Mathematics 1D

Impression

e | took this class because I want to know the differential equation and the vector analysis as the
basic knowledge of mathematics

e This class has a lot to master

e Proof makes me understand better

e | did not totally unserstand rotation and divergence a year ago, but finally I master it. But I do

not think it is useful in the computer science.

Memo

1. Differential equation
e Logistic equation
— separate variables
— sometimes use partial fraction decomposition
e Liouville’s equation
—y"+P(@)xy +Qy)(y)* =0
— divide by y/ and integrate it
dy/dz = f(dy/dz)
—letu=y/x

— scale conversion

= dy/da = zy/(2® +y) = (= Ar,y = Ny)

= dy/dz = 2?y/(2° +y) = (z = Ao,y = X%y)

— variable conversion dy/dr = (x — 2y + 3)/(2z +y — 4)

variation of parameters
— ¥+ P(x)y = Q)
— let Q(x) = 0 and solve the equation, then let constant be the function of x, C(x)
iy = ef —P(z)dz(fQ(m)ef P@)dz g, o)
Bernoulli differential equation
—y' + P(x)y = Q(z)y™

1-m

—let z=y

Riccati equation

— find particular solution y = f(z), then let z be y — f(x)



e D’Alembert’s equation
—y==zf¥)+9()
— let P =14/, then deriviate the equation with respect to x.
— Clairaut equation
e Total differential equation
— P(z,y)dz + Q(z,y)dy
— Exact differential equation (0F/dx = P(x,y),0F /0y = Q(x,y)) — solution is F(z,y) = C
— Integrating factor is a factor that make total differential equation be exact differential
equation.
e Second-order homogeneous differential equation
— 2"+ 2y2' +w?r =0
— y = C1eP* + C2e? (when p and q are real solutions)
— y = e"®(Cycoskx + Casinkz) (when h+ki and h-ki are imaginary solutions)
— y = eP?(Cy + Cezx) (when heavy solution)
e n-order homogeneous differential equation
— y = BORe () is a solution)
— y = XXCk pmerT
e n-order inhomogeneous differential equation (with respect to find a particular sollution)
— (S enie ) (@) + coule) = f(x)
— substitute Ce®® or Cz™e** for the quation when f(x) = e**
— substitute n th order polyomial when f(x) is n th order polyomial
— solution is (particular solution) + (general solution)
e Higher-order differential equation
=y P By i)y + po(t)y =0
— how to write above equation using matrix and vector.

y(n_l)

y(n72)

— let vector u =

Yy
— detect A s.t. (u' = Au)
— A will be like a transpose of Jordan block
e Two dimensional systems of differential equation
dx _ —
— d—’t‘ = AX
— get the eigenvalues (A1, A2) and get the eigenvectors(vy, va).

general solution is x(t) = Cie Mt + Coe*2tvy
— Use generalized eigenvector, if the characteristic polynomial has only one eigenvalue
° _
2. Vector calculus
e inner product and outer product

e gradient



-V-f
— the gradient of scalar function at that point will show the direction in which the value
rises most quickly. Plus it can measure how scalar field changes in other direction by using

dot product

divergence

-V F

— scalar valued function

— motivation is knowing ”flowing towards and away”
rotation

- VxF

— vector potential is like the flow of water

— rotation is a like the power that is given by the flow.

line element

Green’s theorem

Stokes’ theorem

e Gauss’s theorem

3. Variational method
e Euler-equation
e Beltrami

e Euler-Lagrange
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