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BIRLA INSTITUTE OF TECHNOLOGY & SCIENCE, PILANI
Department of Mathematics
First Semester, 2022-23 —
Numerical Solutions to Ordinary Differential Equations (MATIH F444) —
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1. C(Imsidcr_lhc IVP y'(1) = /y(b); ¥(0) = 0, which has a solution y = t*/4. Apply the Euler-forward
scheme, i.c.,

Uny1 = Yn -+ h,f("m ?/n)
to the given IVP.
(i) Compute y; and y, with h = 0.1.

(ii) Does this numerical scheme conver

: ges to the solution y = ¢2/4, as h — 0?2 If not why not
(explain)?

[2+2]
2. Consider the following implicit Runge-Kutta method with Butcher tableau
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(i) Find the amplification factor R(z) for this numerical scheme, hence discuss the absolute stability
(A-stability) of this numerical scheme. [5]

Recall the inverse of a 2 x 2 matrix:

a B\ 1 d —b
c d T ad—bc\-c a)’

(i1) What is the minimum value of « for which the method is always A-stable. [2]
(b) Find the order of this numerical scheme. [3]
3. (i) Discuss the consistency, accuracy and zero-stability for the following three-step method (4]

1 8. )
Ynt2 — Ynt41 = h (_ﬁfn =+ ﬁﬁlfr&l + ﬁfn-}—?) .

(1) What is the maximal order of an A-stable linear multistep method? [m
4. Consider the following family of Runge—Kutta methods:
Yn = Yn—1 + b (ak; + bky),
where

ky = f (xﬂ—l’yn—l) s
1
kr = f (l‘n—l + gh, Yn—1+ ﬁhkl) .

(i) Construct the Butcher tableau for the given scheme. Is this an implicit scheme or an explicit
scheme? (2]
(ii) Determined the parameters a, b, and  so that the method has highest possible order. [3]



5. Consider a three-point steneil for the finite difference method
' (wo) = aw (o) -+ bu (o + h) 4 cu (2o -+ 2h),

Find a, b and ¢ such that the numerical scheme is third order, (3]

6. The system of (homogeneous) ODE for Timoshenko’s beam, which has the form of

d*u(z)  dy(z) - d*y(x) adu(a;)

= 1].
I et U = 0forz € [0, 1]

where a is a constant (which depends on the material properties of the beam).
(1) Transform it to the first-order system of ordinary differential equation. (2]

(ii) Find the corresponding fundamental matrix. (6]




