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Jal ’;‘&%ﬁd)?ﬂ&ﬁ’ﬂ *”Fﬁ(Efﬁcient use of frequency bands)
5D 7?'2&%” L= "C(Frequency allocation)

ARZEICERTAERMFERETHET, BIRBONENLGFAZR S,

Usage of frequency bands are regulated for efficient frequency use.

i'~=Z3. 1: I@Jﬁ ,&’5&0)%“ U % 'C(Table 3.1: Part of frequency allocation)

Fﬁﬁ(Usage) Jﬁf&ﬁﬁ(ﬁequency bands)

E5HAZENEE(5G6) Sub 6: 3.6~4.1 GHz. 4.5~4.6 GHz.
21)3f: 27.0~28.2 GHz. 29.1~29.5 GHz

Wi-Fi 6 (IEEE 802.11.ax) 2.4~2.5 GHz,5.1~5.7 GHz

?ﬂ&ﬂ"]@*”ﬁﬁ [ |-E.| H"C(Toward efficient frequency use)
T— ) THRBUE DT HEHRERTE, BERRRBOEREOAFATES,

Interference management based on the Fourier series allows us to use only integer multiples of
a fundamental frequency.

FY ZTon=FRBFZEZZRRICFALLY,
Use the allocated frequency bands most efficiently.
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@%7— U Iff‘&%{(Complex Fourier series)
{ejz"”t”}::_oo'i~ XE[-T/2,T/2] LD ZFqiE 57 EA%g D Z=E ]
[CX T HEREREREBTH S,

{efz"”t/T}ZO:_oo are orthogonal basis functions for the space of square-integrable functions g
on the interval [-T/2,T/2].

= . 1 (T/2 .
g(t) — Z Cke]2knt/T, Cr = _J g(t)e_ﬂknt/Tdt.
r ~T/2

k=—o0

SEEA(Proon  ERI—IVIHRBIET ) IHRBAEFMETHAHLEETRT

The complex Fourier series is equivalent to the real Fourier series.

7 —1) THkE(Real Fourier series)

ag - 2kmt - [ 2kmt
g(t)=7+kz;L Ay COS | — + by, sin T ,

2 (/2 2kt 2 fT/Z <2knt>
= — b, = — t) sin dt .
ap TJ—T/zg(t) cos( - >dt, k=7 _T/Zg( ) T
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@%7— ) Iff‘&’!ﬂo) —’EF HZ'l (Derivation of the complex Fourier series)
cr = (a — jby)/2EHK, (Lete, = (@ - jb)/2.)

1 (T/2 2kmt 2kt 1 (T/2 .
Cp = —j g(t) {cos — j sin dx = —j g(t)e J2kmt/T gt
T'J 7 r r T )7

EIT—)ITHEEZcos 0 = (e/? + e79)/2&sin6 = (e/? — e 19)/(j2)EKRAT B,

Substitute cos 6 = (e/f + e—fe)/z and sin 6 = (e/% — e7/9)/(j2) into the real Fourier series.

e]ant/T +e —j2kmt/T ej2k7'ct/T _ e—jZcht/T
9 == Z ( + by )
2

2 j2

=_0 z — Jby pJ2kmt/T 4 Z . +]b k pJ2kmt/T
2
k=1 k=1

— 2kt /T — — _
= z Ckej / . bO = O, a_yr = ag, b—k = _bk'

k=—o0
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7—1) 75 #A (Fourier transform)

R X ] (—oo, 00) LD IR AIIE 2 B R g I=® L T,

For any absolutely integrable function g on the infinite interval (—oo, ),

(00]

6(H = | e, go) = | Gprermiar.

— 00

EEE Ell‘] fd:ﬁtlj (Intuitive derivation)
BERIIIBBMIBNTS = k/TESE . BRT - 0Z 5,

Let f = k/T in the complex Fourier series and take the limit T — oo.

T/2 |
Tcy, = j g(®)e 7?mItdt — G(f).
~T/2

1 < . e .
9O =5 Y. Tee ™/ o [ G(pemtar.

k=—o0

v )= 57 D E ZE LY (Due to the definition of the Riemann integral.)
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7—1) I%*@@%”*(Meaning of the Fourier transform)

BE R T—") THEZEL (Complex Fourier series)

oo

g(t)= Z Ckej2knt/T

k=—oo

Ik [l&E gOICBFENDERES = k/TOEERTDEEZRT

|ci | represents the magnitude of the signal component at frequency f = k/T included in g(t).

gOMERRE LORBEBDIGE . BUKEA (FEERH,

The frequency components are discrete when g(t) is a function on a finite interval.

iﬁj_ )T %?ﬁ(lnverse Fourier transform)

(0.0]

90 = [ (e ar
IG(OE. gOICEFTFNIRE BB DIEBTRATDEREZTRT

|G (f)| represents the magnitude of the signal component at frequency f included in g(t).

gOMERRE LORBRBDIGE . BIKEAS FEHH,

The frequency components are continuous when g(t) is a function on an infinite interval.
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1% F%E] ’;ﬂk%cj' F?IEE] %‘fﬂ(Even and odd functions)

1%&51%1(&% function)
KRyl Reim=-9&£Z. BEAKEEE NS,

A real function g is called an even function if the following is satisfied:

g(—x) = g(x)

IR0 '|":'|:|_E(Property of even functions)

a a

j_c;g(x)dx _ foag(x)dx+j_(;g(x)dx =f0 g(x)dx+j() g(—xdx’

=2 gGdr. g0 = )
0

37 B8 %8 (0dd function)

ERE#gIL. Reimf-v L&, FEMETEEIND,

A real function g is called an odd function if the following is satisfied: g(_x) -9 (x)
27 B 2D 14 B (Property of odd functions)
a a a a a
j g(x)dx = j g(x)dx + J g(—x")dx' = f g(x)dx — j g(xNdx' = 0.
—a 0 0 0 0
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)— '} I %?ﬁd) E‘fﬁ(Computation of the Fourier transform)
3.1 (Example 3.1) LI TFOEMH(FDFET—) TEBh(OZHEE &L,

Compute the inverse Fourier transform h(t) of the following function H(f):
_V1/w for|f| < W/2,
H(f) = .
0  otherwise.
RS W2

Answer  h(t) = J H(f)ejznftdf — Wf eJZTCftdf
—® -w/2

_ L J e cos(2ft) df + - f " sin(2ft) df = — f W/zcos(ant) df
W w2 Wl w o |

FEDESNDEH T, cos(—0) = cosO&sin(—0) = —sin & {Fo1=,

In the derivation of the red equality, we have used cos(—6) = cos 8 and sin(—8) = —sin 6.

="
h(0) = — df = 1 = sinc(0).
Wi

t+0DHE. sin(2mft) w2 _ sin(zWt)

Fort +0, h(t) = [ Wt Wt
0

= sinc(Wt).
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SinCF;E] %ff{(sinc function)

B ] pE 12k R IR _ sin(rt) _

Time-domain representation smc(t) - mt SlnC(O) =1

:él: Nasgd 'L\E El I o . <
ENE6 iﬁ?ﬁ 3 | j sinc(t)e—/27tdt = {1 for |f| < 1/2,
Frequency-domain representation o 0 otherwise.

TAFAREN  FEOBHnIIHLT,

Nyquist criterion For any integer n,
: 1 forn=0,
sinc(n) =
0 forn # 0.
FEFLYsinc(0) = 1. n = 0[ZxL T, sinc(n) = sin(n)
We have sinc(0) = 1 due to the definition. For n # 0, mn
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sinc(x) M B

0.75

0.5

sinc(t)

0.25

-0.25
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7—') I%*ﬁ@'l‘ig(ﬁoperties of the Fourier transform)

%Fﬁ*ﬂ@j—u Iak:]@ The Fourier transform of real functions)

For a real function g(t), 0

FEEDRERES = 0T H5T7—)ITEHG(S) IX. BEfEEIZE TS
EIEFTgO)ICETHIEFERET=ZA TS,

The Fourier transform G (f) for non-negative f > 0 contains all information on the original real
signal g(t) in time domain.

G(f) #G(—f)
NR—ZNUREEF—RICEREHTH S,

Baseband signals are complex functions in general.

oo

5I§(Remark)

g(t) is a complex function

FIEE# D TR go(O)DIT—IIEHREG(ET B g(b) = go(t)e!?™ et
Frequency shift 7_UI%@G(]C)U:D/L-F§/ET:TO

Let G,(f) denote the Fourier transform of g,(t). The Fourier transform G (f) of
g(t) = go(t)e/?™et satisfies

G(f) = foog(t)e‘fz”ftdt = foogo(t) e /2t gt = Gy (f — f).

— 00
TOYOHASHI

UNIVERSITY OF TECHNOLOGY

G(f) = j wﬁeﬂ”f fdt = f g(©e/*tdt = G(—f).
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Eﬂﬁﬂy(Convolution)
7 —1) TZ A (Fourier transform)

G(f) = j gDe 2 s, g(t) = j

oo

G(f)el2™tdf .

Eﬂﬁﬁ(Convolution)
“ODBEBx®)Ey®)ITH LT, UL TDEEZEAHAAHEMES,

For two functions x(t) and y(t), the following operation is called convolution.
(0 0)
GrN© = | x@ye-Ddr.
— 00

E‘.ﬂﬁﬂ@j—u I%?@(Fourier transform of the convolution)

BHAH2Z(E) = (x * y)(ODT—YTERZ(HIE. () Ey(OFNTE
NDT—) TEEX(FEY () DIEIZZLLY,

The Fourier transform Z(f) of the convolution z(t) = (x * y)(t) is the product of the Fourier
transforms X(f) and Y (f) of x(t) and y(t), respectively.

Z(f) = X(HHY ().
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z1F BH (Proof)
J—)IEWMI(HZEHAEL. ERHDIEFZANEZ D,

Evaluate the Fourier transform Z(f) and switch the order of integration in the double integral.

Z(f) = joo {foox(r)y(t — T)dr}e_jznftdt

— 00

= j_oo x(7) {f_ooy(t — T)e‘jz’rftdt} dr.

tICBE T AN T ot =t — t&EEHMTHT S,

Use the change of variables t" = t — 7 in the integration with respect to t.

Jooy(t — 1)e /2 tdt = jooy(t’)e‘jznf(t’”)dt' = e J2TTY ().
L7=A">T. (Thus,)
20 = | x@e () dr = XV .
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N B .
};ii’E'(Exerc;lses)

UTOBEEBgDT7—)IEHRGC(HEXRD K,

Evaluate the Fourier transform G (f) of the following function g(t):

gt) =el"
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