
1. Root finding 

Formulate Newton’s method for solving the nonlinear 2 2×  system of equations 
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In the same style as how one proves quadratic convergence in the scalar case for ( ) 0,f x = show quadratic 
convergence (assuming sufficient smoothness of  f, g, root being simple, etc.) in the 2 2×  case. Assuming the root 

,x yα β= = to be of multiplicity one, define ,n n n nx yε α η β= − = − , and show that both 1nε +  and 1nη +  are of 

size 2 2( , ).n nO ε η .      

 

Solution: 

We first recall the proof for the scalar case ( ) 0f x =



2. Quadrature 

 

 

 

 

  



3. Interpolation / Approximation 

Assuming that , 0,1,2,n nϕ =   form a set of orthogonal polynomials of degrees n over some interval [a,b] with 
weight function w(x) > 0, show that they obey a three-term recursion relation of the form 

1 1( ) ( ) ( ) ( ) 0, 1,2,3,



4. Linear Algebra 

 

 

 

 

 

  



 

5. ODE 

Consider the 4th order Adams-Bashforth scheme (AB4) for solving the ODE ' ( , )y f x y= : 

  ( )1 1 2 355 59 37 9
24n n n n n n
hy y f f f f+ − − −= + − + −  . 

a. Apply the root condition to this scheme. Explain the outcome of the test, and explain what information 
this provides regarding the scheme. 

b. The Matlab code  

 r  = exp(complex(0,linspace(0,2*pi))); 
xi = 24*(r.^4-r.^3)./(55*r.^3-59*r.^2+37*r-9); 
plot(xi); 
  

  generates the figure shown to the right.  

i. Derive the relation used in the code.  

ii. Explain (no need to do the algebra) how you 



 

ii. The generated curve marks all possible ξ -values for when a root r is on the periphery of the unit circle. If 
ξ  crosses a curve segment, a root moves between the inside and the outside of the unit circle. The stability 



 

 


