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MATH/CS 466/666 FALL 2008 HOMEWORK 2

§2.2412. Computationally, examine the accuracy of the identity

sin(x) = /1 — cos?(x),

for values of = near 0. Take  approaching 0 and examine the relative error of /1 — cos?(x)

by comparing it to sin{z) computed directly.

We take values of z = 1/2" with n = 0,1,...,12 using the C language program

1 #include <stdio.h>
2 #include <math.h>

3
4 int main(){
int 1i;

o

6 double x=1.0;
7 printf ("Math/CS 466/666 Fall 2008\n");
8 printf("\nSection 2.2 Problem 12:\n");

0

<z <

bol R

9 printf (" %22s %22s %22s\n","x","Error", "Rel");
10 for (i=0:i<=12;i++){

1 double lhs=sin(x);

12 double t=cos(x);

13 double rhs=sqrt(l.0-t*t);

14 printf(" %22.15e %22.15e %22.1be\n",
15 x,lhs-rhs, (1hs-rhs)/1lhs);

16 x/=2.0;

17 }

18 return 0;

19

with output
Math/CS 466/666 Fall 2008

Section 2.2 Problem 12:

B O W~ = LY e B O e

As z — 0 the approximation becomes less and less

X

. 000000000000000e+00
. 00000000000C000e-01
. 50G000000006000e~01
. 2600C0000000000e~01
. 260000006C00000e~02
. 126000000000000e-02
.562500000000000e-02
. 812500000C00000e-03
.906250000000000e-03
.953125000000000e-03
.765625000000000e-04
.882812500000000e-04
.£41406250000000e-04

Error

.000000000000000e+00
.1102230246265157e-16
.942880293094024e-16
LSTAT002708109903e-16
.273559366969494e-16
.096345236817342¢-15
.059116765984470e-15
.947567521287112¢-15
.213048297012193e~15
.891303953727164e-14
.79035995298759%e-14
.B79061076651204e-14
.515824412604699e-13

accurate because of loss of precision

Rel

. 000000006000000e+00
.315736095030427e-16
.853109137575301e-16
.006422675766572e-15
L443190782642927e-15
.508875836023206e-14
.3173883645898%1e~13
.882976891010442¢~13
.102545711081292e-12
.683482399674208e-12
.88132920877993be-11
.B52191770176744e-10
. 208816855707202e~-10

that results from subtracting two numbers nearly equal to 1.
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MaTH/CS 466/666 FALL 2008 HOMEWORK 2

§2.4#1abe. Write a computer program to evaluate the sums

ke
E:_l]]“fl mﬂ+1

[
3 i

-~ 1 3 on+3
—j+2 4 2+ Dn+2)

Z _ [
— filG + 1] \f NeESIVCES BN

Do the sum by SL smallest to largest and by LS largest to smallest. Calculate a true value
for the sum using the formula and compare it with the values obtains by LS and SL.

Consider the C language computer program

P S

Ml o 1 [=3] (=2

#include <stdio.h>
#include <math.h>

int N[{J={ 10,50,10C,500,1000,5000 };

double a(int j){ return 1.0/3/(j+1); }
double A(int n){ return {(double)n/(n+1);

double b{int j){ return 1.0/j/{j+2); *

+

double B{int n){ return 3.0/4-(double) (2¥n+3)/2/(n+1}/(n+2); }

double c{int j3){
register double t={(double)];

return 1/sqrt{cx(t+1))/(sqrt(t)i+sgrt(t+1));

+
double C{int n){

register double t=sqgrt{(double) (n+1));

return (double)n/t/{t+1);
¥

struct series {
double (*x)(lnt} (#X){int);
char c;

+ F sl] =

a,A,’a’,b,B,’b’,c,C,’c’ *;

int main()<
int 1i;

printf{"Math/CS 468/666 Fall 2008\n");
for(i=0;i<sizeof (8)/sizeof{struct series);i++){



MaTh/CS 466/666 FaLL 2008 HOMEWORK 2

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
48
47

a8
with output
Math/CS

Section
I
10
50
100
500
1000
5000

Section
n
10
50
166
500
1000
5000

Section
n
10
50
100
500
1000
5000

In almost all cases the SL sum added from smallest to largest is the most accurate.

int k;

printf ("\nSection 2.4 Problem 1%c:\n",sli].c);
printf (" %bs %22s %22s %22s\n",

”n”,“sum“,"error—LS","error“SL“);
for (k=0;k<sizeof (N)/sizeof (int) ;k++){

int j,n=N{k];

double ans=s[i].X(n),sumLS=0.0,sum8L=0.0;
for(j=1;j<=n;j+){
sumLS+=s[1] .x(j);

+

for(j=n;i»=t;j-—-){
sumSL+=s[1] .x(j);

¥

printf (" j%5d %22.15e %22.15e %22.15e\n",

n,ans, ans-sumls, ans-sumSL) ;

466/666 Fall 2008

2

[(eIEVe RR{a R w{s J{e]

R N e e )

W W W W d

.4 Problem la:

sum
,090909080509081e-01
LB803921568627451e-01
.900980099008801e-01
.9800308920159680e-01
. 990008980009990e~01
.988000399820016e-01

.4 Problem 1b:
sum
LB2BTR7878787878e-01

.305806838159879%e-01

.401475441661813e-01
. 480059800717280e-01
4500149750448 15e-C1

. 498000598800072e-01

.4 Problem lc:

sum
.984886654222364e-01
.59971981537198%e-01

L004962808750011e-01
.5B323294839122%¢-01
.683830220379453e~01
. 8688927837 T734%9e-01

MO WO

-3

error-LS

. 000000000000000e+00
. &40882098500626e-18
. 33066907 3875470e-16
. 00C000000000000e+00
.551116123125783e-186
. 220446049250313e-16

error-L3

.000000000000000e+C0
. 330686907 3875470e~16
~-1.
-9,
.661338147750938e~16
-2,

110223024625157e~16
982007221626409e~16

443490654175344e-15

grror-L3

. 00000000 0000000e+00
.220446048250313e~16
.110223024825157e~-16
.440892098500626e-16
. 000000000000000e+00
L443288932012704e-158

[ on T o T on B0 B [T S e B - TS SR

) e e OO

error-sL

.110223024625157e-16
.110223024625187e-16
.000000C00000000e+00
.0C0000000000000e+00
.110223024625167e~16
. 000000000000000e+00

error-SL

.110223024625157¢-16
. G00000000000000e+00
L 000000000000000e+00
. 000000000000000e+00
. 000000000000000e+00
LG00000000008000e+00

error-sL

.000000000000000e+00
. 000000000000000e+00
.110223024625157e~16
.110223024625157e-16
.110223024625187e-18
.220446049250313e~16



