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[ The Trapezium 1
Rule

To find an area bounded by a curve, we need
to evaluate a definite integral.

If the integral cannot be evaluated, we can
use an approximate method.

This presentation uses the approximate
meﬁ:hod called tHe Trapezium Rule.
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The area under the curve is divided into a
number of strips of equal width. The top

edge of each strip . . .

. . is replaced by a straight line so N
the strips become trapezia.
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[ The Trapezium }

Rule

The area under the curve is divided into a
number of strips of equal width. The top

edge of each strip . . .

. . Is replaced by a straight line so

the strips become trapezia.

The total area of the trapezia gives an \Y
| | “
approximation to the area under the

urve. ;
fhe f%rmula for the area of a trapeziun

h

'ﬁ;le?verageﬁofi‘h?paraﬂerl
sides
the distance apart

T~

1
=§ (Vo + W)Xh

it is always used in the trapezium rule

{h seems a strange letter to use for width bu

)
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[ The Trapezium 1

e.g.l 1 A Rule
e B

1+ x2

Supposd we have 5

strips.
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[ The Trapezium }

e.g.l 1 Rule
e
1+ X2 D.8¢7\\\ = . 2
Supposd we have 5 M./ ~J1+ X
Stl‘ips. M/yi v \‘*--h,
The parallel sides T Vs i
of the trapezia are /. Vg,

the y-values of the — =
function. \
The area of the 1st 1

trapezium 5
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[ The Trapezium 1

e.g.1 1 A Rule
dx e

f1+ X2 os | 7\\ = ! )
Supposé®we have 5 Vi / ~1+x
strips. 1w ﬁq’ —
The parallel sides C Wy
of the trapezia are / G
the y-values of the 1
function.
The area of the 1st b
trapezium ¥ 2 Rk O
The area of the 2nd
trapezium =501 1,) x0-2

etc.
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[ The Trapezium 1

e.g.l1 1 A Rule

f1+ X2 Ck #L\\\ = I
Supposd we have 5 Vi L+ X
strips. R S T~
Adding the areas of T Vs s
the trapezia, we get | Y5

%(y0+ W) X002+ %(y1+ W) X0-2+...+ %(y4+y5) X 0-2
e X020+t W+tW+Wt+tp+ ... +Vs)

X J(Zremovlllﬁg common
Since_ is the side ofa2ctpspdzia, it occurs
twice¥h the formula. The same is§2rue S?r
to 1. : :

1
f 70 ~=X0-2(yp+2+ Wt V3t V)t Ys)
1+ x 2
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[ The Trapezium 1

e.g.l 1 : Rule

1 XZCb‘ :L\\\ = 1
For each()va"iue of x, we Vi ~1+ x?
calculate the y-values, AL .
using the function, and TV
writing the values in a | )y,

$8R'°0; 02 (04 | 06 (08 |10
yl 110-9615] 0-8621| 0-7353 | 0-6098 | 0-5 [

1 \“sl“

1 1 o
f de —X0-2(p+20+ Vot V3t Vi)t Vs )
. 1+ x 2

~0-1 (1+2(0-9615+ 0-8621+ 0-7353+ 0-6099)+ 0-5 )
~0-784 ( 3.s.f. )
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The Trapezium
The general fo zium

rulebis
h
fydx= o Qo+ 20+ Y+ a3+« -+ Y1)+ V)

whére n is the number of

s The y-values are called
_ ordinates.
There is always 1 more ordinate than the

number of strips. Seo |

The width, h, of each strip is

given by b- a
hes

n
To improve the accuracy we just need to
use more strips.
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[ The Trapezium ]
e.g.2 Find the approxiﬁr‘é'f'e value

sinx dx
using 6 strips and giving the@nswer to 2

Soluti%n:

P
h

_[bydx= > Vo+200m+ Vo + Y3+ Y+ V5)+ V)

a [

12

‘I number of strips, even if the shape is
.| wrong, as it makes it easy to find h and
04 T ] L4 4 A= 4 " /
0y 3" ‘ ‘ | x ‘Q__hf_ e
| Jz 3 6 6
= a— : - : : ]
this example lies below the curve,
so the rule will underestimate the

<\>\ui

-0z =

the
re



../../../../../../0%20Contents.ppt

[ The Trapezium }

Rule
fsmxdx- — (Wo+20h+ Vot Y3+ Vit V5)+ Vi)

@ad‘an}

A R
6

x| O — — — — 0
6 6 6 6

yl 0105] 0:8000 | 1 08000 05 0
1o makesure that-we have the reqtiiret

accuracy we must use at least 1 more
than the answer requires. It is better s
=| to store the values in the calculator’s

ﬂgﬁﬁz (0+2(0-5 + 0-8660 + 1+ 0-8660+ 0-5) + 0)
~195 (2d.p)
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[ The Trapezium 1
Rule

The exact value of| sinx dx is 2.

The percentage error in our answer is
found as follows:

Percentage error error
£ exact— X 100

value ;
( where, error = exact value - the approximate

value ).

2- 19
~ X
2

=2-3%

100
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[ The Trapezium 1

Rule
ezium law for estimating an area

1S
h
fydx g Vo+20+ ot )3+ .. . +Y, 1)+, )

where n is the number of

= Thm, T eReh strip is givenh _b-a
b be checked on a &
sketch )

> The number of ordinates is 1 ﬂnore than the

> ?H@P:%rpgﬁﬁ;tﬁiﬂsw underestimates the

area if the tops of the trapezia lie under
the curve and overestimates it if the tops

> TiRaabeMersleg EHAVBe improved by

increasing n. @
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[ The Trapezium 1

[EXFI’Cisﬂ Rule

Use the trapezium rule to estimate the areas

given by the integrals, giving the Fmsweqs to
3.6 ..

1. .ﬁ\/(l+X)Cb( using 4

strips
How can your answer be
improved?
DI 05
: 2 using
oo x dx ordinates

ind the approximate percentage error in
your answer, given that the exact value is

15
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[ The Trapezium 1

[fﬁlutitmj Rule

: y=Vlex —
' .ﬁ\/(l+x)cb( ~
using 4 //l/
strips |- =
n=4 x|0/02 |05 |07 | 1
h=02  y| 1]1118] 1-225| 1-323| 1-414

h
A~ 5 (Vo+20n+ W+ )3)+ V)
~1.2(3s. f.)

The answer can be improved by using more

strips.
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[ The Trapezium 1

: T
2. 2 \[\\ H
dx 2 w .
J:)-(IBX | \
using 4
ordinates 21
7T 7T
o W o R T
T
s yv|1| 08660 05| O

Amg (Jo+ 2V + 1)+ 1) ~ 0977 (3 s. f. )

The exact value is 1, so the percentage
error
i 1- 0-977
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[ The Trapezium J
Rule

The following slides contain repeats
of information on earlier slides,
shown without colour, so that they
can be printed and photocopied.
For most purposes the slides can be

printed as “Handouts” with up to 6
slides per sheet.
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The Trapezium

e.g.l 1

[ma®
1+ x
Supposd we have 5

strips.
Adding the areas of
the trapezia, we get

Rule

127y

0ar
nY))
04

0

_—l——“_-

— V=
\
Vi
Vo Vi

0z

04

0a

0a

1 1 1
E(yo+yl)><0-2+ E(y1+y2)><0-2 oA E(_y4+ V5) X0-2

=1 X020+t W+tWntwt
o,

+...+V:)
¥removitig common
Since_ is the side of2@&pdzia, it occurs

twice¥’n the formula. The same is§2rue Sgr

to 1.

1 1
f 5 X N§><O'2(370"'2(;\/1"'3/2"'3/3"'3/4)+3/5)

+
le




The Trapezium

e.g.1l cont. ! 1 % Ru]_em : :
f1+ x> T T~ VT2
For each valu& of x, we Yo S~
calculate the y-values, Loh
using the function, and TV oy
writing the values in a |

$8Rle9) 02 (04 | 06 |08 |10
yl 1] 0-9615| 0-8621| 0-7353 | 0-6098 | 0-5
1
1 1
f de ~OX0-2 o+ AN+ Yot Vst V)* Vs )

2
+
le

~0-1 (1+2(0-9615+ 0-8621+ 0-7353+ 0-6099)+ 0-5 )
~0-784 ( 3.s.f. )




The Trapezium

e.g.2 Find the approxiRwdee value 5
2 e sinx dx

using 6 strips and giving the@nswer to 2

Soluti%n

- h

j'bydx =5 o+ 2N+ 32+ Y3+ Ya+ )5)+ ¥
way W wi

number of strips, even if the shape is

wrong, as it makes it easy to find h and

\avoids errors. Y,
J T h=b-a
n

L n'-0=n'

/s m 6 6




The Trapezium
Rule

| P N

08 1
08 1
0.4 1

02 1

this example lies below the curve,

so the rule will underestimate the
answer.

/

( It doesn’t matter tha @
1st and last “trapezia” are




Bad“lan } The Trapezium
3w Rule

: h
o SIX A= o (Y + AW+ 3o+ Y3+ Ya+ J5)+ V)
| | e v | |
6 6 o 6 o
yl 0105] 0-8000 | 1 0860 0-51 O
\
T the required accuracy we
h=—~0-5236 must use at least 1 more d.
6 p.- than the answer requires.
3 -4 It is better still to store the
= SINnx N - ’
f . values in the calculator’s Y
Y 52236(0+2(O S5+ 0. 8660+1+O -8000+0-5) + 0)

~1.95 (2d. p )



The Trapezium

Rule
ezium law for estimating an area

IS
h
fydx s MVo+2Wi+ W+t .. o+ V1)t V)
where n is the number of
» The width, h, of é82h strip is given _b-a
Kyut should be checked on a h =
sketch )
> The number of ordinates is 1 more than the

> ?HE‘P:%%%E&FHHEW underestimates the

area if the tops of the trapezia lie under
the curve and overestimates it if the tops

> TReaheomerie§ EHRVBe improved by
increasing n.

n
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