OUTLINE

Wave

Sinusoidal signal review
Complex exponential signal
Complex amplitude (phasor)
What is Spectrum
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‘ 2 D wave

BOAT person can send message by making water wave.
LAND person can understand message by the movement of the float.
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Even with FOG

LAND person just observe ONLY the float.

2009/10/19 System Arch



Even with NOISE

If main signal is enough stronger than the interference (noise),

LAND person can observe the message.
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Typical wave “Sinusoids”

t: time

B A : amplitude
X(t) =4 COS(a)Ot T ¢) W, : radian frequency

®: phase-shift

SINUSOID: x(t) = cos(2*pi * t)
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Review of cosine and sine

L Sin@:Z y:rsiné’
| a
r /] . I
COSH:; X=rcosd
6
X
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Period T, of sinusoids

x(t+1T;) =x(¢)

Acos(w,(t+T,)+ @)= Acos(w,t + @)
cos(wyt + w, T, + @) = cos(w,t + @)

r =2~
w1y =27 :> W
2naf )T, =27 |

L=
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QUIZ — what 1s the equationr-

AMPLITUDE

Ll
al
=)
=
—
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Review of complex

Cartesian Form
o Complex z=(x, y)
0 X = Real partof z :

0y = Imaginary part of z :

DZ=X+]y
Polar Form
o Complex z=(r, 0)
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Cartesian Form and Polar Form

Imiz| Imiz|
y [T ® z=(X, Y) y [
r
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Transform

Polar to Cartesian

X=rcos@

y=rsinf
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Cartesian to Polar

rz\/x2+y2

¢ = arctan

Y

X
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Euler's law

jo

e’ =cosf+ jsinf

Sm{z}

______ r=1
ﬁ
Kﬂ ] ERB{Z}
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Complex exponential signal (Rotation Function)

r)\CJ(Z) — A/ (@ FP)

= Acos(wyt + @)+ jAsin(w,t + @)

Amplitude = A
O=wyt+®
®: phase-shift

W, : rotation speed

o + : counterclockwise
o - : clockwise
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\wo radian per second

A&J N fRe{Z}
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The complex exponential signal 1s another
representation of cosine signal

x(t) = fRe{Aej (@t +9) }: Acos(w,t + ¢)

Re means a Projection to X-axis
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Inverse Euler's law

0 —i0
e’ +e’
2

cosf =

rej(wof+¢) 4+ e—j(a)ot+¢) )

Acos(wyt+ @) = As

\

_X(0+X (@)

- Relx(1)}

X* is conjugate of X.
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Inverse Euler's law (2)

e/ e’
cosf =
2
. e/’ —e™/?
sin 6 = .
2]

Real signal is the combination of + and -
frequency complex exponential signal.

rej(a)ot+¢) + e—j(wof+¢) )

2

Acos(wyt + ¢) = AX
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Complex amplitude (Phasor)

x(£) = Relde’ ™) }= Acos(myt + @)
f)\CJ(l‘) — /(@) _ g,00  pion

X = Ae’?

X(t) = Xe!™

X is called as Complex Amplitude or Phasor.
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Complex amplitude (Phasor) -2-

. .a) t A I
| X — Ae]¢ e] 0 /1—_“\000 radian per second
_1 \‘\ III’ 1

Sm{z} T
Al *~. W, radian per second

X (1) = Xef'a’off
A : A= %e{z}
&J » X shows the t=0 position.
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Why Phasor 1s usetul?

If you want to add two waves....

x,(¢)=1.7cos(27(10)t + 70 /180)
x,(t) =1.9cos(27(10)¢t+ 2007z /180)

Make the complex exponential signal

x,(£) = Re[1.7e/ 707180 . 7270101

X, (t) — ERe[l .98]'2007;/180 .ejzﬂ-(lo)t]
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Why Phasor 1s usetul? (2)

Make the Phasor...

X, =177 =0.5814 + j1.597
X, =1.9¢7°%71% = —1.785— j0.6498

Add them...
X, =X,+4X,

= 0.5814+ j1.597 +(—1.785— j0.6498)
= —1.204+ j0.9476

_1 5328j141.797r/180
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Why Phasor 1s useful? (3)

Result

X, = 1.532¢ 141797150

X, (1) = Re[1.532¢7141 777180 /2700017
—1.532cos(27(10) +141.7977/180)
=1.532cos(27(10)(¢ +0.0394))
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2 difterent trequency composition

2 apart frequencies

YELLOW = RESUILTANT

EREEN = 2nd PHASOR 2 CI ose fre q uen Cl es
. Beat

: o B
. T B
. TN
. " o
. L
B T

.
-1
]

8
YELLOW = RESUILTAMT
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Sum of N cosine waves

N
x(t)=4, + Z A, cosQrf,t+¢,)
k=1
X, = Akej¢k
N .
x(t)=X, + Z%e{Xke]W"t}
k=1

N X . X .
:X() +Z< k equfkt + k e—J27?fkf .
o | 2 2

\ J

This is sum of 2N+1 different frequency signals.
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What 1s Spectrum

Spectrum is the set of phasors for each
frequencies.

1 1 . ] 1 .
{(XO’O)’(EXI’J‘I)’(EXI "ﬁ}(aXz%}(zXz»-ﬂ}"}

2009/10/19 System Arch 24



Spectrum plot

N
. X .
X(t):XO+Z<&e]2@{kt+—k€_]2de>
= 2 2
N=3
o X £ XO £ X, X
A 2o 2 7—3
2‘ i ‘ ‘ ‘ ; _ frequenc
> q y
f (Hz)

-f3 -f2 -f1 0 f1 f2 f3
The line length is proportional to |phasor].
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Example

x(¢)=10+14cos(200zt — 7/ 3)+8cos(500z + 7/ 2)

_ 10 + 7e—j7z/3ej27z(100)t + 7ej7r/3e—j272(100)t

_|_4ej7r/2ej27z(250)t _I_4e—j7z/2€—j27z(250)t

10

/3 —jr/3
Noi7!? Te'” Te ”* 4o/

‘ ‘ ‘ ‘ , frequency

-250 -100 0 100 250 f(Hz)
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HW1-1

2.30

2009/10/19

Waveform for Problem
40

amplitude

40 i .‘ i
—2

time in milliseconds

(a) The above figure shows a plot of a sinuscidal wave. From the plot, determine the values
of A, wg, and —7 < ¢ < 7 in the representation

z(t) = Acos(wot + ¢)
Where appropriate, be sure to indicate the units of the sinusoidal signal parameters.

(b) Determine a complex signal

2(t) = Zetwot
such that z(t) = Re{z(1)}.

System Arch
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HW1-2

It is possible to rewrite the sinusoidal signal z(t) = Acos(wst + ¢) in the form:
x(t) = Acos(wo(t — t1)) (1)
(a) Determine a formula that gives the relationship between ¢ and ¢;.

(b) When x(t) = sin(117t) determine the value of ¢; that would be needed in the representation
of equation (1).

(c) Prove that a peak of the cosine wave will always be at t = #;.

2.68
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HW1-3

A signal composed of sinusoids is given by the equation
z(t) = 20 cos(400mt — 7/4) + 5sin(800mt) — 6 cos(12007t)

(a) Sketch the spectrum of this signal indicating the complex size of each frequency component.
You do not have to make separate plots for real/imaginary parts or magnitude/phase. Just
indicate the complex phasor value at the appropriate frequency.

(b) Is z(t) periodic? If so, what is the period?

(c) Now consider a new signal y(t) = z(t) + 10 cos(600xt + 7/6). How is the spectrum changed?
Is y(t) still periodic? If so, what is the period?

(d) Finally, consider another new signal w(t) = #(t) + 10 cos(1800¢ + 7/6). How is the spectrum
changed? Is w(t) still periodic? If so, what is the period?

3.9
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HW submission

Submit your Home Work to Ikenoya-san
iIke@lsi.ie.u-ryukyu.ac.|p

Subject: SysArch09-HW1
Show your Student ID and Your Name
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