
NA 5610. 7

6. ASSIGNMENT 6

Due Wednesday, March 14

Gregory Beylkin, ECOT 323

(1) (Note: you will need the code of this assignment for another HW).
Implement trapezoidal rule to solve the initial value problem

y′ = f(t,y)
where y = (y1,y2)

t , f(t,y) = ( f1(t,y), f2(t,y))t and y(0) = y0. Use repeated Richardson extrapo-
lation to improve the results.
Using your code to solve

t2y′′+ ty′+
(
t2−1

)
y = 0,

with the initial conditions y(0) = 0 and y′(0) = 1/2 on the interval [0,3π]. Use repeated Richard-
son extrapolation to compute y(3π) with 10 accurate digits. Hint: For constructing the first order
system, determine the first few terms of the Taylor expansion of the solution y(t) = a0 + a1t +
a2t2 + a3t3 +O

(
t4), and then substitute y(t) = tu(t) to obtain the first order system for u. The

exact solution is J1(t), the Bessel function of the first kind of order 1.
(2) Show that the two step method

yn+1 =
1
2
(yn +yn−1)+

h
4
[4f(xn+1,yn+1)− f(xn,yn)+3f(xn−1,yn−1)].

is second order.
(3) Determine order of the multistep method

yn+1 = 4yn−3yn−1−2hf(xn−1,yn−1),

and illustrate with an example that the method is unstable.
(4) Show that the multistep method

yn+3 +a2yn+2 +a1yn+1 +a0yn =

h[b2f(tn+2,yn+2)+b1f(tn+1,yn+1)+b0f(tn,yn)]

is fourth order only if a0 + a2 = 8 and a1 = −9. Deduce that this method cannot be both fourth
order and convergent. (This is problem 2.6 in Iserles).








