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Edexcel Core 2 Mathematics: Differentiation and integration
Section 1: Differentiation

Mark Scheme

1. () y=x+ex’+9x

ol
—g:3x2+12/<+j
dx

(il) d—g:o
dx
2x*+12x+ 9=0
X +4x+3=0
(x+1)(x+3)=0
X=—1 or x=-"13

whenx = -1, y=(-1)°+&(1)"+ 9x-1=—1+6—- 9=—4
When x = -3, y =(3)+6(=3)"+ 9x3="2F+54—-2F =0
The stationary polnts are (-1, -4) and (-3, 0)

(iit)

X X< -3 X =-3 B<x <1 X =-1 X > -1
olg +ve o} -Ve o) +ve

olx /

The point (-3, 0) is a maximum polnt,
The point (-1, -4) is a minlmuwm point,

v) y=x>+ex"+ 9x
= xX(x* +6x+ 9)

= x(x +3)°
The graph cuts the x-axis at x = 0 and x = -3 (repeated).
The graph cuts the y-axis at y = 0.

(—1/ -4 )
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2. (1) y=2x+x"—4x°
dy

-~ =242x-12X7
dx

, ; dy
At statbokurg ‘fsomts, —= =0
dx

2+2x—-12x7 =0
1+x—6x*=0
ex*—x—1=0
(Bx+1)(2x—-1)=0

X=—% or x=%
When x=—3, y=2(-2)+(~2)] ~4(-3) =-2+3+m=mme =z
When x=%, y=2(3)+(3)"-4(3) =1+3-%=3
The turning polnts are (—%,—%) anol (%,% .
X x< -1 | x=-% | —f<x<i X=3 X>3
dy Y 1) +ve o -Vve

dx Y - /

(—g,—%) is a minimum point,
(

1,2) is a maxbmuwm point.

() y=2x+x"-4x°
= x(2+x —4x7)
=—x(4x" — x - 2)
The curve cuts the x-axis at x = 0 and at the points satisfying
4x*—x—2=0,
For this quadratic equation, a=4,0=—1,c=-2

1i»\/1—4><4><—:2 _1i«/33

using the quadratic formula, x =

14 14
£,2)
%(\1_\/'%/
(_; _g) %(1+ 33)
3’ 27
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3. g=x3—3x2+é
o
dx

dy _

At tuming polnts, —~ =0
dx

2P —6x=0
2x(x—2)=0
X=0 or X=2

when x = 0, y=e
when x = 2, g=:23—3x:22+e=g—12+e=:2
The turning polnts are (0, &) and (2, 2),

d:z
‘Zzex—e

dx
0[25

when x = 0, e =0-6<0,s0 (0, &) s a maximum polnt.
X
2
"y

whew x = 2, e =12 -6 >0, s0 (2, 2) ls a minlmum polnt,
X

(2, 2)

4. O y=x+1)(x-3)°
=(x+1) (X" —ex+ 9)
=xX* =X+ 9+ X7 —ex+ 9

=X -5X+3x+ 9

o
@ 2z —1ox+2
odx

d*y

e

ex—10
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d
(1) At turning points, g _ o)
ox
BX°—10X+3=0
(Bx—-1)(x—23)=0
X=% or x=3
Wwhen x=%, y=(+1)(E-3)" =2x (£ =22
whenx =3, y =0
The turning poluts are (£,22) and (3, 0).

2

(tv) When x =1,

=6xi-10=2-10<0,s0 (£,%2) s a maximum.

X:z
A2 Y
=418 —-10 >0, sv (3, 0) is a minlmum,

S =

when x = 3,

V) Whenwy =0, x =-1orx =3
when x =0, Yy =9

(AN

~
4R
N—

9

At stationary points, 4x° —ex* =0
24°—zx*=0
x*(2x—-3)=0
X=0 or Xx=%

Wwhen x =0, y =0

When x=2, y=(2) —2x(2) ~£-F =%

So statlonary polnts are (0, 0) and (£,-%Z)

d o*
°g _ 4x*—6x* = ‘g =124 —12x
ox dx
Ay
when x = 0, —<- =0, sp need to test gradient,
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dy

when x = -1, —=—=-—4—-6<0
olx
dy

whenx =14, =~ =4—-6<0
dx

so (0, 0) is a point of inflection,

d* Y

dx”
3 27 ’ , 2 »

so (2,-Z) is a local mintwum point.

=12x(2)" —12x2=27-18 >0

when x =%,

2 _=2
27 1e

, 4 ;
6. ) y=x——F=x—4x"
X

a g
—g=1—4><—:2x‘3 =1+—
ox X

, , {
At s’ca’cwwarg 'pomts, 1+—=0
X

X =—2

.4,
whewn x = -2, Yy=—=-—=-3

4.
so (-2, -3) s a stationn Y pof,wt.
ol A?
Yy =1+8x° = ‘Z
Ax
so (-2, -3) is a maximum polnt,

=—24x" <0
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, , 1 1
At stationary points, ———==0
Y g

1 1
_[1__j=o
Jx X
X=1
1
when x =1, y=1+—=2
1
so {1, 2)isa stat’wvuarg polnt,
2
Yyt Y

0[/( X *—3 X = 0[)(2 =% X

2

when x =1, g =—2+2>0
d

2

| x
so (1, 2) is a minimum polnt.

7 Y X /DXQ q
g 2
A _l’_
X—BX QP/Y

. . dy
AL turning pow\,ts, —— =0
dx
BX°+2px =0
x(3x+2p)=0

2
32

Stnee there s a minlmum polnt at x = 4, —% =4 D> p=-0

The curve is therefore y = x> —ex* +q,

The point (4, -11) lies on the curve, so —11 =4° —6x 4" + g
—11=64—- 96+g
g=21

The equation of the curve is gy = x° —ex® +21,

The other turning polnt is at x = 0, so the maximum point is (o0, 21),

g () y=x+ax’+bx+e
The graph passes through the point (1, 1)
so1=1+a+b+c

a+b+c=0

d

@) L=z, 420040

dx
Turning points are whew 3x° +24x+b6 =0
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There is a turning point when x = -1, so 3(-1)* +2ax-1+b =0
3—2a+b=0
Qu—-b=3

There is a turning polnt when x = 3, 5o 3x3* +2ax3+6=0
2F+ea+b=0

ea+b=-2+
) a+b+c=0 ()
20a-b=3 2)
ea+b=-—22# =)
Adding (2) and (3): ga=-24 —=a=-3
Substituting tnto (2) gives: b=24-3=—6-3=-9
Substituting tnto (1) gives: c=—a—-b=9+3=12

a=-3,b=-9,c=12

9. Letthe length of the sides be x and y,
Consldering the perimeter: 2(x + (_17) =20 = x+y=10
Let the area be A: 4 = XY

= x(10 — x)
=10x — x*
A4
——=10-2x
dx
At turning polnt, 10-—2x =0
2x =10
X =5
when x = 5, y=1w-5=5
d*4

ychy —2 so turning point Ls a maximum,
X
The area is a maximum whewn the lenaths of the sides are 5 e
(L.e. the rectangle is a square),

10, (i) ot
a5
15 - 2% -
s <
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Helght of box s x cm
Length of box is (24 - 2x) om
width of box s (15 - 2x) em

volume v = x(15 —2.x) (24 —2.x)
= xX(360 — FLX +4x7)
=4x° —FRx* +360x

LAV 2
(ll) — =12x" —156x + 360
X
At turning polnts, 124 —156x +360 =0

X2 —13x+30=0
(x—3)(x—-10)=0

X=3 or X=10
X = 10 s not possible sinee this would mean that the width would be

negative,
Ay 24 x—156
ox*

A*v . . ,
when x = 3, ot_2 =72—-156 <0, S0 X = 1 1S & maximum polnt,

The volume of the box is maximiseo when x = 3,

(Lil) volume when x = 31s V =3x 9X18 =486 cm=

11. (1)

2

rr+nt=3
r=y9-h*

(i) volume v = zrh
=7n(9-h*)x2h
=27h( 9—-h*)

For more help, please visit www.exampaperspractice.co.uk




7=

EXAM PAPERS PRACTICE

(tit) v=187h—27h’®
v
— =1Qr —6nh®
Vi
At turning polnts, 187 —emh® =0
z2-h*=0

h=+=

dQV ’ ’, ’
=—127h so h =~z is a maximum point.

2

Maximum volume v =2773( 9 —3) = 1273 o=,

12, () Volume of cylinder = rh

2=xrh
2
h=—
r

(i1) surface area = 271> +27rh

=27r? +27mr %
r

.4_
=27r* +—
.

(Ul) s=27r° +4r™

ds V4
—— = 4TV —4r
r

At stationary polnt, 47r — 4r= =0

4y = Ed
I/:z
1
==
VA
1
r= =0.683 (3s.f)
N
d*s . ) . b, )
e =47x+8r " >0, sothe statwwarg polnt s a minimum polnt,
,

The surface area is minimised whew the radius is 0.683 wm (3 s.f.)
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