Formula Sheet EE224 Final

Frequency and Period
wo=2rf=2xIT;f =1IT
Time Delay/Phase Shift

=t ___ b
@, 2 f,
¢=-awt

Laws of Exponents:

ehely — lilx+y). (ejx)y :ejxy-i

_a i
’ejx _e
Polar to Rectangular
X=rcosd;y=rsind

Rectangular to Polar

r=yx’+y*;6=tan*(y/x)
Phasor Addition Rule
A series of sinusoids with the same frequency

can be added up using complex amplitude and
phasors:

N
=" A cos(apt+4,)

k=1

= Acos( ot +¢)
- N .

Ae]¢ — Z A(emﬁ(

k=1
Values of complex exponentials:
el =el?™ =1 ks integer
ej(19+27rk) _ eJH
ejﬂ'/Z J ej/r/Z J ej/z' _ 1 e jz

:(re”’) = (cosg+ jsing)"
=COSNg+ jsinNg
Values of Sines and Cosines:
sin(t9+%):cos(e);sin(e)zcos(e—%j

cos(—6)=cos(8);sin(-0) =—sin(8)
(6+27k)=cos(8);k is integer

sin(7k

cos
)=0;k is integer
k

cos(2zk) =1k is integer

Popular values

Deg. | Rad. | Cos | sin | Tan=sin/cos
0 0 1 0 0

30 (w6 | ¥ |\ K| A

45 |\ nld | Vo | Vo |1

60 |n/3 | % |3 |3

90 /2 |0 1 undefined

Basic Trigonometric Identities
cos?(6)+sin*(6)=1

cos(26) =cos®(8)—sin’(0)
sin(26) =2cos(6)sin(0)

sin(a+ ) =sinacos S+ cosasin B
(

cos(a + B)=cosacos BFsinasin B

Euler’s Formula

&%) = cos(wyt + )+ jsin (gt +6)
e %) = cos(wyt + ) - jsin(ayt+0)
Inverse Euler’s Formula

Ccos ((e)ot + 9) = %(e i(wpt+6) te j(opt+6) )

1 (/) e

2]

Complex Numbers

=X+ jy1 = rlem; Z, =X+ ij = rzem2

,+1, :(X1+X2)+ j(y1+y2)
Z,=(x=%)+ (¥, Y,)

87, = (XlXZ - y1y2)+ j(X1y2 + Xzyl)
_prelare)

sin(a,t+6) =

*

Z :)(1_1-3/1:r19_j¢l
-1 _ X1_jY1

VX Yy

Z = rl_lle_ I
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Continuous Fourier Series

1%
8, == | x(t)dt
TO 0

1" -
a, :—J'x(t)e"“’O"tdt
TO 0
Discrete-Time Fourier Series

1 & -
a, =1 2 x[K]e ™

0 k=0

Simple Integrals
J'eatdt _ leat
a

eat
[tedt == (at-1)
a
Procedure for Finding Multiple Roots of
N =c:
1. Write zV =r"eV?
2. Write ¢ as |c|e’e’*™; k is integer
3. Equate and solve for magnitude and angle
separately: re™’ =|c|e/’e!*™
4. Magnitude: r = |c|1/N
5. Angle: Ng=0+27k = ¢ =+(0+27k)
Magnitudes are the same, angles are equally
spaced around circle, every 2rt/N radians

Digital Frequency
2r f

fS
ag + 27l;—ag + 271 ; | is an integer
Reconstruction, D to C converter

y(O)= Y ylnlp(t-nTy)

n=—co

=

Discrete-time signals
Delta function

S5 g

nz0
Unit step
1 n>0
u[n]:
0 n<O0

Linearity: Scaling and superposition hold
Time-invariance: response doesn’t change with
time
Discrete-time Convolution
o0
y[n]= 3 h[kpn-K]-
k=—o0

Delta function properties:
h[n]*S[n]=h[n]  h[n]*S[n—-ng]=h[n—ng]

0

> x[k]h[n-kK]

k=—00

Frequency Response (DTFT)

H(el)= 3 h[ko
k=—00

Properties of DTFT

1. Digital spectra repeat every 2n
2. Conjugate symmetry H (e‘j“’) =H" (ej“’)

e A R

Cascaded LTI Systems

Time: h[n]=h [n]*hy [n]

Frequency: H (ejé’k ) = Hl(ej‘?’k ) H, (ej‘?’k)
LTI Sinusoidal System Response

If x[n]:Aej¢ej“3” —0 <N <

v il zH(ei® A
System Function for Running Average:
= ok _ sin(@L/2) —jo(L-1)/2

. L
i) _1
H(e ) Lgbe sin(@/2)
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Fourier Transform Pairs

Time-domain, x(t) to Frequency-Domain: X(jo)

FT 1
eu(t)(Rea>0) YRS _
a+ jo
e"u(~t) (Reb > 0) S Lt
b-jo
—alf] R 0 FT 2a
e (Rea>0) < .
FT 1
te™u(t)(Rea>0) VRN —
(a+ jo)
FT sin(aT /2)
[u(t+3T)-u(t-4T)] o iz
sin(m,t FT
shliat] [u(0+a)-u(0-a,)]
FT
5(t) < 1
FT .
s(t—ty) © e
t FT 5 1
u(t) < T (a))+J—w
FT
1 < 276 (@)
e S 275 (0 — o, )
Acos(ayt +0) & TA[e"5(0-a,)+e 5 (0+a,)]
cos (ayt) (F—T> ﬂ[é‘(a)—a)o)Jré‘(a)Jra)o)}
sin(apt) Z) jﬁ[—5(a)—a)o)+5(a)+a)o)}
i a e’ Z) i 2ra 6 (w—ka,)
k=—o0 k=—o0
S 5(t-nT) S ZT—”ics(m—z—”k)
N=-00 k=—o0
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Fourier Transform Properties

Property Time-domain, x(t) to Frequency-Domain: X(jo)
Name
Linearity ax(t)+by(t) <  aX(jo)+bY (jo)
Conjugation e (t) Z) X (—ja))
Time-reversal x(—t) g X (—ja))
Scaling x(at) Z) ﬁx(jwla)
Delay X(t—t,) S e (jo)
Modulation x(t)ei Z) X (j(a)_a)o))
FT
X(t)cos(ayt) < %[X(j(a)—a)o))+X(j(a)+a)o))]
Differentiation | g FT . .
in time Wx(t) A (Ja’)k X(jo)
Differentiation . FT d .
in Frequency - ix(t) < %X (o)
convolution 1 1y (1Yn(t-r)dr & X (j@)H (i)
Multiplication x(t) p(t) Z} Zix (j©)*P(jo)
T
Duality X ( it) z) 2% (~)
Parseval’s © 2 FT 1 = ENY:
Theorem Lo‘x(t)‘ at < ﬂj—w‘x (Jw)‘ do
Symmetry x(t) real S X (jo)=X(-jo)

x(t)imag o X'(jo)=-X(-jo)




