Numerical Methods and Programming
Assignment-1

e Problem 1: Machine precision is defined as the largest number € such that
14 e =1. Write a C program to calculate e. Calculate it for both ’float’
and 'double’ data types.

e Problem 2: a) Write a C program to evaluate the function e=* at x = 0.5
by summing the series:

x?2 28

x4 7 oz
e =1 :c+2! 3!+"'

Sum the series until [£22] < 1078,

b) Calculate the relative error by comparing with the exact value obtained

from in-built library function ’exp’.

¢) Plot (log-log) relative error versus number of terms kept in the series.

e Problem 3: We know that roots of a quadratic equation of the form ax? 4
br + ¢ = 0 are =bEvb’—dac Vb2 —4dac
2a

Write a C program to evaluate the roots of such a quadratic equation with
a=1,b=3000.001,c=3

Actual roots are x1 = —0.001 and zo = —3000. Use single precision
(‘float’) to represent real numbers.

e Problem 4: The n** power of the number ¢ = \/52,1 =~ 0.61803398 obeys
a recursion relation

¢n+1 —_ ¢n71 o (bn

Starting with ¢° = 1 and ¢! = 0.61803398 evaluate the values upto n =
20 using the above recursion relation. Compare your results with ¢"
evaluated using the in-built 'pow’ function. Plot the relative error as a
function of n.

e Problem 5: If divided differences are defined as

o, w0) = L=
T — X9
[, o, 21) = f(x’xogz : ifzo,wl)
f(SC7SC07SC1) - f(;pmxl’xz)

f($,$0,$1,$2) =
Xr — Tg

a) prove that divided differences has the following symmetries with respect
to exchange of arguments

f(:CanlaxO

)
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f(z2,21,20) = f
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b) show that y can be written as

Y =yo + (¥ — x0) f(20,71)
+ (# — o) (z — 1) f (w0, 1, 72)
+ (x — x0)(x — 21)(x — x2) f(x0, 21, T2, X3)

further by mathematical induction you can prove that Newton’s general
interpolation formula with divided differences is

Y =yo + (x — xo) f(wo, 1)
+ (x — xo)(x — z1) f (20, 1, X2)
+ (z — 2zo)(x — 1) (x — 22) f (20, 21, 22, T3)
+ ...
+(x—x0)(x —21)...(x — pe1) f(20, 21, X200 Ty 1)

+ (z —2zo)(x — x1)...(x — Tp) f (20, 21, T2wo Ty,

e Problem 6: Write a C program to perform Newton’s interpolation (Eq.1)
and find log;, 323.5 using the following table.

x log,o

321.0 2.50651
322.0 2.50893
324.2 2.51081
325.0 2.51188

e Problem 7: If y = P(x) is a polynomial of n'" degree which takes the
values 4o, Y1, Y2, ---yn When x has the values xg, x1, 2, ...z, respectively
and (n + 1) divided differences of this polynomial is given as

Y
f(@o, 21,22, s ) (x —x0)(x — 21)...( — )

Yo

+ (o — ) (o — x1)...(x0 — )
Y

(1 — ) (21 — 20)... (1 — Xp)
+ ..
+ y'n/

(X — @) (2n — 20) (@0 — 1) (1 — Tp—1)

show that y can be written as

=z (= x0). (2 — )
vy= ($0 — wl)(l'o — $2)...($0 — xn)yo

(x —x0)(x — x2)...(® — 1)

* (r1 — x0)(x1 — 22). o (21 — xn)yl
(x —x0)(x —21)(x — x3)...(x — ) " (2)
(2 — x0) (22 — 1) (T2 — 3)... (T2 — TY)

+ ...
(x —x0)(x —21)(z — x3)...(x — 1)
(n — x0)(Tn — 1) (Tn — 3). (@), — Tp—q

) Yn
which is Lagrange’s interpolation formula.

Hint: You can use the fact that n** divided difference of a polynomial of
degree n is constant. Hence (n+ 1) divided difference of a polynomial of
degree n is zero.



Problem 8: a) Implement a C function to perform Gauss Elimination
b) Use it to solve

0.0003z; + 3.0000x2 = 2.0001

1.0000z¢ + 1.0000z2 = 1.0000

Use 'float’ datatype for all real numbers. The exact solution is z; =
1/3,20 =2/3
¢) Solve the above problem with pivotting.

Problem 9: a) Extend the Gauss Elimination function to calculate LU
decomposition of a matrix.
b) Using LU decomposition, solve the system of equations:

7:61 + 2:62 — 31‘3 =12

2x1 + dx9 — 33 = —20
XrK — g — 6:63 = *26
Problem 10: a) Solve the following set of equations by LU decomposition

without pivoting
T+ 71‘2 - 41‘3 = —-51

4:61 — 4:62 + 9:63 =62
1201 — 290+ 323 =8
b) Determine the matrix inverse. Check whether [A][A]™! = [[]



