
MA 780Homework #1Due Feb. 11. Let A be the Vandermonde matrix generated by fxig, i = 0; � � � ; n. Show thatdet(A) = Y0�j<i�n(xi � xj);and the solution of the polynomial interpolation exists and is unique. Hint: Use mathemati
alindu
tion and 
onsider the determinant of the following:���������������
1 x0 � � � xn0 xn+101 x1 � � � xn1 xn+11... ... ... ... ...1 xn � � � xnn xn+1n1 x � � � xn xn+1

��������������� = �(x):
It is easy to spot n roots of �(x) (if two rows are the same). Write down the fa
torized form of �(x)and then use the indu
tion to �nd the 
oeÆ
ient of xn+1. Finally, you 
an plug xn+1 in to �(x) toget the desired result.2. Let the nodal points be xi = 0; �=6; �=4, and the fun
tion values be yi = sin(xi).(a) Find both the Lagrange polynomial and Newton polynomial interpolations. Show the two resultsare the same. Approximate y(x) at x = �=8 and �nd the error j sin(�=8)� p2(�=8)j.(b) Give a least upper bound of the error max0�x��=4 j sinx� p2(x)j.Hint: Use the error estimate and noti
e that j 
osxj � 1, �nd the maximum/minimum of !(x)between 0 and �=4.3. Let li(x) be the Lagrange polynomials, show the following:nXi=0 xki li(x) = xk; k = 0; 1; � � � ; n;nXi=0(xi � x)kli(x) = 0; k = 1; 2; � � � ; n:Hint: For the se
ond equality, expand (xi � x)k and make use of the �rst equality.4. Use simple method to �nd the following divided di�eren
es:(a) f [20; 21; � � � ; 27℄ if f(x) = x7 + x3 + 1.(b) f [20; 21; � � � ; 27; 28℄ if f(x) = x7 + x3 + 1.(
) f [x0; x1; x2; � � � ; xp℄ if f(x) = !n+1(x) = nYi=0(x� xi) assuming p � n.Hint: Use (8.21) on page 343 and (8.18) on page 341.



5. Programming Part: Implement the Newton interpolation formula (see the 
ode on the 
lass web-page,and Program 66 on page 342), debug/test your 
ode, and analyze your results.� Use f 0; 0:1; 0:2; � � �0:9; 1 g as nodal points.� Use � k1000	 ; k = 0; 1; � � � ; 1000 as output points.� Plot the exa
t solution and the approximation from the polynomial interpolation on the sameplot.� If you use Matlab, run Matlab fun
tion interp1 and 
ompare the CPU time (Matlab fun
tion
putime). Hint: In Matlab, type help interp1 and help 
putime for the usage. If the CPUnumbers are too small, use format short e.� Plot the error plot. You should label, title all the plots. You 
an use Matlab 
ommand: subplotto put multiple plots into a single paper.� Do the test for the following fun
tions:(a) f(x) = ex.(b) f(x) = 
os(10�x).(
) f(x) = 11 + 25x2You should keep you 
ode for late use.


