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Course Qutline: 18.085 Conputational Science and Engi neering
2008 : The exans normally in class (#11,18,29) will be in the evenings
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This will allow nore discussion of the topics in the outline

Special matrices K T,B,C
symmetric, tridiagonal, invertible or singular
fixed or free boundary conditions

Second differences from1,-2,1
-u'' =f(x) becones Ku=f
f= ones, u= quadratic

Sol vi ng Ku=f
f=delta, u=ranp
inverses of Kand T: discrete Geen's function

K=LDL"T fromelimnation with pivots in D
K=Q Lanbda QT with eigenval ues in Lanbda
three-step solution of u' =Ku

Ei genfunctions -y''=lanbda y
ei genvectors Ky=(2-2cos(theta))y
sines, cosines, exponentials iny

Positive definite matrices: five tests
K=A"T A and K=A"T CA are at |east senmdefinite
mnimzing P=(1/2)u*T Ku - u~T f

Si ngul ar Val ue Deconposition A=U Sigma VAT
nornms of vectors and matrices
nunerical linear algebra: lu, gr, svd, eig

AT CA for a line of springs
di spl acenments u fromforces f=A"T CAu
el ongati on e=Au and bal ance AT w=f

Gscillation fromMi_{tt}+Ku=0
exact solution by eigenvectors
| eapfrog and trapezoidal rules

Least squares gives AT Au=A"T b
solution by orthogonalization A=QR
wei ghts give A"T CAU=A"T Cb

Exam 1 on Lectures 1-9

Net wor ks and | nci dence Matrix A
Kirchhoff's Current |aw AT w=0
graph Laplacian A*T A and AT CA

Trusses with 2N displ acenents
mechani sns with Au=0
assenbling A and K from each bar

Vari ances and covari ances
opti mum wei ght C=i nv(Si gna)
recursive | east squares (Kal man)
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Conti nuous AT CAu=-d/ dx(c(x)du/dx)
integration by parts for adjoint of (d/dx)
weak formwith test functions v(x)

Galerkin's trial and test functions give KU=F
linear finite elements U1 H 1(x) to Un Hn(x)
assenbly of matrix K and vector F

Quadratic and cubic el enents
beam bendi ng and 4t h order problens
B-splines for interpolation

Exam 2 on Lectures 10-16

Gradi ent and di vergence
potential u and stream function s
equi potentials and streamines

Lapl ace's equation div(grad u)=0
pol ynom al solutions fromx+iy
Cauchy- Ri emann equati ons

Finite difference matri x K2D
fast Poi sson solver from sine transform
odd- even reduction

Finite elenents: linear in triangles
assenbly of KU=F from el enent matrices
boundary conditions and hi gher order el ements

Fourier series: sines, cosines, e™{ikx}
G bbs phenonenon at j unps
energy identity and decay rate of coefficients

Series solution of the heat equation
series solution of Laplace's equation on a circle
delta function and anal ytic functions

Di screte Fourier Transform
orthogonality of the Fourier matrix
Fast Fourier Transform

Convol uti on and cyclic convol ution
Fast convol ution by Fourier transform
| owpass and highpass filters; equiripple filters

Fourier integrals and energy identity
input = delta function, output = Green's function
Hei senberg uncertainty principle and Gaussi ans

Deconvol ution and integral equations
circulant matrices and periodic filters
aut ocorrel ati on and power spectral density

Exam 3 on Lectures 19-27
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Wavel ets and scaling functions
nmul tiresolution and perfect reconstruction
conmpressed sensing using |1 and total variation norns

Anal ytic functions and Cauchy's Theorem
Chebyshev points and fast transforns
spectral nethods of exponential accuracy



