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Numerical Integration Formulae Approximated by Straight Lines

and their Error Estimations
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Abstract. In the classical integration formulae such as the ménsuration by parts,
the trapezoid rule and the midpoint rule, the curve y=f(x) is approximated by the
straight lines and hence the calculations are relatively simple.

The main purpose of this study is to introduce several new integration formulae
approximated by various straight lines passing the points on the curve y=f(x) .

At the same time, we shall give the error estimations concerning the new integration

formulae.
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2. {HX m OEBRTIHIELES AR
B f(x) EKM [a,b] EoEgTHEETE, EEOEL m BIOEED X, €[a,b]

CIL, iR Yy = f(x) & A(x, f(x,)) ZEVEX m oEK# Y= f(x,)+m(x—x,)
TERLTELNDIT LIRS ARE

TN =Tm(f) = [T () +mx—x,)}dx
L5,

y=f(x0)*+m(x—xo)

finat  1(f)=1(x;m)(f) OREHAEFBIVEDBEER, KOERIIRENS,

EH 1.
K& [a,b] = [a,a + h] | CEGLAEEDES f(x) AL,
T =T 1
I(f)=1(x;m)(f) = {f(xo)+m(a—xo)}h+§mh2
DD D,
greo#Esr E()=1(f)-1(f) &#<& EBD f(x)eCl it
E.(f)=0(h*)
LB, ZIT %, BEO m IAEBRT [(X) IORMTETSER C20 BHFHEL,

L () <Cn pntoizocd E(f)=O00) Ligitss,
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T = [ 1 (o) + mx = mx, i
= SO+ T =[]
= h{f(xo)—mxo}+%m(2ah+h2)

—%, f(x) oF#EELK F(x) 358,

I(f)=F(a+h)—F(a)

T, INELERTETT—I5—BRTL.

I(f) = f(a)h+%f'(a)h2 +%f"(a)h3 %! a5

mEr E,(f) &3 5L,

E.(N)=1(H-1(f)

:[h{f(xo)—mx0+ma}+%mh2]
—{f(a)h+2l!f'(a)h2 +%f"(a)h3 +%f"'(a)h4 '
= Hf 5) = (@)= m(x, =)} + - m = £ (@)
I ., JE I ., Bt
- L@ = @ .
ZITEIE f(xy)-f(a) 77— ERTDL
FG0) - f(@) = 1 (@)%, —a)+%f"<a><xo ~a)’ +%f’"<a><xo gy ..
¥, x,=a+th (0<r<1) L@, x,—a=th =E»rb

F(x0) - (@) = f(@yth+ %f"(a)(th)z " %f"’(a)(thf ¥

vk E;(f) AT BE
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E1~ (f) = h{-mth+ f'(a)th +%f"(a)(th)2 +%f"'(a)(l‘h)3 +...}
FLn - @y -+ r@n -L e ant -
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- {m—f'(a)}(%—t)hz +<%z2 —%> DR

-, EBD x,=a+th , £ED m BIUO—Ko f(x)eC' wtLwiz, b’ o

BREE0T, Ep(f)=0(h*) #HoLh, ERSERSE,

3. HREO—EL

ZOETIE, RIETCEWEELES AR
~ ~ 1
I(f)=1(xo;m)(f)={f(xo)+m(a'—xo)}h+§mh2
CHEL EEOEE m pExoniex, 1(f)=1(x;m)(f) OBErlbsiiys x, ®

Bz BARRITIR DTV,
B P RIEO—MRILEL T, ROERPELNT,

EE 2.

EEOEH f(x)eC? , FBEDOHEE m BLOEEDF#/IEE h IZHL,

X, =a+ %h DEEEES Lt T(f)=T(xpm)f) OBERRELE, Dbz

7(a+-;—h;m)(f)=f(a+%h)h

E; (f)=0(r)
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AR L —ET B, o CEE 3 kP REDO—KILE V2B,

4. fHE f'(a) DEMRICLLELUEZAK

AETIH, FE 1 THLNRSAR
T 1
I (xy;m)(f)= {f(x0)+m(a—x0)}h+_2_mh2

BL, £BD f(x)eC’ , EBD x, = a+1th BEALNELE, ZOBEER/NNCTHES

m DEERES D,
ROEEIFZONI,

EH 3.
EE&D f(x)eC’, EBO+H/I&R h BIOEED x,=a+thela+a+h]

L, m=f'(a) orxic 1(xg;m)(f) OEEER#ELRS, Sorx
T3 £ @) = (1 (30) + £ @)= 5 Yo+ 1 (@

E.(f)=0(r)

MY ILD,

FEHH.
FHE 1 OFEFATREIIIC

E,(f) = {m—f’(a)}(%—t)hz +(%r2 —%> @

IoTcEED  f(x),0(0<t<1) L h® OmEEHETBICE
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m—f'(a)=0 Siabt m=f'"(a) FhFhv, ZorEEzI
2 1 " 3 3
E.(f)= %r - @F =00

b, —fEo tela,a+h] CHLTE, B OEAIEINLTHS,

5. &ROELARK

METI, BALNEED X, 1L, A(xy, f(x,)) %@y, @z ['(d) OE&CER

LTck&, BRENR/NIIRDIEDBT T,
BIEEVTAE T, AIE CHALNEEIRES A

T3 £ @) = 1 (50) + f (@)= 3 Yo+ = 7' (@

DEREZB/MNCTER X, =a+th OEZEEHIZRDZ,
maat 1(x,; f(@)f) PEEOFHERTE, h BLO h* OEEEEsAE,
TIT, BEAEILNKTAED, BOCESTE K offk 0 &35 tel0]] o

ZRODIEFENDIRD, ROFERERI,

EH 4 .
R y=f(x) ED (x,f(xy) (x, €la,a+h]) &8V, HHE m DEHRT
UL CHELABESRAH T(xgm)f) i, +HI&% h BLOEED

f(x)eC’([a,a+h]) (zHL,

X, =a+\/Ih
3

m=f'(a)
DEEFEE DT B FT0 B,
TDlE
Ta+ \Eh;f'(a))(f) - fla+ \Emh $3- gﬁ F(@yh?

E-(f)= o(h*)
DLV,
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AIERA.

EHE 3 OFEHTHEER

E () ={f(x) +f'(a—xo)}hw“%f'(a)h2

_ 1 2__1_ " 3 l 3 1 " 4
=G 3!)f (a)h +(3!l‘ _I)f (a)h
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B, x,=a+th(0<r<1) &¥45e
y=fla+th)+ f'(a+th)(x—a—th)

uigh,  I'(f) % Xo, f'(%), f(X)) ZRAVTEERICRTLROERNEOND,
EH 5.
I'(f) =1'(xp; ' (x))S)

;ﬂ%m+%f@auw—%m+#}

= f(a+th)h+ %f'(a + th)(=2t + 1)A?

< &= E(N)=1'(N-1(f)
E.(f)=0(r)
EHEI S,

AERA .
I(N= ["fa+thy+ fa+th)x—a~th)dx

a+h

= fla+W[x]"" + f'(a +th)[%x2];”" — f'(a+th)(a+th)[x]’

=h{f(a+th)—f'(a+th)(a+th)}+%f'(a+th)(2ah +h?)
ITT=I—EMZAVDE,

=hf(a)+ ' (a)th+ % f"(a)(th)? + % " (a)(th)® +...
—m+mnfwn+fwMM+%fmmxmf+%fmmxmr+~n
+%(2ah+h2){f'(a)+f"(a)th+%f"’(a)(th)2 +%f(4)(a)(l‘h)3 +...}

= hf(a) + K’ *%f’(a)+ h3{%f”(a)i(1 -} +...
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—%, f(x) OEBEEE F(xX) L5, F—I5—OEBLY
I(f)=F(a+h)-F(a)
- f(a)h+%f’(a)h2 +%f"(a)h3 +%f”’(a)h4 ‘.
o2 E, (f)i
E(f)=T'()~1(/)
~[f@h+ £ @H + £ @ -0)} +..]
=f"(a)h3{%t(l—t)—%}+...
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zzT B omEHTED

1 1
—1(1-f)—===0
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EThUE, BICRER/NSKTDIENTED, oRZLD

3t =3t+1=0
ERAT LIS
t_3i«/9—12
3%

ETHUEEY,  ZOBE o Ees 0<r<1 ZR¥5.
kXY, x,=a+th ZEOINGRATH I OEEEETBILT TR,
PE->TREREIT
E.(f)=0)
L72%,
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WICLETHEY, LOFET, BRICEZLNGTORIIREAT, m(x,) = f'(x,) LENT
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