Physical Layer
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G = k(T —To)
T, = outside temperature
A colourful spiral
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1. (v,v) > 0 Furthermore, (v,v) =0+ v =0
2. (v,u) = (u,v)
3. (ku,v) = k{u,v)
4. (u+ v, w) = (u, w) + (v, w)
[lo]] = (v, v)
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Variation of Parameters N

F)=y" +y
yp = b1y1(z) + bay2(z), y1y2 are L.I.
yp = u1(2)y1(z) + u2(z)y2(z)
/t, yo F(t)dt
up = -
. wly1, y2](t)
_ /t y1 F(t)dt
ug = _—
wly1, y2](t)
Yy =yn+Yp
\ J
R )
¥ = Az
A is diagonalizable Z(t) = a1 e>‘1tv'1 + -+ an,ekntv‘n
A is not diagonalizable F(t) = a1etoi + agert (@ + o)
where (A — M)W =¥
7 is an Eigenvector w/ value A
i.e. W is a generalized Eigenvector
7 = AT+ B Solve yp,
21 = eMbui, 0 = eM2tep
X = [@1, 73]
Xa' =B
Yp = Xa
Y=Yn +Yp
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Cheat Sheet Template

1st Order Linear

Use integrating factor,
I = of P(@)dx

Separable: [ P(y)dy/dz = [ Q(x)
HomogEnEous: dy/de = f(z,y) = f(xt, yt)

sub y = @V solve, then sub V = y/z
Ezact: f M(x,y) + N(z,y)dy/de = 0 and

My = Ng ie. (M,N) = VF then

[y M+ [, N=F

Order Reduction

Let v = dy/da then check other types
dv _ ,dv
€T

If purely a function of y, g

Variation of Parameters:

When y'/ + aly/ + agy = F(x)

F contains ln x, sec z, tanz, +

Bernoulli

y' + P(2)y = Q(z)y"
%’y’"’

y~ "y 4+ Pyl =
Uz) =yl ()

717%{ :dul R n)yin%

=5 9% + P(2)U(2) = Q(a) solve as a

1st order

Q(x) Let

\.

Gaussian Integral

[t e—1/23T A7) _ 27"
J—oo Vdet A

Cauchy-Euler

3 Cases:
1) Distinct real roots

2) Repeated real roots

3) Distinct complex roots

2y 4 aqax"Tlyn—l 4 .. 4
ap_1¥" "2 +any =0

guess y = x”

y=ax"l + bz"2

y = Az" + yo

Guess yg = a" u(x)

Solve for u(z) and choose ome (A =
1,¢=0)

y =
Boz® sin(bln x)

Biz®cos(blnz) +
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Matrix Exponentiation

AT = SDnS—l

D is the diagonalization

of A

Complex Numbers

Ir

Systems of equations

If wy = u(n‘,) + 'LUGS) is a solution,
] = u(—t), TH = v(t) are solutions
i.e.

Tj = c12] + c2%d

Euler’s Identity

e'™ = cosx + isinzx
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Laplace Transforms

ft)y=t",n>0
f(t) = e, a constant
f(t) = sinbt, b constant

f(t) = cosbt,b constant

f(t)y =t"1/2
f(t) =68(t—a)
f/

f//

Lle®t f(1)]

Llua(t) f(t — a)]

r

L{f1(s) = [§C e f(zx)dz

!
F(s) = ﬁ,s>0

F(s):ﬁ,s>a
F(s):ﬁ,s>o
F(s) = oipz.5>0
F(s):ﬁ,s>0
F(s) =e @8

L[f'] = sL{f] - £(0)

LIf""] = s®L[f] — s£(0) — f'(0)
L{f](s — a)

L[flem@®

vi,v2 €V

1. v1 +vg €V

2. k€l kv €V

3. v1 +v2 =wva + vy

4. (v1 +v2) +v3 = vy + (va + v3)

5. VveV,0€eV |0+vy =v1 +0=wv1
6. VveV,3—veV|v4+(—v)=(—v)+v=0
7. YveV,1€F|1lxv=n

8. Vv € V,k,1 €F, (kl)v = k(lv)

9. Vk € F, k(v1 + v2) = kv + kvg

10. Vv € V, k,l € F,(k+ l)v = kv + lv




