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Numerical Analysis (10th Edition)

Chapter 4.1, Problem 8E 2 Bookmarks Show all steps: ON Post a question
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homework questions
Problem

Enter question

The data in Exercise 6 were taken from the following functions. Compute the actual errors in
Exercise 6, and find error bounds using the error formulas.
8. f(x)=e% —cos2x b f)=In@x+2) — (x+ 12 Continue to post
¢ fx) =xsinx+x’cosx d. f(x) = (cos3x)? — e 15 questions remaining
Reference: Exercise 6

Use the most accurate three-point formula to determine each missing entry in the following

tables.
P .3 o) o B & 1) Fie My Textbook Solutions
—03 | —0.27632 74 | —683193
—0.2 | —0.25074 76 | —71.6982 S
—0.1 | —0.16134 78 | —75.1576 l
0 0 8.0 | —78.6974 @

C. d.
1.1 | 1.52918 =27 0.054797 Numerical The Design  Fundamental
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1.3 | 170470 -23 0.65536 10th Edition 2nd Edition 2nd Edition
L] LRI -21 0.98472 View all solutions
Step-by-step solution Chegg tutors who can help
right now
Step 1 of 38 .
Sanja
Indian Institute of ... 355
(a)
The data needed to estimate the first order derivative at the respective points using the most Rakesh
Aryabhatta Knowl... 384
accurate three-point formula are as under
Maria
x | f(x) MSU-IIT 1775
-0.2 [-0.25074
-0.1(-0.16134
0 0

Compute the forward difference at x, =—0.3 with & = 0.1 0of accuracy O(/;*)using endpoint

formula
f'(,\"(,) _ =3f(x,)+ 4f(,\'f,’+ h)— f(x,+2h) 5o
2h
£(~03)= =3/(-0.3)+4/(-03+0.1)- f(-0.3+2x0.1)
2x0.1
_ -3/(-0.3)+4/(-0.2)- f(-0.1)
0.2
_ —3x(-0.27652) + 4x(—0.25074) - (-0.16134)
0.2

£7(~0.3) = -0.060300

Comment

Step 2 of 38

The truncation error in approximating the first order derivative (either backward or forward
difference) with accuracy O(4*)is given as

£ (3)
3 S7E)

s &€lxy xo+2h]

And the bound on this error is given as

S";( max_ 7))

Selxg xg+2h]

%f‘”(s‘)

< @( max

Se(x, xg+2h)

o)

@)

Sm( max
3

Zelxg %g+2h)

Here, f(x)=e"" —cos(2x),therefore its first, second, and third derivatives are given
as

1= 2[e —sin20],

PO =a[e scoszn] e

FOx)= x[ez‘ - sin(2-¥)]

% 9% [ —sin26)]

Sm( max
3

Selxy Xo+2h)

Since ¢** —sin(2x) is a decreasing function in the interval [-0.3 0.0] therefore
y 24 o _ 2-03) _ s |
&m’.ﬁJJS[c sm(2.,‘):|| —8[9 sin {2( 0.3)}]

= 8 - sin(2§):” =8.9076

max
£e[-03-0.1)
Thus, the error bound associated with the approximation of derivative at x, = -0.3is

%(&&%.,.Js[e:: - Si“(z‘f)]) = %x 8.9076
ﬂ( max JSI:ezs -sin(2§)}|) =2.9692x107

3 \se-03-01

And the actual error associated with the approximation of derivative at x, = -0.3is

|-0.0603 - 2[ **” ~sin {2(-0.3)} ] =|-0.0603 - (-0.031661)
=2.8639x107

Comment

Step 3 of 38

Compute the central difference at x, = —0.2 with / = 0.1of accuracy 0(/,’) using the midpoint
formula

Sxg +h)= f(x,—h)
R S = , SO
f(=02+0.1)~ £(=0.2-0.1)

2x0.1
_S(0.)- £(=03)
0.2

_ —0.16134-(-0.27652)
N 0.2

f(x)

f1(-0.2)=

£'(-0.2) = 0.57590
likewise, for x, = —0.1 with 1= 0.1

f(=0.1+0.1)- f(-0.1-0.1)

(-0.1) ==
A ) 2x0.1
_f0.0)- /(-0.2)
0.2
_ 0-(-0.25074)
0.2
f'(-0.1)=1.2537
Comment
Step 4 of 38
Comment
Step 5 of 38

The truncation error in approximating the first order derivative (central difference) with accuracy

O(h*)is given as

%f""(g’)' Eelxy—h xo+h)

And the bound on this error is given as

f“'(:)|)

B W (
— £— >
6 AL 6 \¢d 'T“:li +h]

(0.1)
6
0.01

ST(

Since ¢** —sin(2x)is a decreasing function in the interval [—0.3 OAO] therefore

<

(, max @)

Zelxg-h xg+h)

@)

max

Gelxg—h xg+h)

max l|8[ez*‘ —sin(2§):|| = 8[92‘ %3 _sin {2(—0.3)}]

£e-03 0.1

max I|s[e:~‘ -sin(2¢) | =8.9076

£e(-03 0.1

Thus, the error bound associated with the approximation of derivative at x, = -0.2is

0.01 % . _0.01
T(&m%”JS[e —snn(2§)J|)-TxX.9076
0.01

—( max ]’8[02;—sin(2§)]|):l.4846x10':

6 Le[-03 0.0

And the actual error associated with the approximation of derivative at x, = -0.2is

|-0.5759 - 2[ €2 - sin{2(-0.2)} ] =|-0.5759 - 0.5618]
=1.41x10?

Comment

Step 6 of 38

Again, since ¢** —sin(2x)is a decreasing function in the interval [—0.3 0.0] therefore

max (8 e ~sin(2¢) ] =8[ e -sin{2(-0.2)}]

£e[-02 0.0)

max yx[elf —sin(2¢) ]| =8.4779

£e(-020.0)

Thus, the error bound associated with the approximation of derivative at x, = —0.1is

0.01(

— max
6 \fe-02 00)
0.01

max
6 Le[-02 0.0)

8[ e —sin(z;)]” = %x8.4779

‘8[02’: —sin(2§):”) =1.4130x107
And the actual error associated with the approximation of derivative at x, = —0.lis

[1.2537 - 2[ €2 —sin{2(-0.)} ] =[1.2537 - 1.2401|
=1.36x10"

Comment

Step 7 of 38

Compute the backward difference at x, = 0.0 with & = 0.10of accuracy o’ )using endpoint

formula
S'(x) = 3/(Gg) =81 (3o~ )+ /(% + 20) . SO
2h
£10.0)= 3/(0.0)—4£(0.0-0.1)+ £(0.0-2x0.1)
2x0.1
_ 3/(0.0)-4f(-0.1)+ f(-0.2)
0.2
_ -3x0-4x(-0.16134)+(-0.25074)
0.2

£7(0.0)=1.9731

Comment

Step 8 of 38

Since ¢** —sin(2x)is a decreasing function in the interval [-0.3 0.0] therefore
2% _ =\ = 2-02) _ i [0
g.ngxnonl:e 5m(2g):|| 8[6 sin {2( 0.2)}]

max I|3[e3~‘ —sin(2¢) ]| =8.4779

£e-02 0.0
Thus, the error bound associated with the approximation of derivative at x, = -0.0is

0.01 (
——| max
3 s

Le(-02 0.0)

X[e:‘( _ sin(2§):||) = % x8.4779

%(:lm"u_a,h["k -Si"(Zg’)]|) ~2.826x107

And the actual error associated with the approximation of derivative at x, = -0.0is

[1.9731-2[ €% —sin {2(-0.0)} ] = [1.9731-2]
=2.69x107

Comment

Step 9 of 38

Hence, the estimate of the first order derivative at the tabulated points using the most accurate
three points formula are as under

actual error

x | f(x) | flx)

error bounds

-0.3|-0.27652 | -0.06030 | 2.86x107> | 2.9692x107?

-0.2|-0.25074 | 0.57590 | 1.41x107 | 1.4846x10°

-0.1|-0.16134 | 1.2537 1.36x107 | 1.4130x107?

0 |0 1.9731 | 2,69x107 | 2.8260x10°

Comment

Step 10 of 38

Comment

Step 11 of 38

(b)
The data needed to estimate the first order derivative at the respective points using the most
accurate three-point formula are as under

x || f(x)

7.4| |-68.3193
7.6| |-71.6982
7.8| |-75.1576
8.0| |-78.6974

Compute the forward difference at x, = 7.4 with 4 = 0.2 of accuracy O(/*)using endpoint

formula
£ = =3f(x,)+ 4»[(,\-g+ h)— f(x,+2h) s
2h
14y = —3f(7.4)+4f(74+0.2)— f(7.4+2x0.2)
2x0.2

_=3f(74)+4£(7.6)- f(7.8)
N 0.4
_ —3x(-68.3193) + 4 x (-71.6982) - (-75.1576)

0.4
£1(7.4)=-16.6932

Comment

Step 12 of 38

The truncation error in approximating the first order derivative (either backward or forward
difference) with accuracy O(/?)is given as

i (3)
3 S7E)

s, &elx, xo+2h]

And the bound on this error is given as

)

@)

)

Here, f(x)=In(x+2)—(x+ 1)3. therefore its first, second, and third derivatives are given

F9(&)

IS
<—| max
3 \elx xp420]

E (3)
3 S7UE)

<

max

Eelxy xg+2h)

3
0.04(

(02) (

1)

€ —

max
Selxg xo+2h]

as

~(1) _ 1 =
f (.\r)——'H‘2 2(x+1),

(2) 1
x)=—-———-2, and
7 Groy an,
~(3) = 2
f (x)—i(”z),
B oz < 004 2
3 AN SRS 3 [Hgnezgm (.\'+2)"]

-

Since e is a decreasing function in the interval [7.4 8.0] therefore
2 2
S 3= 3
sel74 781 (x + 2) (74+2)
max : | =0.00455606
sel74 781 (x +2)

Thus, the error bound associated with the approximation of derivative at x, = 7.4 is

0041 mmax |2 _1]=2%, 000455606
3 (s 8[(x+2) 3

%[ max_|—2 ,]:6.07475“0"
3 Le[74 18] (.‘+2)

And the actual error associated with the approximation of derivative at x, = 7.4is

-16.6932 - [; -2(74+ I)] = |—l6.6932 - (—16.6936)|
74+2

=4x10"

Comments (1)

Step 13 of 38

Compute the central difference at x, = 7.6 with s = 0.2 of accuracy O(/*)using the midpoint

formula
o S +h) = f(x,—h)
f(x,) —72” . SO
, f(7.6+0.2)- f(7.6-0.2)
7.6) =
8 2x0.2
_SO8)-£(4)
0.4
_ =75.1576 - (-68.3193)
- 0.4

£'(7.6)=-17.09575
likewise, for x, = 7.8 with 1 =0.2

, f(1.8+0.2)— f(7.8-0.2)
Fazp= 2x0.2
_fB.0)- £(16)
0.4
 —78.6974 —(~71.6982)
B 0.4

£(7.8)=~17.498

Comment

Step 14 of 38

The truncation error in approximating the first order derivative (central difference) with accuracy

O(h*)is given as

L@, gel-h x,+h

And the bound on this error is given as

)

IS .
<—| max O &
: [72@)

Selrg-h xg+h]

noay, .
z/ (&)

(0.2)’(

r(3)
= 6 ;.|-,,n?i?§,,m|/ (f)|)
0.04 3
P " )
6 (;‘clu. hw‘("_n|f ©

Since YERET is a decreasing function in the interval [7.4 8.0] therefore
2 2

£ max 3 = 3

74 781|(x+2)' | (7.4+2)

max ) 5| = 0.00455606
se74 781)(x +2)

Thus, the error bound associated with the approximation of derivative at x, = 7.6 is

0.04 2 0.04
——| max 5 [=
6 | s 19| (x+2) 6

m( max : ]:3.0374“0’5
Ze[14 18]

% 0.00455606

6 (x+2)°

And the actual error associated with the approximation of derivative at x, = 7.6is

-17.09575 - [; -2(7.6+ l)}‘ =|-17.09575 - (-17.09583)|
7.6+2

=8x10°

Comment

Step 15 of 38
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2 2
_max == 3
sed76 80l|(x+2)"| (7.6+2)
max 2 1| = 0.00226056
sel16 80]|(x +2)

Thus, the error bound associated with the approximation of derivative at x, = 7.8 is

0.04 2 0.04
— max 7 | =
6 | ¢er6 80)|(x+2) 6

0.04 2
——| max T
6 | er6 80))(x+2)

x0.00226056

]= 1.50704x10°*
And the actual error associated with the approximation of derivative at x, = 7.8is

17498 - 2(7.8+1) | =|-17.498 - (~17.4980)|
7.8+2

=0

Comment

Step 16 of 38

Compute the backward difference at x, = 8.0 with & = 0.2 of accuracy O(/*)using endpoint

formula
(xy) =4 f(x, —h x, —2h
iy = L E = =D+ [y =20)
2h
£1(8.0) = 3/(8.0)-4/(8.0-0.2)+ f(8.0-2x0.2)
2x0.1
_3/(8.0)-4/(7.8)+ f(7.6)
0.2
_ —3x(=78.6974) - 4x (-75.1576) +(=71.6982)
0.2
f'8.0)=-17.9
Comment
Step 17 of 38
Since - ‘7\‘ is a decreasing function in the interval [7.4 8.0] therefore
2 2
£ max 3 - 3
sd16 80l|(x+2)'| (7.6+2)
max ) 7= 0.00226056
sel16 80)|(x +2)

Thus, the error bound associated with the approximation of derivative at x, = 8.0 is

0.04 2 0.04
| max =
3 |76 s0)f(x+2) 3

m( max 2 ]:3.0]408)(]0’5

% 0.00226056

3 | g6 s0)f(x+2)

And the actual error associated with the approximation of derivative at x, = 8.0is

I
1792 ———28.0+1) [ =|-17.9-(-17.9
‘ [8.04»2 ¢ ”]l | )

=0

Comment

Step 18 of 38

Comment

Step 19 of 38

Hence, the estimate of the first order derivative at the tabulated points using the most accurate
three points formula are as under

actual error

x| f | 1)

error bounds

7.4|-68.3193 |-16.6932 | 4x10*| 6.07475x10°

7.6|-71.6982 [ -17.0958 | 8x10°° | 3.03740x10°*

7.8|-75.1576 | -17.4980 | 0 1.50704x10°°
8.0 | -78.6974 | -17.9000 | 0 3.01408x10°°
Comment

Step 20 of 38
(c)

The data needed to estimate the first order derivative at the respective points using the most
accurate three-point formula are as under

x| f(x)

1.1]1.52918

1.2|1.64024

1.3]1.70470

1.4(1.71277

Compute the forward difference at x, = 1.1 with 4 = 0.1 of accuracy O(/*)using endpoint

formula
F'(x)= =3 f(x))+4f(x, +h)— f(x, +2h)~ ©
2h
L= =3f(1.)+4£(1.1+0.1)— f(1.1+2x0.1)
2x0.1
_ =3f(1.)+4/(1.2)- f(1.3)
0.2
_ -3%(1.52918) + 4 x (1,64024) - 1.70470
0.2

£'(1.1)=1.3436

Comment

Step 21 of 38

The truncation error in approximating the first order derivative (either backward or forward
difference) with accuracy O(/*)is given as

s, &elx, xo+2h]

E 3)
3f (£)

And the bound on this error is given as

E (3) ﬁ 3 )
7 /7@ < max,, 1 ©)
(0.1)° ;
= 3 (f-l?i’sznlf '((’:)”
0.01 o) )
S5 |z 26

Here, f(x)= xsin(x)+ ¥ cos(x), therefore its first, second, and third derivatives are given
as

S (x) = =x? sin(x) + sin(x) + 3x cos(x),

S (x) = ~(x* = 4)cos(x) - Sxsin(x), and

P (x) = (x* =9)sin(x) - 7xcos(x)

IS

?f‘“(g’) (x* = 9)sin(x) —7.\‘cos(,\')|)

0.0l(
<——| max
3

Selxg xg+2h)

Since ‘(.\" ~9)sin(x) - 7.\-cos(,r)| is a decreasing function in the interval [1.1 1.4] therefore

max ‘I|(.\': ~9)sin(x)— 7xcos(x)| = |(1.1* =9)sin(1.1) = 7(1. 1) cos(1.1)

max )I|(x: —9)sin(x)—7x cos(x)‘ =10.4352

i 1

Thus, the error bound associated with the approximation of derivative at x, =1.1 is

w( max |(,\'2 =9)sin(x)-Tx COS(~")|) = w x10.4352
3 \zell 13) 3

.0 2 . 2
%( . ma)f ”|(x' ~9)sin(x) - 7.\'cos(.\')|) =3.4784x10"
And the actual error associated with the approximation of derivative at x, =1.1is

[1:3436 = [ ~(1.1)" sin(1.1) + sin(1.1)+ 3(1. D cos(1. 1) ]| = [1.3436 -1.3097]
=339x107

Comment

Step 22 of 38

Compute the central difference at x, =1.2 with & = 0.1 of accuracy O(/*)using the midpoint

formula
ey SOt h) =[x —h)
f (.\(.)-—Zh , SO
o S(.1+0.1)- f(1.1-0.1)
1.2) = "7
f(1.2) %01
_ f(1.2)- £(1.0)
N 0.2
_ 1.70470-1.52918
N 0.2

£11.2)=0.8776
likewise, for x, =1.3 with 1 = 0.1

v SO340.) - £(1.3-0.1)
/3= 2x0.1

_f04-£02)
0.2
171277 -1.64024

N 0.2

£1(1.3) = 0.36265

Comment

Step 23 of 38

The truncation error in approximating the first order derivative (central difference) with accuracy
O(h*)is given as

%f""(é)" Eelxy—h xo+h)

And the bound on this error is given as

E "(3) ﬁ 3) (&
A3 s :([pg§(l.hl|,f (-.:))
0.1)°
S( 6) (,—'.pﬂmg’\(‘,.u f“'(g)])
0.01 G) g
<00 mex o))

Since ‘(,\'2 ~9)sin(x) - 7.\'cos(,r)| is a decreasing function in the interval [1.1 1.4] therefore
) ﬂ1‘a,»§‘l|(x3 ~9)sin(x)—Txcos(x)| =[(1.17 = 9)sin(1.1) = 7(1.1)cos(1.1)|

max |
gelll 13]

(x* —9)sin(x)—7x cos(.r)‘ =10.4352

Thus, the error bound associated with the approximation of derivative at x, =1.2 is

001
6
ﬂ( max |(,\'2—9)sin(.\')—7.\'605(.\')|)=|-7392X10:

6 \&ell 13)

And the actual error associated with the approximation of derivative at x, =1.2is

( max |(.\'2 —-9)sin(x) - 7.\'cos(.\')|) = %x 10.4352
Ze(ll 13) 6

10.8776 ~[~(1.2)" sin(1.2) +sin(1 2)+ 3(1.2)cos(1.2) | =[0.8776 - 0.6031
=2.74x10"

Comment

Step 24 of 38

Again, since ‘(,rz —=9)sin(x)~ 7.\'cos(.\-)|is a decreasing function in the interval [I.l 144]
therefore
_ nax ‘I|(x’ —9)sin(x)— 7.rcos(x)| = 1(] .27 —9)sin(1.2) - 7(1.2) cos(1 .2)|

_ nax 4||(x: —9)sin(x)— 7.rcos(.r)| =10.0900

Thus, the error bound associated with the approximation of derivative at x, = 1.3 is

w( max 1(,r’ -9)sin(x) - 7.\-c0s(.\')‘) =29 10.0900
6 \&eil 13) 6

%( i ma)f ‘li(,\‘2 ~9)sin(x) - 7,\'cos(.\')1) =1.6817x107
And the actual error associated with the approximation of derivative at x, =1.3is

‘0.36265 ~[~01:3)* sin(1.3) + sin(1.3)+ 301 .3)cosu.3)]| =10.36265-0.10839)
=2.5425x10""

Comment

Step 25 of 38

Compute the backward difference at x, = 1.4 with » = 0.1 of accuracy O(/*)using endpoint

formula
P 3»/'(,\],)—4]'(‘\",; h)+ f(x, —2h) s
2h
f(1.4)= 3/1.4)-4/(14-0.1)+ f(1.4-2x0.1)
2x0.1
_ 3/(1.4)-4/(1.3)+ f(1.2)
0.2
_ 3x1.71277 +4x1.70470 - 1.64024
0.2

£'(1.4)=-0.20125

Comment

Step 26 of 38

Since ‘(,\—2 —=9)sin(x) - 7.\-cos(,r)| is a decreasing function in the interval [I.l I‘4] therefore
) Irna>$4||(.r’ ~9)sin(x) — 7xcos(x)| =[(1.27 = 9)sin(1.2) - 7(1.2) cos(1.2)|

max |(.r1 —9)sin(x)— 7.rcos(x)| =10.0900

Sef12 14)
Thus, the error bound associated with the approximation of derivative at x;, = 1.4 is

ﬂ( max |(.\”—9)sin(.\')—7.\’COS(-\’)|)=w"10-0900
3 \&efi2 14) 3

%( , max 4I|(x2 ~9)sin(x)-7x cos(x)l) =3.36333x107

And the actual error associated with the approximation of derivative at x, = 1.4is
[-0.20125 [ ~(1.4)" sin(1.4) + sin(1.4) + 3(1 4)cos(1 4) | = |-0.20125 - (-0.232170)|
=3.092x107

Comment

Step 27 of 38

Hence, the estimate of the first order derivative at the tabulated points using the most accurate
three points formula are as under

actual error

x| f(x) | fl(x)

error bounds

2

1.1]1.52918 [ 1.34360 | 3394107 | 3.4784x10"

Comment

Step 28 of 38

1.2

1.64024

0.877600
2.74x107"
1.7392x107?

1.3

1.70470

0.362650
2.5425x10"
1.6817x107

1.4

1.71277

-0.201250
3.092x107?
3.36333x107

Comment

Step 29 of 38

(d)
The data needed to estimate the first order derivative at the respective points using the most
accurate three-point formula are as under

x | f(x)

-2.7|0.054797

-2.5(0.11342

-2.3(0.65536

-2.1)0.98472

Compute the forward difference at x, = —2.7 with 4 = 0.2 of accuracy (k") using endpoint

formula
F(x)= =3f(x,)+ 4,/(.\";+ h)— f(x,+2h) S0
2h
1) = =3f(-2.7)+4f(-2.7+0.2)— f(-2.7+2x0.2)
2x0.2
_ 3221 +4/(=2.5) - f(=2.3)
0.4
_ —3x0.054797 +4x0.11342 - 0.65536
0.4
f'(-2.7)=-091518
Comment
Step 30 of 38

The truncation error in approximating the first order derivative (either backward or forward
difference) with accuracy 0(/,3 )is given as

h?‘fm(é) . Eelx, x,+2h)

And the bound on this error is given as

'S
<—| max
3 \elx xp420]

%f‘"’(:) o)

max

Zelxy xg+2h)

1Y)

s@ﬂ

3

fm(f)”
0.04
<O e, )

Here, f(x)= {cos(l\')}’ —¢**, therefore its first, second, and third derivatives are given
as
S (x) = =2{e** +3sin(3x)cos(3x)},
P (x) = =2{2¢*" —9sin*(3x) + 9cos’ (3x)}, and
P (x) = -8{e™ —27sin(3x)cos(3x)}
< M( max
3

Zelx, Xo+2h]

%f""(ﬁ) -8{e* -27 sin(3x)cos(3x)}|)

Since |—8{e1‘ - 27sin(3.\')cos(3x)}| is neither increasing nor decreasing function in the interval

[-2.7 -2.1]and its maximum occurs at y = —2.3562

max H|—8{elf ~27sin(3¢)cos(3¢)}| = |-s[ef‘ 2356 _ 27 5in{3(~2.3562)} cos {3(—2‘3562)}}|

&ed-27 2.

ax ‘]’—S{e": —27sin(3¢)cos(3¢)}| = 108.05

£e-27 -

Thus, the error bound associated with the approximation of derivative at x, = -2.71is

%({ max|-8te* - 27sin(3§)cos(3§)}|) = 0‘;)4 x108.05
%(, max|-8e* ~27sin(3&)cos(36)} | =1.4407

And the actual error associated with the approximation of derivative at x, = -2.7is

‘—0.915]8 -[2{e* 37 +3sin3(-2.7) cos 3273} | =|-0.91518 - (-1.4263)
=5.1112x10"

Comment

Step 31 of 38

Compute the central difference at x, = —2.5 with / = 0.2 of accuracy O(/i*) using the midpoint

formula

F(x) = M 0
2h
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0.4
_ 0.65536-0.054797
B 0.4
f(-2.5)=1.5014

likewise, for x, =-2.3 with h=0.2

. f(-2.3+0.2)- f(-2.3-0.2)
fl(=23)= %02
_S(2.) - f(=25)
0.4
_ 0.98472-0.11342
N 0.4

£1(-23)=2.1782

Comment

Step 32 of 38

The truncation error in approximating the first order derivative (central difference) with accuracy
O(h*)is given as

'S ~
T/ Eelx-h xo+h)

And the bound on this error is given as

)

%/“"(§)S% max [7(&)

selgg-h xg+h)
(02)
s max [0
0.04 Gz
<22, max [0

Since |—8{e1' - 27sin(3.\')cos(3.\‘)}| is neither increasing nor decreasing function in the interval

[-2.7 -2.1]and its maximum occurs at y = —2.3562

max ”|-8{e1¢ - 275in(3¢)cos(3)}| = |-8[ € - 27sin {3(~2.3562)} cos (3(-2.3562)} |

&ed-27 2.

ax ‘]]—s:e’-‘ —27sin(3¢) cos(3¢)}| =108.05

m
£q-27 -2

Thus, the error bound associated with the approximation of derivative at x, = -2.5is

%( max |-8{e** -27 sin(3.\')cos(3x)}|) 004, 108.05
6 \ze-27-23) 6
0.04 2

8[e* —sin(2¢) |

—( max ):7.203x10"
6 Se(-2.7 -23)

And the actual error associated with the approximation of derivative at x, = -2.5is
‘l 5014 -[-2{e* ) + 3sin{3(—2.5)}cos{3(—2.5)}}]‘ =[1.5014-1.9373|
=4.359x10"

Comment

Step 33 of 38

Again, since ‘—8{(’" - 27sin(3.\')cos(3.\-);| is neither increasing nor decreasing function in the

interval [-2.7 -2.1]and its maximum occurs at y = -2.3562
) ln;zl,xw|-s{el~‘ ~27sin(3¢) cos(38)}| = |—8[ez‘ 236 _275in{3(-2.3562)} cos{3(—2.3562)}]|

max
£q-2.1 -25)

—8{¢* —27sin(3)cos(3¢)}| = 108.05

Thus, the error bound associated with the approximation of derivative at x, = -2.3is

0.04 0.04
T( max

6
-8{e** =27 sin(3x)cos(3,\*)}‘) =7.203x10""

x108.05

Ee[-2.1 -25)

-8{e* - 27sin(3.r)cos(3.\')}‘) =

0.04(
- max
6 \ced-21-25)

And the actual error associated with the approximation of derivative at x, = -2.3is

|2.l782 - [—2{&‘ ) 3sin(3(—2.3)}cos{3(—2.3)}}]| =[2.1782-2.8110|
=6.328x10"

Comment

Step 34 of 38

Compute the backward difference at x, = —2.1 with & = 0.2 of accuracy (/) using endpoint
formula

_ 3/(x,)—4f(x, —h)+ f(x, —2h) s
2h
3/(-2.1)-4/(-2.1-0.2)+ f(-2.1-2x0.2)
2x0.2
_3/(=2.)-4/(=2.3)+ f(-2.5)
- 0.4
_ 3x0.98472-4x0.65536 +0.11342
0.4

S'(x)

f'=2n=

f1(-2.1)=1.1154

Comment

Step 35 of 38

Since |—8{e" - 27sin(3.\')cos(3x)}| is neither increasing nor decreasing function in the interval

[-2.7 -2.1]and its maximum occurs at x = —-2.3562

max |-8{e* —27sin(3§)cos(3§)}l :|—8[e2‘ 4348 —27sin:3(—2.3562);cos{}(—2.3562)}]|

e(-25-20]

max ”|—8{e3‘: —27sin(3§)cos(3§)}| =108.05

£q-25 2

Thus, the error bound associated with the approximation of derivative at x, = -2.1 is

0.04(
— max
3 \gef-25 21

0.04 (
—_ ax
3

£e(-2.5 2.1)

0';’4 x108.05

_8(e¥ ~27 sin(3§)cos(3§)}|) -

8fe* - 27sin(3.§)cos(3§)}|) —1.4407
And the actual error associated with the approximation of derivative at x, = -2.7is

‘1.1 154~ -2{e* " + 3sin{3(-2.)} cos (3(-2. D3} | =[1.1154 - 0.07087§
=1.0445

Comment

Step 36 of 38

Hence, the estimate of the first order derivative at the tabulated points using the most accurate
three points formula are as under

actual error

x| flx) f(x)

error bounds

-2.7|0.054797 [ -0.91518 | 5.1112x10" | 1.4407

-2.5(0.11342 [1.5014 4.359x10" | 7.203x10"

-2.3|0.65536 |2.1782 6.328x10" 7.203x10"

Comment

Step 37 of 38
-2.1
0.98472

1.1154

1.0445
1.4407

Comment

Step 38 of 38

Comment

Was this solution helpful? 4 1

Recommended solutions for you in Chapter 4.1
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