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Further Differentiation Mark Schemes

Question 1

5x7
Differentiate — with respect to
sin2x

Question 2

d.
Find ﬁ for each of the following:

(a) ¥ = cos(x? — 3x + 7) + sin(e*)

(b)y = In(2x®)

x.

N @_L _w dv
4] % _ _dx  dx
Quetient lule vt
L&tdiz g;‘ ) L—.sfnlx ) _—
L -5 E
& 3 a_i,j_wslf-
u
A(¥) (a2 35 - 57 (208 2)
dx Z
Ls\'f\?_x)
d.(5x™ ) 355cbstn2e — [0 cos2x
‘:;7‘* Sin>2x¢
(L)(/\Muamlﬂ.@ l_ijzd_ﬂ x&b
w)fj"mu, w=x -d>x++ dx dwdx

- =223
%_ snw 2

B by sine) (2-3)

éu./b in u=x =-pae

%ﬁ(‘ sin(oc* 2 F)) (2¢-3)

suho tn U= e’ % Co—s(&y)tf
%‘ . (11-3) Sin (zz—ax*’*) + cxcos(f’-*j
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d.
Find ﬁ for each of the following:

: in Rude
(a) y = cos(x? — 3x + 7) + sin(e™) b) ded 1 U\wr\ %g = g * d_i"
-lhu u- 22 dx e dx
[ b "
_ A du - 6
(b)y = In(2x%) %H L =
(3] 2.)
A
N
2
ﬂ = _!_ (Gx'z) 1=
[

O et 20 Wiy wairg Lo Lo

P nl+3nx
y= i (2x) = 2 +Int
=13
L
Question 3
Differentiate with respect to x, simplifying your answers as far as possible:
dy du
(a) (4 cosx — 3 sinx)e3 ~5 (L) PFOC[JJ.C& wle ‘3_& = W JA_L + VvV E
@ kb w= boos 2-38Inx V;QSI_E
o -5
(0) (* = 4x? 4 7)Inx %:-me 3wyt adi:gf‘

[3]

& 3Sfy .
A'(‘“'): (ngegx See - ('L”"‘x 30!5&)

e 3 cf&x)
= ~’;(l7_cemc-°|3"~’\>< —lsinx -3¢

= est'g( Qeosx - ‘35{\1)
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Differentiate with respect to x, simplifying your answers as far as possible:

(a) (4 cosx — 3sinx)e3* 5

(b) (x® —4x2 + 7)Inx

Question 4

A curve has the equation y = ¢™3* + Inx, x > 0.

Find the gradient of the normal o the cu
correct to 3 decimal places.

difffrenciate

usl'mﬁ Cloan bt

at the point (1, e 3), giving your answer

4

)
dac *

b)

dy . w4
leb =t -4+t v= lnac dot * i
[3]
du L_ |
J’L‘:Bi 8’1 3“% _z

3]

dluv) _

(:L?'-lncﬂjr) - LU\:L)(B S £

doc
-4+ Ei +(Ln1)[3>c"—8x)
c”' u=-3%x i’j ) &y y dw
d.(ﬁ“)-e,u' m s dx  dw  dx
CIE dec

doc
= e_u X(_B)
A = gy
c%ﬁl -Se‘%x*"L
swb ==l Ly -3
a%:_%e 4—T - I‘BC
1
V\AV\M:

= I-BC-B: -1.1#6 CBdPJ
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Question 5

Find the equation of the tangent to the curve y = e3**+5¥ =2 at the point (=2, 1),

giving your answer in the form ax + by + ¢ = 0, where a, b and ¢ are integers. L—Qt \d: eu' u= 3:02 +gi"2 %j ~ dﬂ . dw
&~ dw dx
[4] S e\ du . x+5
ld_:j': VV'I(I-JC|) %?; ¢ dac 6
in rwle
l .& - (@xig)eu Clectin
doe 3xt+ -
% = ((gx-rg)c
e xe=-2 3(-2)*+5(-2) -2
dy . (G(‘Z) b T)C
=-Fg s=F T ™M
LA— () = -?—(_x - (—‘7‘))
- = - 3 _ll"
q
yr3x+12=0
Question 6
1) = (2)
Let f(x) ;%, where g(2) =4, h(2) = -1, g'(2) =0andh'(2) = 2. P{‘ ) ‘%ﬁ
Find the equation of the tangent of f at x = 2. {-(1) - L( FDW\A ) (2’ o )

Quo He,vx,[r (tL\(L

Q = % =2 00% 2 V%—“% (n formula  booklet)
N e dx

Ul
w=gla)= 4 v:h(2) = -1
BL(&: ‘{1):0 M_'L"‘(l):l
E ‘3 2

F'(2) = (;I—HU’)(‘ (1) (1)
_l)’-

Sble (if_qs (M/\I)L VV\:~€ (:A}Q'O L:B*[j.lw\(%—u‘)’

5+Q=—ﬁ[%— 3
lj:-gwc+l6—[1

15:-&o¢.+l2
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Question 7

A curve has the equation y = x3 — 12x + 7.

@ a) D ifpesenciake once

i ; dy
(a) Find expressions for o and Wz

3 dy _ 2 _
G 3 -12

(b) Determine the coordinates of the local minimum of the curve.

I .. ond difffuenciote ogasn!
dy = [6x

PR

A curve has the equation y = x* — 12x + 7.

dzy

, b) find, x ot the sabovary ponts
(a) Find expressions for =~ and )
P dx " dx d;ljzall_iz =0
i 3 & 3

3] B Two volued sin@ )
=k -g ot Waal mun
=2

3 local max.,

(3]
Classify dahimary points

pE x=L %= 6(1)=12 >0 - %zfc\zi

: |
At €52 %; 6(_‘1):'|240 o lfz\cmx

Y= 23' l2(2)+ +:=-1

LOCAL
MINLMLW (2, “q)
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Question 8

The diagram below shows part of the graph of y = f(x), where f(x) is the function
defined by

fx) = (x* = DIn(x +3), x > -3 0.) Product wle

gl&
=
|
+

¥

laku= x,z—l V= UL(I"'B)

dv o L

/\ de de  xt3

N ' Fr('!‘») = (1?"! + (u\(:u%JJ 2x
3

Points A, B and C are the three places where the graph intercepts the x-axis.
(a) Find f'(x).

[4]
(b) Show that the coordinates of point A are (=2, 0).

[2]
(c) Find the equation of the tangent to the curve at point A.

3]

The diagram below shows part of the graph of y = f(x), where f(x) is the function

defined by § .
() = — Dine+3), % > —3 b) Nt A, dhe cwve Wnbersecks te x axis, 0
' y=f(x)=0
o) n(x+3) =0
x4+ (x-1) n(x+3)=0
/\ (x+D (1) n(
A ] - € . wn = O
x+3=|
=y | x=-1
Points 4, B and C are the three places where the graph intercepts the x-axis. A’ 5 e W V\Lﬂﬂ)ﬂm PO‘HM‘# (WM H
(a) Find f'(x). . T
=~ |A(-2, 0)

[4]
(b) Show that the coordinates of point A are (—2, 0).

[2]
(¢) Find the equation of the tangent to the curve at point A.

[3]
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The diagram below shows part of the graph of y = f(x), where f(x) is the function

defined by
f(x) = (x* =1 In(x+3), x > —3 ) _ -
c \J'J' = m(x I')
Whan £ = -2
m= (G E2) 22 (2+3)
1 8 c [-7_)1'3
g ' ==l %3 =3

Sng\/\ i,=‘2, H':O or\li WLZS

U-(O) = 3(96'('2))

Points 4, B and C are the three places where the graph intercepts the x-axis.

\J = 3x+6
(a) Find f’(x). N
£(e) = 2204 ax U\('JC"—S)
2+
(b) Show that the coordinates of point A are (—2,0).
[2]
(c) Find the equation of the tangent to the curve at point A.

[3]

Question 9

Let fi() = %2ex. &) Product m\& (w Formula  booklet)
(a) Find f'(x).
2 Y= Uv > dy = ow dv + v odu

3] dot e cloc

(b)Find f"(x). 25
A ks vV =z é
[3]
2

(c) Find the exact x coordinates of the points of inflection for the graph of f. d[/\ . 2 H CI,L/ = (&

[4]
(d)Find lim x%e*.
x--2

[1]
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Let f(x) = x2e*.

(a) Find f'(x). 3L

F'l) = 22e* + 2ace
(b)Find f"(x).

(c) Find the exact x coordinates of the points of inflection for the graph of f.

(d)Find lim x%e*.
x==2

Let f(x) = x2e*.

(a) Find f'(x).
(B)Find £ (x). () = e® (w* + 4 + 2)

(c) Find the exact x coordinates of the points of inflection for the graph of f.

(d)Find lim x2e*.
x==2

[3]

[3]

[4]

[1]

[3]

[3]

[4]

[1]

b) Produck cule

¢) Ponk o wHlechon occwr when

(n formula booklet)

lﬁ:&v—>ﬂ5=t&ﬁ/+v0{_u\

FUlo) = %%e™ « 22 e

Frix) = e (2%? « 22)

TR Y vl ¢ 2
d,i: gx _@: Q.)LJ(']-
e dae

FU%) = o (Loee L) + ™ (™ + 22)

() = e (o + 4ae + 2)

() -0,
D= e (5? + koe + 1)
D=5+ koot L

Quadrahe  Formula
e = - bt [b2- lac (n formula  booklet)
Lo
) = -(4) 2 J)*- 4O0)
2.6ty
W= =4 £ (b
o)
W = ;éf + Y2
4
w=-17* {_7:
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-%
Let f(x) = x%e*. d) ll\N\ T C’L 3 ‘:('2) < (‘2)1 C£ )
W —H-2
(a) Find f'(x).
3] i x™e* = F(-2): 4
. X —5-2 (’/l
(b)Find £ (x).
Bl o ™ e = F(-2) - 0. Sul3k.
(c) Find the exact x coordinates of the points of inflection for the graph of f. =5-2
[4]
2. pitelm
(d]Find}iﬂ_-lzxz‘e’»‘, L‘!:\. 19(. e - ; (' 1) O Sq ‘
[1]
Question 10
Let f(x) = 2e%**, where —-m < x < 7. &) GrU\FL\ F (u) oNn L:SO(,L( @D C D(V\d COU.V\"
(a) Find the number of points containing a horizontal tangent. H’\e’ ﬂlkl’l/lb@( O!’ Po( V\z['S ‘H’@ Sra&(@\/\l' <
[1]

0 wn the SW&/\ dlomen .

.

(b)Show algebraically that the gradient of the tangent at x = 7is—4

14 3 Pou\l's

(c) State the gradient of the tangent at x = 3771

[1]

It can be found that as the function, f, undergoes a transformation f (kx), the number of

stationary points found between —m < x < 7 increases.

(d)Find the number of stationary points on f after a transformation of f(2x) and hence, state the
general rule representing the number of stationary points in terms of k where k € Z*.

[3]
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Let f(x) = 2e%%°*, where —m < x < 7.

b) Cheun rule

(a) Find the number of points containing a horizontal tangent.

Y- S(u)l where w = F(x)

It can be found that as the function, f, undergoes a transformation f (kx), the number of le
stationary points found between —m < x < 7 increases.

[1]
dy = d s  formula  booklek
(b)Show algebraically that the gradient of the tangent at x =§ is —4. (ﬁt ﬁd_ . E ( S )
4 "
, U= Lcos » us=2e
(c) State the gradient of the tangent at x = 7” =
1 L
o dA = - Lsiax %% = le
W

P \ (- ) -9 2cos %
(d)Find the number of stationary points on f after a transformation of f(2x) and hence, state the n) = e

x - Lsin
general rule representing the number of stationary points in terms of k where k € Z*.

3 F‘(H) - Hawmae &q.cgsx

Sub %= T2 b Fx)
E\ (Tr/l) _— Ll sw\("/z)emg(%)
P TR) = -y ()M

£ (7)) = -4

Let f(x) = 2e%°*, where —-m < x < 7. C) Fl()(} - L{SW\I{_ e'Q.COE.X-

(a) Find the number of points containing a horizontal tangent.

Cub %= ¥ whe [ ()

[1]

/)
VR s 3T 2eos [ %
(b)Show algebraically that the gradient of the tangent atx = %is —4. F ( /7' ) - q st ( /7' ) e

4] EE%) = -4 (<) 2

w F (%)

(c) State the gradient of the tangent atx = ?'2—“

o

Yy

It can be found that as the function, f, undergoes a transformation f (kx), the number of
stationary points found between — < x < 7 increases.

(d)Find the number of stationary points on f after a transformation of f(2x) and hence, state the
general rule representing the number of stationary points in terms of k where k € Z*.
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Let f(x) = 2¢2¢%%, where —m < x < . d\ [: l)() L\&S é s}a"mm CL(&S POU/\,h TN

(a) Find the number of points containing a horizontal tangent.

Hre gwm domocin (-1, &, ).
3 Pou\l-s 1
(b)Show algebraically that the gradient of the tangent at x = %is —4. F [ 1%) L\& s S sl'al'lom e rS P 0 UAJ’S L
[4] He Swm dono i (‘TT, 'TT/Q_, o iTr/a ‘Tr).
(c) State the gradient of the tangent at x = 3—". .
: o Sorule: Lk«

It can be found that as the function, f, undergoes a transformation f (kx), the number of
stationary points found between —r < x < 1 increases.

(d)Find the number of stationary points on f after a transformation of f(2x) and hence, state the
general rule representing the number of stationary points in terms of k where k € Z*.

[3]

Question 11

Let f(x) = sinx and g(x) = sin’x, for0 < x < 2m. F ! ( 2’ ) = gk [ 178 )

Solve f'(x) = g'(x). < i
§ whean cog e = 0, E'(x) - g () = O
[5]

COS 3¢ = 2LSINH (OS 2
Dervabive  ob  sin (n formula booklet) = 2
B Y/
(’{?t) = Sl % 5 F'(a) : cos Sln 2 = 2

CL\O\W\ f'[/\l e ;X\\T / 2 —

g(%) Sint 3¢ L \></

g[u\ (sw\ x)"

5 8‘[7‘) = LSUN 2 (OS 2
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