(b) Differentiate 18+ 5x—2x".

5-Gx

................................................. {2}
{¢) Find the coordinates of the pointon y = 18+ 5v—2x" where the gradient is 17.
- - Sebe info 4
SR N RS,
-ﬁ’: : E’Q : I8 -IS -2x4
x =-3 =8 -8 ~1¥
("3 ............. -5 . y {3

12 (a) Find the gradient of the curve y =2x’ ~7x+4 when x=-2.

j—i'—' bx* -7

o A
m= 6(-0°-7
= LxG -3 ,?

................................................. 3]
= 2G -7
- 17

(c) When y=2x"+¢x" g—'xzmié&x6+6x.

Find the value of p and the value of g.

(3 Lo’ + gt

ol

So

P lp Ty

142l + Gt (fem o) p= ks

ol b
co=lr  Zg:
EZ—J- c_:pz:_%
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d
20 y=2x+ux’ and z‘-§=18\x"“'+21xﬁ

Find the value of & and the value of u.

% 2ok uyt

3_% - Zk""l‘.l * 7‘(4306
= 1B+ 2|xf (o oboe) k

So: onths 3
Zk - l% A U™ rrreereneess Seaavnensararessessenrensens

42 1% 7-.-3 +3

k. =9 u =3

25 The derivative of 2ax’ +3x* is 42x+15x%F

Find the value of ¢ and the value of £.
:l{_\% = hox® ¢ k!
2 G2 4 1St (om okoe)

50 ondk

. . fil=
o = &2 3k =15 -
A e 3 A3 -

o =3 k =8
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25 Find the x-coordinates of the points on the graph of y = x> —~5x* where the gradient is 0.

%‘3 = OxF - Z0x*

0 5xt - 0P = O
Bt - 4) =0

523:0 or X-4 =0
TP X

2 =0 S 2

QL

21 (a) Differentiate 6+4x—x".

4 -

{b) Find the coordinates of the turning point of the graph of y = 6+4x -2,

TU’B point X uﬁeroaf‘od'-%%:@ . i—% =0~

- - &b, 1o y: y
% te =0 " = b6~

-'Z,x, z - :Hb+93 - &
=-L L : |O

..............................................
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21

‘,
A
Q
NOTTO
1 %) B % SCALE
P

The diagram shows the graph of y = 3x -x
The graph crosses the x-axis at 4, at O and at B.
The turning points of the graph are at P and at Q.

{b) (i) Differentiate 3x—-x" .

dy . 3 _ 341
53~ 3

(ii) Find the coordinates of P and Q.

.................................................

78-5.3;'(: = (l - [3
Z\A =0 3_33} -0 t} 3 )
(‘h(/ -3 -3 = d l
_31_‘1 . “3 ZL - ‘ llzl
3R sl y 2 3(-A) - (-1
XL - l I - ‘3 - _.l
X o=/ = -3+l
=~z 7 "","2,
X=nl er x| P A }
15, s ST 1 A )
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22 Acurve has equation  y = x" +gx” +9x.

%#3,r2w12t+9 | =os . ol
I Nz=3 Zﬁ/ = ~[2
(a) Find the value of n, and the value of ¢. ' ) %

Y=t kgt ¢ A L ASRCE
%:m&“ul+qu+"l |

pod Sj,z' - {2x + o‘ C:@-,M oJawe,) H= ... 5 ......... q«"‘»ne ..... 2]
{(b) Work out the coordinates of the turning points of the curve. <\") 1 303 - bt OD‘*)
S, .I.:" tato e
B Bgralgr+9: O '
dhx PoO A y= (0P =60 v al)

X -4+ 320 | -6 +14
@—l)@—}) = O L - e
. Sh, X323 i y:

X = of X. =23 3
L oraXZor ¢ w = (37 -6 +03)

=T+ -6x9 + 17
2 1¥ -5¢ +T*

=0 - (3,0

\1
1 H
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21 A curve has equation y = x> = 2x.

{a) Find the gradient of the curve at the point (1,—11).

‘j—%’:&cfull
T T
M = 300" -1
3 -1z -4 5

.................................................

i v

-

(b) Find the coordinates of the turning points of the curve.

=O: S, 0c= 2 into W i: (Z.)S - IZ(.Z)

v -2 20 O |
Sx 47 I ==l = (’Z,—[b
Axr =212 Sth.X2-L o W Y =[~2)3—l‘(_(-2)

<3 33 :-% -6
> Al :—-3 v T
X =i » b — C'?’IL&)
r j ke =l yand(mZ 6.y 3]
d.."“z_ ar Jc.“n?z

24 A curve has equation y = x° —2x° +35 .

Find the coordinates of its two stationary points. . 3 N
gﬁ ::5;,’},(;‘,% Subo. X20 mio U 5:O~1Co) +S
o 12 -O :._i K COIS)
ai:o-.&x,ﬂq,ac,- .. e
.DC(BL"Q') ;O 5;;5.‘3(,:,314‘\'0 b’.b: (’:’5) ’2(67 ,;.S
2:0 or 3r7E27 ST e
3x = &
1y 3 . 102 L
. & i (,_ 103
e 2 B
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9 flx) =x°—3x*—4

{a) Find the gradient of the graph of y = f{x) where x = 1.

dw . 32
ZoXx -
dx
Suh. ozl
M s 3(_1) 6L
-3 -6 =-3 . BN (3]
(b) Find the coordinates of the turning points of the graph of y = f(x).
D\é e k.20 i'\'\'bb
ax. o M s 03'3@"'4’
51} é =0 : -4 - (Ol —Q’>
(DC. -L) O St)o.-x-‘Zz i
3 T
Ry : O or X-13:0 “ : Z ’3(2') -
tT  +l
J’:o Lx’:Z :g—sxqﬂ-q’
- -% -1 -&
=-9% - (2, “%>
( Q.. , ol ) A % ) [4]
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{¢) A curve has equation y=x*+ac+h.
The stationary points of the curve have coordinates (2, &) and (—2, 10 — X).

Work out the value of a, the value of & and the value of £.

. - ES b
d = - (Lx F
ﬁ - 31}’ + O %$(zlk‘):
4 k-2 -1 +b
ﬁ:@:&xj':ro‘:o k=9 -24 +b
.31‘ -——qo\ k==-lb+b @
3 3 sk, (-2,10-k):
X - "-:% -k = (- -12(-2) + b
~ D-k 2-~% +24 +b
lzig‘ 0-k = 16 +b
~l0 ~lO
l:\/’% of Xz~ =2 "k = 2 +b@
. 3 . i
USiney X - coprdinotes fom obae - O+@ : O:
Fap (=fF o) Q=iore K107
z ° L [or = = =-Z 10 rlo =~
Copme  Sque [.CZ '—'-2.%3 -
_ﬂ - C" o B -
%3 D _S_——
-a =[C
o ==l Tl S . i=..—b 61

................................
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(¢) (i) Find the coordinates of the turning points of the graph of y = 10+9x ~2x°.
You must show all your working.

9\_5‘ _ _ 6 1 | Sb. 20 ;'\'\'ob:
e\JC, - I%J/ L | b . !04‘0’(0);'260)3
3\_%.,0., 1% - b = O =10 — (0/10)

3 -x) = O Sb. X2 iato Y
Eié?:‘;( or 3?"3(. = O b.' O+ qu}t‘ ?’(3)3
- ‘-'.-6 X = O+ 9% - Txt
> =0 3 X 2o+ 8l -S54
e 231 o (3,%)

...........................

(i) Determine whether each turning point is a maximum or a minimum.

Show how you decide.
O\L
=3 = 1% - 1lx
dxr
conoe:00 18 = 129 by (8-00)
= 19 1% -3
= ~|%
d4 z
a%>@, SO (@,‘D) -oié <0 so (3,37‘)
1S O Miamym) {ZOVT"- S a Maximum Pﬂ"\'}'-

B3]
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11 Acurve has equation y=x>—3x+4.

(a) Work out the coordinates of the two stationary points.

d
——b o L
I = 3%

2‘;: v — =0
°b'4 O &*é +3
W 23
+3 =
Xt oz |

| sub. ozl h"os
Y= P -30) + &
= -3 vk
=L - C‘,Z)

Sih, Xz iabo Y

Y -3 +4

(b) Determine whether each stationary point is a2 maximum or a minimum.

Give reasons for your answers.

(I ,?,) 'S a4 MM

(-l,(g) 1S A rgximuss

B3]
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(¢) Acurve has equation y = 26> —4x% +6.

(i) Find % the derived function of y.

=3 - Lo
= b

(if) Calculate the gradient of the curve y = 2 —4x?+6 atx=4.

S, X2§:

M= 66) - (@)

Cax lG - BZ

a6 -3 é’[{' ........................ [2]
bl

(iii) Find the coordinates of the two stationary points on the curve.

%:O: 5“—53(.«-»014"6 .
bt -~ %x = O S° LoP- (0T b

Tx (Bx- &) =0 & e

1)

s

e

3_); o Sd'\ % o 5
s O of -'C-\‘ = 2
% 32 44 x4 p L(%) - (%) s é
o - 3 =&
S 3 %3 :Zx -anLg +b
. & -
X5 = % -3 % , T
(PR Qo é) ......... ) and (% %‘:}«} {4}
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(b) A curve has the equation y = x* +8x” +5x.

(i) Work out the coordinates of the two turning points.
O{ . | Sth.X:-5 o W
= + + S ’ z
e o = L5} + 808} + SE9)

[}

|18 + Q=25 T AY
-8 + 200 - 1S

. Bt +5:0
oc: 1S

=
cv

\!

o nowbers: 1S = 8O - (—S/So
o 3y 4+ e+ G +5:=0 seb.ac,:.%;,p:-_
= -11\3 L\ -
a(ee) SE)20 s (G (E) - S(3)
C_‘)L’cS)BLH) =0 Sl gl oS
Xt+5:0 o Bx+l=0 | @ T3
-5 =S -1 -l ! - =t N % _s
X -5 3x =z~ | a3
<3 33 " - -21 ":,' ~7%
'1':'% | 1, 3 7;.1->
-] -t
(... , o0 SO ) and (ccers TRy 5 o ) [6]

(ii) Determine whether each of the turning points is a maximum or a minimum.
Give reasons for your answers.

d—l"}*— b+ b

T
Sth. X2-5 5"5"’('31"}5:
G(-58) + 16 Q(%) + 16
=-30 +lb = -2 v b
- = —|& r A
?-'lx%\o‘ > 'o'lx%?o’ = Bl
Q—-S’go) 1S O MOXIAMUM (% /-%) 1S O MiAlMmUAS
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S

R
)

W
I

12 (a) A curve has equation y= 4x* —3x+3.

(i) Determine whether each of the stationary points is a maximum or a minimum.
Give reasons for your answers.

www.pastpaperpenguin.com

i L3
& '3 +3 TRt
e =3 B (1O
1A 21 ab, X =3 PAVRT:
. T 4:6(3) -3(%)+3
X T =Gxg + 3 03
._I,:f\[-q‘; : ~ (3,6
1 - ‘ -
Az oc .I—;-’li T S—— Lo yand (o /‘Z ............. G ) 15
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10 (1) y=xt -4y’

(i} Find the value of y when x =—1.

% = +4

: —.\ e -

g _ (' ) C\'( '\)3 = 5_ y= 5 ................................. 12}
=l = Gex-)

(ii) Find the two stationary points on the graphof y = X —4x,
O\ Sy, 20 o ue
23 = G ~ TP -
dx/ IZ.JC & - OQ‘ _ C\;(O)S
%:Oi bod - 12> = O =0 %m

Gx® (x -3) =0 Sib. X33 iso w:

4 3
T o _ -‘-O | 3:3 -Q-(S)
CP;I ’2 ‘ l"\-% +3 i :8] ~Q,XZ?'

X -0 x =3 = %] - If
212 e Il
)  y=x"+f £O 02 and\ £3,"Z:l"!

d dy . e W
o+ 1 , where -—"— is the derived function.
dx dx

Find the value of p and the value of ¢.
W= X+
9\;5 z \I,M + C Jc,orl
dx P 7
2l 102" (om oboe)

50: EE; ll q,\l" m/ =4 (O P= 5 ..........................

.
i .
- .

q=5

www.pastpaperpenguin.com



12 A curve has equation y = =kl
When x = 2, the gradient of the curve is 6.

(a) Showthatk=1.5.

Ay = Qxr - Tk
AL
e‘a:(; wheny X=T°
cbe

[ =30 -l

- b - k.
L o= x4 —& % L
G = 12 &l
-2 -2 %:-k
- = -Gl
__i E"q k=S 5]

(b) Find the coordinates of the two stationary points of y = -5+ 1
You must show all your working.

220 4l
:‘% = 3af - 3% S Y= g”-ls(o) N
_°_Q<‘§;o-. Ryt-3¢ = O = — (0,1
che BJC(J'”‘) = O Seb.oxz | iato W
%=9§ of 'I’-,,\‘:Q W= |® -ISC)
x =0 o = | = -tS + |

| =0s > (1,0:5)
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/Posmw cbie 50 lodks lke- (0 eppoced to \,\ it _J;>
¢

(c) Sketch the curve y = =157+ 1. (continued from previous page)
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12 The equation of a curve is y = x* —~8x% +5.

. . . dy ”
(a) Find the derivative, (&lx)’ of p= -8 +5.

M s
= b - (b 4’%3'(611 ....... [2]

(b) Find the coordinates of the three tuming points.
You must show all your working.

| Stb. 220 idfo ;O"'—%@’#S
%:o-. Gx® - | = O | SN

:i = {0(52

Cex(if'"@) =0 ;&b-.l:lifﬂ'o 5~s=2"'-{5@)"+5
(o () (-3 = O 6 -3 +5

.:.:_“_ -2 !Zf‘”?
Ctico < lf?iz(?z o J["+?L‘=C+)L (D*-3(4"+S

l6 - 37 +S
X =0 X1 XL

XL RIS )
(@ . S-} and (7/ . "'H) and ("Z« ] "“) [4]

it

sib.xr Lo oy

L L. A

(¢) Determine which one of these turning points is a maximum.
Justify your answer.

O—QB = [72x* - 16
dvz

Sb. =0 .
12(0) - 16

- -G
T \ ‘ |
(ié < So (@,5) S O MO IMUM 2)
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22 Acurve has equation y=x"+x —x,

‘The curve has a stationary point at (—% »—%—,)

(a) Find the coordinates of the other stationary point.

%2'53(3%23&%

O Sb, 22| ;q‘bob

- . L o— =

00 Bor e - | Yo e EF-E)
oc: =3

wo rwmbes: %, =1
= 343 -t -1 =0 S
334—@4»{)-1(1,{-\):0 (—-l 0

(Sx,—-l)[x_+\) =0 /
Sx:E:CR o JC,f‘\ ‘-"9
R =| oc =-|

5 B

x =)

nst the potnt CIETTER e ( ............ 3y [3]
were inreged 1a
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hve, cibi
[// PQS e & /\/ {continued fram previous page)

(b) By sketching the graphof y = x° +x% —x, determine whether the stationary point

(—% —~§§7) is & maximum or a minimum.

QD)

O\r/' . > x
Gi/")

1 _5). MU
(‘?”,'f, ——W) isa . MNNMUMD . {2

(¢) The equation 2} +x*~x =k has fewer than 3 solutions.

Find the range of possibie values for &.

A i& k was onuting between
55% .~ 5:‘, Mg, @ﬂU"!HM
Wil el Loe. Hree Sdvtior pae

,,L\_// |
\K/ So line must be belows (u'eqw,'lu)
YU or ot e
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(b) (i) Find the derivative, %;i of y=5+8x— %x”’.

o G
< %
.......... % bt [2]

(ii) Find the gradient of y==5+8x—--g-x3 at x =—1.
Sib. 2=
T
M= & - 4‘(‘0

::‘2_“ o O q/ ....................... 2]

S

-

(iii) A tangent is drawn to the graph of y=5+8— g-xs
The gradient of the tangent is —28.

Find the coordinates of the two possible points where this tangent meets the graph,
o(é__z%.. | Sth, X3 ino u:
- S E;
ot Y= S+ 8(37“%(5)

k5 & | 28+ 2 - Gx
- \x."' :.-36 = 29 -36
e =R = (377
nxz = q |.bu:_ LT~y Ate 3
© o e sesld) -t
X:-3 or x:=3 | =5 -26 -—%x—l?
= ~[9 +3b

heraminERTOANesSLEIBAS g AAvIUGavALEINIRE ERon

www.pastpaperpenguin.com



(ili) Find the equation of the tangent to the graphof v =18~ 3x—x® atx=4.
Give your answer in the form y = mx+c.

bdé - ——3 —Zx/ |' Fveq 5*(:00:0“&{(, E\SSUbehwhﬂoczér info NE
d;b » oy 18-30-@
S | = 1% -1z -6
M = -3-74) ‘ 2 =10 = (G0
i :15( -3 I&b Sfool;bvd- 1o b:./vu,{-c,:
) Uu=-llxe +c
oforlient = - | sih, (G710)
-0 == 1l(&)+C
-0 = -G +C
X
3% = &

YU=-llx «36¢
p= e £ 3% 16
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(b) Find the equation of the tangent to the graphof y = X —4xt+4x atx=4.
Give your answer in the form y = mx+¢.

%:33}—6)(,’«-({—

Firod y- coordivie by, sbsirbing 2k ino
b, Mot Y= SRUCRES
. =44 - 66 + 16
M = () - 3@) + & : b < (4, b)
- 20 A= l0x +C
T SIN(ANE
Syodied = 20 | b= 200) +C
6L = 30 +C
80 -%¢0
~6G = C

A2 Dx -Gl

y= 00X 2% ... [7]
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(b) Thegraphof y= x* —5x* +2x+8 has two tangents with a gradient of 10.

I}S: [Ox +C

Find the equations of these two tangents.
You must show all your working and give your answers in the form y =mx+c.

Oy | - low e | Pk weoordeos
dL i Seb, =6 \l.j:[‘-}"g@k)z'%-Z(fk)"’%

@MAM £ [O‘. r - éq,-s:(lb *% ‘.%
IO:?)x}’—lOL-I—Z } ':M‘%D +1b
~10 -0 | =0 = (C"IO)
Rt - 10~ % =0 | Sone= s 3-.(%)3,5(.%)34-% 4
oc - =L E

o e = 12,2 " 79

23t -1l + 2 -%:0 | :%_%-%*8
x -6) + 2x-&)=0 | - 11T -t e
2 (oL -4) + 24 | — (%4

(32 + Z)é»—@) 0

& =0
3)1{12, 2 DC‘“" v

| Sitb. info Ye (O~ + C-

2?1’:‘.?’ x =& | O =0 +(
-3 33 | -0 6O
.- 40 = C = kuS:IOL-C(—O
> S, (Z- e

3,
L (o(‘-;f) qe
He -0
3 -3 tC
+__@_ +20
S

(Qx ~ | zat
oh &O G2 [Qe+ &l =
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