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T

usetul for certain problems with endpoint. singularities.

find use in the construction of numerical methods for
value problems,

Open formulas also
the solution of initial

EXERCISES

-

.L\'IJ@M"' the value of each of the following integrals using the trapezoidal
rule. Verify that the theoretical error bound holds in each case.
2 e R ;
(a) f 1 %dx

(b) [le*dz
1
(C) fg 1+z2 dz
(d) fol tan~! zdz. :
(/\]./\Repeat Exercise 1 using Simpson’s rule rather than the trapezoidal rule.

3. Repeat Exercise 1 using the midpoint rule rather than the trapezoidal rule.
4. Verify directly that the midpoint rule has degree of precision equal to 1.

9. Verify directly that the open Newton-Cotes formula with n = 1 has degree of
precision equal to 1.

6. (a) Determine values for the coefficients Ag, A;, and Ay so that the quadrature
formula b

= s () ()

has degree of precision at least 2.

(b) Once the values of Ao, A), and A2 have been computed, determine the
overall degree of precision for the quadrature rule.

7. (a) Determine values for the coefficients Ag, A1, and A2 so that the quadrature
formula

1= 11. f@)dz = Aof (~3) + 411 (3) + 42701

has degree of precision at least 2.

~ (b) Once the values of Ao, A;, and A2 have been computed, determine the
overall degree of precision for the quadrature rule.

8. (a) Determine values for the coefficients Ao, Ay, and z; so that the quadrature
formula

1
](f)_—.[_lf(:r)d:rv=Aof(—l)+Alf(:cl.)

has degree of precision at-least 2.

162
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10.

11.

12.

13.

14.

Chapter 6 Differentiation and Integration

(b) Once the values of Ao, Ay,
overall degree of precision for the quadrature rule.
. Consider the quadrature rule

LA (V3
'/_lf(m)dlmf(-—.'j—) +f(-3—).

Determine the degree of precision of this formula.
Consider the quadrature rule

/ f dx~~f< \[)+ fo+ gf( :)

Determine the degree of precision of this formula.
Derive the error term for the midpoint rule:

(b" 0)3 "
L1,

where a < £ < b.
(a) Derive the closed Newton-Cotes formula with n = 3:

1) % Totosea( ) = —=2{1(a) +3f(a + Az) + 3f(a +

(b) Verify that this formula has degree of precision equal to 3.
(c) Derive the error term associated with this quadrature rule.
(a) Derive the clesed Newt_on—Cotes formula with n = 4:

I(f)~ 14 closed(

- +32 f(a +3Az) +7f(b))

(b) Verify that this formula has degree of precision equal to 5.
(c) Derive the error term associated with this quadrature rule.
(a) Derive the open Newton-Cotes formula with n = 2:

and ) have been computed, determine the

Az) + f(b)]-

(a+ Az) +12f(a + 2Az)

I(f) = I2,0pen(f) = b—;‘f[?f (a+ Am) - f(a+2Az) + 2f(a + 3Az)).

(b) Verify that this formula has degree of precision equal to 3.
(c) Derive the error term associated with this quadrature rule.

5. (a) Derive the open Newton-Cotes formula w ithn=3:

I(f) = I3-°bcn(f) = _2__45[11.[(“ + Az) + f(a+ 2Az)

+ f(a + 3Az) + 11 f(a + 4Az)].

(b) Verify that this formula has degree of precision equal to 3.
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570 Chapter 7 Initial Value Problems of Ordinary Differential Equations

EXERCISES

.For Exercises 1-6, apply Euler’s method to approximate the solution of the given initial )
value problem over the indicated interval in ¢ usmg the indicated number of time steps.

A =t -z (0<t<), 0)/ 1, N=4
2. 7 +(4/t)z=t* (1<t<3), zg,_l, =
3.2’ =(sinz—e€')/cosz (0<t<1), z(0)=

O |4 =@+t 1<t<d), 2(1)=0, N=
Ho'=t2-2° -1 (0<t<1), z(0)=0, N=4 /
& =201 -1)/(Psing) (1<t<2), z(1)=2 N=3

Lol Lol . —~ an T Tt
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gercise 18.7

[n the following initial value problems, find the approximate values of y (x) at the pj o
method. 52 EIVen points using the Euler
L y=xtxyt L y=2 h=01, xe, 131,
g y=3xtty Y=L h=02 xeq, 2
[n the following initial value problems, find the approximate v
eries method of given order.
L y=1+ y©=1, h=01, order=2, xe[0,03]

alues of y (x) at the given points using the Taylor

“ ),,=x2+ﬁ, y() =1, h=0.1, order3, x € [1,1.2].
5,y =x+siny, y(1)=0, h=0.2, order=4, at x = 14,

[n the following initial value problems, find the approximate values of y (x) at the given points using Heun's*

method.
6.y=2+27% y(D=1, h=02, xe [1.0,14].
1 y=iZ y()=2, h=01, xe[1.0 12]

T oy+x

In the following initial value problems, find the approximate values of y (x) at the given points using classical
fourth order Runge-Kutta method.

8. )-’=x2+y2‘ y(]):Z‘ h:O.], XE[I.O.I.zl.

% y'=Jx+y, y(04)=041, h=02, xe [0.4, 0.8].

i

0 y'=2+ [xy,y2) =1,h =01, xe[2.0, 2.2]
-
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Effect of Earth's equatorial ellipticity on T2
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