
�� 7KH �·WK RUGHU %HVVHO IXQFWLRQ FDQ EH FRPSXWHG

E\ DGGLQJ WHUPV RI WKH SRZHU VHULHV JLYHQ DV IRU�

PXOD ������ LQ $EUDPRZLW] 	 6WHJXQ �S� �����

D� :ULWH D SURJUDP WR FRPSXWH WKH VHULHV HIIL�

FLHQWO\ E\ GLUHFWO\ DGGLQJ WKH VHULHV� LQ WKH UDQJH

� ≤ [ ≤ �� 7KH UHVXOWVKRXOG KDYH DEVROXWH SUH�

FLVLRQ RI ��
²�
�

E� 8VH &KHE\VKHY DSSUR[LPDWLRQ WR ILQG D SRO\�

QRPLDO ILW RQ WKH VDPH UDQJH WKDW SURYLGHV WKH

VDPH DEVROXWH SUHFLVLRQ� �+LQW� XVH WKH WDEOH

���� IRXQG RQ S� ��� RI $	6��

6ROXWLRQ�

$ SURJUDP WR HYDOXDWH %HVVHO IXQFWLRQV E\ VXP�

PLQJ WKH VHULHV LV VKRZQ RQ WKH QH[W SDJH�

,Q WKH UDQJH � ≤ [ ≤ � WKH �WK WHUP RI WKH VHULHV

-�([) = ∑
Q=�

∞ 
−[

� ⁄ �

Q

(Q�)�

LV ERXQGHG E\ ���� × ��−� � ,I ZH ZLVK� WKHUHIRUH�

ZH FDQ DSSUR[LPDWH

ξ� =
GI


 [

� ⁄�

�

E\

�

���


���7�(ξ) + ��7�(ξ) + ��7�(ξ) + �7�(ξ)



DQG ξ� E\

�

���


��7�(ξ) + ��7�(ξ) + ��7�(ξ) + �7�(ξ)


�

7KH HUURUV IURP GURSSLQJ 7� DQG 7� DUH UHVSHF�

WLYHO\ ERXQGHG E\

(� ⁄ �)�

��� × (��)�
≈ � × ��−�

DQG

(� ⁄ �)�

��� × (��)�
≈ � × ��−�� �

:H FDQQRW HFRQRPL]H IXUWKHU VLQFH &KHE\VKHY�

DSSUR[LPDWLQJ WKH WHUP LQ ξ� JLYHV DQ HUURU RI

DERXW � × ��
−�
� 5HDUUDQJLQJ WHUPV ZH ILQG

-� ≈ �������������− ����ξ

+ �������������ξ�

− ������������ξ�

+ �������������ξ�

− ������������ξ�

+ �������������ξ�

− �������������ξ�

6RPH WHVWV DUH�
0.0e0 j0 f. 1.0000000  ok
1.0e0 j0 f. .76519768  ok
2.0e0 j0 f. .22389078  ok
2.4e0 j0 f. .00250768  ok
2.5e0 j0 f. -.04838378  ok
3.0e0 j0 f. -.26005195  ok
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\ 0’th order Bessel function by series evaluation
\   precision set to 1.E-8

\ ---------------------------------------------------
\     (c) Copyright 2001  Julian V. Noble.          \
\       Permission is granted by the author to      \
\       use this software for any application pro-  \
\       vided this copyright notice is preserved.   \
\ ---------------------------------------------------

\ This is an ANS Forth program requiring the
\   FLOAT wordset.
\
\ Environmental dependences:
\       Assumes independent floating point stack

MARKER -bes0

include ftran201.f

FVARIABLE  xx
FVARIABLE  sum
FVARIABLE  term

: LessThan  ( f: a b --)  ( -- true if a < b)
    F<  ;

: done?   f" LessThan(abs(term), 1e-10)"   ;

: J0    ( f: x -- J0)
    1 LOCALS| n |           \ initialize index
    f" xx="                 \ store variable in xx

    f" xx = - (xx/2)^2"     \ initialize
    f" sum = 1"
    f" term = xx"

    BEGIN                   \ loop until |term| < 1e-10
        n 1+  TO n              \ increment index
        f" sum = sum + term"    \ update sum
        f" term * xx"           \ update term
           n  S>F  f^2 F/
           f" term="            \ and save it

        ( cr  n .  f" term" f.  f" sum" f. ) \ debugging code

    done?  UNTIL

    f" sum + term"
;



�� 7KH VXEURXWLQH DW WKH ULJKW LV LQ�

WHQGHG WR VROYH OLQHDU HTXDWLRQV

ZLWK WUL�GLDJRQDO PDWULFHV� ,W KDV

QHLWKHU FRPPHQWV QRU GRFXPHQWD�

WLRQ� :LWKRXW ORRNLQJ DW WKH ´1X�

PHULFDO 5HFLSHVµ ERRN� DQDO\]H WKH

VXEURXWLQH DQG SURYLGH

D� D IORZ FKDUW�

E� DSSURSULDWH FRPPHQWV DQG GRFX�

PHQWDWLRQ LQ WKH SURJUDP�

F� D ZRUNLQJ DQG WHVWHG YHUVLRQ LQ

\RXU RZQ IDYRULWH SURJUDPPLQJ ODQ�

JXDJH �GLIIHUHQW IURP WKH DERYH��

6ROXWLRQ�

&RPPHQWV DQG IORZ

FKDUW DV VKRZQ� SUR�

JUDP RQ WKH :HE SDJH�

      SUBROUTINE TRIDAG(A,B,C,R,U,N)
      PARAMETER (NMAX=100)
      DIMENSION GAM(NMAX),A(N),B(N),C(N),R(N),U(N)
      IF(B(1).EQ.0.)PAUSE ‘ Initialize
      BET=B(1)
      U(1)=R(1)/BET
      DO 11 J=2,N ‘ get elts of L & U
        GAM(J)=C(J-1)/BET
        BET=B(J)-A(J)*GAM(J)
        IF(BET.EQ.0.)PAUSE
        U(J)=(R(J)-A(J)*U(J-1))/BET ‘ solve Lx=r
 11    CONTINUE
      DO 12 J=N-1,1,-1 ‘ solve Ux=x
        U(J)=U(J)-GAM(J+1)*U(J+1)
 12    CONTINUE
      RETURN
      END 

@8IC %%! 3_]`edQdY_^Q\ =UdX_Tc _V @XicYSc
8_]Ug_b[ 1ccYW^]U^d 4eU* ! �""�"  !



�� :ULWH D EULHI SURJUDP WR VROYH OLQHDU V\VWHPV

RI HTXDWLRQV XVLQJ WKH SLYRWDO HOLPLQDWLRQ

PHWKRG �WKDW LV� WKH VHTXHQFH TRIANGU-

LARIZE→ BACKSOLVE �� 8VH LW WR VROYH

WKH WHVW FDVH
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WR � VLJQLILFDQW ILJXUHV RI SUHFLVLRQ� ,I \RX ZLVK

\RXPD\ XVH0DSOH�RU0DWKHPDWLFD�RU0DW�

ODE� WR FKHFN \RXU ZRUN³RU HOVH PXOWLSO\ WKH

PDWUL[ E\ WKH VROXWLRQ DQG VHH ZKHWKHU \RX

REWDLQ WKH LQKRPRJHQHRXV WHUP�

6ROXWLRQ�

)RU D SURJUDP LQ )RUWK� VHH WKH VHFWLRQ ´)RUWK

OLQHDU HTXDW LRQV� H WF �µ 5XQV ILQH XQGHU

:LQ��)RUWK DQG *)RUWK� �$16 )RUWK V\VWHPV��

7KH QXPHULFDO UHVXOWV DUH
a{{ v{ }}solve
x(0 )= .795035
x(1 )= .025639
x(2 )= .491872
x(3 )= -.567312  ok
a{{ Iperm{ .M
1.00000 -1.00000 -.111111 -.111111
.000000 1.00000 .000000 -.444444
.000000 .000000 1.00000 -1.01724
.000000 .000000 .000000 1.00000  ok

�� :ULWH D VKRUW� HIILFLHQW SURJUDP WR SHUIRUP ELW�

UHYHUVDO RI QXPEHUV IURP � WR � N−� ZKHUH N �� ��

… � ��� 0DNH VXUH \RX DOVR FUHDWH D WRRO WR WHVW

\RXU DQVZHU E\ GLVSOD\LQJ WKH LQSXW DQG RXWSXW LQ

ELQDU\ IRUPDW� LQ D ILHOG RI N GLJLWV� LQFOXGLQJ WKH

OHDGLQJ �·V� �7KDW LV� LI WKH VWDQGDUG LQWHJHU LV ��

ELWV� WKHUH VKRXOG EH �� − N OHDGLQJ �·V��

6ROXWLRQ�

+HUH DUH � H[DPSOH SURJUDPV�

)RUWUDQ�
INTEGER FUNCTION STIB(N,K)

C
C Return the bit-reversed integer corresponding to the
C K least significant (rightmost) bits of N.
C Algorithm:
C Shift STIB one bit to the left and add the LSB of N.
C Shift N one bit to the right. Repeat K times.
C
C initialize result

STIB=0
C repeat K times
C
C initialize result

STIB=0
C repeat K times

DO 10 I=1,K
C right-shift 1 bit

NP = N/2
C left-shift old result, add LSB of N

STIB=N+2*(STIB-NP)
C replace N by right-shifted version

N=NP
10 CONTINUE

RETURN
END 

&�
int stib( int n, int k ) // reverse bit order of #

 { int i;
int j=0; // initialize answer
for( i=1; i<=k; i++ ) // loop k times
{ j=2*j+(n && 1); // left-shift result and add 1’s bit of n

n=n/2; // shift n one place to right
}
return j;

}

)RUWK�

: stib  ( n w -- n’) \ reverse bit order of n in [0,2^w-1]
    LOCALS| w n | \ def local variable names
    0   ( -- 0) \ n’ = 0 is top of stack
    w 0 DO  ( n’) \ loop w times
            2* \ left-shift n’ 1 place
            n 1 AND \ get 1’s bit of n
            + \ add to n’
            n  2/  TO n \ right-shift n -- equiv to n = n/2
        LOOP \ end loop
;

�VHH QH[W SDJH IRU GLVSOD\ URXWLQH�



'LVSOD\ VXEURXWLQH LQ )RUWK�

\ display an integer in binary form, with leading 0’s

\ ---------------------------------------------------
\     (c) Copyright 1999  Julian V. Noble.          \
\       Permission is granted by the author to      \
\       use this software for any application pro-  \
\       vided this copyright notice is preserved.   \
\ ---------------------------------------------------

\ This is an ANS Forth program requiring the CORE wordset

MARKER  -bdisp

BL PARSE (D.) DUP PAD C! PAD CHAR+ SWAP CHARS MOVE PAD FIND
 NIP 0=
[IF]   : (D.)    TUCK DABS <# #S ROT SIGN #> ;    [THEN]

: ZEROS ( w --)
    0 ?DO [CHAR] 0 EMIT LOOP  ;

: 0.R ( n w --)     \ display a number right-justified in
                    \ a field of width w, with leading 0’s
    >R  0 (D.) R>
    OVER - ZEROS    TYPE ;

: 0.B ( n w --)
    BINARY
    CR  0.R
    DECIMAL ;

\ Example
\
\ FLOAD C:\WIN32FOR\JVN_PROGS\B_DISP.F  ok
\ FLOAD C:\WIN32FOR\JVN_PROGS\STIB1.F  ok
\ 17 14 2dup cr 0.b  tuck  stib  swap cr 0.b
\
\ 00000000010001
\
\ 10001000000000 ok
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