(r* —=x*)2 (=2x ‘
(0 =2(r" ="+ 20 (1 = x7)7 (20)
=2Jrr—=x* — 27)62
R
2
AX)=0= =2 = ———
e
rP—x’=x
2x* =717
2
2=
2
’
X=—
V2
NO N1 N2 A3 A4 M5 Mé6 E7 E8
No response; ONE answer lu 2u 3u Ir 2r 1t with minor 1t
no relevant demonstrating error(s).
evidence. limited
knowledge of




Year 2017 - Question 3(e) - EXAM

(e) For the function y = e*coskx:

2
@) Find Y ana L2
dx dx

(i1)) Find all the value(s) of & such that the function y = e*cos kx satisfies the equation
d’y ,dy

y— a+2y: 0 for all values of x.

Calculus 91578, 2017
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Year 2017 - Question 3(e) - ANSWER
oo ooy page 6 of 6
(e) Lody . . Correct Correct Correct solution
@) e kocte” (~ksinkx) expression for expression for | with correct
=" (coskx — ksin kx) dy d’y derivatives.
dx i
d*y !
i e*(coskx — ksinkx)
+e* (—k sinkx — k* cos kx)
=e" (cos kx —2ksinkx — k* cos kx)
(ii) d_zy - Q +2y=0
& Cd T
= e (cos kx —2ksinkx —k* cos kx)
—2¢e*(coskx— ksinkx)+2e* coskx =0
=e’ (coskx— K coskx) =0
e’ coskx(l — kz) =0
k==1
NO N1 N2 A3 A4 M5 Mé6 E7 E8
No response; ONE answer lu 2u 3u Ir 2r 1t with minor 1t
no relevant demonstrating error(s).
evidence. limited
knowledge of
differentiation
techniques.
Cut Scores
Achievement with Excellence

Not Achieved Achievement

Achievement with Merit

0-7 8-13

14-19

20-24




Year 2018 - Question 1(e) - EXAM

(e) Acurve is defined by the parametric equations x=r+1 AssEssoR's
;)
y=t-+1

&y

2

o

Show that 1S a constant.

Calculus 91578, 2018



Year 2018 - Question 1(e) - ANSWER

T TOTO =T

page 2 of 6

(d)

=0.6x

-9
When L=5.4
dx 5.4

0.6 X ————
V5.4% -9

a
=0.722ms""

Correct expression

dx dL
for — or —.
dL dx

Correct solution
with correct
derivatives.

(e)

% 312 d—y=2

dr dt
e ode 32

dy
dzy d E dr
-\ 9

& At dv
N

t

= X — = —

32 3% o9t
R
> _ ot

o) (2)
3t
-2 81t
=—X—
9t 16

&

=_—90r—1.125
8

Correct d_y
dx

2 Correct solution

d
Correct ——
dx

with correct
derivatives.

NO

N1 N2

A3

A4 M5

Mo E7

E8

No response;
no relevant
evidence. limited

ONE answer 1u
demonstrating

knowledge of
differentiation
techniques.

2u

3u Ir

2r 1t with minor
error(s).




Year 2018 - Question 2(e) - EXAM

(e) A water tank is in the shape of an inverted right-circular cone.

The height of the cone is 200 cm and the radius of the cone is 80 cm.

i

200 cm v
v

The tank is being filled with water at a rate of 150 cm? per second.

At what rate will the surface area of the water in the tank be increasing when the depth of
water in the tank is 125 cm?

You must use calculus and show any derivatives that you need to find when solving this
problem.

Calculus 91578, 2018
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Year 2018 - Question 2(e) - ANSWER

T TOTO =T

page 4 of 6

(e) dv 3 Correct expression | Correct Correct solution.
—=150cm”/s ion fi
dr av . expression for
for — in terms of dv ds4
ds4 _dV _ dr _dS4 dr = and=2 in
dr  dr X ar X dr one variable. dr dr
=25 terms of », and
' an attempt to
V= lnrzh relate two (or
3 more)
5 3 derivatives.
=—7r
6
Y sm
dr
SA=rmr?
% =2nr
dr
454 =150x% X2mr
dt 2.5nr
_120
r
When 2=125cm, » =50 cm
dﬂ:ﬁ:ZAcmz/s
dt 50
NO N1 N2 A3 A4 M5 Mé6 E7 ES8
No response; ONE answer Iu 2u 3u Ir 2r 1t with minor 1t
no relevant demonstrating error(s).
evidence. limited
knowledge of
differentiation
techniques.




Year 2018 - Question 3(e) - EXAM

(e)

The above shape is made from wire. It has both vertical and horizontal lines of symmetry.

The ends of the shape are at the vertices of a square with a side length of 10 cm, as shown in
the diagram above.

The length of the piece of wire through the centre of the shape is x cm.

Find the value(s) of x that enables the shape to be made with the minimum length of wire.
You do not need to prove that the length is a minimum.

You must use calculus and show any derivatives that you need to find when solving this
problem.

Calculus 91578, 2018
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Year 2018 - Question 3(e) - ANSWER

(o ToT

page 6 of 6

(e)

2
w2=52+(5—5j
2

w? =254+25-5x+0.25x>
w2 =0.25x% —5x+50

w=(0.25x>—5x+50 %
( )

Length =x+4w
1
- x+4(0.25x2 —5x+50)2
-1
= 1+2(0.25x7 = 5x+50) > x(0.5x-5)

x—10

HISEIS

=1+ 1

(0.25x2 —5x+50)5
For max/min % =0
dx

x—10 -1

(0.25x2 Syt 50);

1
x—10= —1(0.25x2 —5x+50)2
2 2
(x—10)" =0.25x” —5x+50
x2=20x+100=0.25x> —5x+50

0.75x> —15x+50=0
x =15.77 not applicable
x=423cm

Correct
expression for

dL

dx

Correct solution
with correct
derivative.

NO

N1 N2 A3

A4

MS

Mo

E7 E8

No response;
no relevant
evidence.

ONE answer lu 2u
demonstrating
limited
knowledge of
differentiation
techniques.

3u

1r

2r

1t with minor 1t
error(s).

Cut Scores

Not Achieved

Achievement

Achievement with Merit

Achievement with Excellence

0-7

8-12

13-18

19-24




Year 2019 - Question 1(e) - EXAM

(d)  For what value(s) of x is the function y = x*¢* decreasing?

You must use calculus and show any derivatives that you need to find when solving this
problem.

(e) The volume of a sphere is increasing.

At the instant when the sphere’s radius is 0.5 m, the surface area of the sphere is increasing at

arate of 0.4 m?s!.

Find the rate at which the volume of the sphere is increasing at this instant.

You must use calculus and show any derivatives that you need to find when solving this
problem.

Calculus 91578, 2019

ASSESSOR’S
USE ONLY




Year 2019 - Question 1(e) - ANSWER

Assessment Schedule — 2019

O UTOUT O YT

page 1 of 7

Calculus: Apply differentiation methods in solving problems (91578)

Evidence Statement

Q1 Expected coverage Achievement Merit Excellence
(u) (r) ®
(a) dy 1 -1 Correct derivative.
a = 5(3)62 — 1) 2 .6x Anythlng
3 equivalent.
X
V3x2 -1
(b) , 15 Correct solution
S(0)= -1 with correct
15 derivative.
f'(4)=—or1.36
11
(¢) | Quotient rule Correct derivative. | Correct solution
14 2 )2 26 _ 2 (o with correct
d_y — ( * ) © ( x) derivative.
2
dx (1 + x2)
OR
Product rule
-2 -1
Y _ (—2x)(1+x2) +(1+x2) (2e2")
dx
4
Whenv=2, % -5 1131
dx 25
(d) dy .o s Correct derivative. | Correct solution
e 3x7e” +x'e with correct
2 5 (3 N ) derivative.
=xe X
Y <0
dx
= x%e"(3+x) <0
3+x<0
x<-3
(e) dv _ds _dr _dv Correct expressions Correct. Cgrrect solution
v @l or das ond dar expression for with correct
Gty ds . dr dr dv derivatives.
=dnr- = o nr i
. Units not required.
L B 2 Anything q
V= 3 = dr anr equivalent.
d—S—04whenr—05 Line 5 is ok.
de '
Y oax—xam?
dr 8mr
=0.2r
Whenr=0.5,(L—It/zo.lm3 /s




Year 2019 - Question 2(e) - EXAM

(e) Ify=e"and u = sin2x show that

£y dyfw] by

de*  du’\dx ) du dy?
You must use calculus and show any derivatives that you need to find when solving this
problem.

Calculus 91578, 2019

ASSESSOR’S
USE ONLY




Year 2019 - Question 2(e) - ANSWER

TOTETTY

page 4 of 7

(e)

LHS

sin2x

y=e
d_y:esin2x
dx
d2y _
&
u=sin2x

X 2c0S2x

d—u=2cos2x
dx

2
d_u =—4sin2x
dic2

2 2 2
ay [du) b du
du® | dx du  dx?

=e"x (2c052x)2 +e" X (—4sin2x)
=S¥ (2 cos 2x)2 +esinr i (—4sin 2x)
Therefore LHS = RHS as required.

dzy sin2x 2 :
E =4e (cos 2x— sm2x)

. ) . 2
eSin2¥ (—4sm2x)+ eSin2¥ (2 coS Zx)

Correct expression

for d_y or d_u
dx dx

Correct
expressions for
d’y

—= in any
2

equivalent form.
Or correct RHS.

Complete proof.

Accept in terms of
x,y, and u.

NO

N1 N2 A3

A4 MS

Meé

E7 E8

No response;
no relevant
evidence.

ONE answer lu 2u
demonstrating
limited
knowledge of
differentiation
techniques.

3u 1r

2r

1t with minor 1t
error(s).




Year 2019 - Question 3(e) - EXAM

(e) The graph below shows the function y = 24/36— x>, and the tangent to that function at point P.

The tangent intersects the x-axis at the point (8,0).

6 4 2

Find the x-coordinate of point P.

N

You must use calculus and show any derivatives that you need to find when solving this

problem.

Calculus 91578, 2019

ASSESSOR’S
USE ONLY




Year 2019 - Question 3(e) - ANSWER

O UTOUT O YT

page 6 of 7

(e)

y=2v36-x"
-1

d—y=(36—x2)7.—2x

dx
. 2x
36—x*
. V36— x7
Gradient of tangent = ————
8—x)
2436 x
x—38
CN36-x" 2«

¥=8  \36-y2
2(36—x2)=16x—2x2
72-2x* =16x-2x*
72=16x
x=4.5
Or alternatively:
y=ixz(x—8)
36—x
= -2x N 16x
V36-x V36—

Substituting for y:
-2 2 1
W36—xt = 2% 16
V36-27 Y36-12

2(36—x2)=—2x2+16x

36—x%=—x’ +8x
36=28x
x=45

Correct d—y of
dx

curve.

Correct d_y of
dx

curve.
AND

Correct gradient
of tangent.

OR

Correct equation
of tangent
involving
expression for
dy

&

Correct solution
with correct
derivatives.




Year 2020 - Question 1(e) - EXAM

(e) A cylinder of height 4 and radius r is inscribed, as shown to the
right, inside a sphere of radius 20 cm.

Find the maximum possible volume of the cylinder.

You must use calculus and show any derivatives that you need to
find when solving this problem.

You do not need to prove that the volume you have found is a
maximum.

Calculus 91578, 2020

ASSESSOR’S
USE ONLY




Year 2020 - Question 1(e) - ANSWER

v ooy page 2 of 6
Expected Coverage Achievement Merit Excellence
(w) ) ®
(e) A 2 Correct expression for | Correct value of » | Correct solution
e (_j =400 a4 or h with correct with correct
—or— derivatives. derivatives.
) dh dr
) h 20
r-=400—— ) )
4 Units not Units not
V.= r2h P required. required.
cy
2
=7 [ 400— h—] h
4
3
=T [ 4004 — h—]
4
2
d_V =7l 400 — &
dh 4
2
4 =0=400- 3 =0
dh 4
h= 1600 =ﬂ=23.lcm
V'3 s
r=16.3cm
V=nrx163*x23.1
=19300 cm’
V =19347 cm®
NO N1 N2 A3 A4 M5 M6 E7 E8
No response; ONE answer lu 2u 3u Ir 2r It It
no relevant demonstrating with one
evidence. limited minor error
knowledge of
differentiation
techniques.




Year 2020 - Question 2(e) - EXAM

ASSESSOR’S
USE ONLY

(e) A curve is defined by the parametric equations x = In(f) and y = 6¢> where ¢ > 0.

. . . d’
The point P lies on the curve, and at point P, —)2} =2.
dx
Find the exact coordinates of point P.

You must use calculus and show any derivatives that you need to find when solving this
problem.

Calculus 91578, 2020



Year 2020 - Question 2(e) - ANSWER

v ooy page 4 of 6
Expected Coverage Achievement Merit Excellence
(w) ) ®
(e) dx 1 dy ) Correct expression | Correct Correct solution
a1 dr 181 " dy expression for with correct
or —. .
dx FE derivatives.
Y_ g —f :
dx dx
2 Accept (1.1,
&y _dfdy)de 0.22).
dx? drldx ) dx
=541 x1t
=547
548 =2
p=l
27
1
t ==
3
x =In l
3
3
1
=6| —
_2
9
Pis| In l ,z
3)9
NO N1 N2 A3 A4 M5 M6 E7 E8
No response; ONE answer lu 2u 3u Ir 2r It 2t
no relevant demonstrating
evidence. limited
knowledge of
differentiation
techniques.




Year 2020 - Question 3(e) - EXAM

(e) A curve has the equation y= (3x + 2)6*2)‘.

2
Prove that d y+4%+4y20.

a?

You must use calculus and show any derivatives that you need to find when solving this
problem.

Calculus 91578, 2020

ASSESSOR’S
USE ONLY




Year 2020 - Question 3(e) - ANSWER

o ooy page 6 of 6
Expected Coverage Achievement Merit Excellence
(u) () ®
(e) dy e oy Correct Correct Correct
dr = (3x + Z)e '(_2) +3e expression for expression for solution with
o dy 42 correct
=¢ [—2(3x+2)+3} Frl —{ derivatives.
—2x dx
=e (—6x - 1)
d? _ _
dx—f = —6¢72" ~2¢7" (~6x-1)
=™ [-6-2(-6x-1)]
=e 7 (—6+12x+2)
=e(12x-4)
=4e7(3x-1)
EITHER
2
&y + 4Q +4y=0
dx? dx
LHS=4e ™ (3x—1)+4e > (—6x—1)+4e > (3x+2)
=4e ™ [3x-1-6x—1+3x+2]
=0
= RHS as required
OR
LHS= e (12x - 4)+4e > (—6x— 1)+ 4e ™" (3x+2)
= e[ 120 - 4+4(-6x—1)+4(3x+2)]
=e ™ [12x—4+24x—4+12x+8]
=0
= RHS as required
NO N1 N2 A3 Ad M5 Mo E7 E8
No response; no ONE answer lu 2u 3u Ir 2r 1t 2t
relevant demonstrating
evidence. limited
knowledge of
differentiation
techniques.
Cut Scores

Not Achieved

Achievement

Achievement with Merit

Achievement with
Excellence

0-8

9-14

15-20

21-24




Year 2021 - Question 1(e) - EXAM

(e) A cone has a height of 3 m and a radius of 1.5 m.

A cylinder is inscribed in the cone, as shown in the diagram below.

+“«—15m—»

The base of the cylinder has the same centre as the base of the cone.

Prove that the maximum volume of the cylinder is 7 m°.

You must use calculus and show any derivatives that you need to find when solving this problem.

Calculus 91578, 2021



Year 2021 - Question 1(e) - ANSWER
rore——————o erorororor=o=r—r—-page 2 of 6

(e) V =nr’h Correct expression for | Correct TI:
— ( 3 Zr) dar expression for Correct
dr dv expression for
=3nr’ =211’ dr dv
d—V:67rr—67tr2 and finds = 1. dr
dr and shows that
At maximum, . =0 V=r
r
6rr(1 -0 but does not prove
r ( -r ) - it is the maximum
r=0(mo)..r=1 volume with
V =112 (3—2><1)=7r either the first or
second derivative
2
IV 6n—127r fest
dr
z .
Whenrzl,dlj:—67t<0 T2:
dr Correct
Therefore V =1 expression for
is maximum volume. ar
dr
and correct proof.
NO N1 N2 A3 A4 M5 Mo E7 E8
No response; ONE partial lu 2u 3u Ir 2r T1 T2 ortwo T1
no relevant solution.
evidence.




Year 2021 - Question 2(e) - EXAM

() The graph below shows the curve y =+/2x—4 , and the tangent to the curve at point P.
The tangent passes through the point (-2,1).

y

(_2!1)

/./

Find the coordinates of point P.

You must use calculus and show any derivatives that you need to find when solving this problem.

Calculus 91578, 2021



Year 2021 - Question 2(e) - ANSWER

O

page 4 of 6

(e) y=~2x—4 Correct derivative: | Correct T1:
dy 1 dy 1 derivative: Correct solution
= = d 1 with correct
dx 2x—-4 dr  2x-4 Y_ derivative:
dx m erivative:
Gradient of tangent = S P (10,4)
x+2 and without any
I ~N2x—-4-1 V2x—4=x-6 | justification for
J2x—4 x+2 x#4
xX+2=2x—-4-~2x-4
V2x—4=x-6 T2:
Iy A= —12x+36 Correct solution
B with correct
x*—14x+40=0 derivative:
(x=4)(x-10)=0 P (10.4)
x=4o0rx=10 x # 4 must be
Rejecting x = 4 by checking the surd equation justified with
! gx=aby & d respect to either the
x=10 \/E =4 True surd equation or
_ _ the gradient of the
x=4 \/Z =-2 False tangent.
One solution: x =10
Therefore, the coordinates of point P are (10,4)
OR
Rejecting x = 4 by checking the gradient:
At(104), 2o L1
16 4
. - 1
Gradient: 2— = 3 =—
X 12 4
At(4,2),d—y=i=l
dx 4 2
Gradient: 2— = 1
x+2 6
One solution: x =10
Therefore, the coordinates of point P are (10,4)
NO N1 N2 A3 A4 M5 Me6 E7 E8
No response; ONE partial Iu 2u 3u Ir 2r Tl T2
no relevant solution.
evidence.




Year 2021 - Question 3(e) - EXAM

(e) A lamp is suspended above the centre of a round table of radius r.

The height, 4, of the lamp above the table is adjustable.

0

Point P is on the edge of the table.

At point P the illumination / is directly proportional to the cosine of angle 6 in the above diagram,
and inversely proportional to the square of the distance, S, to the lamp.

_ kcos®

s’

ire. 1 where k is a constant.

Prove that the edge of the table will have maximum illumination when /4 = L

J2
You do not need to prove that your solution gives the maximum value.

You must use calculus and show any derivatives that you need to find when solving this problem.

Calculus 91578, 2021




Year 2021 - Question 3(e) - ANSWER

O TUTOT O T

page 6 of 6

(©

cosezﬁ

S*=n+r
S=Nn+r’

k and r are constant

kh
3

(hz +r2)2

a (h2 +r2);k—kh(§)(h2 +r2)

*(21)

dh (h2 +r2)3

Correct
expression for

d/

T2:

Correct proof with
correct derivative

dh

NO N1

N2

A3

A4 M5

Mo6 E7 E8

No response;
no relevant
evidence.

ONE partial
solution.

2u

3u 1r

2r T1 T2

Cut Scores

Not Achieved

Achievement

Achievement with Merit

Achievement with Excellence

0-6

7-12

13-18

19-24




Year 2022 - Question 1(e) - EXAM

(e) Ifpisa positive real constant, prove that y = e” does not have any points of inflection.

You must use calculus and show any derivatives that you need to find when solving this problem.

Calculus 91578, 2022



Year 2022 - Question 1(e) - ANSWER

. 2 . ..
since e”* > 0 for all values of @ and p is a positive

Equation 2

2px* +1=0
, -1
X =—
2p

-1
x=,—
2p
2 px” +1=0 has no real solutions because p

. i -1. .
is a positive real constant, P is negative
p

and there is not a real solution when
you take the square root of a negative number.

OR
2px* +1=0 has no real solutions because

2px’ +1=0is always greater than zero because

p is a positive real constant and x? is always
greater than or equal to zero

OR

2px* +1=0 has no real solutions because the
discriminant is less than zero.
b*—4ac=0-42p)(1)=-8p
Since p is a positive real constant.

2

) d
Therefore, there are no solutions to dx—); =0 nd

2
and y=e” has no points of inflection.

o ooy page 3 of 10
Expected coverage Achievement (u) Merit (r) Excellence (t)
(e) — e d 2 Ti
r=e Correct . Correct d_y 5
dy e dx dx’ d*y
— =2 pxe” Correct E
Q = 2px2px. o™ 42 p.epxz with one part of
dx? the equation set to
=2pe” (2px* +1 zero and the
pet 2p ) & reason for there
At a point of inflection, —)2} =0 being no real
dx solutions given
2pe”™ 2px*+1)=0 for
Equation 1 EITHER
2pe™ =0 2pe” =0
per2 = 0 OR
px’=1In0 2px’ +1=0
No solution as In 0 is defined.
OR T2
2 pe”’“2 = 0 has no solutions Correct proof with
because 2 pe‘”Z >0 for all values of x correct derivatives
Both parts of the

equation set to
zero and the
reason for there
being no real
solutions given
for both equations




Year 2022 - Question 2(e) - EXAM

(e) The curve with the equation (y—5)° =16(x—2) has a tangent of gradient 1 at point P.

This tangent intersects the x and y axes at points R and S respectively.

Prove that the length RS is 7\/5 .

You must use calculus and show any derivatives that you need to find when solving this problem.

Calculus 91578, 2022



Year 2022 - Question 2(e) - ANSWER

page 6 of 10

Expected coverage Achievement (u) Merit (r) Excellence (t)
(e) (y=5) =16(x—2) c . dy Correct x and y T1
Method A et values found Finds equation of
(6,13) tangent and both
y=5=4x-2 . dy axis intercepts
y=4 \/E +5 with correct I a
dy ) with correct o
A Jx-2 T2
b =1 Correct solution
dx dy
with correct —.
2 ~1 dx
x=2
x—-2=2
x-2=4
x=6
y=13
Method B
dy
2(y—-5)—=16
(y=5) &
[
dx y-5
&
dx
8
y=5
y=13
64=16x—-32
x=06
Equation of tangent
y—13=1(x—6)
y=x+7
Axis intercepts: (0,7) and (-7, 0)
Distance RS =72 + 72
=v49 X 2
=72
NO N1 N2 A3 A4 M5 Me E7 ES8
No response; ONE partial lu 2u 3u Ir 2r T1 T2
no relevant solution.
evidence.




Year 2022 - Question 3(e) - EXAM

(e) Megan cycles from her home, H, to school, S, each day.

S

) : g
Diagram is e |
NOT to scale o |

I

I,, |

7 2 km

!

II' |

I" |

7 |

H P," Q i
L ® °
“«- - — — — — — — — — — — — — - 4km - - — — — — — — — — — — — — — — >

She rides along a path from her home to point P at a constant speed of 10 kilometres per hour.

At point P, Megan cuts across a park, heading directly to school. When cycling across the park,
Megan can only cycle at 6 kilometres per hour.

At what distance from her home should she choose to cut across the park in order to make her
travelling time a minimum?

You must use calculus and show any derivatives that you need to find when solving this problem.

Calculus 91578, 2022



Year 2022 - Question 3(e) - ANSWER

o ToToy

page 9 of 10

Expected coverage

Achievement (u)

Merit (r)

Excellence (t)

(©

Total time = time (HP) + time (PS)
Method A
Let x = distance PQ

%(x2 +4)2 2x

dx 10 6
ar -1

x
_——= e —_—
dv 10 6yx?+4

. .. . dr
For maximum/minimum time, E =0

1
ar_-1

1 X
10 6yx?+4

6Nx?+4 =10x

\/x2+4=%x

36

_=x2

16

x=1.5
4-15=25

Megan should travel 2.5 km along the path

before cutting across the park.
Method B
Let x = distance HP

N ((4—x)2 +4)
r=—t+—m
10 6
ar_ 1 (x-d)
dv 10 6yx?—8x+20
dr
o
L, ) 0
10 6vx* —8x+20
5(x—4) = -3vx? —8x+20
25(x* ~8x+16) = 9(x* —8x+20)
25x* —200x +400 =9x> —72x + 180
16x> —128x+220=0
x=250r55
Since x <4,x=2.5km

0

Correct d—T
dx

T1 Method A

x = 1.5 found with
correct derivative

OR
T1 Method B

x=250r5.5
found (5.5 not
discarded) with
correct derivative.

T2

Correct solution
with correct
derivative.

NO

N1 N2 A3

A4 M5

Meé

E7 E8

no relevant
evidence.

No response;

ONE partial lu 2u
solution.

3u 1r

2r

Tl T2
or
two of T1




Year 2023 - Question 1(e) - EXAM

(e) The graph of y = x(x — 2m)?* where m > 0, is shown. y
The total shaded area between the curve and the x-axis i
am*

fromx=0tox=2mis givenby A=

A right-angled triangle is now constructed with one

— 2 < S
vertex at (0,0) and another on the curve y = x (x — 2m)?, 5 x
as shown below. ‘

Show that the maximum area of such a triangle is % of the total shaded area.

You must use calculus and show any derivatives that you need to find when solving this problem.

You do not have to prove that the area you have found is a maximum.

Calculus 91578, 2023



Year 2023 - Question 1(e) - ANSWER

- ooy page 3 of 8
(e) ¢ tcianel 1 * Correct derivative. | * Correct Tl
Area of triangle = > derivative. Maximum area,
1 5 AND 1 .,
= - A=—m" found
4 = 2x(x(x 2m) ) x = m found. 2"
1 . d4
_ Exz(x _ 2m)2 with correct o
a4 1, 2 OR
—==—x"(2(x-2 -2 .
dx 2 X (20x=2m))+ (x =2m) Correct solution
= x2(x = 2m)+ x(x — 2m)? bqt with one
minor error.
=x(x— 2m)(x +(x— 2m))
=x(x—2m)(2x—2m) T2
=2x(x—2m)(x —m) Correct solution
OR with correct dd
15 2 dv
4 = > (x=2m) showing the
1 calculation of the
=—x*—2mx’ +2m*x? correct proportion
2 of total shaded
== =2x7 —6mx? +4m*x area..
= 2x(x2 —3mx + 2m2)
=2x(x—2m)(x —m)
d4
—=0=2x(x—-2m)(x—m)=0
o ( X )
x=0orx=2morx=m
Since0<x <2m
the area is a maximum when x = m
Maximum area of triangle:
1 2 2
A(m)=—m"|m—2m
(m)=—m*( )
1 4
=—m
2
.. 3 .
This is 3 of the total shaded area since
3 4m® 1
—X——=—m
8 3
NO N1 N2 A3 A4 M5 M6 E7 ES8
No response; ONE partial lu 2u 3u Ir 2r It 2t
no relevant solution.
evidence.




Year 2023 - Question 2(e) - EXAM

(e) Apolice helicopter is flying above a straight horizontal section of motorway chasing a speeding
car.

The helicopter is flying at a constant speed of 72 m s™! and at a constant height of 400 metres
above the ground. The helicopter is attempting to catch up with the car.

When the direct distance from the helicopter to the car is 2500 metres, the angle of depression, &,
between the horizontal and the line of sight from the helicopter to the car is increasing at a rate of
0.002 rad s™'.

Helicopter

A
1
1
1
1
1
1
1
1

400 metres

v Road Car

Adapted from: https://animalia-life.club/qa/pictures/police-helicopter-drawing, https://www.freepik.com/premium-vector/car-
sedan-suv-drawing-outlines-converted-objects 17981778.htm

Calculate the speed of the car at this instant.

You must use calculus and show any derivatives that you need to find when solving this problem.

Calculus 91578, 2023



Year 2023 - Question 2(e) - ANSWER

ooy - page 5 of 8
Helicopter x e Fi
(e) - . .« Finds & Finds an } T.l
| d expression 101 | Finds the value for
dx dx
40<‘) m dt ) E =-31.25
With correct
derivatives.
OR
] ) o ] Finds correct
Let x = horizontal distance between the helicopter solution but with
and the car. one minor error.
Let y = direct distance between the helicopter and
the car. T2
. A dx
leen.E—O.OOZ rad s—1 Finds 52_31_25
tang = 300 with correct
x derivatives.
X =400cotO AND
—  =-400cosec’ The speed of the
car=40.76 ms™'.
_ —400
sin’6
dr_dv do
de do dr
—400
=——-%0.002
sin“@
0.8
sin*6
. 400
When y =2500, sinf =——
2500
60=0.1607 rad
& 08
dr sin®(0.1607
=31.25
When the helicopter is travelling at 72 m s,
The speed of the car =72—-31.25
=40.75ms™
(=146.7 km/hr)
NO N1 N2 A3 A4 MS Mo E7 E8
No response; ONE partial Iu 2u 3u Ir 2r 1t 2t
no relevant solution.
evidence.




Year 2023 - Question 3(e) - EXAM
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(e) A power line hangs between two poles.

The equation of the curve y = f(x) that models the shape of the
power line can be found by solving the differential equation:

X X

. L . . al 4. ~a

Use differentiation to verify that the function y = 5 e’ +e ¢

satisfies the above differential equation, where a is a positive
constant.

Source: www.thelocalelectrician.com.
au/power-lines-power-pole-who-is-
responsible/
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Year 2023 - Question 3(e) - ANSWER

ooy - page 8 of 8
(e) af 2 * Correct * Correct expression | T1
yoo=3 edted expression for 2 « Reaches both
dy for - stage #(2)
a’ a” dx AND AND
=|—e?+—c? :
2 2 Evidence of stage #(3) with
. correct
d x progress with derivatives.
2 —_ea__ga substitution into
de 2 the differential OR
d%y x - equation Correct
ol 2a et +- e Reaches either solution but
, , , stage #(1) with one minor
dy 1= 1 = 1 error.
=—ed +—g @ —— #(1) OR
dx 4 2 T2
stage #(2).
dzy * Correct proof
LHS = a— with correct
dx derivatives.
“ #2)
#(3)
= LHS as required
NO N1 N2 A3 A4 M5 Mo E7 ES8
No response; ONE partial lu 2u 3u Ir 2r It 2t
no relevant solution.
evidence.
Cut Scores

Not Achieved
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Achievement with Merit

Achievement with Excellence

0-7

8-12
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Year 2024 - Question 1(e) - EXAM

. : 2x* —1-2x1
(e) A curve is defined by the equation y = al rnx , Where x > 0.
X

The curve has a point of inflection at the point P.
Find the equation of the tangent to the curve at the point P.

You must use calculus and show any derivatives that you need to find when solving this problem.
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Year 2024 - Question 1(e) - ANSWER

page 2 of 6

(e) dy 5 2 * Correct expression | * Findsx =1, « E7/T1
—=2+x 7 —— with correct '
¥ for ¥ 3 Cons1.stent
42 B B dy d°y equation of
—)2} = 2x742x72 & and o tangent, from
dx incorrect P.
For an inflection, solve OR
dz_)’ — 340220 Correct solution
dic? but with one
9 minor error.
x_z = ; « E8/T2
2x3 =247 Correct
equation of
2x° —2x* =0 tangent found.
232 (x=1)=0
Either x = 0 ignore as not valid
Orx=1
x=1givesy=1, i.e. P=(1,1)
x=1gives & =1
dx
Then equation of tangent is:
y—l1=1(x-1)
y=x
NO N1 N2 A3 A4 M5 Mo E7 E8
No response; ONE partial lu 2u 3u Ir 2r T1 T2
no relevant solution.
evidence.




Year 2024 - Question 2(e) - EXAM

3x
. e . . . .
(e) The graph of the function y = Zx—k , where k is a non-zero constant, has a single turning point
+

at Q. x

Find the x-coordinate of the point Q.

You must use calculus and show any derivatives that you need to find when solving this problem.
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Year 2024 - Question 2(e) - ANSWER
——oe—————ror o= page 4 of 6
(e) dy 3 e3X(6x2 +3kx+k) « Correct d_y . . Finds the « E7 / T1
ax (2x+k) dx correct Correct
. . value of &, solution but
For turning points with with one
dy 0 evlldeflce of | minor error.
-—= calculus
d}x 5 methods. " E8/T2
e (6x" +3kx+k)=0 Calculates
Either ¢** =0 No solutions Xmco-
ordinate of
Or6x2 +3kx+k=0 (a) Q, with
. . . . 2 _ clear and
But,zas only a single turning point, using b —4ac =0 full caleulus
(Bk)"—4x6xk=0 justification.
9k*—24k =0
3k(3k-8)=0
Either £ =0 Ignore as not valid
Or3k—8=0i.e.k=§
oL 8. . .
Substituting k = 3 into equation (a) gives
6x* +8x+ % =0
9x* +12x+4=0
(Bx+2)3x+2)=0
2
xX=—=
3
NO N1 N2 A3 A4 MS Mo E7 E8
No response; ONE partial Iu 2u 3u Ir 2r Tl T2
no relevant solution.
evidence.




Year 2024 - Question 3(e) - EXAM

e¢) The diagram below shows part of the graph of the function f(x)= e_xz, where x > 0.
(e) g p grap

y

y=f(x)=¢"

The point P lies on the curve and the point Q lies on the x-axis so that OP = PQ, where O is
the origin.

1
Prove that the largest possible area of the triangle OPQ is —\/% .

You do not need to show that the area you have found is a maximum.

You must use calculus and show any derivatives that you need to find when solving this problem.
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Year 2024 - Question 3(e) - ANSWER

——ror ororor=o=—=- page 6 of 6
(e) Let P have coordinates (x, y)  Correct * Finding « E7/T1
i 2 expression for 1 Correct proof.
Area of triangle OPQ = xe - ’
1ang O=x a4 r= \/— , and but with one
dA _,2 2 o 2 .
= (1-2x%) dx ) minor error.
dx evidence of . B8/ T2
dA ignoring
For max / min, — =0 1 . Correct proof of
dx X=- T with exact area value,
e 5 2 o
er (1-2x)=0 . with evidence of
, evidence of a a calculus
Either e* =0 No solutions calculus method.
thod.
Or (1-2x%)=0 fetho
lLe.x= J_rL =20.7071
2
. 1
But ignore x = —Tas x>0
2
1
1 - 1 1
Then area = —=Xxe 2 ==X
2 2L
e2
1 .
Area = —— as required.
V2e
NO N1 N2 A3 A4 M5 M6 E7 ES8
No response; ONE partial lu 2u 3u Ir 2r T1 T2
no relevant solution.
evidence.
Cut Scores
Not Achieved Achievement Achievement with Merit Achievement with Excellence

0-07 08-12 13-18 19-24




