ODEs

· Repeat general theory of analytical ODEs.

· Difference between Initial value problems and boundary values problems.

· We only discuss IVP.

· Description of analytical solutions to ODEs. 

· Translation from high order ODE to multiple low order ODEs.

· General question: given y'=f(y,t), where y ( Rn and f is a function from Rn+1 to Rn, How can we find y(t).

· General method divide time into interval of width hk and compute the value of y after the next interval and continue

· Order of integration – precision level as a function of (h)

· Implicit Vs explicit methods

· Single step method

· Talyor expansions.

· Euler method

· yk+1=yk+hkf(yk)

· Second order taylor

· Y(t+h)=y(t)+y'(t)h+y''(t)h2/2+O(h3)

· Y(t+h)=y(t)+f(t,y)h+df(t,y)/dth2/2+O(h3)=y(t)+f(t,y)h+(f(t,y)t+f(t,y)yy'(t))h2/2+O(h3)=y(t)+f(t,y)h+(f(t,y)t+f(t,y)yf(t,y))h2/2

· yk+1=yk+hkf(yk)+(f(yk,tk)t+f(tk,yk)yf(yk,tk))hk2/2

· Impicit Euler method

· yk+1=yk+hkf(yk+1)

· Disadvantage – have to solve an equation to know the results. Advantage, much more stable.

· Runge kuta methods

· Replace the derivative by an integral and solve by Neuton quadratures

· Y(t+h)=y(t)+(f(y,t)dt=

· Second order

· Midpoint

· k1=hf(yk,tk)

· k2=hf(yk+1/2k1,tk+1/2h)

· yk+1=yk+k2
· In general

· k1=hf(yk,tk)

· k2=hf(yk+c1k1,tk+c2h)

· yk+1=w1k1+w2k2
· Different methods diverge in the values of w and k

· Midpoint : w1=0,w2=1,c1=1/2,c2=1/2

· Trapezoid method (improved Euler) w1=1/2,w2=1/2,c1=1,c2=1

· Heun w1=1/4,w2=3/4,c1=2/3,c2=2/3

· Third order. Integration with three points

· k1=hf(yk,tk)

· k2=hf(yk+c11k1,tk+a1h)

· k3=hf(yk+c21k1+c22k2,tk+a2h)

· yk+1=w1k1+w2k2+ w3k3
· Classical (simpson) w1=1/6,w2=4/6, w3=1/6,a1=1/2.a2=1, c11=1/2, c21= -1,c22=2

· Classical (simpson) w1=1/4,w2=0, w3=3/4,a1=1/3, a2=2/3, c11=1/3, c21= 0,c22=2/3

· Standard fourth order RK method.

· k1=hf(yk,tk)

· k2=hf(yk+1/2k1,tk+1/2h)

· k3=hf(yk+1/2k2,tk+1/2h)

· k4=hf(yk+k3,tk+h)

· yk+1=1/6k1+1/3k2+ 1/3k3+1/6k4
· Multistep methods

· Yk+1=a1yk+a2yk-1+…..+h(b1f(yk,tk)+ b2f(yk-1,tk-1)+….)

· Explicit – Adam Bashforth

· Second order yk+1=yk+h/2(3fk-fk-1)

· Third order yk+1=yk+h/12(23fk-16fk-1+5fk-2)

· …..

· Implicit – Adams Moulton

· Third order yk+1=yk+h/12(5fk+1+8fk-fk-1)

· Fourth order yk+1=yk+h/24(9fk+1+19fk-5fk-1+fk-2)

· Next class  Stability and precision of solutions and discussion on Boundary value problems.

