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Program Title - - _ Summetion of en infinite alternating series . )
Conlril;:utor‘s Name ‘ Val-gntfn Alb_i.,llo

Address _Padre Rubio , 61 - 2% C

City - . ' MADRID 29 Country SPAIN Postal Code

- : - ; v _J
(e This program computes the. sum~of za:L‘cernatn;;W

peries of the form : ylo)- y(1)+y(2)- y(3)¥ ., = 2:( -1) Ly(s)

places epproximations

Program Description, Equations, Varlables

where 4 =0, 1, 8, <.. up_ to infinity. This is mostly ‘useful when

the Berles converges rather’ alowlv to its limit;_Egr_inﬁiang_*_QQnsL
der the series 8 = 1- 1/2+1/3- 1/4+ ... , whose 1imit is Ln 2. Were

.sou_jQ find gn aooroximation by _=ctuelly addin,_ihg_g_zigﬁ_igzmﬂ+—lﬂn_

would ‘have to edd hapdreds of thousagnds of terms to achieve a mere 4

Of course, there exist more efficlent method:

to deel with the problem. This program includes 2, the well-known
Euler g transformetion and the Button'’s transformation:

(1) BULER’S TRANSFORMATION .-

Consider the series

The Eunler’s transformation replaces y(0)- v(1) +y(2)- y(3)+ &,
by = 1/2 y(0) - 1/4 ay(0) +1/8 £y(0) - 3;r , where the Aﬂy(O) are
the n-th order forward difference'of y(i) ;| up to-17th-order-differen-

ces may be used.

The program proceeds as follows: given y(1), (which
is defined by the user under IBL E, using 41 steps at most , and (wa o)

Operating l'_imité and \ﬂ;arning's

increasing the number of differences and/or pre-
_vious terms edded increases-both -accuracy and -runhing time. '

_-some divergent series msy be treated too, but the reswmlt .is not gua-
ranteed in all cases.

‘fihe Enler’s transf. ies most efficient for very slowly convergent

_series, The Hutton’s one deals equelly well with any series.

G....y(.x),_ mst be  StTictly positive N 5

—

— . . N

This program has been verified only with respect to the numerical'example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program materiai and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL'DAMAGES IN CONNECTION WITH OR-ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
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LPeams 6o,

using RA . RB ,1f required ) , n terms of the S¢ries (n 18 &
user ‘s specified value) are summed 1ntadvance; to give §’,Then

a difference teble is formed thus:

yin+1)
Ay(n+1) ¢)
y{n+2) ’ - NAy(n41) 3 o
Ay(n+2) Ay(nil) ...,
y (n+3) o v oee o oo -+ - .

computing differences up to the o-th ofdér‘(m'ié a user ‘s spe-

'cified value,'lﬁzm‘s_IV). And -finally, the Euler’s transforma-

vtion {s applied to yiela 8''= %y(n+1)7iby(n+l)+%é3(n+l)- K

and then, S = 8°+S'" i{g the flnal'result,some.useful remarks:

a) The ET is most efficient for series whose convergence ig ve-
ry slow, ‘80 tﬁat y(1) tends to zero 1like 1/{ or so.

b) Tabulation of daifferences may require a2 long ruhning tinme
if m is greét. Ig generel, m<10 1ig éd&isable..l think that

n =m=28 is 8 very good election.

2) EUTTON ‘s TRANSFORMATIOR .- The Hutton’s transformation deals directly
with thé.sequence of partial sums Sk' such that:

Sk ='y(0) -y(1) +y(2) -;;. H-l)k y(k) , eand replaces the
sequence Sy, Sy, Sp,... by'a'new sequence T,, Ty, Ty, eee where
T, = % (8, + 8,_1), after which the transfornation way be iter:
ted. In fact, the programs sums n terms of the series im advanc
and then édmputes end stores Sn+lf Spige oo, Sn+9:, af€er whi
9 iterations of Eutton’s transformation are performed.; Remarks:
a) Hutton’s t. applies equally well to either slow or fast con-

vergent series. number of terms to be sumzed in advence is .

user’s defined; n = 8 is a good valne. Accuracy & ruﬁning t1

me depends on n. -
b) The sunccesslive approximatibns afforded by every iteration of

Hutton’s t. may be printed at will, to see how the method co

.verges. This is stated uéing the toggle device LBL 4,



Fage $ of

o Enﬁ.@gg s EF(‘M’H mmm 19

B )
,11 AOPL]

gg‘xmm c) Some considerations» diverg‘ent e‘erlei may be t‘reated a8 “911-

i i

If a sum for the divarggnt serles is obtlained it i{s its Buler B sam’

| |
(Dr_J&e Hatton 8 sum it both éxist the] a[re equal)

o ‘d). A,_great degi of progzamﬂlnefsr,mtlm_na_h,w e begn dnplicated,

‘ . .t—om 1ncrease|pnograzﬁ speed.lAlbo,‘ the 1ter$ti:né of Hutton's|t. ate
| straightfomard, mi‘thout bran hes | to avoi!d B loop Jlthin aloopyd

| ay_be, summed: & m:JLv define ja_h_T_ge-

-
o e) Apy | elternaLiqg seriies me
;Lneral term ep that includeslal eans of| your| serigs. |Se ;xample'e :

¢ J1) Sum the series S = 1-1/2+1/3-1/4+.~.».' to 10 places. | |

" Sample Problem(s)

- define y(1) = 1/(1+1) :[6T0 E] switch to W/PRGY, 1{F|1/X)|RIN),

T . . ___swiich to RUN
-« now, SUE = 10 , DIF = 7: 10 B]7[C] [A] & 0.69314718¢2

_ 2
- Tnus, the Enler’s method, sfter 69 seconds of furioue calculation
clvee the value 00693147182, The exact velue. is Ln2 = 0.693147181

” ;V-Let ‘s see hdw does the Hutton'st@ > 0,6931471805

| v

L - s
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K= 9=/ '
R 1 (z) Fmb THE VMAUZE OoF S= ’]i f ( d9dk =
! o “k=0 7620y I~«Zsin*o

1 - wewine wiy & 1= 4 4l ... :_E_-i N & [evo g, mwren, 2 X LW G
‘ 3= 5e 120 (21+1) L Swittl 0 RUN

Solution(s) .= _LET__Sum= 8, DF =32y 3@l 3[cIiAl=+ 0.915%65595 (30 seonx)
TO TEST THE WutTron's Mersh (D] 0.315965595 (53 SEauds)

(SN TS
i)

2

—

[REnaRKS] EweER'S T- & WOTTON'S T, Age DS PR DENT L IF BOTH GWWE THE SAME ResyLT
1T'S ALMGST SORE THAT THE QETULT 15 CORRECT, W THE AST EYAMPLE

, ExAY VALUE  \¢
] -1
- }[ far” x gx - 0.9159 65594
o .

X

74

|
| : (MOTE  ExamPiES ip PACE Y)
e ' =

‘, - - : - e — — o, <%_1
fneference(s) - Introduction to numerical analysls - F.B, Hildebrand

International series in pure and applied mathematics = McGrew/Hi11
- Chapter 5.9 .- Approximate summation , pages 203 thru 208
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* 1 (3) FiNy Tae sem s= o= 1 I S ) _... 7o lo
{ - 0.23 . C.Z4 025 026 ,
~ DEFINE  GENERKL TERM @ So ( \ '+ §+ _\_) ' o
T o3 O'J{ "-023L _-Z '” AA-O.OLL

9

L 0.23) 0elY, v

2 (Sl ,swmw_@\ 3-@-»5\%4 o wN T

— STORE QNSTANTS « 0 )[ST0A ] - 22 [S0F] QDDD—*— 2.22412%525 (55 SECWIS)

SO BULER'S

-~

METHUY  PROVIDES  S= = 2.221123525°, where 'mz EXACT

RESLLT NS = _J'- 1 dx = : '5‘ +22
: T T )T ey =400} dt--Loo[mz St

{20 OGN

- 2.221123525  , ~p vest \—N'ToN‘S wetob < 0 [B)=0

- - . [Dl=~ 2.221123F524 (YL sec

(L) FIND T™we sum

L= )T+ (- ()% o = Tt 2y

oo
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AT

Ceneval Teem oy [T, swiad, [Z{-L ] [RELA ) i-’ﬁf]]m!\ﬂ L SwnGd o R

wihunes WERE  VERY 3100LY  CONVERCENT SEpieS . THIS ONE  (UwvERCes FASTER

- sWE wiTwTs oy 5 EHEllEoat Lo Bl 2 () A~ 0-326 1538289 (HL skams

E/ATY PRI g

5v/1s3¢= 03961335285 ) S6ET L GERAVES VERY wRL.

HUTTON 'S T. PEREIAMS \T" woek . SELECT “peint’ r_‘?/‘ ‘. 1. OVDUGDJ

0.3961L5333¢ — ’H(,lSQX‘L} -~ Q- (Hb[Q‘J_g—)q—*» 0396153527 =

- 0.9961SF329 > 0.99¢153329 = G. *49C{53¢30 = 0-8961S71329 >
>  0-7AG6iST 3 ) ]E ‘_.,_ Q,O()u" 30 "NOT eRiNT
T M vgd may sEE,; R TERRTION  woucy WAVE SUSECE ) BYT T WERL (ERFORMED, Ag yue NUMBER CF
CVTERSIONG N5 ST USER's SELECTARWE, |
(5) Py Tae BUER'S SuM OF ST 3 =14 1—) yl- .-
- THE STRACT IS RETWEC CONVIRGTNT  NGR  DIVERGENT ) AS VIS CARTAL SUMS Aps 012,
-~ dEfINE

= SW\M= G,

(EnEeal Term o [COE] ,swied, 1 [ETNL, SWITOL Y0 Quw

Br= 2 & 01 L A » 0.5000000000 (3 Ssowis)

T T ﬂ - Y - y
VRS BYALT RESULY 2§ L R UV URVE- SUVE SXUIE o ST
N b L % l'\")( ! ’j()()
Nz l—t4 -3+ =_1 _ L =075
1+1 2 —
— WHAT . D™OES HUTTON'S-‘: E'} @4 0.803000230000 ' Y SECOUNT )
(6’) F“Nb‘ THL gorer's (u\)m,\_,‘j) SuUM Of 1 =24+ 3-H3S—-¢C+% ...
) - T=S s A QR AR WWERGENY SSERES
oo - .
- — DEFINE  SRwmQALyerm ) L-27 4 3~ - = ?_ (-1 {_L.]..\) =g} r—*‘g:—\ YSWTTH | 1 EREnl e

— SUM= D) ™WT =
THE ExAlT
—  THE wuTON' 5

L2y o WAL A) > 0.250000000 (9 SEowds)

e 5 €Y 4 < -2 + 3 . ~243 SR
Trx)? % x2 Uxls = 90O yil)»x1 3 et

<o [_]J, 0- 25 0000 0005 {3q SECONDS)
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User Enstructions

A R T ST

AT O o S TPINITE ALTEINATING SERIES
PRINT ¢ |

{_EUTION 4 1.5(1) |

STEP , _ INSTRUCTIONS DATANITS | KEYS DATAUNITS
L | LoAD  CROCRAM y QoM MDBES | ]
Z DEFWE  (ENEfAL TERM BU) tf) PRESS ] , fa“(ﬂ ‘”E—t] L
SWITCGH YO W/ PRGM , and ENTER THE SEQuENe| A I R
0F  vewrroves THAT_ cateowtes wii), weese U | b L L]
i N THE MSPIAY L Twel  Peess (R [ ) [+
AND  SWINen To RUN . Y(i) MAY LR VT IO 4G [—; Q
TEES Ay_‘l-,,m”;;lsvﬁu LA, NE (1F Busts METHMOY IS [___._J [
S30 6 wed) cr BA,BD,E,0,1, L F (MoTN'T) [:j L;]
’5 7o ‘in 'E‘o;aa‘.s T@Am\cgamm\g\l“ ]:j[:_’_“_; A
39\ Jsun>=0) — WRT waNden c: PeRV I TREMS  ADDED SUM &__I ::] SUN
13 {12 P2 13) = INTUT wowgER OF DIFFEEEMIES  USed DIF (c J[_ ] NF
] #___ < CONTUTE AN APPEOXIMATIIN TO THE SuM [:_A—:] ] g;.(—i)“'s(‘.)
]
) U :or Anotee r whuES s "Sumor g (pTo 3a orf 3b 1]
S| oo Awizwer OSE, (070 2 L]
G ﬁo USE MoTTON'S TRAWS R0 /A ATION| C 1 ]
o | (sumZ 0 ) — \NPuT NUMBER GF peevious Terms ADED | SUM B 1] | som
e ~ stiecT VERNT" of Vit PRINT " [ ] 7 {16d...
- (dEEh0T = VNOT PRNT M2 0.07... ) (¥ ][® ] {0-00.-
o — COMPUTE AN APPRDXIPATION T THE UM D_B____—] ::] %(-t)‘ ¥l
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MATIONS 5 T IN TOTAL, WLl (E PRINTED ) ' [j_j —f'—’_
| L]
3 | vor awewer vALOES O0F  'somM GoT0 Ga I ]
v FOY AN THER okt G0 TD 2 [__J :__
| |
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Program Listingl  rue 6 o
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