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I ntegration
Exercise A, Question 1

Question:
Evaluate the following definite integrals:
a) | .2 ( Z 43 ) dx
@ 1 | )

(b) J 2 (28~ 4x+5)

(c)Ig(\/x—E\dx

A ? )
(2. )
(d)f12\6x—;+3)d<
(e)I18(x-§+2x—1}dx
Solution:
(2 .
(a)f12\—3+3xjdx
= [,2(2x7 3+ 3x) dx
B S
I_ -2 2 1
- [ —x~ 24+ sz}lz
JEEREES)
JEOE
1
:SZ
(b) [ 2 (23 -4x+5)
¢ X2
= [7—47+5x}02
= [%—2)(2+5x}02
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C O
2 ~ —3+3XJ1

[3x2+4x™3+3x] 2

Voo

4
3x4+ 5 +6 | - | 3+4+3

)\

1
=12+ ; +6-10

PhysicsAndMathsTutor.com

Page2 of 3



Heinemann Solutionbank: Core Maths 2 Page3 of 3

&

bl eeex |

L
I
L
(
\
=62- 3

1
=603

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 2 Pagel of 3

Solutionbank C2
Edexcel Modular Mathematics for AS and A-Level

I ntegration
Exercise A, Question 2

Question:

Evaluate the following definite integrals:

(a) J.ls ( x3:(2x2 ) dx

(b) J4( Vx-3) 2ix

() [ 8 (x—%)zdx

(d) | % L v x+ Xi ) dx

42+\/X
(&) [ 2 ok

X

Solution:

(a) ,[13 ( x34;2><2 ) dx

= [ 3@+ 2) dx

() I ,4( Vx=3) 2dx
= [ A(x-6Vx+9)

=JA (x—6x5+9 ) ok
|sz GXS —‘

= | Pl " + X ‘14
L 5 ]

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 2 Page2 of 3

X2 3 —‘
S -2+ X J14

N |-
i

r
L
(1?6—4><23+36} - (

~4+9
)

1
=8-32+36-5,

L
ez o2,
|_7 ZJO
(2 1) ()
ARV

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 2 Page3 of 3

=| -1 7 . |14

L -5 ]

_ [ _ZX-l_ZX-g}f
oz o2y )
B R B G
BT

P

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 2 Pagel of 2

Solutionbank C2

Edexcel Modular Mathematics for AS and A-Level

I ntegration
Exercise B, Question 1

Question:

Find the area between the curve with equajiert ( x) , thex-axis and the lineg = a andx = b in each of the
following cases:

(@f(x) =3 -2x+2;a=0,b=2
b)f(x) =x®+4x;a=1,b=2
(©)f(x) = Vx+2x;a=1,b=4

(d)f(x) =7+X%-x2;a= -1,b=2

()

(e)f \X j = %+ \/x;a:j_,b:4

Solution:

@A=],2(3%-2x+2)

33 252
= [ 3T tX }02
[X3—X2+2X] 02
8(8—4+4) -(0)

(b)A= ] 2(5@+4x) dx

I R

_L4 2J1
(e ) (1)
U B (I
=4+8—2%

.
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= [§X§+X2}14

= (§x23+16} - (§+1)
:?+16—§—1

:15+%

=197

(A= ] _2(7+2x-x%)dx

[ 2],

|_7x+x2— RS

( s ) _ 1)
= | 14+4-7 | - -T+1+3
\ )\ )
8 1
=18- 3 +6-3
9
=24- 3
=21
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I ntegration
Exercise B, Question 2

Question:

The sketch shows part of the curve with equaienx (x2 - 4) .
Find the area of the shaded region.

1

L
=7 / \ _.f'; .
!_.f' U .

Solution:

A=T_Ox(x®-4)d
= | _0(x®-4x)dx

=4
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I ntegration
Exercise B, Question 3

Question:

The diagram shows a sketch of the curve with equatiox + % -5,x>0.
X

The regiorR is bounded by the curve, thexis and the lines = 1 andx = 3.
Find the area dR.

VA

Solution:

A=} (3x+ %—5}&

X

[ 3(3x+6x2-5)

1
—
N
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I ntegration
Exercise B, Question 4

Question:
Find the area of the finite region between the curve with equy = (3-x) ( 1+ x) and thex-axis
Solution:

3-x) (1+x)is N shaped

> x=3, -1
=

A= _3(3-x) (1+x)dx
= [ _B(3+X-x%)dx

e 2]

B

_ (9+9_—) _ ( _3+1+g)
=9+1§

=107
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I ntegration
Exercise B, Question 5

Question:
Find the area of the finite region between the curve with equy = x (x - 4) 2 and thex-axis

Solution:

y=x(x-4)?2
y=0 = x=0,4 (twice)
Turning point at (4, 0)

AV

ﬂ/\. >
p X

/ 4

Area =[x (x-4) 2dx

= [ o™X (- 8x+16)
[o* (3 - 8%+ 16x) dx

AR
L)

1
o
=
N
=

|
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I ntegration
Exercise B, Question 6

Question:
Find the area of the finite region between the curve with equy = x2 ( 2 - x) and thex-axis

Solution:

y=x(2-x)
y=0 = x=0 (twice), 2
Turning point at (0, 0)

X— — ©o,y— ©
X— ©0,y—> — ©
AY

L2
\ A

=

Area =] &2 (2-x) dx
= [ 2 (22 -x3) dx

ST

C(mow) ()
(=) T
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I ntegration
Exercise C, Question 1

Question:

Sketch the following and find the area of the finite region or regions bounded by the curveaagishe
y=x(x+2)

Solution:

y=x(x+2)is U shaped
y=0 = x=0, -2

AV

=2

N

Area = - | _ %% (x+2) dx
= = | _ 0 (x%+2x) dx
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I ntegration
Exercise C, Question 2

Question:
Sketch the following and find the area of the finite region or regions bounded by the curveaagishe
y=(x+1) (x-4)

Solution:

y=(x+1) (x=-4)is U shaped
y=0 = x=-1,4

AV

A )
Yo

[ (x+1) (x-4) &
[ -4 (x2=3x-4)dx

SE R L A )
64 u
=353 —40+ 5 -4
5
=-207%
5
Soarea=2(.’g
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I ntegration
Exercise C, Question 3

Question:

Sketch the following and find the area of the finite region or regions bounded by the curveaagishe

y=(x+3)x(x-3)
Solution:

y= (x+3)x(x-3)
y=0 = x=-3,0,3

X— 0,y — ©
X— — 0,y—> — ©

AV

-3/ / R
/ 0 3
[ydx= | (x3—9x ) dx = [
)
)

INIES

N |©
X
(o]

[ _Qydx= | 0

TN
TN
~ |2
~—
o)
=

/ 81 9 \\ [ \\ 81
[oydx= 7 -5x9 - 0, =-7
° - ) U *
81 81 81 1
Soarea =, +, =, or 49
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I ntegration
Exercise C, Question 4

Question:

Sketch the following and find the area of the finite region or regions bounded by the curvesxaaxithe
y=x(x-2)

Solution:

y=x(x-2)

y=0 = x=0 (twice), 2
Turning point at (0, 0)

X— 0,y — ©

X— — 0,y—> — ©

AV

Area = - [ 22 (x-2)dk
= - [2(®-22) dx
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I ntegration
Exercise C, Question 5

Question:

Sketch the following and find the area of the finite region or regions bounded by the curveaagishe
y=x(x-2) (x-5)

Solution:

y=x(x-2) (x=-5)
y=0 = x=0,2,5
X— 0,y — ©

X— — 0,y—> — ©

AY

0/\/,
/2\/5""

[ydx= [x(x®-7x+10) k= | (x3-7x2+ 10x) dx

o7
[ydx = [7—§x3+5x2}
[ o2ydx = (%—%xsuo} . ( o) =24—5;6 =5
[ Pydx = (%’—%x125+125} —( 5%} =—1£§
1 3 1
Soarea =5 +15 =2
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I ntegration
Exercise D, Question 1

Question:

The diagram shows part of the curve with equaierx? + 2 and the line with equation= 6. The line cuts the curve at
the pointsA andB.

VA

Y

(a) Find the coordinates of the poidtsindB.

(b) Find the area of the finite region boundecAB and the curvi

© Pearson Education Ltd 2C

a) 6:7<z+2
o= =
> = 32

A (-26) aat B(2.6)
LQ Aree :j—t[é —()c’w-l)]%x = -SCL('*"Z)’(* :Z:u_k_ __:;_3]:
(7~ 8)-(-5+5) - 1615

3
- 37
3

—_—
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I ntegration
Exercise D, Question 2

Question:

The diagram shows the finite regid®,bounded by the curve with equatips 4x — x2 and the ling/ = 3. The line cuts
the curve at the poin#s andB.

Vi

=y

\
I\I\I'\n
/ 4
0 \

||III
(a) Find the coordinates of the poiftandB.

(b) Find the area R.

Solution:

() A, B are given by
3=4x-x2

X2 -4x+3=0

(x-3) (x-1) =0
x=1,3

SoAis (1, 3)andBis (3, 3)

(b) Area =] 3[ (4x-x) —3]dx
= [ 3 (4x-x-3) K

< 1,

2x2—§—3le

T
7
—
-
7
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I ntegration
Exercise D, Question 3

Question:

The diagram shows a sketch of part of the curve with equatiof — 3x — 5x2 — x2 and the line with equation
y = 4 - 4x. The line cuts the curve at the poidt§ — 1, 8) andB (1, 0).

-t

y=4—-4dx

Find the area of the shaded region betwAB and the curwv

Solution:

Area =| _ (curve - line ) &
219-3-52-x3~ (4-4) ]dx
(5 +x=5x-x3) dx

x4
Exs_ n } 1

[
[_

2
2

[5x+
(

105 1) ( 105 1)
= \5+E E‘Z) T 9+ 3 t3 ‘Z}
10
=10- 5
20 2
= Jore;
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I ntegration
Exercise D, Question 4

Question:
Find the area of the finite region bounded by the curve withequy = (1-x) (x+3) and the liney =x + 3.
Solution:

y=(1-x) (x+3)is N shapedand crosses thaxis at (1,0)and ( -3,0)
y = X + 3 is a straight line passing through ( -3, 0) and (0, 3)

\ &

y=x+3 y=(1-x)(x+3)

Intersections when

x+3=(1-x) (x+3)

0=(x+3) (1-x-1)

0= -x(x+3)

x= —-30r0

Area =] _0[ (1-x) (x+3) - (x+3) Jdx

=] _9(-x2-3x)dx
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I ntegration
Exercise D, Question 5

Question:

The diagram shows the finite regid®,bounded by the curve with equatipa x (4 +x) , the line with equation
y = 12 and thg-axis.

A

A0

(a) Find the coordinate of the poiatwhere the line meets the curve.

(b) Find the area (R.

Solution:

(a)Ais given by
x(4+x) =12

X2+ 4x-12=0
(x+6) (x-2) =0
x=20r -6
SoAis (2, 12)

(b) Ris given by taking| 02x (4 +x) dxaway from a rectangle of area 12 x 2 = 24.
So area oR

=24 - [ 2 (X +4x) dx

+ X2

=24- -
_ A 1
= 30r133
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I ntegration
Exercise D, Question 6

Question:
The diagram shows a sketch of part of the curve with equatiox? + 1 and the line with equation= 7 - x. The finite

regionR, is bounded by the line and the curve. The finite re§ipis below the curve and the line and is bounded b
positivex- andy-axes as shown in the diagram.

VA

.-“H y=xt+

(a) Find the area d®,.

(b) Find the area dR,.
Solution:

(a) Intersections when
7-x=x2+1
0=x2+x-6
0= (x+3) (x-2)
x=2o0r -3

(@) Area ofR; is given by | _ 2[7 - x~ (x>+1) ]dx
=[] _2(6-x-x%)dx

X2 x3
ex- 5 - ?} —32

a8 ) R
= 12_2_3}_k_18_2+3
3
=2 6
5
(b) Area ofR, is given by | ;2 (X% + 1) dx + area of 2 7
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I ntegration
Exercise D, Question 7

Question:

2
3

The curveC has equatioy = x s — —2— + 1.

X

w |~

(a) Verify thatC crosses thg-axis at the point (1, 0).
(b) Show that the poir& (8, 4) also lies of.

(c) The poinB is (4, 0). Find the equation of the line throuh
The finite regiorR is bounded by, AB and the positive-axis.

(d) Find the area (R.

Solution:

2
(@x=1y=1-7+1=0
So (1, 0) lies oI

2
3

2
(b)x=8,y=83 - 2 +1=2- 3 +1=4
83
So (8, 4) lies orC
(c)Ais (8, 4) andB is (4, 0)
4-0
Gradient of line througiAB is 3 _, = 1.

So equationig-0=x-4,i.ey=x-4

(d) AV i
{some sort of curve)

e

PhysicsAndMathsTutor.com
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-, ————

. B
The area oR is given by | 18 (curve) &k — area of 44—

1
—
-
o]
X
w |IN
|
|
+
[EEN
|
N
X
i
X
N

rs 5 ZX§
= | 5x3- +x | -8
2
L 3 ]
= (%x32—3x4+8j —(% —3+1) -8
=%—4+2—8
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I ntegration
Exercise D, Question 8

Question:

The diagram shows part of a sketch of the curve with equ;aﬁon% + X.
X

1
The pointsA andB havex-coordinates, and 2 respectively.

VA

0

1
2
Find the area of the finite region betweAB and the curwi

Solution:

(
\

N—
L 1

Area = | 12 |_ line AB -
|

><N|,\,

N |-
N—

Ais (%8%) andB is (2,2

Gradient = --& = -4
1
=
2

()

1 1
So equationig-275 = -4 \x—2 ) ,i.ey=1075 -«
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5
=12-83

3
=375 or3.3750r3.38(3s.f)
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Integration
Exercise D, Question 9

Question:

1
The diagram shows part of the curve with equatier3yy x - @ + 4 and the line with equationy4 - 7x

VA

(a) Verify that the line and the curve cross at the poff 2).

(b) Find the area of the finite region bounded by the curve and tr

Solution:

N O
(@ x=4inlinegivesy=4- 5 x4=2

x=4incurve givesyg 3x V4-{64+4=6-8+4=2
So (4, 2) lies on line and curve.

ER (

(b)Area:IO4[3xz—xz+4— K4—%x) dx

]
|

3

J04 K?;.xz—)(2+

-

1\
X )&
]

5
X, X X2
:| 32_f+7|04
L 3 3 ]
3 2 5
:[22 gz 4}04
( 2 Yoo )
= 2x8-7 x32+4 - 0
\ ) U7)
64
=20- ¢
36
= gor7.2
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I ntegration
Exercise D, Question 10

Question:

VA f
' |

[

[4(2,24)

R, R,

f 0 B (b, 0) X

The sketch shows part of the curve with equagienx? ( x + 4 ) . The finite regiorR,; is bounded by the curve and the
negativex-axis. The finite regiom, is bounded by the curve, the positivaxis andAB, whereA (2, 24 ) andB

(b,0) .

The area oRl = the area 0IR2.
(a) Find the area d&;.

(b) Find the value ch.

Solution:

@y=x*(x+4)
y=0 = x=0 (twice), -4
Area ofR is [ _ 0 (x3+ 4x?) dx

[RESE N
|_4 3 J_4
() (22
\ L2

=T 3 = por2ly

|
B
(b) Area ofR, is [ 2 (X3 + 4x?) dx + area of (b-2)

PhysicsAndMathsTutor.com
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:[% }2+12(b—2}
(e @) (oY )
RN A e A
:14§+12b—24

=—9§+12b

1 1
Area ofR,=areaoR;, = -93 +12b=21§

2 5
S01d=303; = b=273o0r256(3s.f)
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I ntegration
Exercise E, Question 1

Question:

Copy and complete the table below and use the trapezium rule to esiiEﬁatzel— dx:
Xc+1

X 1 15 225 3
y= >(2110.5 0.308 0.138
Solution
x=2,y=0.2;x=3,y=0.1
h=0.5
SoA= % x 0.5 [ 0.5+2( 0.308+0.2+O.13% +0%
= % |_ 1892—|
L J
=0.47:

© Pearson Education Ltd 2C
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I ntegration
Exercise E, Question 2

Question:

Use the table below to estimaiq_z-5 v (2x-1) dxwith the trapezium rule:

X 1125 1.5 175 2 225 25
y=+ (2x-1) 11.2251.4141.5811.7321.8712

Solution:

L0 h

A= % x 0.25 |_ 1+2 \ 1.225+1.414+1.581 +1.732 + 1.891 +}2

o |+

[ 18.646 }

= 2.33075
=237 (3s.f.
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I ntegration
Exercise E, Question 3

Question:

Copy and complete the table below and use it, together with the trapezium rule, to eisg?néte XB+1)ok:

X 005 1 152
y=+ (x3+1) 11.0611.414

Solution:
x=15y= 1+ (1.5+1) =2.09165 ... or2.092 (4s.f)

x=2,y=+ (28+1) =3
[2V (®+1)x

S Y]
~ - x0.5 1+2 1.061 + 1.414 + 2.092 +
e )
0 T T
= = 13.134
‘| ]
= 3.2835
=3.26(3s.f.
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I ntegration
Exercise E, Question 4

Question:

(a) Use the trapezium rule with 8 strips to estin1b5é2xdx.

(b) With reference to a sketch pE 2X explain whether your answer in part (a) is an underestimate or an overestimate of
[ Z2Xdx.
0

Solution:

h=0.25

x0025 05 0.75 1.01.25 15 1.75 2.0
y 11.1891.4141.6822 2.3782.828 3.364 4

| o22¥dx

N |-

~ 5 x0.25 [ 1+2 ( 1.189 +1.414 +1.682 + 2 + 2.378 + 2.828 + 3.3}4

L+ |
N

L [ 1
= 3 34.71

° L |
=4.33875
=434 (3st)

AY
>y

(b)

Curve bends beneath straight line of trapezium so trapezium rulover estimate.
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I ntegration
Exercise E, Question 5

Question:

Use the trapezium rule with 6 strips to estimégé T
(x*+1)

Solution:

h=0.5

x005 1 15 2 25 3
y 10.894 0.707 0.555 0.447 0.371 0.316

1
A= 5 x05 [ 1+2 ( 0.894 + 0.707 + 0.555 + 0.447 + 0.3;}1 + 0.3}6

-3 [ 7.264}

=1.81€or 1.82 (3 s.f
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I ntegration
Exercise E, Question 6
Question:

1
The diagram shows a sketch of part of the curve with equatiorp -, x> - 2.

VA

1 0 I

(a) Copy and complete the table below and use the trapezium rule to estimate the area bounded by thec@xige, the
and the linex= - 1 andx = 1.

X -1-06-020206 1

1

y=——1 0.714 0.385 0.333
X+ 2

(b) State, with a reason, whether your answer in part (a) is an overestimate or an unde

Solution:
(@)h=0.4
1
x= -02y= 75 =0555 .. =0.556(3dp)
1
x=02y= 5, =04545 .. =0.455(3dp.)

area= % x 0.4 [ 1+2 ( 0.714 + 0.556 + 0.455 + 0.38} + 0.333}3

(b) Curve bends down below the straight lines of the trapezia so trapezium rule will over estimate.
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I ntegration
Exercise E, Question 7

Question:

(a) Sketch the curve with equatigrs X3 + 1, for - 2 <x < 2.

(b) Use the trapezium rule with 4 strips to estimate the vaILIe_ofl (x3+1)dx.
(c) Use integration to find the exact value Jof 11 (x3+1) .

(d) Comment on your answers to parts (b) ant

Solution:
(@)y = x3 + 1is a vertical translation ( +1) gf=x3

Y

p

‘}sz?—l_]

(b)h=05
X -1 -05005 1
y 0 0.87511.1252

R PO DN VoL

4 Kx3+1jdxz§><0.5|_ 0+2\ O.875+1+1.125) +2J

FNI
=1
L0 |

I
N

oy )

1 34 _|_ ] (l ) )
© I _, kx 1)dx—|_

T )

(d) Same. Curve has rotational symmetry of order 2 about (0, 1) and trapezia cut curve above and below syn

+1 -1 =2

Ll keS
EN e

o
\
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Exercise E, Question 8

Question:
Use the trapezium rule with 4 strips to estimhg (3 - 1) dx.
Solution:

h=0.5
x005 1 15 2
y 00.856 1.414 2.048 2.828

2 (3x_1 } & ~ %XO,S[ 0+2( O.856+1.414+2.04% +2.82}

ENE I

I ]
11.464

L ]

= 2.866

=2.87(3s.f.
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I ntegration
Exercise E, Question 9

Question:

The sketch shows part of the curve with equagien x > 0.

x+1’ -

VA

\

X

(a) Use the trapezium rule with 6 strips to estimagé

X+177

(b) With reference to the sketch state, with a reason, whether the answer in part (a) is an overestimate or an
underestimat

Solution:
(@h=05

x005 1 152 25 3
y 00.3330.50.60.667 0.714 0.75

[ 2 e

ST ><o.5L o+2( 0.333+0.5+0.6+0.667+O.71} +o.7};

af ]

=4 6.378J

= 1.5945
=1.59 (3s.f)

(b) Curve bends outwards above straight lines of trapezia so trapezium ruunder estimate.
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I ntegration
Exercise E, Question 10

Question:
(a) Use the trapezium rule withstrips to estimate/ 02 Vx dxinthe cases (i) n=4 (i) n=8.

(b) Compare your answers from part (a) with the exact value of the integral and calculate the percentage error in each
case

Solution:

(@) ()h=05

x005 115 2
y 00.70711.2251.414

1 [ ( ) Tl }
[ 2Vxdx= 7 x05, 0+2, 0.707+1+1.225 +1.41 = 7.27 =1.8195
0 2 ) T 7L
1
(i) h= 3
1 2 4 5
XOE 3 13 3 2
y 00.5770.81611.1551.291 1.414
1o ( ) | [ }
[2Vxdx= Zx 7, 0+2, 0577+0.816+ 1+ 1.155+ 1.29 +1.41 e 11.092
0 N Rt ) el
=1.8486
(b) | g2Vx dx= [éxf}ozz (éxzdz) - (o) =§x/2=1.8856
100 ( g \2-1.8195)
(i) % error = 4 =351%
-2
3
100 ( % \2-1.8486)
(i) % error = =1.96 %

4
-2
3
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I ntegration
Exercise F, Question 1

Question:

The diagram shows the curve with equatjon5 + 2x — x2 and the line with equation= 2. The curve and the line
intersect at the points andB.

VA

L

/
/ 0 \ X

|1
/ L =5+ 2y —x*

(a) Find thex-coordinates oA andB.
(b) The shaded regidRis bounded by the curve and the line. Find the aréa of

[E]
Solution:

(@)2=5+X-x2
= xX-2x-3=0
=> (x-3) (x+1) =0
= x=-1@A),30B)

(b) Area ofR= [ _ 3(5+2x-x2~-2) o
=] _3(3+X-x%)dx

© Pearson Education Ltd 2C
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I ntegration
Exercise F, Question 2

Question:

The diagram shows part of the cu@avith equationy = x3 — 9x2 + px, wherep is a constant. The lifehas equation
y + 2x = g, whereq is a constant. The poiAtis the intersection df andl, andC has a minimum at the poiBt Thex-
coordinates of andB are 1 and 4 respectively.

VA | C
|
fn. J/Fxxhhh*ﬂX/
f B
I."'III R \
| \\ ,
O T~ X

(a) Show thap = 24 and calculate the value af

(b) The shaded regidRis bounded by, | and thex-axis. Using calculus, showing all the steps in your working and
using the values qf andq found in part (a), find the area Bf

[E]
Solution:
(@) Whernx = 1: g — 2x = x3 — 9x2 + px
= 0-2=1-9+p
=> q+6=p®
dy
Whenx=4: = =3¢ -18&+p=0

> 48-72+p=0
> p=24
Substitute intdD: q=p - 6 = 18
(b) Line isy = 18 — X

SoAis (1, 16) and the line cuts tkeaxis at (9, 0)
Area ofRis given by

16

[ ot (@ - 9x% + 24x) dx + area of « F3 .

PhysicsAndMathsTutor.com
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X

SR o O ERE RLIE
X

= [Z—3x3+12x2—‘01+64

= (%—3+12) —(O} + 64

R
=737
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I ntegration
Exercise F, Question 3

Question:

1
2

The diagram shows part of the cu@evith equationy = f ( x) , where f§) = 16x~ 2 +x2,x>0.

Vi

0 1 2 %

(a) Use calculus to find thecoordinate of the minimum point @, giving your answer in the forinV 3, wherek is an
exact fraction.
The shaded region shown in the diagram is bounded bye&-axis and the lines with equations 1 andx = 2.

(b) Using integration and showing all your working, find the area of the shaded region, giving your answer in the form
a+ b+ 2, wherea andb are exact fractions.

[E]

Solution:
(@) f’ (x) :—8x-§+§x§
( \\ 3 1 16
fr | x | =0 = 2 = oxeor@= 3
3
\ ) X%

. 4 4
(xmust be positive) Se= —Zor3 V3

PhysicsAndMathsTutor.com
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(
\

168 162

_\/2__

5 5

)— (32+

[LEEN)

32V2+ 2 x 22

)
)
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I ntegration
Exercise F, Question 4

Question:

A

P )
(a) Find | KX2_4J kx

_1j

(b) Use your answer to part (a) to evaluate
1 1

[ (x5—4\ (X‘Z—l\

\ )\ Y

giving your answer as an exact fraction.

[E]
Solution:

N |-

oX.

oX.

I 1
= 30r23
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Integration
Exercise F, Question 5

Question:

The diagram shows part of the curve with equatienxy — 6X2 + 9x. The curve touches theaxis at Aand has a maximum turning
point at B

}:Jl [

(a) Show that the equation of the curve may be written=as ¢/x — 3 ) 2, and hence write down the coordinates of A

(b) Find the coordinates of B.

(c) The shaded regioniRbounded by the curve and thexis. Find the area of.R

[E]

Solution:

(@ (x-3)2=x2-6x+9
Sox(x—-3) 2=x3-6X+ 9x

y=0 = x=0]i.e. (0, 0)] or 3 (twice)
So Ais (3, 0)

dy
(b) 3 =0 = 0=3-12x+9

> 0=3(x2-4x+3)
=> 0=3(x-3) (x-1)
= x=1lor3
x = 3 at A the minimum, so B (1, 4)

(c) Areaof R= [ 3 (x® - 6 + 9x) dx

| 23— 28 + %xz | 3

L e
%—ZX27+§ xg) —( O)

Nlw 7 ~N
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I ntegration
Exercise F, Question 6

Question:

1 1
Giventhaty 2 =x 3 + 3:

2 1
(a) Show thay = x s + Ax 3 + B, whereA andB are constants to be found.

(b) Hence find] y dx.
(c)Using your answer from part (b) determine the exact valdelﬁfdx.

[E]
Solution:

2
3

w |~

(@)y = kx§+3)2:x +6x3+9 (A=6,B=9)

() [ By dx= [gx
(= 0 )
)

= \5x32+; x 16+ 72
3

_ = S
= 5 +135- 3

1
=149 1o OF 149.1
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I ntegration
Exercise F, Question 7

Question:

1 1
Considering the functiop=3x 2 — 4x~ 2, x> 0:

-
(@) Find "~ .
(b) Find [y dx.

(c) Hence show thaf 13y dx = A + BV 3, whereA andB are integers to be found.

[E]
Solution:

1

1
(@Qy=3x2 —4x~ 2

dy 3 1 1 3
K: Ex‘ 2 + Ex4x‘ 2
dy 3 1 3
E: Ex'2+2x'2
(.2 1)

(b) [ydx= | \3xz—4x‘2}dx

3 1

x5 x5
= - +C

3 1

2 2

3 1
=2x2 —-8x2 +¢C

(c) | Bydx = [ 2x2 —8x 2 } 2
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I ntegration
Exercise F, Question 8

Question:

The diagram shows a sketch of the curve with equgtio®x — x2 and the lin€DN which is the normal to the curve at
the originO.

Va

i

(a) Find an equation @N.
1
(b) Show that the-coordinate of the poiriti is 25 and determine iscoordinate.

(c) The shaded region shown is bounded by the curve and th@Nin&/ithout using a calculator, determine the area of
the shaded regic

Solution:

(@y=2x-x

dy _

wx =2~

Gradient of tangentat (0, 0) is2.
1

Gradient ofON = - 2

1
So equation 0ONisy = — 7xory +x=0

(b) N is point of intersection dDN and the curve, so
1

L Sy = Oy — 32
2x-2xx

PhysicsAndMathsTutor.com
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1
(c) Area =[ 2 *(curve - line) ot
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I ntegration
Exercise F, Question 9

Question:

VA

=y

0 12

The diagram shows a sketch of the curve with equation
1 3
y=1X2 -xz2for0 < x < 12
dy 3 \
(@) Show that, = =73X /

N |-

(4—x

(b) At the pointB on the curve the tangent to the curve is parallel ta-frds. Find the coordinates of the paiht

(c) Find, to 3 significant figures, the area of the finite region bounded by the curve arakibe

[E]
Solution:

1 3

(@)y=12x2 - x 2

dy 1
o =X 2

N |-

%x = Zx‘é (4—x

d
) g =0 = x=4y=12x2-8=16
SoBis (4, 16)

PhysicsAndMathsTutor.com
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gtz g
| %7 o
(1) (o)

= 133.0215
=132 (3s.f.

8x
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I ntegration
Exercise F, Question 10

Question:

The diagram shows the cur@with equationy = x ( 8 —x) and the line with equation= 12 which meet at the points
L andM.

VA

N7 AN

()

(a) Determine the coordinates of the pdiht

(b) Given thaiN is the foot of the perpendicular frodhon to thex-axis, calculate the area of the shaded region which is
bounded byNM, the curveC and thex-axis.

[E]
Solution:

@x(8-x) =12
> &-x=12
> 0=x2-8+12
> 0= (x-6) (x-2)
= X=2o0r6
M is on the right of, soM is (6, 12)

(b) Area =] B (8x—x?) dx
X3

(4x64—5712) - ( 4><36—%)

2
=256 - 1705 - 144+ 72
_qat
=133
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I ntegration
Exercise F, Question 11

Question:

The diagram shows the lie= x — 1 meeting the curve with equatign= (x—-1) (x—-5) atAandC. The curve
meets thec-axis atA andB.

rlL "_‘

K

(a) Write down the coordinates AfandB and find the coordinates @f

(b) Find the area of the shaded region bounded by the line, the curve x-axis

Solution:

(@Ais (1,0) Bis (5,0)
x-1=(x-1) (x-5)
> 0=(x-1) (x-5-1)
=> 0= (x-1) (x—-6)

> x=1,6
SoCis (6, 5)
AV

a
-
-
-

5
\ >
TR A6

Shaded region ig 6 (x-1) (x-5)dx= |5 (x*-6x+5)dx

(b)
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5
Al
Required area = area | 6 - ] (x-6x+5)d

I 1

1 L
:2X5X5—|_3_3(+5XJ5

U B T:
BN I

— 101 2
=125 +6-50 + 413

7

(12

)
~3x36+30 | - 75+ 25
) e

N—
L 1

1
=105
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I ntegration
Exercise F, Question 12

Question:

Vi
/X

x’f \

/
i

A o
/ 0 D\ =

A andB are two points which lie on the cur@ with equatiory = — xZ + 5x + 6. The diagram show@ and the lind
passing througi andB.

(a) Calculate the gradient Gfat the point wherg = 2.
The linel passes through the point with coordinates (2, 3) and is parallel to the tangeattttee point wherg = 2.

(b) Find an equation df

(c) Find the coordinates &f andB.
The pointD is the foot of the perpendicular frd&non to thex-axis.

(d) Find the area of the region bounded®yhex-axis, they-axis andBD.

(e) Hence find the area of the shaded region.

[E]
Solution:

d
(@5 = - X+5

Whenx = 2 gradientofCis -4 +5=1
(b) Equationof isy-3=1(x-2) i.ey=x+1

(c)Ais(-1,0)

B is given by

X+1= —x2+5x+6
X2—4x-5=0
(x=-5) (x+1) =0
x=—-1lor5
SoBis (5, 6)

(d) Area =] 5 ( - x2+5x+6)dx

PhysicsAndMathsTutor.com
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= T + 30
=507
AV
B
F
/o D \ X
(@)

Required area is (d) - trapezi®&EBD

Area of trapezium =7 x5 x K 1+ 6) =

. 5 1 1
Shaded region =50 -1 =33
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I ntegration
Exercise F, Question 13

Question:

YA

The diagram shows part of the curve with equagierp + 10x — x4, wherep is a constant, and part of the lin&ith
equationy = gx + 25, whereq is a constant. The lidecuts the curve at the poimsandB. Thex-coordinates oA andB
are 4 and 8 respectively. The line througparallel to thex-axis intersects the curve again at the pGint

(a) Show thap = — 7 and calculate the value @f

(b) Calculate the coordinates ©f

(c) The shaded region in the diagram is bounded by the curve and tA€libksing algebraic integration and showing
all your working, calculate the area of the shaded region.

[E]
Solution:

(a) UsingA which lies on line and curvegd+ 25 =p + 40 — 16
ie.g=p- 10

Using B which lies on line and curveq8 25 =p + 80 — 64
ie.&g=p-9@

Solving@ -® = 4= -8 = q= -2

Substitute intdD = p=1+4q= -7

(b) AtA,y=4q+ 25 =17
SoC s given by

17= -7+ 1&x - X2

X2 —10x+24=0
(x-6) (x-4) =0
x=4,6

SoCis (6, 17
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17

(c)Area =[ 8 ( -7+ 10x-x?)dx - area of 2

[ - Tx + 5x2 = éx Ik -34
(

Voo

~42+180-72 | -, -28+80-, , -34
\ )\ > )

4 1
= 3orl3
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