PHYS 551

Computational Methods of Physics
Homework Assignment

Due: 1012212001

1. The Q’th order Bessel function can be computed
by adding terms of the power series given as for-

mula 9.1.10 in Abramowitz & Stegun (p. 360).

a. Write a program to compute the series effi-
ciently by directly adding the series, in the range
0 <x < 3. The resultshould have absolute pre-
cision of 107°.

b. Use Chebyshev approximation to find a poly-
nomial fit on the same range that provides the
same absolute precision. (Hint: use the table

22.3 found on p. 795 of A&S))

Solution:

A program to evaluate Bessel functions by sum-
ming the series is shown on the next page.

In the range 0 < x < 3 the 9th term of the series
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We cannot economize further since Chebyshev-
approximating the term in g7 gives an error of

about 2 x 1077, Rearranging terms we find

Jo =0.99999999684-2.25¢

+1.2656251010182

- 0.31640625008>

+0.044494123868*

- 0.00400451668°

+0.000251090368°

- 0.00001149255&7
Some tests are:
0.0e0 jO f. 1.0000000 ok
1.0e0 jO f. .76519768 ok
2.0e0 jO f. .22389078 ok
2.4e0 jO f. .00250768 ok
2.5e0 jO f. -.04838378 ok
3.0e0 jO f. -.26005195 ok



0’th order Bessel function by series eval uation

\ precision set to 1.E-8
LK
\ (c) Copyright 2001 Julian V. Noble. \
\ Perm ssion is granted by the author to \
\ use this software for any application pro- \
\ vided this copyright notice is preserved. \
LK
\ This is an ANS Forth programrequiring the
\ FLOAT wor dset .
\
\' Environnment al dependences:
\ Assunes i ndependent floating point stack
MARKER - besO
i nclude ftran201. f
FVARI ABLE xx
FVARI ABLE sum
FVARI ABLE term
LessThan ( f: ab--) ( -- trueif a < b)
F<
done? f" LessThan(abs(tern), 1le-10)" ;
JOo (f: x -- 30
1 LCCALS| n | \ initialize index
froxx=" \ store variable in xx
f" xx = - (xx/2)nr2" \ initialize
f* sum= 1"
f* term= xx"
BEG N \ loop until |tern < le-10
n 1+ TOnN \ increnent index
f* sum= sum+ ternt \ update sum
f" term* xx" \ update term
n S>F f~2 F
f" term" \ and save it

(ecr n. f" termd f. f" sum f. ) \ debugging code

done? UNTIL

f" sum+ ternt
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2. The subroutine at the right is in-
tended to solve linear equations
with tri-diagonal matrices. It has
neither comments nor documenta-
tion. Without looking at the “Nu-
merical Recipes” book, analyze the
subroutine and provide

a) a flow chart;

b) appropriate comments and docu-
11

4

mentation in the program;

c) a working and tested version in

SUBROUTI NE TR DAG(A, B, C, R U, N)
PARAMETER ( NMAX=100)
DI MENSI ON GAM NVAX) , A(N), B(N), C(N), R(N), W(N)
IF(B(1).EQ0.)PAUSE ‘ Initialize
BET=B( 1)
W 1) =R(1)/ BET
> DO 11 J=2,N
GAM J) =C(J- 1)/ BET
BET=B(J) - A(J) * GAM J)
| F(BET. EQ 0. ) PAUSE
UJ)=(R(J)-A(J)*UJ-1))/BET *
| e— CONTI NUE
> DO 12 J=N-1,1,-1
U(J) =U(J) - GAM J+1) *U(J+1)

‘ get elts of L & U

sol ve Lx=r

‘ solve Ux=x

N

your own favorite programming lan-
guage (different from the above).

Solution:
Comments and flow

chart as shown; pro-
gram on the Web page.

elements of L &

solve Lx = r

(back )solve Ux = x

12]_ conTi NUE
RETURN
END
Initialize
=50 00 11 J=2N
I gamma(J) = c(J-1)/beta
i beta = b(J) - a(J) * gama(J)
test for beta = 0
QW)= (o) - o) ¥ x(T) ) / beto
ffffffff ® o
\
=) 00 1 JN-1, 1, -

x(J) = x(J) - gamma(41) * x(J+7)
11 CONT INUE




3. Write a brief program to solve linear systems Fortran:

. . . o I NTEGER FUNCTI ON STI B(N, K)
of equations using the pivotal elimination

c
. C Return the bit-reversed integer corresponding to the
methOd (that 18, the sequence TRI AN&J— C K least significant (rightnost) bits of N
. (03 Al gorithm
LARI ZE — BACKSCOLVE). Use it to solve C  Shift STIB one bit to the left and add the LSB of N.
}1 (03 Shift None bit to the right. Repeat K tines
the test case [
C initialize result
STI B=0
C repeat K tines
c
3 2 4 6[|Dt1[| 01 0 C initialize result
DD D D D c STI B=0 .
— r epeat tinmes
E}—S 57 6E§2E_ EBE p
- - DO 10 1=1,K
DO 18 0 -8 %3D DS 0 c right-shift 1 bit
o o 1 10,0 [0 NP = N2
[] [] 4[] [] [] (03 left-shift old result, add LSB of N
STI B=N+2* ( STI B- NP)
to 6 significant figures of precision. If you wish ¢ -~ replace N by right-shifted version
youmay use Maple® or Mathematica® or Mat- 10  conti NE
. RETURN
lab® to check your work—or else multiply the END
matrix by the solution and see whether you
obtain the inhomogeneous term. C:
int stib( int n, int k) // reverse bit order of #
{ int i;
. int j=0; /'l initialize answer
Solution: for( i=1; i<=k; i++) /1 loop k tines
{ j=2*j+(n && 1); /1 left-shift result and add 1's bit of n
For a program in Forth, see the section “Forth nenl 2 /1 shift n one place to right
i }
linear equations, etc.” Runs fine under ) return
Win32Forth and GForth. (ANS Forth systems.) Forth
. orth:
The numerical results are
:stib (nw--n") \ reverse bit order of nin [0, 2"w1]
a{{ V{ }}SO| ve LOCALS| w n | \ def local variable names
X(O ): . 795035 0 (--0) \'n =0is top of stack
— w0 DO (n) \ loop wtines
X(l )_ - 025639 2% \ left-shift n" 1 place
x(2 )= .491872 n 1 AND \ get 1's bit of n
— + \ add to n’
X(3 )_ -. 567312 ok n 2/ TOn \ right-shift n-- equivton=n/2
\ end | oop

a{{ Iperm{ .M LooP
1. 00000 -1.00000 -.1211121 -.111111 ;
. 000000 1.00000 .000000 -.444444
. 000000 . 000000 1.00000 -1.01724

(see next page for display routine)
. 000000 . 000000 . 000000 1.00000 ok

4. Write a short, efficient program to perform bit-

reversal of numbers from 0 to 2 ™! where k=5,6,
..., 10. Make sure you also create a tool to test
your answer by displaying the input and output in
binary format, in a field of k digits, including the
leading 0’s. (That is, if the standard integer is 32
bits, there should be 32 — k leading 0’s.)

Solution:

Here are 3 example programs:
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Display subroutine in Forth:

\ display an integer in binary form with leading 0's

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

\ This is an ANS Forth programrequiring the CORE wordset
MARKER - bdi sp

BL PARSE (D.) DUP PAD C! PAD CHAR+ SWAP CHARS MOVE PAD FI ND
NI P 0=
[1F : (D) TUCK DABS <# #S ROT SIGN #> ; [ THEN]

ZERCS (W --)
0 ?DO [CHAR] 0 EM T LOOP

O.R( nw--) \ display a nunber right-justified in
\ afield of width w, with leading 0's
>R 0 (D) R
OVER - ZEROCS TYPE ;

0.B( nw--)
Bl NARY
CR O.R
DECI MAL ;

Exanpl e

FLOAD C:\ W N32FOR\ JVN_PROGS\B_DI SP. F ok
FLOAD C:\ W N32FOR\ JVN_PROGS\ STI B1. F ok

17 14 2dup cr 0.b tuck stib swap cr 0.b

00000000010001

e e —

10001000000000 ok



