1 y=2+5x-Tx+ 10
dy

Find —
(a) Fin I

(b) Find the gradient of the curve when x =2

()
(1)

dy = 62"+ [0x - 7

&
aAx
Ay _ 2 -
b/ whenan x = -2—3% = 4(2) +}O(2.) 7
2 y=3x+ L
X
(@) Find < @
(b) Find the x coordinates of points where the gradient is zero. (2)
-
o.l, g = dx + &
-
dy = 3 - =
dx
-
‘0/ 3 - > o = 0
d -z
R = .
— (
L = —
x
z < \
X -3
-
- A
X - - 3

3

3

3 f(x)=3x+=3 —6x

X

Find f'(x) ~

.F(‘x.) = 3% :Zx.’z. — b>

o

(:l(x-\:l:z_ - bx" - &
2




4 }f=4\".r+l—+10
2x
(a) Find % 3)
"
(b) Find % (2)
=

az 42T+ L7 40
</ [~

-1t ( -
af dy = 22 2 - —~x
d o ¢
3
? -—= -3
b A 4y = —x 2 + =
Ax’
5 _2x’-5x+3
—‘_ 'r
(a) Find dy 3)
dx
(b) Find the gradient when x =3 (1)
- 34"/
Yy= Zx -5 + 32
154
-Z
a) dy = 2. — 3=
d e
-4
b/ whenr x =3 dy = 2 — 3(R)
{ dx
- 5
3
6 y=x—-4x-3x+9
. dy
(a) Find _d; (2)
(b) Find the range values of x for which y is increasing 3)
0( _ T
o/ _—-‘-'L = 3x — 8x - 3
! doo
2
b/ A~ —¥x -3 2 O

3(,<’,,\§ oC x > 3

e ——
—




7 A curve has the equation y= 2x’+ 9x* — 24x + 13

dy = 6t + |\ - 2«

LS

bur./u/\j Fp\,\(—- warr e é‘_\{ =0 é‘xL + | B — 24 =

xL-\—?)z',-—

\
0 o ©

o+
(1.+“t')bc. “()

when x=-4 459 - -30  (Maxiuum)
Adx* N

z = | '4;1‘? - 3o (Mi/\'«mwv\>

axA L

3

2
gy=2(-4) * (=) - 24(-%) +13
= 115
(=4, 125)
¢ /
$ )'=4xz+£+l x>0
x
-1 ody

Find == 3
(a) Find 2 3
(b) Find the exact range of values of x for which the curve is increasing. 2)

«| = 4x? 4 [xt t ]
dy = Fo - j6x ©
do
b/ Bx — Jb=" > &
Lx -— 16 J 0
> b
325 — 16 > b
x > 2

Find the coordinates of the curve's local maximum. —



9 A curve has the equation y= 2x’— 12x* + 18x +5

(a) The curve has a local minimum at P, find the coordinates of P.

(b) Justify that P is a minimum point.

“)
2)

&) Ay = 62" — 24 +18
da
Minimum where  dq = 0o
dx
bzt - 24 12 =0
2° - Yx +3 =0
(7& "3)(\2, ,/) = O
x = 3 x =/
d7‘1 = l2x— 2¢
x‘l
Al J(—'-'—:S _41’-‘1. = v PoS‘rEIVe . MA Mum
” da* '
3 z
y= 2(3) -12(3) +18(3) #¢
J - J J
=5
(3,5)
_______/
b/ 47‘1 = 12— 2¢
[ 23
it x=3d _é:‘i = 11 pos‘\E\ve . MN TMUM




10 A curve has the equation y= 3x?—5x+7

Find the equation of the tangent to the curve at the point P(2, 9).

Write your answer in the form y = mx + ¢, where m and ¢ are integers to be found.

dy - 6 - 5
Adx
whea = 2 dy = L(2) -5
AxX
= 7 m = 7 Cllq)
~ Y
Ld——o\ - 7(3—*2-)
A-—a = Tox— 4%
94 = T x -5
J

11 A curve has the equation y = g(x)

Given that

* g(x) 1s a cubic expression in which the coefficient of x* is equal to the coefficient of x

* the curve with equation y = g(x) passes through the origin
* the curve with equation y = g(x) has a stationary point at (2, -10)

(a) Find g(x)

(b) prove that the stationary point at (2, -10) 1s a minimum.

)
(2

C= 6
3 2
9lx) = aXx Tbx +ax + C
g(x) = ax® + bx*+ax
‘ = t a
(
Ly A -~ = o (2 2L{(2) + & = a
lZn—kL.l.-b-tO& = O

~10= a(1)” + b() + al2)

=10 = %a + U +2a G;% L:,_gz.s_
|\
/e _ 3 65 1 )
X) = — —_ 2= A=
glx) = L2423 & :
b/ 9'lx) = bax +1b 3"(7.)2 20(2) - 22 = =2




12

State the interval for which y = sin x is a decreasing function for 0° < x < 360°

b~

JCL/C“S/AJ wiren the 3,./o-o(f'x/u(‘ ;4

</

90 <« x < 275

—_—

13

State the interval for which y = cos x 1s an increasing function for 0° < x < 360°

™~ e

\ } 174 {9
Qo\ 130 }wb 36D

)80 £ x < 3¢é0

14 y=2x*+5x-Tx+ 10

Find the equation of the tangent at the point where x = |
Give your answer in the form y = mx + ¢

z

Ady = Cx°+ /0 — 7
d=x

whea x = | _gl—xi:-— é(l)l-r}o[,)_7

; = 7 M=
y = 201>+ s0)° -701)+ 106
= /o (‘l/lo)
4 — 10 = a(=x-1)
- 4 —9

Yy = Qo + |




15

flx)= 2 +x*— 18 +2

The points 4 and B lie on the curve y = f(x). The gradient at both 4 and B 1s 2.
Find the coordinates of 4 and B.

Plex) = 62"+ 22 _ %

Ext 4+ 2= —J %

:2,‘1;1“[‘3;. — 10

2
O = b t2x - 2o
o
o

(S
5 5 5 ( 5 &3 )
y=2(5) +(5) ~e(B) e (F, =5
B L
b = a(-2)" T () = 13(-2) +2 (—2, 2¢)
16 ‘,:(4x—l)(.\'+2)
. 2x
Find the equation of the normal at the point when x = -2
Give your answer in the form ax + by + ¢ = 0 where a, b and ¢ are integers.
L
2 o
> Y= Q‘{—(’L) -))(-—Z.\-l)
= Lfgc_l + 7Jx - L 1(-7)
Zx =)
—_ -
_2:&-1'1;’—")0 (:2_/0)
ZL, 9
dy = 2 + x
dx
A _ -
whaen x = - L 'T.'I':l - + (_"L\




17 A simple model for the cost of a car journey £C when a car is driven at a steady speed of v mph is

C =

45'00 +v+10

(a) Use this model to find the value of v which minimises the cost of the journey.

(b) Use &C verify that C is a minimum for this value of v
&’

(c) Calculate the minimum cost of the journey

B)
(2)
(2)

&)

[ = ySsSoo

v T gSoo

\Vi -~ 57 / M'pk

2 -3
b/ d£ qoeoy
dv ™
2 . .
whea v = 67, d,f - 0-0z1} Ve - Miiua
gy —

#5006

()

+ &7.1 +10

67. 1

= 144 (3sE)




18

A cylinder has a radius r and a height A.
The surface area of the cylinder is 500cm®

(a) Show that the volume (/" e¢cm?) of the cylinder is given by V' =250r - 4)
Given that r varies
(b) Calculate the maximum value of V, to the nearest cm* (6)

(c) Justify that the value of " you found is a maximum. )

Volume = 77rtha S.a = 21" t Xrrik

5p0 = Zar® t Zarle

286 = 1% + 71~

()

2so0— ('’ e

ks

. = 2LSp-TT(

Ty

[N
Volume = r*( 286 —7c \

— 7

= 280m¢™ — 772"

7
B 3
= 25o0r — r

b/

dvV = Zso — 37TrL

drs

Mox

WA 250-30(° =2

256  =3m(*

250 :(7'

37T

3
v= 2150 (S.1§) - m(S.1S)

Z 858 .0

—

QW
~

<

()

- 6 rrr e~ r=6./S

c/
/

Av - _q7.) negahve L MAX M UM




19 A curve has the equation y= 4x°+ [5x* — [8x + 5

Find the coordinates of the stationary points and determine the nature of each stationary point.

dy < |2 2" +30= -8

Ao

S\l’&‘(".a""w-‘j lpo;r\—(") wleere —4-1 =0

¥

ox

122" + 30x -5¢ =0
]
= 7 == -3
(
Yy = y= &L
g
(\{:}‘f) (-3, 8¢)
Gt = 2wk 430
whana x:% 412 T 41 pos,itve .. Mipi MUM  at
2 |

dav

&%)

W

wlben >

-3 ,d.l'_‘;_l = -4 Neqgakit - MELIMuM ol (-3, 86)
z d b ’




20  Acurve hasequation y=3x"—16xVx+18x -2 for x=0

(a) Prove that the curve has a maximum point at (1, 3) (&)
Fully justify your answer.

(b) Find the coordinates of the other stationary point of the curve and state its nature. (2)

3
p—

‘(j: 22’.1-4142_2 -['/ZZ—--Z

n
(4

dy - bx - 24 = + 18

d

MOV point WAL 9}.'—‘1 =0

3=3(')L—14(l)z+/e(/)—2_
= 3
(1, 3)
T —
1 1
Ay _ g - 2T
dx™
. (
wlhtnr x= 0‘14 = 66— Jv(1) *

At

= —¢

Negahvt .. MIiATMUM

:5/1
gy = 3(9)" -16(4) " +8(9) -2
_ - 21

) . .
2y " _ \Dosu‘bv-t
Qc’/’zol) %:% =6 ’17.<‘1) 2 ¢ L M MMOM

o




21

A company is designing a cup. The cup will be in the shape of a cylinder with radius x and height A.

The cup does not have a lid and must hold 450 ml of liquid.

(a) Show that the surface area of the cup is given by 7 x* + 200 4)
(b) Find, to 2 decimal places, the value of x that makes the surface area a minimum. 4)
(c) Justify that the value of x you found 1s a minimum. (2)
(d) Give areason why the company may not choose to make a cup with a radius this size. (1)
Volume = mrtw Sa= qr- 4 27TrQ
4so = mr L = Mttt 2wl 4so
4so = T
(&
i = vt + qoo
r
— g oo
= gat+ 722 (e=x)
x S /
b/ AS = 2r=x — 900x
d
900
Min  whe e _2,(_5_:.0 A7~ — — R ®)
dx pa
(o N o)
2mx = 1-—_;
X
>
Qr>x" = 900
x = 20>
2
LT = 5 23 (A
z -3
c/ A5 = 20 + 1800
‘ Ao
Z P ) - . »
nlenr == S 13 6{ S = 477 FOf/ﬁJf," Mi AU
A —
' .
Al J  cowlel Le {po _ide . It e spill ewsily

o(

be diffocele o leold.




22 Prove that the curve with equation
y=4x +15x" +20x* + 7

only has one stationary point, stating its coordinates.

Z

3
dy - 202" +60x + 60

A x

Starkioaaryy  poAt  wweve —f—?— =6
J L3 A A

Q_sz + 60 + 60t

O
Z,q*sacs‘*sz = 0
0]

2 (2 +3x +3) =
X =0 or X} +3x+3 =0 ,
2 L'-¢ac<°
(" -40)(3) = -3
T o  Solubans
5 “ 3
wheta x =o 9= 4(o) + Is(e) *+ 26(0) T 7

= 7

(0,7)




23 A curve has equation

y=2x'-3x*+4x-5
(a) Find &
dx

)
(b) Show that the perpendicular bisector of the line joining A(6, 2) and B(4, -6) is a normal to the

curve at (1, -1). (6)

o dy = bt — Lo + 4
Ay
L) whea z= | 4q = ot (1, -t)
21 J
e - A
grt= - Ll= 1)
“rj‘t“t:*(ﬁ"l)
L 4 I —x 4|

{
V/

X+ Uy + 8
7

M'ldlpo'./\l oy M8 :( Q;q« y Z_é)

7 Vi
M, = -6- 2 - -—8= (‘f
4 -5 -2
{
pere. m = T T
' ' T
J g 7
g+ 8 = - (> —5)
L\'\A.\.g - - 1——-\'5
v




24

A curve has equation

y=x+px’+gx-5
The curve passes through the point 4 (2, 1)

= 2
The gradient of the curve at 4 is 5.

Find the value of p and the value of g.

= (2) + p(2) + q(2) -5

| = s - "Tl:?’t"lqw — 5
-1 = (-‘\jp—\'lqv
-1 = Q-.? -+ qv
dy = 3 + dpx + q when z=2 Ay
dx t 4 da
5= 3(») t2p0) 19
5 = Il t4p +9
! 2
7= kprq £

p=-3 4= 5




25 A curve has equation f(x) = (x + 3)(x — 2)?

Determine the nature of each turning point. (8)

(b) State the coordinates of the turning points of the curve y = 2f(x - 1) 2)

Fx) = (=« 3)(\Lt—l+x_—e ‘—f—)

3
= x *dxF - Yxx* - 12 + 4z + 1L

3
= x° — x" - Bx + 2L

E'(x) =3x* - 2x - %

{
%uummﬂ PoLAMT wilnas e tix) =0

3x" = 2 - = O
(33:,*)-%3 (x — > - O
z--% x=-2
S
U‘: 500 \4;0
v 27 V4
(=, 2] (2,0
\ ) bl/ N
['(x) = 6x -2
w e 3(,—:-1‘_ «(\‘(1,>: -0 [\‘(L) <0
S ' ’
\ S Lbc.mL Mot L M san
(
whan X = 2 £ () = 1o £ vyo

o LOC.&.L MUNALMWA |

(a) Find the coordinates of the turning points of the curve. _



26

. _q - X
A curve has equation ¥y =3x —2Vx +

5—2
. . diy
Find an expression for —
!
_ “ ) = L
U = 3x - X + L X - 2
v
\
3 "z |
dy - |l — o + 5>
ooc
T — k2 —3/7_
d°y = 36" + Lo
dx* s
2 b C
27 A curve has equation y=ax ———=+—
VX X
I s of a, b and ¢, find ssion fi &
(a) Interms of a, b and c, find an expression for dr @)
! d’y 3)
(b) In terms of a, b and c, find an expression for e
T -4 -
y = o — b o Z 4+ C=>=
(O
>
*/ ;'Eif-la.,x_—r/:t. — Cc x
(4 dL Z
1 =
— 3 -
b/ d'Y = D -3 "t + 2L
dz* 4




28 A curve has equation y = x* — 4x

. dy
Find —
(a) Fin ™

(2)
(2)

(b) Find the values of x for which y is increasing.

Ay = 2x - ¢

Ax

rx -

4 >0
Lx 7 Y
x > 2

29 The line y = 3x+ k is a tangent to the curve x* — y = 3. Find the value of the constant £.

one Jolucsr O s,m. eq.

n
o
—
'3
\
n
—
——""
/_\
\
<
\
v
"
\)

®)
1T —4l-w -3y =0
T + bk + 1\ = 0
L e +~ 2\ = 0

P = =2\

k.f—




30 Find the equation of the normal to the curve y =2 Vx+3x+1 atthe point where x = 4.

Give your answer in the form ax + by + ¢ = 0, where a, b and ¢ are integers.

{
(4

t
Z

dy =

. Z
- A
_ _
o’\{o.aka-et\% o\' v\ortv\-sL 7 PN
4 [l 2

<
LY
|
—
L
1)
|
N
8
\
—\:
"




31 Find the equation of the normal to the curve y = (2x— 1)? at the point where x = 2.

Give your answer in the form y = mx + ¢

y= Yx"-4%x + |
dy = — 4
do
A
~lhenA x = 2 a‘)?. = |2
{
Mm = T
L
e~ > = 3 g = (202) - 1)

(
9




32 (a) Sketch the gradient function of the curve y =x* —3x? —45x

(b) Determine the set of values for which x* —3x*> —45x is decreasing

O]
(2)

L
o dy — 327 — 6 - 4+ 5§
dx
A
Slketch y= Sx — bx — y5
Crosse€ s =X ~leen “v = o
JJ
©O= 32 —6x — 4§
0= ' - 2x —15
0 = (x —5)(x~+ 3)
=5 x=-3
~ 7

\ N

>/
AN
0\ 4

>

o/

X — 3" - 45

U A )

s ACwweaying
v

be lo~ Te L-aXis

74

3 < x £ 5




. . » 1
33 The equation of acurveis y=2x"+—
x

A tangent and a normal to the curve are drawn at the point where x = 1.

Calculate the area bounded by the tangent, the normal and the x-axis.

z {
when o = | Y = (1) r
= 3
~ |
Y4 = J_Dclfx
dkﬁ: Crx’:c.'L
Ao
i = 49 - 5
doc

Srga-c/‘.‘en.{- Q'L 'L’os/\-?}{fxe = £

- {
orsroclient of Aaormo = - =
J ¢ S

/rangzak Norm 1

— _ -\
}J—S'SLx L) Y=-3 = ’ZD-"(\le)
Yy~ 3 T S -3 9=23 :—-_ls—a;_»-__‘s—

|
y = - —x
[¥4 >4 o)

17/

<)

\ \ O = Sx -1

=S

m\“‘wﬁ\

A L= 5x
=~ = ¢/s
o = ‘/(-)c,‘l’,l.—‘-?—
>
0= —x + 16
'_)’_,:IQ
2
Base = 14 - = Meight = 3
= 7z (71 T 2




4
34 The graph shows part of the curve with equation y = —

T x
YA

Q

>
x

P is the point with coordinates (1, 4) and Q is the point with x coordinate (1+ /)

The table shows for different values of /4, the coordinates of P, the coordinates of Q and the gradient

of the chord PO
x for P y for P h x for Q y for O Gradient

1 4 1 2 2 -2

1 4 0.1 1.1 3.636364 | -3.636364

1 4 0.01 [.O0] |3.960396 |-3.900396

1 4 0.001 [-00 | |349¢o0o4-3.996004
(a) Complete the table. 3 ————
(b) Explain how the sequence of values in the last column relates to the gradient of the —
curve at the point P. (1
(c¢) Use calculus to find the gradient of the curve at the point P. )

/n'\.e, C\ra-dlel\t I'S ‘:‘\& {’\" l\‘c\ (,(o&—&f PN S c.Lo;er Ir‘b M
J hd \J

%rwﬂki-&\/\\? ea b P

wne A~ 3 = | 49 - 4 ()
A




35

Danny is investigating the gradient of chords of the curve with equation f(x) =2 — x°

Each chord joins the point (3, -7) to the point (3 + A, f(3 + h))

The table shows Danny’s results.

x f(x) h x+h fix + h) Gradient
3 7 4 -14 -7

3 -7 0.1 3.1 -7.61 -6
3 -7 0.01 .01 -7.660|| —6.061
3 -7 0.001 5.000 F7.006001|-6.00I

(a) Complete the table.

(b) Suggest the limit for the gradient of these chords as / tends to 0.

)
(0))

_—




36 A cuboid ABCDEF has width 2x, height x and depth y.

The volume of the cuboid is 600 cm®. The surface area of the cuboid is S cm?.

(a) Show that § =4x"+ ISXﬂ (5
(b) Determine the value of x for which the surface area of the cuboid is a minimum. )
(c) Find, to the nearest integer, the minimum value of S. (1)

volume = 9—1- x -y
boo = 21}:} > Y

\

S = 2(2-1’1> + 2(2;@3) + ;_(ng)

- LI”)L?' 4+ Yoy + 22y
J J

T G0t by
</

S= Yo'+ b (_B_fﬁ

N x—L /

= ¢ "+ Jgoo

>

AS = gx —J/g00x" "

) 80°

[

b4

g,)c,jf | goo = O




37 (1) Acurve has equation y = 8x + 21 5
x

dy

(a) Find an expression for —

dx

'

(b) Find an expression for i—l,
dx

(1) Hence find the coordinates of the stationary point and determine its nature.

‘ -
u = I x + — >
-3
o dy = % — >
d
b d'y = 3277
Ax*
.. - 3
u/ ¥ — 2 = O
[
< - —3 = o
A
(
=
A
= l
> - -
B
\
X = ‘—,:
. |
y = 8("\*’
<J & J

i
o~

|
SP@HO/\M":) ‘)oo;nl' € k—— / 6>

(.ll-
od ty

(\

3(%)_ — 4 T

Ao+

«ve - local minimum




38

Show that the only stationary point on the graph of y = 2x” — 8 Vx is a minimum point at (1, -6)

{

\

e

dg = Y4 — Y ©

dx

b onery povak e f_j_ = O
& !

A

I
t
- -

2 —_
Ux —4Y4xr = o

[§
o - x.,L = o
</ 4
2z x ——13 = O
-t b &
_xl =0 I/l = |
X = O x = |
dy 15 yndekaned n O
do
ab =2
o) - 4
&4 (0) 5
2
wlhen x =1 gy= 201" - s(J7)
- — 6
(l/—é)
\’ —
>
d'y - ¢ +2x
JJ(_‘
R no C- ( jLL‘j = é
S~ D - ch,"‘




39 Prove, from first principles, that the derivative of 4x 1s 4.

f(x) = Y

(‘-()(_-el«) = ¢(x {—L\I)

]Cl()g) = i L_[,(x.+l,\_)-’({'3c.

Differentiation

First Principles

£(x) = lim f(x+ h) - f(x)
k=0 h

h—> 0 I~

—

= |im U —+ 4l -4 x

[P I e
- i~ YW
h—-=o N

i\

lim 4

>0
< ¢
40 Prove, from first principles, that the derivative of x* is 3x°.
3 _ R
[(x) = X \L(va\) = (x+W)
/ | . 3 + 3
{\[L)Th_,'o (x—+ )
e .

{ ~ 1 lz" 3
[t (sl T2 +W) = ¢

h—s> O [
= lim Scy oot + Rt = 2 + b+l - 3
K206 =

LM x4 3x*w + 3x_hh - W — x?

A— &

I~~~
\,iM Bx“'\ﬁ —t 3‘::,\&1—1"/-‘
T I~
\ e~

3'3(,1 -+ -lx,\zu - \;\—‘L

T




41 Prove, from first principles, that the derivative of 2x’ is 6x°.

flx) = 2x” «(:(Df——rl,\)"l(\lﬂrb\}

Q-(DC—H«\( x b+ ?—JJ«TL\)

—2(1 4 Tt 2t Tt fo)rL\

= 2 (o + 30 + 2t +W3)

/

= 25 4 bt bxla UA

\C[»«fl—\\) — f(x)

: — “M
Fliey = i ,
. 7 U I~
>
C'('v\ = Lina 2x3+gjc_‘7-\a~—{- exlt 42 — 2x
oY ) — ~
| Lo L - I
Lir~ oxr e+ 6 T+ &t
~ >0 —
- LA‘—ﬁD é% —T x
- «
= bx
_‘______——-—’
42 Prove, from first principles, that the derivative of 5x* 1s 10x.
[ix) = S=7 —f[.r+la.)" 5(1-{-14_)

CJC, —tlx‘f\*k)

= St + 10+ S

'F‘(.x) = [+ M A {'LLS
=5 b~
- NS Sl « \O0xw —« gl«z——SL‘
> o —
_ lim IDxn + S
n—o ~
live o + s n
w—>0o




43 Prove, from first principles, that the derivative of kx* is 3kx”.
Where £ is a constant.

fle) = ez’ flzen) = klxxn)

= klxerwW) (@t e Txl W)

= k(o + et 250 Ll xha L7)

=k (X7 33 £ 3aint W)

= K 4t st + I Wt 4 oq,f

Blixy = lim  fleel) — €(x)

h—=0 L
) B 3
= limm kPt 3exth t Skl ki’ - ky
~> >
L

) 2| o } Y

(1 Jex W™ + 3k 4 el
"= 0 |

O T T o Ay




44 A curve C has equation y = 3x* + 1

The point P(3, 28) lies on the curve.

(a) Find the gradient of the tangent at P.

The point Q with x-coordinate (3 + /) also lies on C.

2)

(b) Find the gradient of the line PQ, giving your answer in terms of /4 in its simplest form. 3)
(c) Explain briefly the relationship between part (b) and the answer to part (a). (1)
a dy - bx
dx
when 2 =3 dy = £(3) = |3
dx —_—
b/ K\3/ )JZ) when = = 5+ A
L
2, 9 4= 33 vy |
= 3(a+tLlent) + 1
- 27 + lebe + 2Lt ¢ |
T 3w+ 18+ g g
J
Mm= L 418k 4+ 2g — R
SN — 3
= B o+ ek
I~
= 3\ «+ \§
C/ A b 3-&14 closer o 2em  hae arao('.e/d-

Aers  closer v

1€ (e answe bo

(o))
/




45 Differentiate 3x* + x from first principles.

Lix) = Dx*+x Llren) = 3(x+h)” + (x+l)

= 3(\114 T ¢ lz\l} +x €l

T 3% 4bxlt T4 xxh

n—=>o L\-
— lim St 4 b r 3t x t — C‘s:ﬁ«—x)
> o s

. 2
= lim Sx + Gxle <« 1\,}—&-1%&——’33&——1

—

\1\—50 l/\
— lim 6 > be o 2t Lo
— 2> lh
= bim G il 4
I~ 0

Gx + |

(




46 Differentiate 4x — 3x” from first principles.

Pie) = -3t Flost) = Hre) = 3(x el

T G +4l —3( T+ 2xx L)

T U + b= 3 —6x Lo =LY

, \
f’ _ lim Y+ gh - 3_)&"/63(,(4-3(4"-(%;_.-3;}
(x) = o4 .
v (&4 V\ —
- lim  Yx UL -3Ix? ~fxt- Tk —Gx +ic
- Limn Hh —bxle —3LTF
> o
= 4 —6x - 3
Ww—>o ’
- L4 — éx




47 (a) Sketch the gradient function of the curve y =x*+ 3x* — 24x 8]

(b) Determine the set of values for which x* +3x* — 24x is increasing 2)
o 0('9 z 33(,1"‘-6%,-2-‘-’/—
dx
Sk el in 3:31_1+6z—2,1_|/.

wluvnAr o —=o

9 = 4

Crosses
[

Crosses 2L

PV - . 9= 0

B3x*"t6x —24 =0

L"-.&-’LL-& = O

A

|

(L +ede-2) =0

T4y X =

\

\

R
»

PN
N

e

>
2

Te—

G-
S~

Incrca,;)n:s w e

X-4-Y4 or x> 2




48 A curve has equation y = x* + x*

A normal to the curve is drawn at the point where x = | and meets the x-axis at 4 and the y-axis at B.

(a) Find the area of OA4B.

(b) Use calculus to prove the curve has one local maximum and one local minimum point.

(6)
(6)

3 z
a,/ whea x= | y= () + ()
X, =1
9
dyg = 327 ¢ 2
de
w lan x = Aﬂ_:s
A X
/\/'
w- 2 = S (x —1\)
Y- 2 = Sx — 5
“qQ = S — R
J
Crosges at -3 Crosses 1 whan O S -3
a R Z
Yy
Z/ >
~ _ { 3
Area = — < 2
a} - -
T
= }_ uni o
| 74
/ Ay - 3t 2.
- dx
turaing point whare 94 20 dx’+2x =o0
>x (3= +2) = o
T =0 >z = —_L
. p)
L 1
dj:—éD(/*fl wlbea ~ =4 .—-——H = 2
d-’t; dx."

pPesitave

locedh M~ AL~

w\~L/\ 'J- =

A-e—aod-iv{

s®

- A™M - -
3,5 S z




49 The equation of a curve is y = 4v/x — 8x?

(a) Find &

dx

(b) Find the coordinates of the turning point.

(c) Determine the nature of the turning point.

(&)
(&)
2

a/ v:l—koc.—"- ‘Z.)c.1
49 = 2.7 - e
d >
\
bl/ 2> ° —l6x = O

>/
7z
| = € x
( >
{ = 2
2 - 20
|
- 3
L
x = G
¢

o
I
€
d
\
o9
P
o) —
-~
r.l

- 2
P
(l i)
- /T
NI /
o
>
L 7z
A9 = -3 *-iK
dx
1
wlan :x,:.’\—- -Z'ET—;]-"—”Lq
% d '




