T-61.140 Formulae

x(t) refers to continuous-time signal and z[n| discrete-time sequence. For sig-
nals and systems in general, y is output, h is impulse response of the system
and z input.

d(t) and 0[n] are unit impulse functions.

u(t) and u[n] are unit step functions.

s(t) and s[n] are step response functions.

Rise time is the period when step response increases from 10% up to 90% of
its maximum value.

Fourier series: wy is fundamental (basic) angular frequency, f, fundamental
frequency, T and N lengths of period. For continuous wy = 27 fy = 27/T,
T = +, and for discrete (N € Z) wy = 2nfy = 21/N, N = +.
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Complex numbers, Euler, geometric series, basic functions:
z = z+jy=re’

e = cos(f) + j sin(h)

cos(0) = 1, cos(m/4) = 1/3/2 ~ 0.71, cos(n/2) = 0, cos(w) = —1
sin(0) = 0, sin(r/4) = 1/v/2 ~ 0.71, sin(7/2) = 1, sin(7) = 0

1 1, t>0 i
S = g <1 u(t) = =/ 5(r)dr
o l-a 0, <0 o
N-1
1—a" 1, n=0
a" = a Jal <1 d[n] =
— 1—a 0, n#0
1, n>0
uln] =
0, n<O0

s(t) = u(t)*ht) = / h(r) dr
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sln] = wuln]*hln]= > h[k]

k=—00

Computation of Dirac delta function:
/ (= o) 2 (1) dt = 3(ty)

1



Convolution:

y(t) = a(t)+h(t) = h(t) + o(t) = / :O et — 7)dr
y[n] = z[n]*h[n] = h[n] * z[n] = Z hlk]z[n — k

FOURIER SERIES

Fourier series of continuous-time periodic signal:

+o0 ]
= Z ag e]kwot where ap = — / .T(t) e—]kwgtdt
T T

k=—00

Properties of continuous-time Fourier-series:
Here z(t) and y(t) are periodic with period T', and ay and by, are corresponding
Fourier series coeflicients.

e linearity Az (t) + By(t) <> Aay + Bby
e time shifting z(t — ty) <> aje Fwoto
e frequency shifting e/™“ox(t) <+ ap_
Fourier series of discrete-time periodic signal:
= ;V ay, e’kwon where a; = %ng(;\])x[n] g~ Jkwon

Properties of discrete-time Fourier-series:
Here z[n| and y[n| are periodic with period N, and a;, and b, are correspond-
ing Fourier series coefficients with period N.

e linearity Ax[n| + By[n| > Aay + Bby
e time shifting z[n — ng] > ape k@7 /NIno

e frequency shifting e/ C*/N"z[n] < a_as



CONT. FOURIER TRANSFORM (CTFT)

Fourier transform of continuous-time aperiodic signal:

FHX(jw)} ==2(t) = % OoX(jw) 7t duw

—00
“+oo

Flz(t)} = X(jw) = / z(t) e It

—0o0

Properties of oontinuous-time Fourier transform:
Here z(t) +» X (jw) and y(t) < Y (jw).

e linearity ax(t) + by(t) <> aX(jw) + bY (jw)

time shifting z(t — ty) > e 7“0 X (jw)

frequency shifting e/0'z(t) <+ X (j(w — wy))

convolution z(t) * y(t) <> X (jw) - Y (jw)
o multiplication z(t) - y(t) ++ o= [ 727 X (j0)Y (j(w — 0))d0

e derivation in time £ z(t) <> jwX (jw)

Transform pairs of oontinuous-time Fourier transform:
Here signal <» F-transform.

e i(t) &1
° 5(t — t()) e Iwho

o e y(t) < 2

a+jw
l’(t) _ L, |t‘ <T o 2sin(wTy)
0, [t| >Ty “

L, lw<W

sin(Wt) . _
o —  X(jw) =
mt (je) {0, lw| > W



DISCR.TIME FOURIER TRANSFORM (DTFT)

Discrete-time Fourier-transform of aperiodic signal

FHX ()} = afn] = % /2 X (1) ey

F{z[n]} = X () = Z z[n] e 9vn

n=-—oo

Properties of Discrete-time Fourier-transform:
Here z[n] ++ X(e/“) and y[n] < Y(e’¥), and X (e’*) and Y (e¥) are 27-
periodic.

e linearity az[n] + by[n] +» aX (') + bY (')

time shift z[n — ng| +» e 7“0 X (e/%)
e frequency shift e/“°"z[n] <+ X (e@=0))
convolution z[n] x y[n] +» X (e¥) - Y (e/¥)

multiplication z[n] - y[n] <+ 5= [, X (e?)Y (e?~9)dd

e difference in time x[n] — z[n — 1] +> (1 — e¥) X (e/¥)

Discrete-time Fourier-transform pairs:
Here’s signal <+ F-transform.

o Dk ke 0 2m TE L akd(w — (2m/N)k)

l=—00

ummmewz“>@w—%—%www+%—%®

o sin(wen) < (m/7) S5 (5(w —wy — 27ml) — §(w + wp — 27Tl))

|=—
e j[n] <1
o 0[n — ng| <> e7Iwmo

o a"uln] <> ——=

T-ae v
o z[n] = 1, |n| <Ny sin(w(N1 +0.5))
0, |7’L| > N, sin(0.5w)

i . 1, 0 <L
o SWR) Wsine(X2),0 < W <7 4> X(eB) =47 ~ wl <W
m i T 0, W< |w|<m



