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VOLUMES of REVOLUTION

Lesson 1
Further A-Level Pure Mathematics: Corel
Volumes of Revolution
1.1 Introduction
Previously, integration was used to determine exactly the area under a curve.

For example, to find the area bounded by the cyrve 4x2, thex-axis and the
linesx = 2 andx = 5, the following piece of mathematics would be set up;

5
Area = jz 4x2dx

B 4X3:| 5
2

L 3
T 4><53}_[ 4><23}
L3 3

SEUNE

[ 468

5
= 156

Surprisingly, the mathematics to determine the volume swept out by this area as

rotates 360 about thex-axis is not much more complicated.

In an examination, the starting point is the following formula which should be
memorised;

Volume = nfyzdx

Where this comes from will be investigated shortly, but first let's master how to us



1.2 Example

1.2.1 The Question
Find the volume of the solid formed by rotating 3@0out thex-axis the curve

y = 4x° betweenx =2 andx=5

Yy

[ 4 marks]
1.2.2 The Answer

Volume = nf)/zdx

5 212 ) .
= ﬂ-[z (4x ) dx  Common Error is forgetting to square the
5 .4
= nf 16X dx
2
54
= l6n jzx dx

575
:1671[4
S,

-serf [5]-[ 5]

_ 167'5[ 3093}
5

49488¢

5
which, if the units are cm, is about 31 000cm

[ 4 marks]



1.3 Exercise
Any solution based entirely on graphical
or numerical methods is not acceptable
Marks Available : 40
Question 1
Find the volumes of the solids formed by rotating completely aboutabes the
areas bounded by tlxeaxis and the given curves and lines.

(1) y=5x2, X =-1 X=3

[ 4 marks]

(i) y=3x-Xx, X =1, X =2

[ 4 marks]



(i) y=2x-25 X =1, X =4

[ 4 marks]

[ 4 marks]



(v) y=1++x, X = 4 X=09

[ 4 marks]

[ 4 marks]



Question 2

Find the volumes of the solids formed by rotating completely aboutdbes the
areas enclosed by each of the following curves ang- éxes.

(i) y=x-4

[ 4 marks]
(i) 3y =x(3-x)

[ 4 marks]



Question 3

By first reflecting upon how an integration to find area can be thought of as the
summation of an infinite number of infinitely thin rectangles, explain in a similar
fashion where the Volume of Revolution formula comes from.

That is, why the formula to find a volume of revolution aboutxtheis is;

Volume = njyzdx

HINT : Look up a textbook, search online...

[ 8 marks]
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1.4 Answers
Further A-Level Pure Mathematics: Corel
Volumes of Revolution

Answer 1
. .. 47
(i) 12207 (i) =T (i) I
[ 4,4, 4marks]
. 4057 37Tt . 57n
(iv) EVE (v) 6 (vi) 8
[4,4,4marks]
Answer 2
) 512x .. 8ln
(1) 15 (i) 35
[4,4marks]
Answer 3

When finding area;

Integration is the sum of an infinite number of infinitely thin rectangles.

Their height isy and their width isix

As the area of a rectangle is heighwidth, the rectangles to be summed each have
an area oy x dx.

Thus;

Area = fydx

with the slight complication that integration sees areas belowadhes as negative.
So, more correctly;

Area:f |y | dx

When finding volume;
Integration is the sum of an infinite number of infinitely thin cylinders.
Their radius ig/ and their height iglx

As the area of a cylinder is x radiusz, the cylinders to be summed each have

a volume ofz x y* x dx
Thus;

Volume = n j}/zdx

As y2 is always positive, there is no need to worry about negative volumes.
[ 8marks]
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Chapter 2
Further A-Level Pure Mathematics: Corel
Volumes of Revolution
2.1 Integration Techniques
As a topic, Volumes of Revolution provides an opportunity to revise and consolid
the integration techniques taught earlier in the Year 2 A-Level course.

2.2 Partial Fractions Revisited

Find the volume of the solid generated when the profile cyrve

1
VX (5x + 1)

betweenx=1 andx = 3 is rotated 2 radians about the-axis.

.o -

[ 8 marks]
An answer to this question would begin by quoting the result,

Volume = njyzdx

For this particular problem,

2

3 1
VOlume:ﬂfl(\/Y(Sx+l) ) dx

3 1
—a[ ———d
ﬂj‘l X (5x + 1)2 X

This tricky integration requires the use of partial fractions.




Teaching Video (Part 1) http://www.NumberWonder.co.uk/v9087/1a.mp4

ol 7
i

Teaching Video (Part Il) http://www.NumberWonder.co.uk/v9087/1b.mp4

[ 8 marks]


http://www.NumberWonder.co.uk/v9087/1a.mp4
http://www.NumberWonder.co.uk/v9087/1b.mp4

2.3 Exercise
Any solution based entirely on graphical
or numerical methods is not acceptable
Marks Available : 40

Question 1
1
Show that the volume of the solid generated when the profile guzve———
g p cu T x = 1
betweenx =2 andx= 3 is rotated 2 radians about theaxis is = In( % ) - %

[ 8 marks]



Question 2
1 1

2
(I) Show that ledx = E

[ 4 marks]

4\x

4x — 3
12n
5

(i) Show that the volume swept out when the profile curve

betweenx=1 andx= 2 is rotated 2¢ about thex-axisis 7 In5 +

[ 8 marks]



Question 3
1 6

3
(I) Show that Ilmdx = g

[ 4marks]
. . 2V 2
(i) Show that the volume swept out when the profile curve wa
(2x - 1)~
betweenx =1 andx =3 is rotated Z°¢ about thex-axis is given by,
Volume = 7In5 + S
25

[ 8 marks]



Question 4

Find the volume of the solid generated when the profile cyreve

2
VX (3 - 2)

betweenx=1 andx = 2 is rotated 2 radians about the-axis.

[ 8marks]

This document is a part ofMathematics Community Outreach Project initiated by Shrewsbury School
It may be freely duplicated and distributed, unaltered, for non-profit educational use
In October 2020, Shrewsbury School was votedi€pendent School of the Year 2020”
© 2022 Number Wonder
Teachers may obtain detailed worked solutions to the exercises by email from mhh@shrewsbury.org.uk



2.4 Answers

Further A-Level Pure Mathematics: Corel
Volumes of Revolution

2.4.1 Solution to 2.2 Partial Fractions Revisited

Volune=nfy2dx
_nf( 1 2
S0 VX (Bx + 1)
3 1
= —-d
ﬂ-fl X(5x + 1)2 X
1 A B C
w12 T + 2
X(5% +1) X 5+ 1 (X + 1)

1 x[.... ] AX[... ] Bx/[.... ] Cx[.... ]
[x(5x + 1)2] X BX + 1 (5% + 1)2
1=A(5x+1)2+Bx(5x+1)+Cx

Letx =0 :1=A
Letx:—i :1:—£:>C:—5
5 5
letx =1 :1=36+6B-5= B=-5
1 __1__5 _ 5
x(5x+ 1Y  x 5x+1 (5% + 1)2

3 1
——d
nfl X (5x + 1)2 X

=n'|.13%dx—nj.3 >

3 5
_n-[l (5x + 1)2 dx

3 1 3
+ox| }
1 X+14,

7[In3-1In1] — 7[In16 — In6] +n[

——— dx
1 (5 +1)

2 [inlx|] j_ 2 [In|5x + 1]]

i_i}
16 6

[ (3><6)} 57

7| In - —
16 48
8 48

0.0428

[ 8 marks]



2.4.2 Solution to 2.3 Exercise

Answer 1
Volum:nfyzdx
3 1 2
N e
2 \xv/x-1
3 1
S D —"
2 X (x-1)
1 __+£ C
X(x—-1) x x  x-1
1 x[.... ] X[ e ] B x| Cx[.... ]
= +
[x2(x - 1) ] X X2 x—1
1:Ax(x—1)+B(x—1)+Cx2
letx =0 :1=-B = B=-1
letx=1:1=2C
letx =2 :1=2A+B+ 4C
1=2A-1+14 = A=-1
1 __i_iJr 1
X2(x—-1)  x X x-1

(As a decimal this is aboQt380)

3

At o[ 2]

3 3
nfz Xildx— nfzédx—nj'zxizdx

1

7[In2 - In1] - #[In3-1n2] + n[% -~ %]

Am(555)]-5

nln(i)—i
3 6

[ 8 marks]



(i)

1

S
1 (4x — 3)? 4 J1 (4x—3)2
_i[ }
4L 4
__i[i_i}
~ 4ls5 1
__i[_i]
RS
_1
5
[ 4 marks]
Volune=nfy2dx
2
iF=1
= _f dx
1 \4x -3
2
_ J‘ 16x de
1 (4 - 3)
e A B
(4x — 3)2  4x -3  (4x - 3)?
16X X [ ... ... ]  AX[... ] Bx|[.... ]
[ (4x-3)2] = 4x-3 (4x — 3)2
16x = A(4x -3)+ B
Let x = :16=A+B = A=4
16x 4 12
= +
(4x — 3)2 4x — 3 (4x — 3)2
16x 2 4 2 4
= d 3
(ax =32 % [, g o ) (4% — 32
2
= alinlax-3]] +ar[-%+ 1]
1 5 1
:n[InS—In1]+&
:nln5+% O

(As a decimal this is aboa®.6)

Note : This question could also be done using the substitutigit — 3

[ 8marks]



Answer 3

. 3 1 1 .3 2
(1) J‘1 (2x — 1)3 dX:?jl (2x — 1)3
1 1 1 78
:?[ (2x -1 (—2>}
1
171 1
__7[2_5 T}
17 24
212
_ 5 0
- 25
[ 4 marks]
(i ) Volume = 7 [y dx
B 242 x
=], (<2x—1>15)0'X
3 8 x2
=], (2x 18 &

8x2 A, B .\ C
(2x -1  2x-1 (2x — 1)2 (2x — 1)3

8% X [nn] A X[.on.] BX[....] CX[.n..]

= + +
[ (2x — 1)3] 2x — 1 (2x — 1)? (2x — 1)3
8x° = A(2x- 1% +B(2x—-1)+C
Letx:%:ch = cC=2
letx=0 :0=A-B+C = A-B=-2
letx=1:8=A+B+C = A+B=256
~A=2 B=4
gx> 2 4 2

(2X— 19~ 2xX-1 (=12 T (x-1)



3 1 |
1(2x — 1)3 X

ﬂ'[38—)(2dX= nff

3
L X - 1)3 dX+2nfl

dx + an

2
2x - 1 (2x — 1)2

3 1 3 6
—a[in]2x-1|] +2n[— } +zﬂ[—}
L 2x-11, 25
=a[In5-1In1] - Zn[%—i]+ 127

1 25
8r 127
=nln5+ — + —
5 25
:nln5+ﬂ O
25

(As a decimal, this is about 11.6)

Note : This question could also be done using the substituti@ — 1
[ 8 marks]



Answer 4

Volune=nfy2dx
2 2 2
= d
”L(v7<a—2> §
2 4
_n-[l X(3X — 2)2 dx
__ 4 __A__8B &
X(3—-2Y  x 3x-2 (3x — 2)2
4 X [.... ] AX[. ] BX[.... ] Cx[.... ]
[x (3x — 2)2] X 3 — 2 (3x — 2)2
4=A(3x—2)2+Bx(3x—2)+Cx
Let x =0 : 4 =4A = A=1
Letx=£:4:£ = C=6
3 3
Lletx=1:4=A+B+C = B=-3
4 13 6
X(3—-2Y x 3Hx-2 (3x — 2)2
2 1 2 1 2 3 2 3
ﬂ-l.l—x(sx—Z)z dx_nL?dx_ﬂJ‘l—(sx—Z) dx+2:z'|'l (X — 272

:n[muuz—nUMW—ﬂlz—h[ - }2

1 X-24,
=ar[|n2—|n1]—yr[ln4—ln1]—2yr[i i}
4 1
“alnf3)] S
- 2 2
=%—nln2
(As a decimal this is abol.53)
[ 8 marks]
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Chapter 3
Further A-Level Pure Mathematics: Corel
Volumes of Revolution
3.1 Spin About Y
The volume of revolution formed whex=f (y) is rotated throughs2radians
about they-axis betweeny =a andy =b is given by

b
Volume = & '[a X dy

3.2.1 The Question
Find the exact volume swept out by the part of the following profile curve betweel
the bounding lines given when it is rotated y @bout they-axis.

X = 34/39n(2y), y = 0, y = %

Give your answer as a multiple of

You may like to try answering this question yourself before taking a look at
the answer over the page.

NOTE : RADIANS must be used whenever trigonometry and calculus mix.

[ 5marks]



3.2.2 The Answer

Volume = nfxzdy

J‘L’J-: 9sin(2y) dy

=L [-oos@y]
0

9_7[[_ cos(%) + cos (0) ]

977[ fj 2sin(2y) dy  Setting up a “Chain Rule Backwards”

2
= 977; [-0+ 1]
_ o
2
[ 5marks]
3.3 A Handy Tableis Trigonometric Derivatives and I ntegrals
f(X) f’ (X Given ?
sin x COS X
COS X —sinx
tan x sec? x *
SEC X sec X tan x *
CSC X — CSC X cot X *
cot X — csc? X *
Inx «%
In| sec x| tan x &
In|sinx| cot X *
In | secx + tanx| Sec X 5
In|tan(%x+%n)| Sec X *
—In|cscx + cot x| CSC X *
In |tan( 5 x) | CcsC X *
eX e*

* Formulae marked with an asterisk are provided

in the examination in a book of formulae.



3.4 Exercise
Any solution based entirely on graphical
or numerical methods is not acceptable
Marks Available : 40
Question 1

2000

15+

0.5 [

- 2000 2 2000

(1) Show that the volume swept out by the curve: 6 e¥ between
y =0 andy =2 when it is rotated by2 about they-axis is
exactly 6r(el? - 1)

[ 5marks]

(i) Give this volume as a decimal correct to three decimal places.
[ 1mark ]



Question 2

3

[ Show that th I t out by th ——
(1) ow that the volume swept out by the curve cos (0.5y)

betweeny = % andy = % when it is rotated bysZ about

they-axis is exactlyér (3 — V3 )

[ 5marks]
(i) Give this volume as a decimal correct to three decimal places.

[ 1mark ]



Question 3

The volume of revolution of a shot glass is@m® exactly.
The profile curve ix=+/y and the rotation is about tlgeaxis.
The lower limit of the profile curve ig=1 cm.

The upper limit is not known, call&cm.

Calculate the upper limig, of the profile curve.

Clearly showing your method and working.

[ 5marks]

Question 4
Find the exact volume swept out by the part of the following profile curve betweel
the bounding lines given when it is rotated by @bout they-axis.

1
X=Y+ —, X =1, X =4
vy
Write your answer in the formr (K+In 4 ) whereK is a constant, the value of
which you should determine.

[ 5marks]



Question 5
(1) Use the product rule to differentiate with respeat, to

X = ylny

[ 2marks]

(i) Hence show that,

8
-[1 (1+Iny)dy = 24In2

[ 3marks]

(iii)  Hence state the volume of the solid formed when the profile curve

X =41+ Iny

is rotated 2z radians about thyeaxis betweeny =1 andy =8

[ 1 marks]



Question 6
Show that the volume swept out by the curve
Yy
X = i eZ
4
betweery =0 and y =4n 3 when it is rotated bys2 about they-axis is exactly &

[ 6 marks]



Question 7
Find the volume swept out by the part of the following profile curve between
the bounding lines given when it is rotated iy} @bout they-axis.
1 . y ) 4
X = —/sn|=|, =0, = —
3 ( 2 Y Y= %
Give your answer correct to 3 significant figures.

[ 6 marks]
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3.5 Answersto 3.4 Exercise

Answer 1

(i) Volume =
(i) 3067836.693
Answer 2

(i) Volume =
(i) 23.900

Further A-Level Pure Mathematics: Corel
Volumes of Revolution

nJ. x2dy

N

6y
njo 36eY dy

6 e3y

2
67 jo 6eY dy

2
6r [ e¥]
0

)

~ 1)

6 ( et?

6 (612
[ 5marks]

[ 1mark ]

[ 5marks]

[ 1mark ]



Answer 3

Volume

4

N

N|9’
o B NN

Answer 4

Volume

nfxzdy

a 2
x| (Vy) dy

1

a
[ yay
EaN

2 1y
@ _ 1
2 2
9
2
9
3 (Ignorea = — 3 as it's to be an upper limit)
[ 5marks]
ﬂfxzdy
4 1 2
n_[l y+W)dy
4 1 1
nj'l y2+2y2+7)dy
2 4
n{§+ 4;/ +Iny}l
T [ﬁ+£+ln4]—[i+i+lnl}}
3 3 3 3

{[Frme]-[5]]
T %+In4}

That is, K = ﬂ

3
[ 5marks]



Answer 5

(i)

(i)

(iii )

Answer 6

dx

— =1Iny+1

8
fl (1+Iny)dy

[ 2 marks]

[ymy]j

8In8 — Inl
g8Iin2° -0

241n2 O
[ 3marks]

2471n2

Volume =

[ 1 mark ]

[ 6 marks]



Answer 7

Volume = nfxzdy
(81 [y
—nf Esn(?)dy

[
|
|
N
O
o
(7]
—_—
N <
N—
| |
o)

0
= i{ (—Zcos(i) ) — (-2cos0) }
9 12
= 0.0238 (3significant figures asked fpr

[ 6 marks]
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Chapter 4

Further A-Level Pure Mathematics: Corel
Volumes of Revolution
4.1 Revolving Integration By Parts

0.6 —

Y 04—

02 -

-1 I .' ! 1
Find the exact volume swept out by the part of the following profile curve betweel
the bounding lines given when it is rotated y @bout they-axis.

VY

JT
= 27 = 0, - =
cosy y y 4

Teaching Video http://www.NumberWonder.co.uk/v9087/4.mp4

[ 10 marks]


http://www.NumberWonder.co.uk/v9087/4.mp4

4.2 Exercise
Any solution based entirely on graphical
or numerical methods is not acceptable
Marks Available : 30
Question 1

Show that the volume swept out by the cupe: VX €2 betweenx = 0 and

x = In2 when it is rotated bysZ about thex-axis is exactly,z (2In(2) — 1)

[ 10 marks]



Question 2

VY

Show that the volume swept out by the curve si—ny betweeny = % and

y = % when it is rotated bysZ about they-axis is exactly,z> v/ 3

[ 10 marks]



Question 3

0.5 -

- -r-o
;
0?‘51‘.1,,11,A~-....l-r‘:°
04 .02 0 02 04 0.4

.04
2
Z

Show that the volume swept out by the curve: \/y € Y betweeny = 0 and

y = In4 when it is rotated bysZ about they-axis is exactly,%( 15- 2In4)



[ 10 marks]
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4.3 Answers

Further A-Level Pure Mathematics: Corel
Volumes of Revolution

4.3.1 Solution to 4.1 Teaching Video Example

Volume

:nfxzdy
2 Jy 2
4
= — | d
n-[o (cosy) y
:ﬂjo4ysec2ydy
L I D |
_ " ;
= m| ytany —ﬂfoltanydy
i 0
i
=7 —tan(%) —0]—n[|n|secx|]

=

JT
4
.7'L’2
= T —Jl'[ln\/_— |n1]
JT

= — —nln27
4
2

=2 _ZIin2
4 2

(As a decimal this is aboit3786
[ 10 marks]



4.3.2 Solution to 4.2 Exercise

Answer 1
2
Volume = n'[yzdx = nj:)nz ( X e%) dx
|
= njonzxexdx
L I D 1
In2
= n[xex} " —nj‘lnzexdx
0 0

Z[In2 e 0] a[e]

2

0

271n2 - z[ "% - & ]
27In2 - n[2 - 1]

=21In2 - n
=n(2ln2-1) O
[ 10 marks]
Answer 2
Volume = n_[ x2dy

(YY)
th . dy

Z |\ siny

%
:”jn ycsczy dy

6
L D I

%
= x|y (—1)coty _”In (- 1) coty dy
z ®
5z

:_n'm S _6m&lﬁ+nwwmﬂ]

| 6tan (F ) 6 g
= —m|- — +n[|n sm(—) —In|sm(—)H

L 6 6 6 6

7°\3

265 - n(2) ()]

O
[ 10 marks]



Answer 3

Volume

S
2

JT

——[In4e

2

~Tina x4
2 4

[n 1]

32
mln4
32
mlnd
32
mln4
32
mlnd

[Inae?™_0o] +

7ln4d B

32

[ 10 marks]
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Chapter 5
Further A-Level Pure Mathematics: Corel
Volumes of Revolution

51 Test
Any solution based entirely on graphical
or numerical methods is not acceptable
Marks Available : 40
Question 1

(1) Find the area shown shaded in the graph.

[ 3marks]

(i) The shaded area is now spun 3&bBout thex-axis.
Show that the volume of the solid formed is 796 2

[ 6 marks]



Question 2

The graph is of the function,f (y) = 1 +

-

b0

is rotated through 36Gabout they-axis. Using integration, show that the volume of

the solid generated is( 5+ % In2)

[ 9marks]



Question 3

The curve shown in the diagram has equatiarx2 = ysny+y
y

********************

**********

777777777

77777777

,,,,,,,,,,,,,,,,,,,,,,,,

(1) Show that the coordinates of the posityaxis crossing ar<3 0, % )

[ 1mark ]

The shaded region is rotated aboutyais to generate a solid of revolution.
(i) Find the exact volume of the solid generated.

[ 8marks]



Question 4

. . 2+ 2
Find the exact volume of the solid generated when the curye V2
VX (5x = 2)
betweenx = % and x = 1 is rotated Z radians about theaxis.
Simplify your answer.
[ 13 marks]

This document is a part ofathematics Community Outreach Project initiated by Shrewsbury School
It may be freely duplicated and distributed, unaltered, for non-profit educational use
In October 2020, Shrewsbury School was votedi€pendent School of the Year 2020”
© 2022 Number Wonder
Teachers may obtain detailed worked solutions to the exercises by email from mhh@shrewsbury.org.uk



5.2 Answers

Answer 1

(i)

(i)

X+ 1

12

o
X
Il

Volume

Further A-Level Pure Mathematics: Corel
Volumes of Revolution

1
2

5 -
4‘[13(3x+1) dx

115
4[2(3x+1)2]
1

5

8[ (33X + 1)%]
1

8{4-2}

16
[ 3marks]

= nJ‘yde

5 12
_ﬂ-[l( 3x+1)dx

_7['[5 144
B 1 3x+1

dx

5
= 48nj'1 3(3x + 1)t dx

5
=48t [In| 3+ 1] ]
1
= 487{In16 - In4}
= 487 {In2* - In2?}
= 487 {4In2 - 2In2}
= 487 {2In2}

= 9671In2 O
[ 6 marks]



Answer 2

Volume = nf x2dy

= [4+4+iln4}—[1+2+ilnl}}
4 4

_ [8+%ln22}— [3]}

1
= 5+—In2} O
T 2
[ 9marks]



Answer 3
(1) When x = 0,

ysny+y =20
y(sny+1) =0
Positive solution sought will come fronsiny + 1 = 0
. sny = -1
y

arcsin (-1)

== as the first positive solution

That is, coordinates av(eO, %) O

[ 1mark ]
(ii)
Volume = nj'xzdy
T ¥
:7‘[0 ysny + ydy
L I D |
3 3 3n
T ¥ ooa ¥, i[ﬁ}?
—Z[y(cosy)]0 5 ), (Ceosy)dy+ —| 5 0
3 2
- Z[ 3 g o]4 X 22“%)_}
_Z[Zxo 0+[smy]0+4 > 0
_i[sn(ﬁ)_gn(())}_‘_g_yﬁ
2 2 16
3
=£[—l]+9ﬂ
2 16
_i(g_ﬂ:z_l) or 9_‘7[3_E or l<9ﬂ2—8)
2\ 8 16 16 16



N

Answer 4

Volune:nfyzdx
)
=nfl d
3 \Vx (5 - 2)
2 8
= d
n-[% x(5x = 22
8 A B C
X(5x -2  x Bx-2 (BX — 2)2
8 X [.... ] A X[ ] Bx|[.... ] CXx[.... ]
[x (5x —2)2] X BX — 2 (5x — 2)2
8 = A(5x—2) + Bx (5 — 2) + Cx
Let x = 0 : 8 = 4A = A=2
Letx:—:S:% = C=20
letx =1 :8=9A+3B+C = B=-10
8 2 10 20
= — - +
X (5x — 2)2 X B5x-2 (5x — 2)2
1 11 1 5 1 5
=2 —dx - 2 ——  _dx+ 4 — = d
X (5X — 2)2 ”f% x X nf% (5x—2) 7 ”f% (5x—2)2
1 1 (_1) 1
:Zn[lnlxl]i—2n[|n|5x—2|]i+4n[5x_2}1
2 2
1 1 1
- o[t n (]2 wff)] - o 2 -]
Zﬂ[n n > 7| In n2 T 3
1 1 207
- 2ein (L) 2oz zeim L) 200
7 ln > 27In3 + 27 1In > + 3
:%—ann?:
(= 14.04)
[ 13 marks]
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