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To
Fla(t)} = cu = : / F(t)e T ag, (5.27)
To Jo
~ 1 To - —j2—7‘kt
)} = de = / y(tHe 1o dt. (5.28)
To Jo
~ ~ 1 To ~ - _jQka
F{az(t) + by()} = T {aZ(t) + by(t)}e "To " dt
0 Jo
1 —j 2% ki 1 [T —j2rk
= o | (t)e "To " dt + b?o/o Bt o at
= acy + bdy. (5.29)
=
az(t) + by(t) < aF{z(t)} + bF{y(t)} = ack + bdy. (5.30)
HEEL SR Python @l W= 415 o4 Al 14 7. 945417 Felol G4 (2) 3



21 A& F7] AT (1) o Fel] F4 A

e 35 AFE o2t okt
1 To _j2m gy
FLa(t— to)} = —/ Bt — to)e T Mt (5.31)
To Jo
AN 7=t —tgBF TR, t =7 + to, dt = dT O | B2 §] A2 o337 Zo| &

% 9l

1 To —i2E k(T +t0)
Fa(t— to)} = / a(r) e ) gy
0

To
1 [T mge

== B(r)e T I TG Mo gy (5.32)
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F{F ()} = — T (t)e IR g

To ox
(%/ i(t)e]%’“dt> (5.33)
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cp = ( (t)e ?To " dt
To Jo
1 [T j2x
== () To ™ dt
To Jo
T
_L [ #(t)e JTE R g
To Jo
= Cc_g
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Fla(-t)} = P(—t)e dt. (5.35)
To Jo
A7|NA 7= —t2 T, t = —7, dt = —dr 0| B2 §] AL t}o3} 7o) & 4
olct.
7 1 o — T k(=)
F{a(-t)} = Hr)e T (dr)
To /,
0 o
= [ #n)e B ar (5.36)
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ke F{az(t) + bx(t)} = ack + bdy
AzF A9 Fla(t— o)} = e 760,
=714
714 ]:{/ zZ(m)y(t — T)dT} = cpds
ZEFA <To>
a4 Fa()y(t)} = Z 11
l=—o0
_ t) 27
A5 0] ujm | _ o 2m
SEEEE {8 -
AlIZE A F{a(—t)} = c_x
IS R F{# ()} = " (—k)
A AT Cp = Cc—k
(R I = 2
np2go] e 7 | EOPd= 37 fal
0 k=—o00
Ao 949
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N—1 . 1 To .
XK =S in]e W ax = — i(t)e ' at,
(4] RZ:O [n] =7 ) (1)
k=0,1,--- ,N—1 k=0,4+1,+2. - +oo
o o]4t ol ¥ Felo g4 &4
N—1 oo
] = 5 > XIKeTF, W)=Y adht
k=0 k=—oc0
n=0,1,--- ,N—1
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2 F717F 10]2, AlH]& (duty cycle) ©] 0.591 @ ute] F]of F4=
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1| import numpy as np

2| import matplotlib.pyplot as plt

4| SMALL = 1.e-5

5/ dt =1 / 1000.

6/ t = np.arange(0, 1., dt)
7| TO = 1.

s| f0 = 1/TO

of wO = 2 * np.pi * 0

0] xt =1. *% (t < 0.5)
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24

25

26

sicfetaL sl

Nmax = 31 # Maxzimum number of harmonics

# Calculation of harmonics

a = np.zeros(2*Nmax+1) .astype('complex')
magResponse = np.zeros(2+Nmax+1) .astype('float')

phaseResponse = np.zeros(2*Nmax+1).astype('float')

krange = np.arange(-Nmax, Nmax+1)
for k in krange:
x1 = xt * np.exp(-1j * w0 * t * k)
alk-Nmax-1] = dt * fO * sum(x1)

# Synthesis
xN = np.zeros(len(t)).astype('complex')
for k in krange:
xN = xN + al[k-Nmax-1] * np.exp(1j*wO*k*t)
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23| magResponse = np.abs(a)

20| phaseResponse = np.angle(a)
30
31| phaseResponse = phaseResponse * (magResponse > SMALL)

32| phaseResponse = phaseResponse - np.pi \

33 * ( phaseResponse > np.pi/2)
Python
@g 34 haseResponse = phaseResponse + np.pi \
P p P p pP-P
35 * ( phaseResponse < -np.pi/2)

37| ax_org = plt.subplot(411)
3s| plt.plot(t,xt)

39| ax_org.set_ylim(-0.1, 1.1)
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41| ax_mag = plt.subplot(412)

42| ax_mag.stem(krange, magResponse)
43| ax_mag.set_xlim(-Nmax, Nmax)

44
45| ax_phase = plt.subplot(413)

46| ax_phase.stem(krange, phaseResponse)

47| ax_phase.set_xlim(-Nmax, Nmax)

Python

d% 18| ax_phase.set_yticks([-np.pi/2, 0, np.pi/2])
49| ax_phase.set_yticklabels(["$-\\frac{\pi}{2}$", \
50 "0", "$\\frac{\pi}{2}$"1)

51
52| plt.subplot(414)

53| plt.plot(t,xN.real)
54| plt.show()
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97°] Python AZHE FoIA 10 WA £ kgt o] 45
Nz A E BAT L E 5 ek,

=2 %t *x (t <= 0.5) + (2- 2*%t) * (£>0.5)

st B e Pythont @7 vl 415 o4 A 14 7. &A% Fejo]

o
B
S



Python A% AZtte] £4 9 94

© ooooom
LooNnbO®O

0.41 1
0.31 1
0.2F ]
o1r I T ]
- - [ ] [ ] - -
0.”0 =T 3 0 5 10
i ‘ : : ‘
Python
% Ob—o—o—6 6 6 6 6 o o o 6 6 66 6 6 6 o o oo

st B e Pythont @7 vl9-= A% o4 Al 14 7 A&AE Fol g4 (2)



A go] ThE %7] F40] Felo] 4 AL vl

FEut A Bo] Fol rol3 F717k 1y Q) FEk a(t) 7F [~ L, Lo) F1HA
che3t o] HAHT,

0, —R<t<-12
n(t) =41, -5<t<g - (5.37)
0, z<t<-%

22151 #(t) o] F2loll G4 Al a7F et Eo] FolRi
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(1) To=29 W, a, = 2

wk

-10-8 —6-4-20 2 4 6 8 10t
OEOEEEES

a Toax
1
0.5
0 k 3 210 1 2 3/
(b) a0 1ef, (¢) Toay ] L.

a9 5.3: To =29 W, &(t), a9 Toay, o] T T, f= - olrh
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o) sin *
(2) To=5< 1, ar = —
x(t
Ry o = SR
-10-8 -6-4-20 2 4 6 8 10t
(a) Z(t) 9] 1=
ag Toak
i
0.2
0 k -3 -2 -1 0 1 2

(b) ap 9] I, (c) Toap 2l 2=,

a9 5.4: To=5% ™, (t), ap et Toa o IHZ, &, f= Tokolth
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