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QUESTION ONE

(a) Differentiate y= Jx+ tan(2x).
Y= (x)*+ tos (27)

d -4
;& = %76 + sec” (20 %2

|
= 3E ¥ 2368(27

2x

(b) Find the gradient of the tangent to the curve y =
ey x+2

at the point where x = 0.

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

problem. ) P (42)- € (1)

x (x+2)"

hd when =0,
g 2 i)
2 = (0+2)?

_ 2% — W
T
= 7%
- =
L’—
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(¢) The normal to the parabola y = 0.5(x — 3)* + 2 at the point (1,4) intersects the parabola again ASSESSOR'S
at the point P.

%)

Find the x-coordinate of point P.

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

T= = k(x=3) X

—;—x-—;o

A.C GrLE'), the Q;Mljefq- of pormal) =
o % =130

- |
((=2)x-1)) =7 *

/
Equation of vomal lie = Yo = 7*TC
b =3¥tc

-

C= =

s ljnorma\ . %2’4 % M
(.1
Tinding \nteccepts ¥ W=0.5(x-3)" 42 = Ynormal = TX+3
05(x-3742 = Lxtt«

0.5 (x*bx+a)+2 = 2x+3

. |
0.5 —Zx+4G+2=z**

N

O\th—- —Z—x +2 =0

<=1 o wA=b© T - coordinate = :"
point P = £ 9
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(d) A curve is defined parametrically by the equations x=+/t+1 and y =sin2z.

Find the gradient of the tangent to the curve at the point when 7= 0.

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

problem. Ay dd e Ay
.7;:7{% pa 7{: cos 2t %2 = Qcos 2t
2 €% d» 3 T
= 2ws2t Xy Fe =) = TE oy
= Y eos2t % [T | /
When t=0, %%:L{—Cos(lxo) % Jox]
= Ureos (0) 2 |
= U
M.y
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-y e g ot S (1)

(¢) Find the values of g and b such that the curve y=

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

problem. 0/ . ﬂ(Za"l ) P (a;t'—é)x (lx) &
7;{_ - (="-D"*

at
When f\_“i’wm‘n% posnt %’E:o ) and ¢ =3
A1) — Cax—b) x (2%) _
= -CZ‘I__ ')-:. =

A(=1) —2x(ax4) =0

(o)

ax -2 —20x+2bx = 0
-ax —a +2£x=o .
Coubgtrtute 223 —a(3) -a42b3)=0.
=22 — Q0. — +6b=0
@ —loa+4b =0. »

arx—b
g”x’—l substitute (3.1) . Soultanesus @ and ©)
axzs —b 22
[ =73 @- —[0a +64=0. > —Sa+3p=o.
—b @ 2a—L=g *3 _aL-
[ 8&8 > qa 2k ZJ:;F
yo =
@ - ¥=3a-L = =
7 2-b~g
3xb~bL=¢
—b=_1o
b=(o
=t
b-10
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QUESTION TWO

(a)

(b)

Differentiate y = 2(x? — 4x)°.

You do not need to simplify your answer.

G = 1o ( ) (22 -4)

The percentage of seeds germinating depends on the amount of water applied to the seedbed
that the seeds are sown in, and may be modelled by the function:

P(w) = 96In(w + 1.25) — 16w — 12

where P is the percentage of seeds that germinaté and
w is the daily amount of water applied (litres per square metre of seedbed), with 0 <w <15.

Find the amount of water that should be applied daily to maximise the percentage of seeds
germinating. % et o

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

s '.
T WX amE -
] de _
When £ is masgaum , dw =©
a
a4
t/oJcL?,S"l6
e .|
wrls
b= w425
W= w5

%
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(¢) The tangent to the curve y= Jx is drawn at the point (4,2).

y

L

42

= o — | .
/ T

Find the co-ordinates of the point Q where the M@_ﬂw. when Y=o

=

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

problem.
dy L
o = X

1

—

Ay z
when =ty g = 3X(4)
=dng
_
i
5‘ﬁ\j1 =m (=)
Y-2 <4 x-y)
2~ gx-|
o ‘éZH ‘

Subsfitute Y=0 @b at foint. &

(
0:1{:1-;\
—\ T—-d-'x
= =Xl

. g Coordinates VF& it (—q_%
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(d) Find the coordinates of the point P (x,y) on the curve y= Jx that is closest
to the point (4,0).

— e

y

L J

(0)

You do not need to prove that your solution is the minimum value.

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

dy (4
A =X

To le closest o +he poin¢ (4’-.0),-~Hae PSS .Pc_x,_y). should _have

the pormal |me (f?erfzem’rcufar o the tangent _Ime)  which incluclesthe poine(4,0)

jfﬂd’fcnfff/\/wmn{ fne (o™ i J

1)

{~ze)
- 2%
Y-Y = M(7cv§£,)
W-0 = -2x (=-4)
Y= axfz+ Q.
D is an intersept Leween Y /* and

Y= -2z g /x.
J7e = “dIx[x « g x
x = —276{+87(
| = —2x+% - % Mo( v): .
~7= 2%

v3 )
V==

-
2 — .97 /
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() Arectangle is inscribed in a semi-circle of radius r, as shown below. AssEssor's

/A
hat the maximum pogsible area ofSuch a rectangle occurs whej
=

—

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.

A = [t ‘\\
1
=2 ( r“l_)fg_)‘:_ 5
' I
;0{[; 7 Q(rl—x’“)u ‘21( é("lﬂxl K(*Z’?C))
[ ~6 = \ s
= 2(~X") + 22(~2 [r"-x) )

1 ! 2 L 7 "'7'\,
=20 ) =2 (K=Y

A
(/\)\/\fn ma“_&imi é; = O.
L 2, o vk
A2 ) _ g (¢ —XJ)_ e o
1 -
(\"2-'7(‘_2)1 - x'L (!’1—7(1) 2 //‘ ”

\
> 2 D= 2
= =x%(r=x")

Mb




10

QUESTION THREE ASSESSOR'S

USE ONLY
(a) Differentiate y = xIn(3x — 1).

You do not need to simplify your answer:

3
Hﬂ' [n(%““’)“‘ XX ey

=dn (32 1) + 5= l/

(b) Find the gradient of the curve y= L iz at the point (2%).
X x

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

problem.
— =\ -2
= (ﬁ —X = x
Ay N -3
Ax = —x 42«
when 5= "M - 4D 2D
= — 0.8 +07S

NN

7’

Lj% il f""““ (2 %
——— /
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The graph below shows the function y = f(x).

<
3 > i
14
_2 W
For the function above:
(i)  Find the value(s) of x that meet the following conditions:
1) fuy=0. A x{2 , = —.}/
(2) f(x)is continuous but not differentiable: <=2, 77
(3) f(x)is not continuous: ¢~ ~\ , x%
(ii) What is the value of lim1 f(x)? 7
x— - ’--/J/____._.______ i

State clearly if the value does not exiSf.~

does not ey/&___w

7z
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(d) A building has an external elevator. The elevator is rising at a constant rate of

Sarah is stationary, watching the elevator from a point 30 m away from the base of the
elevator shaft.

Let the angle of elevation of the elevator floor from Sarah's eye level be 6.

20 m E \\\

www.alibaba.com/product-detail/Sicher-external-
elevator 60136882005.html

& 2

Find the rate at which the angle of elevation is increasing when the elevator floor is 20 m
above Sarah’s eye level.

You must lise/ca'[aﬁﬁ}’zd show any derivatives that need to find when solving this

problem ——
0 _dE \

P il % = 2""(1%-3‘/1?_ E=30 4an 0.

= 2 é
when E_—,’)_ol de 30 sec” &

20 T e —

_{_anec -go—" :?o(sece)l

Bl N e T =wfy)
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(e) For the function y = e*doskx:

. . dy d*y
Find =
(1) in e

= & coskx - keTsim k= o

-.dxz = (@%Coskz -—_kex s?nl;z) - ( le” sink=x + ke cosfx x k) |
= (¢ oskn —ke snkx) — (ke*sinkz + ke cosk)

2
e'xc% Jeox -—,lrex sin b= — .éezs_;\ngé;_ —k e_z Ccz_s/q )

(I- k)" coske) —2ke™ 570 f;// B

(ii) Find all the value(s) of k such that the function ,&oskxsaﬁsﬁes the equation
2

i }2] Q+ 2y =0 for all values of x.

dx? dx

€ coskx ;_%l:ﬁ%@xﬂx_ Coskz —26%esk Ty 2 e spaley 42 Ecoctr =0
& coslex +ke cos |ex

= O

(W) Eeoskx =0

—

Calculus 91578, 2017

& cos ke ~ 2ke" sinley OF " ceske =2 (€teska—lee"sinkx) +2(Etesk) =0

ASSESSOR'S
USE ONLY

M6




Annotated Exemplars for 91578 Differentiation 2017

Excellence exemplar

Subject:

Level 3 Calculus Standard: | 91578 Total score: | 20

Q

Grade
score

Annotation

E8

This response provides evidence for E8 because the candidate has
provided a perfect response for part 1e, including a correct first
derivative found by applying the quotient rule and then two correct
relationships between a and b. To complete the solution to the problem,
the candidate has correctly solved these two equations involving a and
b simultaneously. This is a strong candidate because all of the five parts
of the question have been completed accurately.

M6

The candidate achieved M6 for this question because part 2e was not
correctly completed. The model for the rectangle inscribed in a semi-
circle was found successfully and also differentiated correctly with the
product rule. However more than one algebraic error has been made in
the attempt to solve the first derivative equal to zero. Therefore the
candidate scored r for the correct model and first derivative.

The candidate successfully completed both of the merit questions, part
2c and 2d, so their question grade score was M6

M6

The candidate correctly identified all the values of x required for the
features of the piecewise function in question part 3c(i) as well as the
limit required in part 3c(ii). They gained M6 rather than M5, because
they were also successful in finding the first and second derivatives of
y = e*coskx that were required in part 3e(i).

They were not awarded E7 for part 3e because they made two minor
errors, a sign error in the second line and then in the final solution
where they only gave one of the two possible solutions of the
consistently formed equation.

They were not awarded the r for part 3d because they failed to realise
that the units for angles required in the question were radians not
degrees.






