Appendix A. Discrete Fourier Transform (DFT)

used for: finite-length signals, x[n]e CV
analysis formula: X[k]= Z x[n]e‘jzﬁﬂ”k, k=0,...,N—1
1 27
synthesis formula: x[n]l=—= ZX[k]efW”k, n=0,...,.N—1
N =
DFT

time and frequency reversal: x[—n mod N]+«— X[—k mod N |
x*[n] FuikN X*[—k mod N]
circular shifts: x[(n—ny) mod N | BN e‘f%”OkX[k]

ei% 0 x[n] &5 X[(k— ky) mod N]

2

—1

energy conservation: |x[n])* = Z |X[k])?
n=0
Appendix B. Notable DFT Pairs (n,k=0,1,...,N—1)
x[n]=6[n—L] X[k]=e I FLk
x[n]=1 X[k]=Nol[k]
x[n]=ei¥Ln X[kl=Né6[k—L]

x[n]=cos(ZLn+¢) X[k]=(N/2)e/?5[k—L]+e/?5[k—N +L]]

x[n]=sin(%FLn+¢) X[kl=(—jN/2)e/?5[k—L]—e /?5[k—N +L]]
)1 n<M _ sin((m/N)Mk) _ =y
x[n]_{o M<n<n ~HI= sin((7/N)k) ]




Appendix C. Discrete-Time Fourier Transform (DTFT)

used for:

analysis formula:

synthesis formula:

symmetries:

shifts:

convolution:

modulation:

differentiation:

Parseval’s Relation:

finite-energy, infinite-length signals (x[n] € {,(Z))

oo

X(w)= Z x[nle /"

n=—oo

x[n]= %J‘ X(w)e’®"dw

—T

x[-n] 25 X (—w)

xn] e X (—w)
TFT

x[n—ny) I emiom X ()

. DTFT
el x[n]— X(w—w,)

(x#y)[n] = X(0)Y (o)

DTFT | r=

x[nly[n]e— 5- X(0)Y(w—0)do

—TT

DTFT .
nx[n]— jLX(w)

oo 1 v
D Ixlnl= ﬁf IX(w)Pdw




Appendix D. Notable DTFT Pairs:

x[n]=06[n—k]

x[n]=1

x[n]= ul[n]

x[n]=a"u[n] |a|<1
x[n]=e/®n

x[n]=cos(wyn+ @)

x[n]=sin(wyn+ ¢)

1 0<n<M
x[n]= .
0 otherwise

x[n]= %= sinc(%n)

sinmtx

where sinc(x) = >

X(w)=e i@k

where 6(w)=271Y oo 6(w—27k)

1.
X(w)= -
(@)= +55(®)
1
X(w)= l—ae-iv

X(w)=(1/2)[e/?6(w—wy)+ e 7?6(w+ w,)]

X(w)=(—j/2)e/?b(w—wy)— e 7?5(w + w)]

_sin((M /2)w) TS
Xlw)= sin(w/2) e’

X(w)= rect(%) for-t<w<mn

1 |wl<j

and rect(w) = )
0 otherwise




Appendix E. Continuous-Time Fourier Transform (CTFT)

used for:

analysis formula:

synthesis formula:

scaling:

symmetries:

shifts:

convolution:

modulation:

Parseval’s Relation:

finite-energy, infinite-length signals (x(t) € L,(R))
X(f)= f x(t)e ™ tdy

x(t)=f X(feItaf

oo

x(at) 25 Lx (L)

lal

el2mht x(1) < X (f — f;)

CTFT

(xx y)(t) — X(FIY(f)

x(0)y (1) €5 (X x Y)(f)

f |x(¢)Pdt =J IX(FIPdf

(o) o0




Appendix F. Notable CTFT Pairs:

x(t)=6(t) X(f)=1
x()=06(t—1,) X(f)=e 2r/h
x(t)=1 X(f)=0o(f)
x(t)=eJ2mh! X(w)=6(f—f,)

x(t)=cos(27 fyt) X(f)=3(6(f—f)+(f+ 1)
x(t)=sin(27 fy1) X(f)=5;(8(f = f)—8(f + o))

x(t)=e " u(t) X(f)= arizer

where Re(a)>0

x(t)=rect(t) X(f)=sinc(f)
x(t)=sinc(t) X(f)=rect(f)

j 1 |x|<3
where sinc(x)= "= andrect(x)= X<z .
0 otherwise




Appendix

G. z-Transform

formula:

linearity:

scaling:

symmetries:

shift:

oo

X(z)= Z x[n]z™"

n=—oo

x[n] <%= X(z) with ROC R

x,[n]+ x,[n] == X, (z) + X, (z) with ROC at least R, N R,
z) x[n] <z X(zio) with ROC |zy|R

x[—n] > X(z~') with ROC R~

x*[n] —= X*(z*) with ROC R*

x[n—ng) < z " X (z)with ROC R

(except for the possible addition or deletion of the origin)

convolution: (x; * x,)[n] Z X,(2)X,(z) with ROC at least R, N R,

Appendix H. Notable z-Transform Pairs:

x[n]=06[n] X(z)=1withROC all z

x[n]=a"u[n] —— with ROC |z| > |a|

x[n]=—a"u[-n—1] —— with ROC |z|<|a]




