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CS1713,Intr oduction to Computer Science
Assignment5, Spring 1998

Root of an Equation
Due February 26, 1998

Theobjectiveof thisprogrammingassignmentis to find arealnumber� satisfying����� � ���
	
� , where�
� � ������� . (Draw thegraphsof theline � 	�� andtheparabola� 	 ����� � ��� to seethat
they crossata pointwith � -coordinatebetween� and ����� , andthis is therootwewant.)

You areto try out two different root-findingmethodsfor finding this � value,applyingthem
to the equation� � ����	 ����� � ������� . (A root is a placewhere � � ����	 � , or ����� � ��������	 � , or
����� � ���
	�� .)

1. Newton’s method. Thefirst approachwill useNewton’s method, which is taughtin calculus
courses.(Don’t worry if youhaven’t hadcalculus,becauseyoujustneedto usetheformulasgiven
below and don’t needto know calculus.) For this method,one also needsthe derivative of � ,
��� � ����	�� � �"! � ���#�%$ . Newton’smethodstartswith aguessat theanswer, call it �'& , andproduces
anew, hopefullybetterguess��( usingthe“magic” formula

��()	��'&�� � � �'&*�
� � � �'&+�

Replacethe old guesswith the new one andrepeatin a loop until the old guessand the
new guessarewithin somesmallvalue , of oneanother. (You shouldaskif theabsolutevalueof
their differenceis lessthan , , usingthe functionfabs.) In this assignmentwe will take , to be
�.-/��������������������� $ . Youshouldusethenew guessasyourfinal answer. Yourprogrammustusetwo
C functionsnamed“f” and“fprime” asshown below, so that themagicformulaactuallyuses
thesefunctions.Findingtherootmustbedonewith a separateC functionnamed“newton” with
two input parameters,the initial guess�'& , andthe tolerance, . Thusthe headerfor this function
shouldlook like:

void newton(double x0, double epsilon)

Use �'&)	 � for theinitial guess.

double f(double x)
{

return cos(x) - x;
}

double fprime(double x)
{

return -sin(x) - 1.0;
}
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2. Bisectionmethod. Thesecondapproachwill usethebisection method. Hereonestartswith
two values��( and �'0 (with ��(213�'0 ) for which � � ��(4� and � � �'0*� have oppositesigns(i.e., oneis
positiveandtheotheris negative,or � � ��(5�76 � � �'0+�81 � ). If � is a continuousfunction(no jumps
or breaks),thentheremustbean � between��( and �'0 for which � � ���8	 � . To getcloserto that
value,let �:9�;=<>	 � ��('?@�'0*� ��� , themidpoint.Consider� � �:9A;=<�� andreplaceeither ��( or �'0 by �:9�;=< ,
sothatafterthereplacementwestill have � � ��(4� and � � �'0+� with oppositesigns,but now ��( and �'0
arehalf asfar apartasthey werebefore.Repeatthis processuntil thedistancebetween��( and �'0
is lessthan , , againtakento be �.-/��������������������� $ in this assignment.Your final answershouldbe�:9�;=< . Againyoumustusea C functionnamed“f”. Findingtherootmustbedonewith a separate
C functionnamed“bisection” with threeinput parameters,theinitial numbers��( and �'0 and
thetolerance, . This time theheaderfor thefunctionshouldlook like:

void bisection(double x1, double x2, double epsilon)

Usethenumbers� and ����� astheinitial values.

Dir ectionsfor both approaches.Your programshouldfirst readthe value �.-/��������������������� $ for
thenumber, usedto determinehow closeanapproximationto therootonegets.(If youwish,you
caninsteadgive , its valueusingaconstantor a#define.) Thenprint “Tolerance value:”
andthevaluefor , . For eachof themethodstheprogrammustcount the iterationsandmustter-
minatetheloop in casetheiterationcountgetslargerthan50. First youshouldprint “Newton’s
method:” anda shortlist of approximatevaluesobtainedat eachiteration,endingwith a final
approximation.Next print “Bisection method” andasomewhatlongerlist of pairs of values
obtainedat eachstageof the secondmethod,againendingwith the final approximation.Notice
that you shouldget (almost)the sameanswerby the two methods. All real numbersmust be
printedoutwith 15digits to theright of thedecimalplace.Of courseyoumustuseamakefileand
aseparatedirectoryfor thefiles for thisassignment.

Outline of the sourcefile.

/* #includes, #define for PI */
/* function prototypes: f, fprime, newton, bisection */
void main(void)
{

double epsilon;
/* scanf for epsilon */
printf("Newton’s method\n");"
newton(0.0, epsilon);
printf("Bisection method\n");
bisection(0.0, pi/2.0, epsilon);
exit(0);

}
/* function definitions */


