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The derivative of the function f at x is

f(xo+h)— f(xo0)
p .

!/ — l
S (xo) lim

This formula gives an obvious way to generate an approximation to f”(xg); simply compute
fxo+h) — fxo)
h

for small values of /. Although this may be obvious, it is not very successful, due to our
old nemesis round-off error. But it is certainly a place to start.




Three-Point Endpoi
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Three-Point Midp
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5. Use the most accurate three-point formula to determine each missing entry in the following tables.

a. X fx) f(x)
1.1 0.025013 | 76q7es
1.2 ‘]].()ils z:_.\—‘\-'SGLS
le 1346374 |
L4l 1644465 |
@a> 2 ondpent Cheed) S [\ is =)

3()= ';T [-3% (ﬂ;))c Yyl an)- )Ptmn\\\]
?IL"_‘E: pl[o.\; E—s%m\ 4y %L\.u)_uﬁ')

= - [Sslaeasoly « hlieni-sum) 213369 Jo5
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2' (\2)= —Z%l) [-3{n.az;\mq_m.uqu\g-wer)j ~2l.36335
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b. X

f(x)

f'(x)

8.1
8.3
8.5
8.7

2, widpot

Lo s [l - Ha)

3/ [\)= _;T“) [g (3) =300

16.94410
17.56492
18.19056
18.82091

%rm‘\mg U\ s gos)
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2(e\)

(13.4637Y - o15013] = 2209335
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Five-Point Midpoint Formula

] | 4
o fllx) = oL (o = 2) = 8 (xo = 1) + 8 (xo + ) — f (xo +20)] +?—eﬂ1\f‘}z@,
(4.6)

The derivation of this formula is considered in Section 4.2. The other five-point formula is
used for approximations at the endpoints.




Five-Point Endpoint Formula

flxo) = Eh[—zif(-’fo) + 48 f (xo + h) — 36 f (xo + 2h)

114
+ 16](()(0 + 3h) — 3f(.x70 +4h)] +1>%

Xo + 4h.




Second Derivative Midpoint Formula

1 | 2
I (x0) = e lf (o =) = 2f (x0) + f (o + )] —w (4.9)

If ¥ is continuous on [xo — /1, xo + h] it is also bounded, and the approximation is O(h?).



9. Use the formulas given in this section to determine, as accurately as possible, approximations for each
missing entry in the following tables.

& X f(x) f'(x)

- 2.1x] —1.709847 | 3¥ua>
22x| —1.373823 | 297
234 —1.119214 2497
24+ —0.9160143 |73
2.8.| <o7400088 |~
2.6+| —0.6015966 |'-*5%

S eoitr Rocuword @\AQG;\& celed? (needs b eo ~9)
1
f'(xo) = m[—25f(x0) +48 f(xo+h) —36f(xo +2h) + 161 (xo + 3h) — 3f (xo +4h)]

$(21) = oty [ - 25209367 +43(1.33723) =360 1200) 3 1 6(-0.q0¢o1) - 3o ronD) )= 3744

¥ (2.2) :F:T.S [— 25(-1-37%23) + 4x( -\ 1NA2W) - 36(-0.q1C0143) & \ 6(-0TuFo123) - 3(-0.605166) ) = 2.9 7¢4

S Qo\(\\r @desint s Caeeds 2 ?"“0}5 Forvod and QA eonks w"”"‘)

1
1) = E[f(xo —2h) —8f(xo—h) +8f(xo +h) — f(xo+ 2h)]-

E'(g_g): —\;‘@ [_\ .709347 - 7(237382%) 4 B(-0-q166143) -(-0-3470123) ) = 9 9497

Pla.)= —‘—){_\ 373823 - (113214 )4 8 (-0 7470223) = (-0.6015466) ) =)1.933¢
N 12 (o K



aks backwards and N\ 1S neqalive
¢ eoitk bacKward endecint methodd(naeds b eoits o FRA)

1
f'(xo) = m[—ZSf(xo) + 48 f (xo 4+ h) — 36 f (xo + 2h) + 16f (xo + 31) — 3 f (xo + 4h)]

e \—1\;)[— 95 (=0 10222) +43(-6.2166143) - 36(-1 1A 2m) y V 6(-1:37%23) - 3(~\ 0974 T) ) =\. G4a

Y (26) =T,\(T.) [— 95(-0-60159€6) + 43 (-0 TuFo223) - 36 (-6.A160143) & V 6( 1AW) - 3(-1 37723) ) =\-3555



Exercise Set 44

Use the forward-difference formulas and backward-difference formulas to determine each missing
entry in the following tables.

a. x| f@ | f® b. x| f@ | f®

0.5 | 04794 |0 ¥52 0.0 | 0.00000
0.6 | 05646 |o 352 0.2 | 0.74140
0.7 | 0.6442 |0 6 0.4 | 1.3718

Use the forward-difference formulas and backward-difference formulas to determine each missing
entry in the following tables.

a. x| f® | f® b x| f® | f'®)

—0.3 | 1.9507 1.0 | 1.0000
—0.2 | 2.0421 1.2 | 1.2625
—0.1 | 2.0601 1.4 | 1.6595
The data in Exercise 1 were taken from the following functions. Compute the actual errors in Exer-

cise 1, and find efror-bounds using the error formulas. oty
a. f(x)=sinx b. f(x)=é¢ —2x>+3x—1




3. The data in Exercise 1 were taken from the following functions. Compute the actual errors in Exer-
cise 1, and find éfre ST 1o ; oY

(W)= cos x
QN::;:;L“ %'(‘DS\ - s (5)=e TSR
colem\ant

@c,\—m) excoc Vo317 ¢91-0.-Q52| = 002§

$'(0-6)= cosle6) =0 325

@O\'\Aﬂl FYSIS0N \o 325-6 g$2\=zo.02%

3' (o-?) =Cos Co-"}) =o. 1643

SOl excest Vo 3643-0-396) =0.0312



Exercise Set 44

The data in Exercise 2 were taken from the following functions. Compute the actual errors in Exer:
cise 2, and find error bounds using the error formulas.

a. f(x)=2cos2x —x b. f(x)=xlnx+1
Use the most accurate three-point formula to determine each missing entry in the following tables.
a. X f(x) f'(x) b. X f(x) f'(x)

1.1 9.025013 8.1 | 16.94410
1.2 11.02318 8.3 | 17.56492
1.3 13.46374 8.5 | 18.19056
1.4 16.44465 8.7 | 18.82091

X f(x) . X f(x)

29 | —4.827866 2.0 | 3.6887983
3.0 | —4.240058 2.1 | 3.6905701
3.1 | —3.496909 22 | 3.6688192
3.2 | —2.596792 3.6245909




Exercise Seti

7. The data in Exercise 5 were taken from the following functions. Compute the actual errors in Exer-
cise 5, and find-error-boundsusimgthe crror formulas.
a. f(x)=¢€* b. f(x)=xInx
c. f(x)=xcosx—x’sinx d. f(x)=2(Inx)*>+3sinx

@ chual ercect
0 1 ra7oc  \\1.evoer3-13 L3S EEEE

22.123625 \22.0 U633 -22.1a36%|= o- k3282

23:\s735 ) 264-92343¢ - 2316335 ] = 0.\3R33H

325|085 13213929 - 125 lo3s] = 0 33¥4Y
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