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Basic Signals
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Basic Signals
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Basic Signals
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Basic Signals
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Periodic Signals
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Periodic Signals

repr {2a rect (2t/T)} -
a
o0 o0 1 | | 7 1 oo
-T -T/4 0 T/4 T 2T t
J _al L

repr{2a A 2t/T)} -

NN AN S
VARVILVARVER

repr{a saw (t/T)}

e e
N i i e

Copyright © Prof. Mohammed Hawa Electrical Engineering Department, University of Jordan

Periodic Signals
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Exponential / Trigonometric/Compact
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First-Null Bandwidth
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Single-Sided ys. Double-Sided
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Fourier Transform

X(w) = F{z(t)} = / a(t)e <t dt
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Fourier Series vs. Tranform
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Periodic ys. Aperiodic
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ax(t) X(w) = F{a(t)}
a cos (wot) mad (W — w,) + 7mad (w + w,)
asin (wot) —jmad (w — w,) + jrad (w + w,)
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sinc(t) = 207 rect ()
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repy { A rect (£) } > oo o 2 sine (P57 & (w — nwo)
repr {A A (L)} e e '_’,T"‘l—"sim'z et ) 0 (w — nwo)
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Fourier Transform Properties

[ Property a(t) X(w) =ZF {x(t)} ”
Linearity (superposition) ax(t) + by(t) aX(w) + Y (w) \
Complex conjugate z*(t) X*(-w)
- TevanlL) Xeven(w), real
Symmetry Todd(t) Xoda(w), imaginary
Duality X(t) 2rr(—w)
Time scaling (reciprocal spreading) T ({) |7] X(rw)
Time inversion (time reversal) x(—t) X(—w)
Time shift (time delay/advance) x(t £ to) X (w)eTi«to
Frequency shift x(t)eFiwot X (w Fwo)

x (t) cos (wot) =

Modulation #(t) (et 4 ¢=sant) %\ (w—wo) + %\ (w + wo)
Time differentiation %.r(!) (Jw)™ X(w)
Time integration th z(7)dr % + 7X(0) 6(w)
Time convolution x(t) ® y(t) X(w)Y(w)
Frequency convolution x(t)y(t) % (X(w)®Y(w))
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Practice Problems
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Practice Problems
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DC vys. Ayerage Power
The DC value or average value of the signal x(t) is:
T/2
DC = x(t) = lim = x(t)dt
T—oo T/2
DC = x(t) = ay
The average power in the signal x(t) is:
T/2
x2(t) = 11m |x(t)|%dt
-T2
1 (o0}
— 52 g
P, =x?(t) = 5 f S, (w)dw
TJ_o
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DC

vs. Ayerage Power
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Orthogonality
4 cos(100t) + 2 cos(300t)
5cos(100t) + 3 cos(600t — 30°)
5cos(100t) + 7 sin(400t)
2 cos(100t) + 3 cos(100t — 40°)
2 cos(100t) + 3 sin(100t)
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Orthogonality
2 cos(100t) + 3 cos(100t)
4 cos(100t) + 7
3 cos(100t) + 2 cos(400t) + 6
repr{24 rect(2t/T)} — A/2

repr{2A rect(2t/T)} — A
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DC from F requency Domain
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Power Spectral Density

PSD = 5, (w) = lim = X (@)I? = F{Ry, (0}
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Quick Reyiew of Filters
* There are four main filter types that
you studied in signal analysis:
—LPF: Low-Pass Filter
—BPF: Band-Pass Filter
—HPF: High-Pass Filter
—BSF: Band-Stop Filter / Notch Filter.
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Low-Pass Filter (LPF)

* Symbol:

vi(t) —»

LPE

> Uo(f)

vi(t) —» % > Volt)

o) —l _\ L, 0o(h)
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Frequency Response Function
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Characteristics /Specifications

+ Always centered at 0 rad/s.

* Bandwidth =
Cutoff frequency =
Corner frequency =

-3 dB frequency = vi(t) — LPE | vo(b)
w; rad/s

w/ Bandwidth = 5 kHz

e = k. & Gain =2
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Example Circuit

R
+ — W o +

vi(?) C=—= f)

-0 0 -

Bipr = Hz
Gain =1
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Band-Pass Filter (BPF)

* Symbol:

vi(t) —| BPE

> Uo(f)

vi(t) —»

«“

> Uo(t)

vi(t) —» /_\

> To(t)
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Frequency Response Function

Vo(w)

1O =7 @)

| H(w) |
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Characteristics /Specifications

* Centered around center frequency o, rad/s.
» Bandwidth of filter = ®,- o, rad/s
* Gain=k.

vi(t) — BPF > vo(t)

w/ Bandwidth = 80 kHz
Center Frequency = 100 MHz
& Gain =1

Copyright © Prof. Mohammed Hawa Electrical Engineering Department, University of Jordan

33

Example Circuit

+ NN +
vi(t) C== L vt

1
fe = fres = 5z H?

R
Bppr = Af = —Hz

Gain =1
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