1 V=L £ _ Classes of complex exponential functions For $ = 0 + jw

‘/_ V-1 I-# RHP Case 1 s, = complex conjugate of ¢ =0 — jw
P°|ar qum 2 When s =0,k -e*t = k (a constant)
c=r-ef =14 ) Case 2: est = e%cos(wt) — jsin(wt)]
Conversion Between Rectangular and T When w = 0,e% = ¢ (a monotonic exponential) et = et [cos(wt + jsin(wt)]
Polar = 5 4 X Case 3: When o = 0, (sinusoidal)
r=yvatty y =rsin(f) | " Case 4:No restriction, (exponentially 3le + e+ = §[2¢7 cos(wt)] = e”'cos(wt) = Rele”]
0 =tan"'(L) & =rcos(h) Case2 varying sinusoid) slest — '] = §[2e7 sin(wt)] = e sin(wt) = Im[e™]
Euler’s Formula: Coted 12 Rele®!] = e7tcos(wt) ze(t) is an even function of t if
€1 = cos() + j - sin(6) Im|e*!] = e"tsin(wt) Te(t) = e(—1) je e(t) is symmetric about

the vertical axis.

%o(t) is an odd function of t if

To(t) = —2o(—1) je To(t) is anti-symmetric
about the vertical axis.

Useful Identities:
£190°

Single-Input-Single-Output (SISO) System.
z(t) =[System]= ¥(t)
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Linearity - A system is linear if it obeys

i .
=el2 =3

T = —1
For ¢ =z + jy = rel’

superposition: HL Properties
¢. = complex conjugate of ¢ =z — jy = re=° if T1 = y1 and T2 = Y2 z! Ll} g E‘Fg % é + 1)even function x odd function = odd
Laplace transforms then G ;Tg B4 5l  function
L{6(t)} =1 l:{te”u( )} = )\) kix1 + koo = k1y1 + koya W _— ’TT = s odd function x odd function = even function
L{u(t)} = % {tne)\tu( } M - where k1 and k2 are constants 82 g T G ! g :_ fe::(;i::]nd'on x even function = even
Litu(t)} = 4 (-3 ) Zero Input Response:Z(t) = 0 \:: {: 21z 1;|Q 2)
= — 8
u 5% Lia(t—to)} = X(s)e™,t) 20 zero State Response:Zo = 0 Tl“ ‘T & ,:\ § + a)ffa we(t)dt =2 [i we(t)dt
L{t"u(t)} = + L{sin(bt)u(t)} = # Laplace Transform Properties: 8 W i = : %]b b)fa zo(t)dt =0
=) —~ T~ —a
L{eMu(t)} = L/\ L{cos(bt)u(t)} = poa 21(t) + a2(t) & Xa(s) + Xa(s) o 8{.3 S i Every signal Z(t) can be expressed as a
f ~at o (bt Yult sta ka1 (t) & kX1(s) % 3 ~|m  sumof even and odd components:
e eos(btJu(t)} = o 5X(s) - 2(07) = d: 2(t) = wo(t) + o ()
—at o7 b 2 _ — <y cl=
L{e~%sin(bt)u(t)} = TR t(il_fg & sX(s) —2(07) —/(07) ] & where
0 0)-br si nx n ok, k—1/0— xponentia’ *.>.: ) ze(t) = 3z (t) "'x( t)]
L{recos(bt + )u(t)} = ):ﬁ;:;o(s{i L—b'”) sin(60)) dt_" < s"X(s) =Y p_q " *a*"1(07)  [add definition of FS and exponential FS] () = L (=)
2 To(t) = 5lx(t) — 2(—
0 _05red® 1 _r 2
_ ?ffiﬁh + 35 Jo- w(r)dr & 1X(5) “n =7, P+ 1) Fourier Series:
= _AsiB . = , -
P +2as+¢ f z(t)dr & X (s) + + f_ x(t)dt x(t) = Z D, - einwat O =aq +Z[a"cos(mot) + b sin(nagt)]
Where (t)e—sot o X(s — 50) n=—g= P
— [ A%c+B?-2ABa —ta(t) « dX (s)ds D, = Ti x(t) e—inwot gy Wy = T_o(" +1)
"= b ap = Ti[ 7x(t)dt
0 = tan~!(4e-5) Forms of Euler's Formula: = f x(t)dt =a=¢c g
Ab ; 0T X == dt
jt _ . a, +jb an =g f x(t) cos(nwpt)
b=ve—& e’ =cost +jsint D, =D=22"10n Zof
Jjt — p—jt " . . b, == | x(t)sin(nwyt) dt
_at B— 4a _ As+B . e e Amplitude Spectrum: |D,,| vs. n-wp n =T o
{ [A Cos bt sm(bt)]u(t)} - s’+s2as+c sint = 27 Phase Spectrum: £4D,, vs. n-wyp o
Convolutions it +1 -t LD[;n[ = ID;ll) Compact Fornl;
00 e e -n = —&Un
vy ®xy = [% xi(7) w2t —7) - dT cost = — Steady State: x(t) =co + Z cpcos(nwot +6,)
yzs(t) = x(t) ® h(t) ' sin(t) Forx(t) = Co + Z;C" - cos(n - wot +6,) =
1 sinc = T Co = Qg,Wo =
z(at),a >0 X(3) Y(£) = ColH(0)] + Z €y - [H(inwg)|cos(n - wot + 6, + £H(jnwy)) » . Tg 0
= c =a ,n
&y (t) ® I2(t) -~ Xl( )Xg( ) Arr‘nplitude Spectr\ém: E"I:I|(7011(;)0)| vs nwp e n ¥ /0 n #
Phase Spectrum: 6,, + £H(j
a1(t)a(t) & 121X (s) ® Xo(s) - e
Given a BIBO system where the input is x(t) = Acos(wgt + @) [As is the compact form of F.S.].
+ 0
‘T(O ) & limso0 sX(s)(n > m) Note: improper fractions are ok for this situation.
z(00) & limg_, ¢ sX(s)(polesofs(s)inLHP) y(t) = A|H(jw,)| - cos(wot + ¢ + £H(jw))
i Where |H(jwy)|
Fourier Transforms *® X@ = [replace all multiplied values as complex numbers in H(jw,) with distance formulas ]
w kx(e) kX @ - f 24,2 Inverse Hyperbolic Definitions
Hlw) = 7ol = f *(B)eisat A0+nB X +Xie) ) {(a Hieo) = Je+ s } arcsinh(z)y:pln( z+[sqrt)(z2+1))
X (W)] "1 _ R0 X*(-) and q
x(8) = FX(@)] = — f X(w)ei~dw wo
2 ), X0 2wx(-w) 4H(jw) = tan™} (—
Suffiscient Condition for FT Existance: @ 1 X (w) (o) ( a ) arccosh(z) =In(z [sqrt](z2- 1))
E3 x(a —x(=Z
J’ 1x(6)ldt lal Hyperbolic Trig Functions:
—e x(t = 1o) X(w)e /= Definitions arctanh(z) = 1/2 In( (1+2)/(1-2) )
x(8) X(w) x()el! X (o —w)
. +1 . oo x)(8) % x,(1) Xi(@)X2(w) 2 5 arcesch(z) = In( (1+[sqrt](1+22) )/z)
“ ljw xi()xa(t) %XI((!))*XZ(W) CSCh(t) = sinh(z) = gt—g-t
eu(=1) P a=0 " tyet arcsech(z) = In( (1[sqrt](1-22) )/z
o %ﬁ (jo)' X (@) cosh(t) = — (2) =Inf (1sqrt](1-22) )/z)
pa ; 0 1 2
a* + o a= ' - = _
reoutt) 1 0 / swdu X (“’) XD | 2 xOb@) sech(t) = ookt = stret  arccoth(z) =1/21n( (z+1)/(z-1) )
—_— a> - ; t_g-t
@t ’:”)z = tanh(t) = M: sr e_t Relations to Trigonometric Functions
Pe=u(r) (@ +';;u)~+‘| a=0 x(® X(w) cosh(c) et+e sinh(z) = -j sin(iz)
5() 1 ! (ot ty e
1 m8) rect(;) tsmc( 5 ) coth(t) = tanh(t) Zf-z-f csch(z) =i csc(iz)
oot 2n8(w — ev) ¥
e + sine (Wn) rect (zw) cosh(z) = cos(iz)
cos wyt 7[8(w = ax) + 8w + an)] (x) T c,(wr)
. —§w - Al - = sinc® |~ .
sin awyt jrr[ﬁ(w+rl»o) (& = ax)] 13 2 4 cosh2(t) - sinh2(t) = sech(z) = sec(iz)
u(t) )m(w)+]_w lﬁm (!V_’) A(_“.’_)
want 2 2: 2 iw tanh(z) = - tan(iz)
2 7o 3 - w3 b o= 27 tanh2(t) + sech2(t) =
cos at u(t) %{A(w—wu) +8(w + )] + wéj—ww’ Pl — T coth(z) = cot(iz)
. w  ern ofIre-oen coth2(t) - csch2(t) =
sin ayt u(r) 2—jl§(w—wo)-n!(w+wo)]+ws_w,
e sin wot u(t) P 0 R F = [e—alrl] — © eto—iwtodt + we—are—jwtpdt — 2—a
@+jmi+a; 970  Amplitude spectrum: [X(w)]| vs nwy . A 2t
€™ cos axt u(t) atjo a>0

(a+ jw)? +of



