C Programming – Week 2 – model solutions

Question 1:

i)
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 (Integration by parts)


[image: image2.wmf]ò

-

-

=

-

=

-

-

1

0

1

1

)

1

(

1

1

n

nJ

dx

e

x

n

x

n


ii)
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iii)
Using this program, with J(0) given to:

3 digits of precision J(10) = -437.0

4 digits of precision J(10) = -74.5

5 digits of precision J(10) = -1.94

6 digits of precision J(10) = -1.94

7 digits of precision J(10) = 0.233

8 digits of precision J(10) = 0.0881

9 digits of precision J(10) = 0.0845

10 digits of precision J(10) = 0.0838

iv) From maple using "evalf(int x^10*exp(x-1),x= 0..1));"

returns the value 0.084

v) Going the other way, we do not need an accurate estimate of J(10) to get an accurate answer for J(0):

J(10)= 0.085

J(0)= 0.632121

J(10)= 0

J(0)= 0.632121

J(10)=100

J(0)= 0.632148

J(10)= 10000

J(0)= 0.634876

Even with an error of 10000 in J(10), J(0) is accurate to 2 decimal places.

vi) Errors are introduced by rounding since doubles and doubles only have finite precision.  They are also introduced by our initial estimate for J(0) or J(10) only being input to finite precision.

Consider how the errors propagate as we move from J(0) to J(10) if we have an initial error e0 and assuming no subsequent errors are introduced:


[image: image4.wmf]0

)

0

(

)

0

(

*

e

J

J

+

=



[image: image5.wmf]0

0

0

0

6

)

3

(

)

3

(

*

2

)

2

(

)

2

(

*

)

1

(

)

1

(

*

)

)

0

(

(

1

)

1

(

*

e

J

J

e

J

J

e

J

J

e

J

J

-

=

+

=

-

=

+

-

=


More generally:
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In other words, going from J(0) upwards, the error increases as the factorial of the original error (assuming no other errors).  Going the other way, from J(10) down to J(0) the error decreases as 1/(10-n)!

#include <stdio.h>

/* Calculate J(10) from J(0) */

int main(int argc, char **argv)

{

    int n;

    double j= 0.6321205588;  // J(0) estimate 

    // Change the line above to change initial

    // estimate of J(0)

    printf ("Forward iterations \n");

    printf ("Initial estimate: J(0)= %g\n",j);

    // Produce J(10) from J(0)

    for (n= 1; n <= 10; n++) {

        j= 1-(j*n);

        printf ("J(%d)= %g\n",n,j);

    } 


printf ("\nBackward iterations \n");


j= 0.84;

// J(10) estimate


// Change the line above to change initial


// estimate of J(10)


printf ("Initial estimate: J(10)= %g\n",j);

    for (n= 10; n > 0; n--) {

        j= (1-j)/n;

        printf ("J(%d)= %g\n",n-1,j);

    } 

    return 0;

}

Question 2: 

i) Code at end of section

ii) Numerically, the answer is 1.32195.
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iii) With 10 trapezoids 1.28.

iv) With 100 trapezoids 1.3216.

v) Functions which have infinities yet are still integrable, functions with many discontinuities and functions with rapid changes of gradient could all cause problems.

Note: it is important not to fall into the trap of doing loops using floating point numbers in this question.  Here is the reason – consider this code.

int no_trap= 9.0;    /* No. of sections  to use */

double width= (double)1/no_trap;  /* width of each section */

double xleft= 0.0;         /* Left hand side of integral */

double xright= 3.0;      /* Right hand side of integral */

double x;

for (x=xleft; x < xright; x+= width) {

   /* Add up area here */

}

Consider what happen here.  The width is 1/3.  We would hope there would be 9 trapeziums.  However, if we add up 9 lots of 1/3 in C, we do not guarantee that this is exactly equal to 3.  There may well be "rounding errors" therefore we may find that 9* 1/3 = 2.999999.  If this were the case then we would find that 2.999999 < xright in our condition and the algorithm would add a tenth trapezium on.

#include <stdio.h>

#include <math.h>

/* Program to perform numerical integration using the trapezoidal rule on

the function defined in int_func */

double calc_area (double,  double);

/* Calculate the area of a trapezium */

double int_func (double);

/* The function which we are calculating the integeral of */

int main(int argc, char **argv)

{

    int i;

    int no_trap;   /* No. of segments to use */

    double area= 0;  // Area under curve

    double x;        // Postion currently being considered

    double xlow= 0.0;  // Lower limit of integral

    double xup= 2.0;   // Upper limit of integral

    double width;        // Width of a trapezium

    // Try various numbers of trapeziums

    for (no_trap= 2; no_trap <= 100; no_trap++) { 

        printf ("Performing calc for %d trapeziums\n",no_trap);

        x= xlow;    // Start at the lower limit 

        width= (xup-xlow)/no_trap;

        area= 0;

        // Add on area of each of no_trap trapeziums

        for (i= 0; i < no_trap; i++) {

            area+= calc_area(x, x+width);

            x+= width;

        }

        printf ("The estimate for the integral is %f.\n",area);

    }

    return 0;

}

double calc_area (double xmin, double xmax)

/* Calculates the area of a trapezium with base running from

xmin to xmax */

{

    double area;

    double width=(xmax-xmin);

    // Area of trap is width * average height

    area= width * (int_func(xmin) + int_func(xmax))/2.0;

    return area;

}

double int_func (double x)

/* The function we are taking the integral of - in this case cos(x)e^x*/

{

    return (cos(x)*exp(x));

}

Question 3

Code to solve question:

#include <stdio.h>

#include <stdlib.h>

double cubic (double, double, double, double, double);

/* Calculate the value of a cubic at x given its form */

double dcubic (double, double, double, double);

/* Do the same for the first derivative of a cubic */

const int MAXLEN = 100;  /* Maximum length of strings input */

const int MAXSTEPS = 100; /* No. of steps we will use to get approximation */

int main(int argc, char *argv[])

// Program does Newton-Raphson approximation on a cubic

// ax^3 + bx^2 + cx + d

{

    double a= 1.0;  //a, b, c and d are parameters of cubic

    double b= -8.0;

    double c= 19.0;

    double d= -12.0;

    int i;

    double guess;  /* Initial guessed root */

    double root;   /* Actual answer root */

    char input_line[MAXLEN]; /* Line of input from user */


double diff;

// Output of differentiated cubic

    printf ("Input an initial guess for a root >");

    fgets (input_line, MAXLEN, stdin);

    guess= atof(input_line);

    root= guess;

    for (i= 0; i < MAXSTEPS; i++) {


  diff= dcubic(root, a, b , c);

        if (diff == 0) {



printf("Root has f'(x)=0 for x= %f\n",root);



return –1;


  }


  root= root- cubic(root,a,b,c,d)/diff;

    }

    printf ("After %d steps, initial %f gave a root of %f\n",

i,guess, root);

    return 0;

}

double cubic (double x, double a, double b, double c, double d)

/* Returns the value of a cubic at ax^3+bx^2+cx+d*/

{

    double answer;

    answer= x*x*x*a;

    answer+= x*x*b;

    answer+= x*c;

    answer+= d;

    return answer;

}

double dcubic (double x, double a, double b, double c)

/* Returns the first differential of a cubic ax^3+bx^2+cx+d

Note that d is not needed as input */

{

   double answer;

   answer= 3*x*x*a;

   answer+= 2*x*b;

   answer+= c;

   return answer;

}

i) The roots are 1,3 and 4  and –4, -1 and 2.

ii) Consider a cubic as shown below


[image: image10.wmf] 


If there are three roots to the cubic then there must be one to the left of the leftmost turning point, one to the right of the rightmost and one between the two of them.  Therefore, if we find these turning points by solving the equation f'(x)= 0 we can say that good starting points would be slightly less than the lowest root, between the two roots and slightly more than the highest root.

iii) This process can be iterated.  Given a general polynomial of order n, we can find starting values for the roots by knowing that they must be between turning points (and to the left and right of the edge turning points).  We can therefore solve a polynomial of order n-1 to find turning points.  We solve the polynomial of order n-1 by finding turning points of a polynomial of order n-2.... and so on until we find a quadratic (which we can solve anyway – I would hope).  Code to solve this (written by myself as an undergraduate many years ago) is shown below:

poly.h

#include <stdio.h>

#include <math.h>


#include <stdlib.h>

#define ACCURACY 0.000001

typedef struct coeff {
/* structure will hold coefficients of equations */

    double value;
/* in a linked list */

    int power;

    struct coeff *next;

} COEFF;

typedef struct soln {
/* structure will hold solutions or turning points */

    double x;
/* of equations in a linked list */

    struct soln *next;

} SOLN;

SOLN *solveequation (COEFF *);

SOLN *quadratic (COEFF *);

double newtonraphson (COEFF *, double);

COEFF *differentiate (COEFF *);

void divideequation (COEFF *);

double valeqn (COEFF *, double);

int nearzero (double);

void printsoln (SOLN *, COEFF *);

void freecoeff (COEFF *);

void freesoln (SOLN *);

poly.c

#include "poly.h"

int main()

{

    COEFF *firstcoeff;
/* start of list of coefficients of equation */

    COEFF *currcoeff;
/* temporary pointer to element of above list */

    SOLN *firstsoln;
/* start of list of solutions to above equation */

    SOLN *currsoln;    /* temporary pointer to element of above list */

    int power;
 
/* power of highest coefficient */

    int loop;

/* temp variable used in loops */

    int test;

/* used to test if bad input is given */




/* this routine is used to input the power of */




/* the highest coefficient in the equation to */




/* be solved */

    printf ("Input power of highest coefficient\n");

    power = 0;
/* Although only powers between 2 and 10 are allowed */




/* In theory at least the program is capable of */ 




/* Solving equations with much higher powers */




/* (see commentary) */

    while (power<2 || power>10) {


test = scanf ("%d",&power);




/* if scanf returns a 0 then the user has typed */




/* in a bad value - the program will stop with */




/* an error message */


if (!test) {




printf ("\n\nERROR IN INPUT!\n\n");



return -1;



}


printf ("\n\n");


if (power<2)  printf ("Too low!\n");


if (power>10) printf ("Too high!\n");

    }


/* this routine allocates space for the coefficients */


/* of the equation and allows the user to input them */


/* from the keyboard */

    for (loop = power; loop>=0; loop--) { 


if (loop == power) {


    firstcoeff = (COEFF *)malloc(sizeof (COEFF));


    currcoeff = firstcoeff;


} else {


    currcoeff->next = (COEFF *)malloc(sizeof(COEFF));


    currcoeff = currcoeff->next;


}

    currcoeff->next = NULL; /* Null value means end of coefficient list */

    currcoeff->power = loop;

    printf ("\n Input ");

    if (loop>0) printf ("coefficient to power %d.  ",loop);

    else printf ("constant coefficient.  ");

    test = scanf ("%le",&currcoeff->value);

    if (!test) {        /* Error in input (e.g. user typing a letter */

                /* not a number) causes the program to stop */

                /* with an error message */

        printf ("\n\nERROR IN INPUT!!\n\n");

        freecoeff (firstcoeff);

        return;

        }

    printf ("%.15g\n",currcoeff->value);

    }

                /* This routine clears away any leading zeros */

                /* i.e. A quintic with the first coeff as zero*/

                /* is changed into a quartic */

                /* if the highest power of the equation is now*/

                /* too low then an error is produced and the */

                /* program stops */

    while (firstcoeff->value == 0 && firstcoeff->power > 0) {

        currcoeff = firstcoeff->next;

        free (firstcoeff);    /* when a coefficient is to be deleted then */

                /* the pointer to it is erased and the memory*/

                /* space is reallocated */

        firstcoeff = currcoeff;

    }

    if (firstcoeff->power <2 ) {  

                /* if equation is now found to be of too low */

                /* a power assigned memory space is cleared up*/

                /* and program stops with an error message*/

        printf ("Equation is of too low a power.\n\n");

        freecoeff (firstcoeff);

        return;

    }

                /* This routine prints out the equation in */

                /* a resonably neat form.  The symbol ^ is */

                /* used to represent "to the power of" as */

                /* it is complex to print the squared, cubed */

                /* etc. signs */

    printf ("\n\nEquation is:\n");

    printf ("( %.15g * x^%d )",firstcoeff->value,firstcoeff->power);

    currcoeff = firstcoeff->next;

    while (currcoeff!=NULL) {

        if (currcoeff->value > 0) {

            printf ("  +  ");

            printf ("( %.15g ",currcoeff->value);

        }

        if (currcoeff->value < 0) {

            printf ("  -  ");

            printf ("( %.15g ",-(currcoeff->value));

        }

        if (currcoeff->value != 0) {

            if (currcoeff->power ==1) printf ("* x ");

            if (currcoeff->power > 1) printf ("*x^%d ",currcoeff->power);

            printf (")");

        }

        currcoeff=currcoeff->next;

    } 

    printf ("  =  0\n\n");

    firstsoln = solveequation (firstcoeff);

                /* calls a routine which returns a pointer to */

                /* the first solution to the equation */

    if (firstsoln == NULL) 

        printf ("Equation has NO real roots.\n\n");

                /* Of course this is impossible for the */

                /* quintic equations we are looking at but is*/

                /* left in so that the program stays general */

    else 

        printsoln (firstsoln,firstcoeff);

                /* If equation has solution(s) then this */

                /* calls the routine to print them */

    freecoeff (firstcoeff);  /* free memory space allocated before leaving*/

    freesoln (firstsoln);        /* the program */

    return 0;

}                /* End of main program block */

SOLN *solveequation (COEFF *firstcoeff)    /* routine is sent an equation pointer*/

                    /* calculates a solution, puts it in */

                    /* memory and returns a pointer to it */

{

    COEFF *currcoeff;             /* pointer to part of list of coeffs */

    SOLN *firstsoln;            /* pointer to first of lst of solns */

    SOLN *currsoln;                /* pointer to any part of above list */

    COEFF *firstdiff;            /* pointer to first coeff of the */

                    /* equation once it's differentiated */

                    /* in order to find turning points */

    COEFF *currdiff;            /* general pointer to above list */

    SOLN *firstturn;            /* pointer to first in list of max/min*/

                    /* points in the equation to be solved*/

    SOLN *currturn;                /* general pointer to above list */

    char above;                /* flag to determine whether curve is */

                    /* above or below x-axis at any point */

    double lastx;                /* last x value where we checked the */

                    /* state of the equation */

    double tempval;                /* temporary variables */

    char tempabove;            

    divideequation (firstcoeff);

    if (firstcoeff->power == 2)

        return quadratic (firstcoeff);  

                    /* if equation to solve is a quadratic*/

                    /* then call a routine which solves it*/

                    /* with the quadratic formula and then*/

                    /* returns a pointer to the list of */

                    /* solutions.  */

    firstdiff = differentiate (firstcoeff);    

                   /* firstdiff becomes a pointer to */

                    /* the differentiated form of this */

                    /* equation */

    firstturn = solveequation (firstdiff);  

                    /* calls routine recursively to find */

                    /* x co-ordinates of the turning */

                    /* points of this equation */

            /* the following block deals with various possible */

            /* solution patterns once the position of the turning*/

            /* points is known */

            /* if there are no turning points then the equation */

            /* has one solution where it crosses the x-axis */

    if (firstturn == NULL) {

        firstsoln = (SOLN *) malloc (sizeof (SOLN));

        firstsoln->next = NULL;

        firstsoln->x = newtonraphson (firstcoeff, 0);

    }

            /* if there are turning points then we know there is */

            /* a solution everytime the equation crosses the line */

            /* between turning points */

    else {

        if ((firstcoeff->power %2) == 0)

           above = 1;

        /* If the equation has even power it starts above the line */

        else 

           above = 0;        /* If it has odd power it starts below */

        lastx = (firstturn->x) -1;

        /* last x contains value of previous turning point or position*/

        /* it's initialised as before the first turning point */

        firstsoln = NULL;

        currsoln = NULL;

        currturn = firstturn;

        /*The following loop goes through all the turning points in */

        /* turn */

        while (currturn != NULL) {

            tempval = valeqn (firstcoeff,currturn->x);

            /*tempval contains y-value of equation at this */

            /* turning point */

            if (tempval >0 )

                 tempabove = 1;

            if (tempval < 0 ) 

                 tempabove = 0;

            if (nearzero(tempval)) 

                 tempabove = 1-above;

            /* tempabove contains 1 if current turning point is */

            /* above x-axis   0 if below.   If the current turning*/

            /* point is on or near the x-axis it is assumed that */

            /* the line has crossed */

            /* If above and tempabove are not the same then */

            /* the equation has crossed the x-axis since the */

            /* last point and there is a solution between this */

            /* turning point and the last one */

            if (above != tempabove) {

                /* tempval is given the value of X */

                /* between this turn point and the last */

                tempval = (lastx + currturn->x) /2;

                /* These two blocks deal with memory */

                /* allocation to the solution list and */

                /* are of no relevance to the maths */        

                if (firstsoln == NULL) {

                    firstsoln = (SOLN *)malloc (sizeof (SOLN));

                    currsoln = firstsoln;

                    firstsoln->next = NULL;

                } else {

                    currsoln->next = (SOLN *)malloc(sizeof(SOLN));

                    currsoln = currsoln->next;

                    currsoln->next = NULL;

                }

                /* the newton-raphson itteration is performed */

                /* with an initial value between this and the */

                /* previous turning points.  The solution is */

                /* put into the list of solutions. */

                currsoln->x = newtonraphson (firstcoeff,tempval);

            }

            /* move on temporary variables and move to next */

            /* turning point */

            lastx = currturn->x;

            above = tempabove;

            currturn = currturn->next;

        }

        /* if the equation finishes below the line then it must have */

        /* another solution to the right of the last turning point */

        /* it is put into the list  with a newton-raphson initial */

        /* seed of 1 greater than the last turning point */

        if (above ==  0 && firstsoln != NULL) {

            currsoln->next = (SOLN *) malloc (sizeof (SOLN));

            currsoln = currsoln->next;

            currsoln->next = NULL;

            currsoln->x = newtonraphson (firstcoeff, lastx+1);

        }

        if (above == 0 && firstsoln == NULL) {

            firstsoln = (SOLN *) malloc (sizeof (SOLN));

            firstsoln->next = NULL;

            firstsoln->x = newtonraphson (firstcoeff, lastx+1);

        } 

    } 

    freecoeff (firstdiff); /* space allocated to positions of turn points */

    freesoln (firstturn);  /* and the differentiated equation is freed */

    return firstsoln;    /* a pointer to the list of solutions is returned */

}

SOLN *quadratic (COEFF *firstcoeff)    /* This routine takes a pointer */

                    /* to a list of coefficients of */

                    /* a quadratic equation and returns */

                    /* a pointer to a list of solutions */

                    /* to said quadratic equation. */

                    /* if the quadratic is insoluble it */

                    /* returns NULL */

{

    SOLN *firstsoln;            /* pointer to first in the list of */

                    /* solutions to the quadratic */

    double a,b,c;                /* coefficients of equation */

    double x1;                /* constant part of solution */

    double x2;                /* part of soln which is either added */

                    /* or subtracted to/from x1 */

    a = firstcoeff->value;            /* these lines take the values of the */

    b = firstcoeff->next->value;     /* coefficients from memory and place */

    c = firstcoeff->next->next->value; /* them in variables for convenience */

    x1 = (b * b) - (4 * a * c);        /* this is the part of the equation */

                    /* that is inside the square root sign*/

    if (x1 < 0) return NULL;        /* if the part inside the square root */

                    /* is negative the equation has no */

                    /* real solutions */

    x1 = ( sqrt (x1) ) / (2 * a);    /* these are the two line which do the*/

    x2 = ( -b ) / (2 * a);            /* work */

    if (x1 < 0) x1 = -x1;            /* it is essential that the solutions */

                    /* are in order i.e. smallest value of*/

                    /* x goes first in soln list.  This */

                    /* line ensures that they are */

                    /* the following lines allocate memory*/

                    /* for the two solutions and ensure */

                    /* that the end pointer is set.  They*/

                    /* are of no relevance mathematically.*/

    firstsoln = (SOLN *) malloc (sizeof (SOLN) );

    firstsoln->next = (SOLN *) malloc (sizeof (SOLN));

    firstsoln->next->next = NULL;

    firstsoln->x = (x2 - x1);        /* This is always the smallest soln */

    firstsoln->next->x = (x2 + x1);    /* and this is always the largest. */ 

    return firstsoln;

}

double newtonraphson (COEFF *firstcoeff, double approx)

                    /* given an equation and an aproximate*/

                    /* answer this routine performs the */

                    /* Newton-Raphson method to find a */

                    /* closer root 100 times and returns */

                    /* the approximation */

{

    COEFF *firstdiff;        /* pointer to start of list of coefficients */

                /* of differentiated equation */

    int loop;            /* loop to count the number of iterations */

    double num;        /* top part of N-R equation */

    double denom;        /* bottom part of N-R equation */

    firstdiff = differentiate (firstcoeff);

    for (loop = 0; loop<100; loop++) {

        num = valeqn (firstcoeff,approx);

        denom = valeqn (firstdiff,approx);

        if (denom !=0) approx = approx - (num/denom);

    }

    freecoeff (firstdiff);

    return approx;

}

COEFF *differentiate (COEFF *firstcoeff)

                   /* This routine is sent a pointer to */

                    /* a list of coefficients for an */

                    /* equation and returns a pointer to */

                    /* a list of coefficients of that */

                    /* equation differentiated */

{

    COEFF *currcoeff;            /*temp pointer to list of coefficients*/

    COEFF *firstdiff;            /* pointer to start of list of */

                    /* coefficients of differentiated */

                    /* equation */

    COEFF *currdiff;            /* temp pointer to above list */

    currcoeff = firstcoeff;            /* set temp pointer to start of list */

    while (currcoeff->power != 0) {    /* differentiation is finished when */

                    /* we reach the constant term in the */

                    /* list of coefficients */

        if (currcoeff == firstcoeff) {  

                    /* the following lines are used to */

                    /* allocate memory space for the */

                    /* list of coefficients of the */

                    /* differentiated equation.  They */

                    /* are of no relevance to the */

                    /* mathematics of the situation. */

            firstdiff = (COEFF *)malloc(sizeof (COEFF) );

            currdiff = firstdiff;

            firstdiff->next = NULL;

        } else {

            currdiff->next = (COEFF *)malloc(sizeof (COEFF) );

            currdiff = currdiff->next;

            currdiff->next = NULL;

        }            

                    /* these two lines do the actual */

                    /* differentiation!  Multiply by the*/

                    /* power then reduce it by one */

        currdiff->value = (currcoeff->value) * (currcoeff->power);

        currdiff->power = (currcoeff->power) - 1; 

        currcoeff=currcoeff->next;    /* then move pointer along to next */

    }                /* coefficient in equation */

    return firstdiff;

}

void divideequation (COEFF *firstcoeff)

                /*this routine reduces an equation to its */

                /* simplest form by making the coefficient */

                /* of the higest power equal to one */

{

    COEFF *currcoeff;        /* pointer to part of a list of coefficients */ 

    double divideby;        /* number to divide by to get equation so */

                /* the highest power has a coefficient of 1 */

    divideby = firstcoeff->value;

    currcoeff = firstcoeff; 

    while (currcoeff != NULL) {

        currcoeff->value = ((currcoeff->value)/divideby);

        currcoeff = currcoeff->next;

    }

}

double valeqn (COEFF *firstcoeff, double x)

                /* given a pointer to a list of coefficients */

                /* and an x value for the equation this */

                /* routine returns the y value at that point */

{

    COEFF *currcoeff;        /* temp pointer to list of coefficients */

    double number;            /* contains y-value of  equation at x */

    number =0;            /* sets initial value of result to zero */

    currcoeff = firstcoeff;        /* sets temp pointer to start of list */

                /* this loop evaluates the equation by */

                /* multiplying  by x and adding the value */

                /* of the coefficient until all coefficients */

                /* are used */

    while (currcoeff != NULL) {

        number *= x;

        number += currcoeff->value;

        currcoeff=currcoeff->next;    /*this moves the pointer to the next */

                    /* coefficient */

    }

    return number;

}

int nearzero (double x)        /* routine returns 1 is double is "close" */

                /* to zero or 0 otherwise.  (see notes) */

{

    if (x > -ACCURACY && x < ACCURACY) return 1;

    return 0;

}

void printsoln (SOLN *firstsoln, COEFF *firstcoeff)

                /* This routine prints out the solutions */

                /* to the equation in a tidy way */

                /* duplicate solutions are left in as they */

                /* tell you about the nature of the curve */

                /* at the point where it touches the x axis */

{

    SOLN *currsoln;            /* temporary pointer to solutions list */

    char flag;            /* flag set 0 if all solns accurate 1 if not */

    flag = 0;

    currsoln = firstsoln;

    printf ("The equation has solution(s) at:\n\n");

    while (currsoln !=NULL) {

        printf ("x = %.15g   ",currsoln->x);

        if (valeqn(firstcoeff,currsoln->x) != 0 ) {

            printf ("y = %.5g *",valeqn(firstcoeff,currsoln->x));

            flag = 1;

        }

        printf ("\n");

        currsoln = currsoln->next;

    }

    if (flag == 1) {

        printf ("\n\n");

        printf ("  * This inaccuracy is probably due to the fact ");

        printf ("that the curve is\n");

        printf ("shallow at this point.  This is a failing of the ");

        printf ("Newton-raphson\n");

        printf ("method.\n");

    }

}

void freecoeff (COEFF *firstcoeff)/* This routine frees memory space allocated*/

                /* to a list of coefficients */

{

    COEFF *currcoeff;    /* general pointer used in freeing list */

    while (firstcoeff !=NULL) {

        currcoeff = firstcoeff->next;

        free (firstcoeff);

        firstcoeff = currcoeff;

    }

}

void freesoln (SOLN *firstsoln)    /* This routine frees memory space allocated */

                /* to a list of solutions */

{

    SOLN *currsoln;        /* general pointer used in freeing list */

    while (firstsoln !=NULL ) {

        currsoln = firstsoln->next;

        free (firstsoln);

        firstsoln = currsoln;

    }

}
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