History of Starting with Signal Processing (SP) First
Classically (e.g. 1950s to 1990s),

Electrical Engineering started with circuits
Signal processing through circuits (historical start)

In the 1990s, Digital SP: 4% year or Grad course

Why not start with Signal Processing?

Signal Processing first,

then circuits enabled through SP
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Jim McClellan

And others at GT, those who founded DSP
and some good friends at Rice, Rose-Hulman

Fall 1999 at GT: 3‘,‘.’:22'55;..9

First N

Full implementation
Requirement for
all ECE students

SP First (GT 1999)
Each week:

* Two large lecture sessions

 Faculty Led Recitation Session
» Weekly computer (MATLAB) exercises



Complex Numbers = Real + j Imaginary
——— o

) like a unicorn
j=v-1

Unicorn = divide by “j” —>

Cl — aq —|—jb1A: R1€j91

. (rectangular) . (polar)

a1 — Rl COS (91

bl = Rl sin 61

CQ — a9 —|—jb2 = R26j6’2

Complex Operations

Complex Addition: (rectangular)

C1 4+ Cy = (a1 + jb1) + (a2 + jb2) = a1 + az + j(by + b2)

Complex Multiplication: (polar)
Cl CQ — Rl 6‘791 RQ@JGQ — Rl RQ@J(QH_QQ)

One often converts between rectangular and polar forms



Euler’s Formula:

e’ = cosf + jsinf j=v-1

ejO _ ej27r — _6j7r —1
6j7T/2 _ _ej37r/2 — j
. . eje + e_je
el + 779 = 2cosh — cosh = 5
- - - . el — =99
el —e77% =2jsinh — sinf = ,
2]
70 L —joN 2 30 _ =3O\ 2 §0 4 o,—i0 39 _ o—i0
COS2(9) = (%) sin?(0) = (%) cos(f) sin(f) = <e +2€ ) (6 2],6 )
B ej29 ) €—j29 B _€j29 ) e—j29 _6j29 - e—j29
1+ cos(20) 1 —cos(20) _
= 5 = 5 = —sin(20)/2
PR AN j0 _ 0N\ 3
cos3(0) = (%) sin®(0) = <%)
J
— (6j39 + 3€j9 + 3€—j9 + e—j39> — % (ej30 . €—j39 o 3€j0 + 3€—j9)
1

(ej39 47730 1 3670 4 Se_je) =

(0]
<.

B~ W ool = oo =

1
cos(0) + 1 cos(30) =



Sinusoidal functions

y1(t) = A cos(2mft + 6;) — A, el (3r/t+01)
(Amde) ‘(p_lws—e‘)
f = frequency of the sinusoid (Hz)
T = 1/f = period of the sinusoid (s)

27 £ = radians of the sinusoid (rad)

Re {Alej(%fHel)} = Re{Ajcos(2mft+61)+ jsin(2nft+0,)} =
= Al COS(Qﬂ'ft + 91)

Ya(t) = A cos(2mft 4 05) — Aged(2m/t+02)

Summation (y,(t) + y,(t)): . {z”: Xk} S Re (3
(Same frequency) k—1 k=1
y1(t) + y2(t) = 5cos(200t + 7/3)
y1(t) +ya2(t) = Ay cos(2mft 4+ 61) + Ag cos(2m ft + 02) +5 5in(200¢ + 7 /6)
— Re {Alej(27rft—|—01) i A2€j(27rft+02)} — Re {5ej(200t—|—7r/3) n 5ej(200t+27r/3)}
= Re {(A1€j01 + A26j92) ejQWft} — Re {<5ej7r/3 1 5€j27r/3> €j200t}
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Ael’ = Alej b4 AQ@'] 2 _ Re{<5\/§ej7r/2> ej200t}

yi(t) +ya(t) = Re {Ae?’e?*™ | = Acos(2m ft + 0) — 5v/3 cos(200t + 7/2)



Linear Functions: {(x)

flax + by) = af(x) + bg(y)
f(ag(x) +bh(y)) = af (g(x)) +bf (9(y))

Example functions

Differentiation Integration
d
S ag@) +oh) = [ (agla) + bh(y)) dt =
d d
aﬁg(x)—l—bﬁh(y) a/g(x)dt—l—b/h(y)dt

Linear gain factor:

Flax) = af(@) = 4 (ag(a)) = a9(@), [ (aglo)dt = a [ glard

Linear (Time-Independent) Systems are characterized by sinusoids and exponentials

Single frequency input = Single frequency ouput

Linear

sin(wt) —> System

—> H sin(wt + 0)




