sinnm =0

1 —cosnm =2 for odd n

sin(z £ y) = sinz cosy + coszsiny
cos(z £ y) = cosxcosy Fsinzsiny
sinzsiny = 1/2[cos(z — y) — cos(z + y)]
cosx cosy = 1/2[cos(x — y) + cos(z + y)]
sinz cosy = 1/2[sin(z — y) + sin(z + y)]
Cec (wot+0) = Cc(8) c(wot)—Cs (0)s(..)

0 = tan—!(—b/a), &7 when a < 0
sint = cos(t — w/2)

cosx = 1 [eI” 4+ e797]

sinx = 5= [e“ — 7]

elwt = cos(wt) + j sin(wt)

»—l\’)

z¥=a—jb= re—J0
u*v* = (uv)*
/z =tan"1(b/a), £ in Q2 and Q3

1 9+21rm

z wo=rnel

[cos?atdt = L 4 sinZat

[tcosatdt = L (cosat + atsinat)
[tcatdt = % (2atc at — 2s at + a*t?s at)

[ te®t dt = 1/a? e (at — 1)
[ e dt = 1/a® e (a®t? — 2at + 2)
[etcbtdt = 5z e (acosbt+bsin bt)

= [T f(r
f*g=g*f
fx(g+h)=[fxh+gxh
frlg=h)=(f*g)*h

Pf: f+(gxh)=fx(hxg)=
J f(m) [ h(r2) g(t — 71 — 72) dro dy

f(t — Tl) X g(t — TQ) = C(t — T1 — TQ)
f(at) * g(at) = |1/a| c(at) (even/odd)
FUW () % g™ () = ™) (2)

Graph: shift LEFT by ¢, and reflect.
Every 7 replaced by ¢t — 7, reverted

g(t —7)dr

= f(t-T)

et u(t)+elt u(—t)
b—a

te® u(t) x e u(t) = 12t2e u(t)

£ u(t) * t" u(t) = % Ly (t)

Don’t forget [u(t+T1) — u(t — T3)] term

J iz da = § tan ™! 2

& = [Zoo [F()Pdt (complex);
T/2

Py = limroe 7 4/2 |f(1)]?dt;

rms power = \/E

Cont; analog; periodic (extension);
(non/anti)causal; energy /power (both);
deterministic/stochastic (carries info)

@) f(to) (f cont at to)
out—in f(2x — 6): shift by 6, scale by 2
f(2(x — 6)): scale by 2, shift by 6

fe(t) =1LLF () + F(=1)];
fo(t) =12 f(t) = f(=1)]

S(t —to)dt =

Q(D)y(t) = P(D)f(t), typically [ f

Assume causal input f(t)u(t)

Yzs(t) = f(t) % h(t) from input
yzs(oi) =0, yzs(0+) 7é 0

Let h(t) = T[6(t)] (impulse response)
Ys (1) = TIF(O)] = TIf(8) % 6(8)] =
Thim Y f(nAT)6(t — nAT)AT] =
lim Y f(nAT)h(t — nAT)AT = f*h

Yzi(t) from ini, f(t) =0, Qy.:(t) = 0;

L: Tlkf1() + f2(8)] = kya(t) + y2(1).
T: Yo ar D y(t) = 3o iD' £ (1),
L if ag, b; are not functions of y(t), f(t)
E. sing(t) + t2y(t) = (t + 3) f(t)

TL T[f(t —7)] =yt — 7).

ak, by indep of t. (const coeff)

Let g(t) = f(t — 1), find 2(t) = T[g(t)]
Causal: y(t) dep only on f(1), 7 < t.
Just compare ¢t and 7.

Ins/dyn: y only dep f at present (no [)

Invertible: given y(t), we can know f(t)

e = tQ[()]th

—2Zcsz dt—l—f ST eixi(t)
*Sf72z<faxl ZC fxl
Zi;éj CiCj j;fl xl )xj( )dt)

% = 0= —2(/(0) (1) + 2
gmin = g - TN 2,

Emin — (), Parseval’s thm
For ortho, E, = E, + E,

lu+v]* =

(@(t),y(1)) = [ a(t)y(t)* dt

2 fA (bt

2dt+

[u|? + [v)? + u*v + v*u

apg = To fTo dt
To fT ) cos(nwot) dt

= ) sin(nwot) dt

bn = To To

Energy: Ty for n=0; To/2 else
Half-w sym: f(t — Tof2) = — f(t)
Uy = ;%O 0T°/2 f(#) cos(nwot) dt

ft) =300 Fae?™!
Fy = g0 [g, f(t)e™ 7m0t dt
C,, cos(nwot + 60,,) =

n/g (ej("wotJrﬁ )+6 j(nwot+6, )) _
(C;n 630 )ejnwot (%6 )6 jnwot
F, = eren — %(an jbn) =
an — 0271 e —30n

|Fn|ejéF"

W: finite [, fin a, b;

S: fin m/m/discont over Tp: converge

Time shift: f(t — to) ¢ Fe I(woto),

|F,,| same, ZF,, shifted by —(woto)n
Reversal: f(—t) <> F_,

Scal: T' = To/a, w = awq

Multip (same Tp): f(t)g(t) <> Fp, * Gy,
7o, J(Dg (D)t di =

7o J (3 Frne?™eot) (32 Gredkeot)eminwot gt
- Z > Fm GkT f ed(m+k—n)wot 4

B Zm Zk FGy <€J(m+k)‘*’0t anot>

=Y e o GrFn i

Conjugation: f(t)* = F*,

f real — |F| even, ZF odd

f real, even — Fre, e; F_,, = F,, = F}
fre,od = Fim,o0; —F_, =F, =—-F
fe(t) & Re{F,}
fo(t) < jIm{F,}
Square (A=1,T =2m, w = 1)
4(cost—§cos3t+ cos 5t — ...)
ZI(smt—&—75111315—1—75111515—1— )
’I&“langle

(mnt - 9 sin3t + 5= sin 5t — ...)

(costJr 5 cos 3t + —cos5t+ )

Sawtooth:
2(sint—§sin2t—i—gsin?)t )
2(—sint — 1sin2t — +sin3t — ...

§ train: 6p (¢) = >0 8(t — nTp)

1 oo Jjnwot
To Enzfoo €



