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1. b T—Y ke 7— iﬁ/\ o L From now on, we study a Fourier series
TR LT and a Fourier integral.

2. ¥, Zhn 77— :nf%f&%f%7~— i i%g;%\g; 2. We also study the basic concepts of
ﬁﬁb A [7—1) 1@%1%}% 12D /ﬁﬁﬁo) %4{%%&/& “Fourier analysis” using Fourier series
EEOET. and Fourier integral.

3. 77— 1@%1%}% Elg, %%ﬁig )L.ﬂﬁ {)E% ﬁ}% AN T 3 Fourier analysis is to study functions,
%}g}/\ bR G dividing them into frequency components.

4. bﬁb 7= b, ;f%fﬂ 0)%% ZoWNT %}ﬁ _RAHELx 4 When we investigate unknown signals, we
%iﬁgg/j Ehﬁ LAY % f&»% L, J%!Z/V%u L& try to recognize them with a familiar form.
2 & LET.

5. TTns %ﬁ%& VAS %f{é{%%i% sin ®®°cos x5 b Therefore, it is important to interpret a
5:1% ?fb%ﬂ% LATF Jﬁ{(%ﬁg%}éﬁ‘ N Y complicated numerical signal with
Zi_j)?tgf THhANEZRT LNT Jac E3 familiar sine and cosine functions

6. % %%Z — U 7, H}_E @Egj;j( I, i%%@];ﬁo) 6. The mathematician Fourier stated, “Any
DT E T LRTES, | LR TIET function can be expressed with a series of

trigonometric functions.”

7. g7 —Y Io)ﬁb‘fjﬁg & ui‘i?g;t“ﬂfl, vET. 7. This is called Fourier’s theorem.

%o)é %< @%ﬁ?%f_g ZkoT, 7—V=x 8. Since then, many mathematicians have

DELz ig&&,m =h, %ﬁ%}w) 7 — ) b o dk rigorously defined Fourier’s theory and it

& 732 U EL. became the basis of modern Fourier
analysis.

9. 77— I%%ZW gi%kmg’?; 5/; %%%L %ﬁi@ <lTh T 9. Fourier analysis is a greatly useful
-, 3&%@: %% ot - M o HDE g Hiz, tﬁ@ method when solving a linear differential
fﬁ;%%o jf%o)tgfﬁi VY %fl}ﬁ%ﬁg ﬂq WHIT equation and is also frequently used in
v \iﬁ— < &:E’%@%‘%T I, {E, éﬁ@tﬁéf; L fields such as physics and engineering. In
T %lj ﬁH ERnTVwET. the engineering field, it is especially used

in a signal processing.

10. BT 5%27;}1 Fof L L/*’Cﬂlﬂ‘: <X/ 57 10.  This is an essential analytic method in
VY % DT engineering field.

*—7—F

AnIES 2 S R TR A eSSV 1 oF-
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X7 (77— e
[Z7—VJ x| X Fourler 75: AA
SO, B0 £ AARECEE R SHh, ﬁ&ﬁffi%iﬁo_m
Z o LREERRECRAD LD LB DT, HEM

«—[L

=

S

=2
|G
=

e
%mu

LEHEHFEESVET, VET
7
HA LI D KX b, S EEOR S % DABEOTL I LIz h & 5 FECHATE D BN D2
SERBYET, F. BRSSO TOL oS SEEOR S D AREOREL S U h 2 B
FIEEM S A L AREOE F OGRS 2 3 BAR Y £,
(f5) Cramer Vave V%
Euler TA 77—
Beethoven = ~S— h—y R h—tF
Einstein TAV AV
& K A g5 Kim Dae-jung & TV2
[ I Hu Jintao Ry— FoEF T FAED

[ 6iﬂi&') (to ec1de) <‘: VN9 %“C‘ﬁ‘ r:/jii\féj ES: (law, rule) 7&%&)5 k lz\ 5%@&? theorem
R0 ET, Bl %ﬁf e J 2NV . # (meaning, justice) EEH B LS BEIRT definition (2
@@i#
ZDO LT, {%i?%ﬁ’fﬂ?%/\ib“’@f %ﬁf%[ﬁ% (compound word) & U U, %ﬂ%ﬁ’b@ﬁ%%%éﬁ@%
kA A A DR EkE E LET
EER) 0k 51, MOMESE (verb) (2785 TS DEEM HIZEC 22> TV % 25 0RE
HYFET,

EREYY S 2<

(ff) fEXC composition — L (sentence) #1E5 (to make)
x < <z Nz
J%[E homecoming — (country) ~JF% (to return)
X o X b 2} 3e)
B%8 drinking tea — B4 (tea) Z8ip = B (to have)

Z IS
39 TI%J

2 b AN AT - I
5 J&wO%ﬁf.& &1 TR study &V 9 BERRTY, éﬁ&a%@f6kowf\?u%r
b

xR LET,

) T engineering — _ )% (study of) engineering
éﬁ( number - jﬁ% mathematics
%;4?%% analysis - %ﬁ%% (study of) analysis
1%%5)( algebra - %M)% (study of) algebra
5k {% geometry  — ﬁéfﬁf% (study of) geometry
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£ 1 A 22 0D 451
x = Acos(wt + )

x = Asin( ot + )

SRAFNREZL D AR
A IR0

HEEESE

y= Asix{a;t + af)

ot +a - {318

w EEAAIREH

T=2—” : B3
@

H x5 binA

F 7, nﬁﬁl%@i& ZoONT Eﬁﬂ LET.
:@%f%%bi#@ ﬁu&%wi%@

T = 0 12 5 2 R A R R 2
3.

L5 a it 213 A DaTS B AR
ﬂﬂ}qfﬁ G 5 b, AR BRI
A ¢

Z D cosXsin T 2‘% XNnb Fﬁ%ﬁ%%u% %'3
N ET.

SF Y :@200)%%0)4: 21z
x=Acos(wt+a), x=Asin(wt+a)7z
PR LD L2 ET

WV~ A

S I, AL OIREHOBEREN TH

.v

—
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I first explain a harmonic function.
Though I will explain it later in detail, we
call a function where the same waveform
appears repeatedly a periodic function.
We call this constant time between
repetitions a period.

Among these periodic functions, the
fundamental functions are cosine wave
and sine wave.

Functions that are expressed with a
cosine and a sine are called harmonic
functions.

Thus, we can say that functions such as
x=Acos(wt+a), x=Asin(wt+q)

are harmonic functions.

A 1s the maximum displacement of
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n, %é% AR 3 vibration and is called the amplitude.

8. P T 8. In this case, @w¢+ « is the phase.
Zobh, it or+a L0 ET

9. ES 7”:% %é%ﬁ?ﬁﬁ X7 —V ifﬁiﬁ%g “ng%izfiM 9. The angular frequency @ 1is called a
IRE Y KT, fundamental angular frequency.

10. F7-, %n )E%é@( BT jﬂﬂ;ﬁkb\ 9di%, 10. In the case of harmonic function, the
RO E SET period can be expressed using an angular

velocity.

11. ,n,E/ Pix, <A< hHE Pq;,ﬁjm_{»ﬁ% ¥4 7T 11. Since the point P moves in a circular
Lntw,) ; Ti32x/wE 720 £ trajectory, period T is given by 27/ @.

F—7J—F

- JA IR, - SRR, - IR, - A KRB

BA:EfE

I4F$A&ms%ﬁﬁﬁam
lcos| I cosme &1 Zliin@mu%lji Lizatag & ujuﬁiﬁ‘ F 7z, Tsin] X sine % KR D75

M

T LA v e imntd,

,J;«J iff\é (to be left) <El/\5 E%O) %“C’g" it\ iE &i}é L\ (correct, (morahstlcally) clean,
good honorable) Q:U\QEI o %“C’J‘ F%J B! (bow) | 1A% % % (string) LS E %O) %“Cﬁ‘
LT, Bok 9726?@0) Eﬁh’ﬁ (chord) 75’%% LET,

TR EEO T O iR T TG (ESRD) ST TEEL. 3o Ll Bk Y
£7

MER S B0 ol @it 15 PR T Thhan (SIELLAS) 7T 7amL, F40 2105
BT £,

72, T 12 wave &5 Bk T T, WK1 TR T Ko X3 R obob
LET,

LmoT, 48 HAROWE, 2% 420757205 BROREH /20 £, 7 U< TELHE)
iiﬁ@& FALDITT NS e C U

SFEOHBEDE A TIL. 20X 52D 2 SOWEFIE 2 DT 2 ST 5 bO2H Y £F,

<%% LThLl®

DEIIFSHbHb

() B rotation + H cycle = H $E$ bicycle
i%li: underground  + fﬂg BB (train) = HOFEE subway
%‘/Ejbéé developed + country = %‘éi’ - developed country
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N6 |—2’)@§€J
125 1% two T4, %@%%zéﬁ_%mif (> 13850 (counter) & BV, HFIZfFFNT
%@%ﬁxé@;ﬁwi?o;@ﬁ W OEH T b DTS NLETY, $7-. 1000 Fa %z

BIHCIE T) 23t E VR

1 — Y5} 1o OeED

2 Iz 2O BN o)

3 = S 32 FroD

4 (R L XA 4> Koo

5 o hal 5D VDD

6 N A< 6> TeoD

7 + Lh #p7p |7 7780

8 AN g5 8O LoD

9 Ju w9 9 ZZDo
10 |+ Cw 9 10 LB

11 | +— [ Lwonh |11 Cwornb
12 | += | twolZ 12 Cw 91T
13 | +F=|LtwosA |13 CwoSh

X6 [x=Acos(wt+a),
7»77~/ﬁ%%;@%ﬁ%ﬁﬁ§ I
tix7r 4 — L3 u?%i?”

PR TET AT 7Ry hOR BN SMETEET, FTORBTAT 7y hOHEHRST
+. Bahn 2ol EhLbObH 0 ET,

x=Asin(wt+a) |
BEHBZ-LOTHEAET, X ET Y 7 X AFTE—,

M

7»77A/F®u#ﬁ
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a T— =A j Vr— YA s T A

b E— k r— oA TA—

c D 1 T )L* T

d | 74— m | TA¥ A A

e A — n TX* xv AT Va2 HTN*
f 7 0 F— Ty g R*

g v— p B 7 A

h | =AF =uF* q Fa— Yo h* X g—
1 7A r T —)L*
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i, ﬂ%un@%\éﬁ&j(%<5':f£é%@ BE Ohswv Ty)) BZAB L0 (T oA AilER
FoOTHEERLETT,

oF 1EA 2 M‘ Y- i3

Rz, T !iomega’i’ BOBBINC LA AT, Ta] 1T alpha;i’ PS
77 LHBET.

[=] %i’%%&%b\ 9%;.:.0) equal%fEIZIKuu .m,?%ji LicAf a—)vLi u?%i'?“

() RO plus % AAREOFAIFC LI “FI R LHERET, BT LHENLZLbHY
7,

Fr (0 1 Doz DI Dol “DoiU2” AL LHERETA, FEAOIL D

HYET,

LT

mm
s
=
S
i\k

WC k9

DEo#n %l nT, Tx=dcos(@t+a)] 1E “Ty /& fa— =— 3% 4> (ho2)
FAH Fap— FIA TATr (hoZHUD)” RELHEEH, [x=Asin(wt+a)] I “Tv 7 A
La—p = YAy (hol) FAH Fo— FTIR FATy (hoMU2) RELEEN
7,

yllfﬁﬁTibﬂwk@Di¢J
FTJit&HLfT4 khﬁiﬁ

27/ ) 1155 (Fraction) TF4%. A 1E “H A Y ?}7@ I 7 BN S kST, 13 UDIC R
(denominator) %%’E/V“C\ “/\0)” L 5%%%@577\ %? "% (numerator) %3 u%ki@‘

W) 1/2: Ao

b 5 by

2/3: Z8p
F70E 1) 1k “BlD” LAY . slash & HABOELFIC LIERAT v La bR 0T5 b
b ET

/11«

IO 5 (to divide) &9 Bk =T,
SHORHIBF S A (mother) &% Biko s,

STOFIET L (child) &5 koS,

uES ﬁ)i"’/

Sy
[
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HEoI5ND

2. BABDEIS

| ~obroEzs |
AGRILE] B, By Y,

| B D=3 |
Baxem i (X).

B DERS

v
y EXH V-V =vv cos90°=0
BL ¥ -¥ =V

w,(x), w,(x), (0<x<27)

E35 [ w.(w,(de=0 (r#5)

2
AL | wi(xde=d’

XAl

HroZ oo

SEiE, EROEZMconTHRHLEST 1
R, EFT MAOERINZANTE 2T
HEL L.

WE, ST MBI Y, vy, vy, E 0D D 2
s 2 mng e LET

ST, FEO2HO~s FAERDE 3.
LT, 250~ MONEE LY £,

i

v L v ONEE DL, cos90°H0 LD 4.
DT, 0ONELNET.

:@&%M,:@Zo@NﬁkwM§®i5 5.
i, ER LY T
E72, ML bLE 2o 72 LA 6.

i, ZoROE Ty LR ET
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Next, I will explain the orthogonality of

vectors before explaining the

orthogonality of functions.

Now, we assume that a countless vector
sequence is given as v, v,, V;, = *.
Among these, we select arbitrarily two
vectors, and we calculate their dot
product.

When we calculate the dot product of v,
and V., we can obtain zero since cos90°
is zero.

In this case, these two vectors form a
right-angle.

In the case of selecting the same two

. 2
vectors, we can obtain v~ as shown.



10.

11.

12.

13.

:ﬂk%lﬁi5¢ %ei @tﬁ % If%ﬁ%ﬁzi 7.
7.

W, KillnolE2z BFcERENS
Bso® B nnsr LeT

Ry RABIERT LS, BT oL 5

w¢m,w4m,~&w5g5mt<éw%

:@¢#E’EE©2@@%§%ﬁD@L 8.
<, zo 20k

27

[ v, (dx =0
BRI 5 L LET
S, FEO 2Oy (x) & (x) ®

Wiz 022 x ORI CHINT 5 L 017
%05 e
CORRRTT B L,

broZ oo

H 5 T2 L VNET

1 11.

S0z, WUy (x) 200 HLSaie

-

ES

27,
J, vl

b, :mi‘%f“ﬁu\qﬁéﬁ %ﬁok LET.
FnEatLBxFET.

F—7—F

=

224,

- X7 VB, - B,
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In the same way, we will discuss the
orthogonality of functions.

Now, we assume an assembly of functions
that are defined in the range 0<x <27
Like we did with a vector sequence, we
countless

assume an assembly of

functions such as, y,(x), w,(x),

In this function series, we pick out any
two functions and assume that the

following relation holds

[v, v, ()dx =0

This means that the integration of the

product of two arbitrarily selected

functions ,(x)andy (x) in range from

Oto2x 1s 0.

When these relations hold, we can say
that this function series is orthogonal.

We pick out the same function and

assume that

27 2
[ wioax
has a non-zero value. Here, we represent
itby a’.
e
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B ARSEfR R
4 Tcos90° |
=AY 295 LG g’@&&MAi¢ g LA 0 E T

“Her I EOIE (degree) & % THF T, B %*%%éc DEFNSL b FORER %
#éﬁ 27 T

fE'/\ ;‘cﬁ (angle) @j(% & %% LTWETNG, “ﬁ ” (degree of an angle) &9 ?ﬁ’ﬂ%

(i) 4 angle - s degree of an angle
%b N fast - %}ﬁ speed
&)E'tﬁ)b\ warm — Z‘?’.f);% temperature
#U high — @ altitude, height
773 ﬁ% accelerate — %H%‘ | % acceleration

v

IsrouizﬁL%J
IlBF%J
Kr D T0] 1 D" E721% zero & HATEOERTIZ L= “Pu” LELES, g (5] o

%

FﬁIJmmmeaﬂ%%%tF~ﬁIJimmmmn~%%f%%kﬁwi¢oikFﬁ%Jm

less &9 %ﬁ%“( erﬁ%J 1% less than N%T?"i‘% fﬁ 720 F9,
T'EJ 1% upper &\ 9 B0 %fﬁFTJiUnmﬁﬁ@%%@ G under &9 BT
FEJEFTJ%ﬁAAbﬁt“LT”ka% ERHY . LeTOR b bs v Ezo
(both/between upper and under) % i\% e 73? @ N
Zo koI, Jixf@ =3 %0){%%%#&7%/\%Dﬁt’%ﬂ ) 9,

pEd L Cxro

() £ upper + F under — LT
~ OB LT SRR T
fjbt big + L/J;\) small — 9%/6]\)
M@#4xikmw6w%%DiT
& high + & low - i
C ORI EEER 0 0 £

B AUk
man + % woman — %
= L;LoL; L& rd A
IO TRATH LR EEZITET,
[Nl B )
e left + A& right — Ef

xS It

Ik E<ACEREDEL L 5,

H

L\EL'H:
77

N
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13 frﬂl//f(x)dxj

L%/r ZEA T M

HASOmE 11113, Z0%E “CX5A7 £7-13 integral & H RBOHLINC Lz “A LTI TN
FUL%‘i‘a_

Bz, —o®iE AT I ¥r b S ET 774 T—A LLrd (o) =
I A (o) Fa— mus R RELHEHRET,

Lrods T 95 L Led

3 % (power number) (3. AN “F EfHT uﬁi‘@‘ Tw?) b, :L%E) (second power)

T oL CAN

T, UL LD HBNE LU LD LHEAET, ZOH, KroRI S nEbS 2L Rb5OTES
PRETT (R T orHED,

WE T L T 0%k

1 — A5} —3F WHL X 9

2 . Iz 3 WZLxo *CLxo

3 = Sl =3 SAL XD

4 (R L XA WES LALED

5 | I = o ZLx9

6 N A< 7N ALLXED

7 + LH 7y | L 2L x D

8 AN (g5 I\ 6L x9

9 | w9 T XwIHLxrH

10 |+ Cw 9 13 CwoLCx9

11 | F— | Cwounh | f—3F L ornHLx 9D

12 |+ | Lw)iZ + Cwo1ZC kD

13 | F= | Lwosh | =3k CwH>EALE)
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HMhATI BN D

3. & &H&GTE' Z 5

RAFMEAKDERF
RfIEEHE  (O<x<27)
{1, cosx, cos2x, ---, sin x, sin 2.x, }
EED 2> DR
sinx ——
sin 2x ------

T, . 1 z 1 z
B35 _[]Z sin xsin 2xdx=—_|.2 cusxafx—EJ;2 cos 3xdx =0

2 0

B Jl:x sin” xdx = % Jl:ﬂ

—lr’rcos 2xdx=71m
24

LTI, %ﬁ@ 5 5] % BRI,

N ) C )

Rz LTHATﬁiL;O

uiiE[] 1. Let us investigate the orthogonality of

=il

functions using a concrete function of
harmonic functions.
Kok 2 r D FCcERE N Wl 2.
%ﬁﬁﬁéebiﬁ.

We assume that there is an assembly of
functions defined as 0<x <27

,\ZIKE!’J X1, cos x, cos2x, sinx, sin2x 3.

DEHREEEE AT
@%@@»@@%mzo@%ﬁ%%%ﬁ

e LET

{5l & LCsinx & sin2x # 80 éj Lf:%é

ExET

sinx & sin2x ® 7 7 7&‘3{@4: 9 G:ﬁ%)é

IWET.

L E SnTVB0Rsing T, MRT

H ENTVB DA sin2x T

757 %R &, sinx @J%I);ﬁ;%bisin2x0)

161

The concrete assembly of functions is
1, cosx, cos2x..., sinx, sin2x ...
From this function sequence, we select
two harmonic functions.

For example, we assume the case of
picking out sinx and Ssin2x.

The graphs of sinx and sin2x are
expressed in the figure.

sinx is expressed with a solid line and
sin2x with a broken line.

When we see the graphs, we can
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Ly )&

D 2fZL 7o TWA I ENRDY F1. determine that a period of sinx is twice

3

as that of sin2x

DATH  brolino  mh .

9. oLl xE, XXFIFOBEED [EQC FIzBa4 9. Let’s calculate the expression for the

% %é%a’:%jri%% LCHET. orthogonality mentioned above.
10, epsp 27, . 10. The integrand of

o7 |, sinx-sin 2xdx

27
O xS ADAT S SABSDATS  EE J. sin x - sin 2xdx

ORFSEIIE, 2 >0 = AR OFE T o 0

T, %M;%’ Qﬁ% X, ZoXH7cosx is a product of two trigonometric

L cos3x D b 2/\%%2@1# functions. It can be transformed to the

summation of cosx and cos3x by using
a formula of the trigonometric functions.

11. :@%ﬁ“%é%biﬁe $Ni#140 L7 11. When we calculate this definite integral,

n, E&%l“(&; g:z)/\ybm *4. we find that its value 1s 0. This means
that these functions are the orthogonal
series.

12.  F7-, %Esinx fgﬂky@ ﬂijj‘g:, 12. If we pick out the same function sinx,
we obtain

27, 5
_[ sin” xdx
0 27
sy I sin® xdx
&ﬁ@i#@?,%ﬁh%@nkﬁ@i#. 0

Thus, we obtain = as a result.

13. Zokoic, %}%%ﬁ%%ﬁ@ Fiﬁofi)%l“ vy 13. By using this characteristic  of

H LD b WolF sl o L . . .

MEEZHWNAHZ LIk -T, ﬁ%’g’“ﬁf; )5 1 the ”orthogonal”, a periodic function
%é%ﬁyj; TR ,,H%u F;é;jw)ﬂ]*( U LT which seems very complicated can be
Eansobickn T expressed approximately with the sum of

simple harmonic functions.

F—J—F
- Y B, - R, RO
HARGEAZE
1 TR

ﬁ{mJ@r%J TNDESRT LV Sk, THAE) 13 Bk mobies, Hoxy
LLTWBZ&” (concretion) &5 H %’C r,é\WE’JJ % concretely &9 H = 2700 £, :O)%&L
2N 77 B & “Eﬁ-‘ﬁ']fci (concrete) £720 Hgﬂ(ad]ectlve)@ckﬁiﬁi%fﬁ RV ET, FL WM

VxS T

QWEW%LJ&&@\EJ(MWw)@iQE%ﬁ 70 FT,
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Fé%J@ﬁ%@%&@éﬁi”%ﬁ%”f‘“ia%@bfw@mﬁ Khrfizons -
(abstraction) &5 %[ﬁ%f‘ﬁ‘o ”% W 753&5 IonT, TEE %H’J (abstractly) &> 53 %ni
A/I= 3 D

(iR T - ;)(l/ mn /u'_][_,‘ % '_[.,_‘ 11;‘/) U’A‘ . iL Z. % N J‘E\r‘ e
izt ., 20 T~H)] O LI, ADOEFILFENHERE (suffix) (278> T, BIOSEDOMEECEE
B2 BEERDH Y FT

rv

(f51)
Tx
O~ : ~D L H7
Z<En . . Tx I ENTE . .
B international + B — [FA3E international
fiu‘\U,L’) . T fib:U;ﬁ'f% .
f# representative + — fUFEH  typical
~4- 275 ~I2T 5
. » Saggar o
% industry + 1k — T4k  industrialization
L 2 Lot < e
1 Ei’ vision + 1k — fRA5 bk visualization
H
O~ ~nZ & ~oME
E:J: 9 . i E:i PR .
M practical use + E —  FEHY practically usefulness
ZL Bl 1 Z K AN
K nation + M - [E national character
[0 [0 ﬂ‘b\}l;: p)
OANRANDMHE
V)vb")i@i . Hy V)@’)IQL’K'G‘L\ . .
¥ % studying abroad + student — %4 international student
Eeag . . i EVaiS . .
K% university + — R4 university student
JAZwWwH Reall FAZwHEN
%¢  research + A4 —  fF%84 research student
AN \< . L% 75"7§§‘$ L % . .
B science + #  person — B sclentist
BALDBL 7 BABL D
4 music + %  person — H¥FE  musician
s vy Ehs 0k
#R1T  bank + B  member — $RfTH  banker
Mm\ . . i . %m iyl . .
ES information + f%  officer — ZWHN1% information desk
Ly | ETHO
Ot
vf/\/»% ’[:.3 II/UL%')’I_,.;)
7t research + = room — MF%E=  laboratory
Lok »h LA
=  book + f§  Dbuilding — EfE  library
x o X TrE XS0 XTA
B2 drinking tea + shop — A cafeteria
7o
O% Dl
fj‘_‘itﬂ, L:l:) o . fj;i'&b\Lg’)
=4 student 4+ FE  certification — FAE student ID
Thtg . & . EALES X . .
Pl washing + #&  machine —  JoiEH washing machine
2 FE A L& IZIEA L X
HA  Japan + K style — = Japanese style
19 . ) . 1o ES L o
%%  mathematic + 2 history —  #FH mathematical history
=1510¢ 125 PTINS L) .
#HE education + method — B educational method
£290¢ i35 §594<180 )
B + ¥ law — =R educational law

CotA I3 % A
7 OTIERR) THERR
Lo AT il > W CotA
[52] L real, truth &9 EBED %? <7, 1"? I3 line &\ 9 A D T, 954 13 solid line &
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Er < (to break) A% %%Tﬁ‘@“( rgﬁ%ﬁj % broken line &9 %‘lﬁ% é %n I ET,
Uféﬁ [ R Y . ERIEE U,
~ fﬂ[‘;_,l_" il/: fﬂ[‘;_,l_"(} \t,i‘ Ly b\ bbb
SOEyi. T 25 EEORCT - C AT T, FoBoREs % LET,
(f51) % real + }12% — 5%%% solid line
%—T inclined + }12; — ,Li,};‘% slash, slanted line
+ under + }12% — %ﬁ’;‘% underline
K thick + # — &  boldline
B T A A
7R red + M — S8R redline

9 THELTHET)

B (verb) ® “~T” DI “B2d” #HFBE. “EFE~ LD ERR, bBVIE~T SO
WLV LR, LI H BT (o try to ~)”7 PO EBRICAD £, T T, 77 T
(caleulation) LTW2< T, THdBANLME Lizz & 2lioT M) 42 &0 Hkic -
ThET,

Bl) A, AREOI T A THE oL 0T,

I will try to participate in the Japanese class.
BLENWLELES

SHORSBITEA B CRRCHET,

I try to eat lunch at the cafeteria of the university today.
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= ARAIRDH
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\/\/f+ VAN + van +--

1 ; ;
f(t)=—a,+a cosat+a, cos2at+---+b sinwt+ b, sin 2 + -
2
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\ BTk Bk 2 o0 & 5 1o diA
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AR LET
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N
Ok
=
>
4

5 HiEXA o0

#1582 ikb‘f)f“ﬁé/vi))*%‘é Llhb‘{qﬁi))

RBDOU, B 5 < RO sin x 2 cosx D &
R cL Y.

SRR o B Rlo5 Ao

rﬁmwﬁwﬁnéﬁm@ﬁﬁ%H@T&
D?U\i L7z,
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Now, I will explain how a periodic function
can be expressed in concrete terms.

An actual vibration response draws a
zigzag line as shown in this figure.
However, we assume that this vibration is
a periodic function.

When you hear “periodic functions”, you
probably think of the trigonometric
function, such as sine and cosine at first.
The trigonometric function is one
particular example of a periodic function.
We called this minimum time between
appearances of the same waveform a
period.

This graph of periodic function shows a

response.
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In the periodic function, the value f(¢)
at some time equals the value f(T +¢)

after a period.

To express this periodic function, we use
the sum of harmonic functions.
Fortunately, @~many vibrations are
periodic, so they can be expressed with
the sum of simple functions that are
shown in the figure.

This method of expressing a function with
the sum of harmonic functions is called a
“Fourier Series”.

Without
derivation,

beforehand.

explaining the process of
I will

Function ()

write the result
can be
expressed with the Fourier series in this

form.

In this form, the first is the constant term
a,/2 followed by terms of coswt ,

cos2mt, etc.

Then, the series continues with terms of

sinwt,sin2mt , etc.

The coefficient 1/2 of the constant term
is given to represent all coefficients a,,

a,, -+, a, derived from one general

n

expression for a, for convenience.

This is the general form of a Fourier
series expansion.
The notation @ is the fundamental

angular frequency.
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18. Lgbwd b s 18. .. )
72, AFTHOLR TV SR Ka,, a,, Coefficients a, , a,, and b, in the
Bugs formula are called the Fourier
b 137 — U =% i&ﬂ%iﬂiﬁ‘. -
coefficients.
Lo EmAT 5 29 9H 35 Thn .
19. j'—ix S BN AE 7 — U = B ERT 19. We need to calculate the Fourier
51T 17»—Ui1}f\£5&73}ihﬁ‘5z§753 coefficients to obtain a Fourier series
HYFET. expansion.
F—7—H~
- 7= U ikt (R, - 7— U o5 %K
B AzEfiEaR
X2 [777DX5ZFFFH)

(7571 Ut graph % ARBOHH SN LD 4 0 FHTT,
F%%%%J%ﬁ&ﬁ%;f##\_ﬂi%l B BRI b O TR, 757 O T 5 zigaag b F

v =

% i‘% L?‘:?%Tffo D& :&%0) L %T“’ﬁu‘ésﬁ (imitative word) & W VET,

(f5]) FH Y
FaRa
INTINT
INTINT
Vi N

728, zigzag & H K/

IEJ L/Vc“—ﬁ‘o

SWL k)
X2 T/l

zigzag
unevenness, jagged
in pieces, dismembered, separately, inconsistent
sprinkle, pattering
ragged
BOBBH LI “OTFIT LS HEATELHY ET, BRI L

() 135 b (the most) &\ 3 HIkOEFTT, B AICHETHRONT “F b~" &1 5 Ekoiics
2720 £9,

rL/Ji\:)J !‘i?f\\éb‘ (small) &b‘5%nﬁ% %%Tﬁ‘i)) . B L/lJJ “E%%?Jb\‘éb\” (the smallest)
L EBRIC R D £

N ORROBROETI. TR 2860, Kxw (big) VO EERTT, A 1“5 bk

W (the biggest) &9 %% 7 ET,

W) i+
i
i
i

Lxro
7N

72
R

v

ISy

o

£r9

5

small - ;%LR the smallest
big — K the biggest
near - i%i% recently

strong - ;%?ﬁﬂf the most strong
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high, rich —

low, poor
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the best

the worst
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IFLNgS

5. J—IT{&%K

J—UIEHEERDD

n=1

()= %ao + Z (a, cos nwt + b, sin nwt)

WA A A s
RV

s ;Jl:gcos not dt

b = ; :+Tsin neotdt

b FE3
a3
. FELN \
7] FhLUSHEO
(n=0,1,2,-+")
(n=12,--)

Fu

ZNTHE, 7V =R E RO THELE L
9.
7wui?§@/%;%,yﬁv?%ﬁ‘2
L, TOROESICE ShET

2, :m%%’émm@, Hikple 2 2 £

Biziz, 77—V ol fa, R0 L i

ODJ:N:?:?J; %V lZ cos3wt Z T E T
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Let us obtain the Fourier coefficients.

The Fourier series expansion is expressed

as this using the notation sigma.

a, and b, are general expressions of the

coefficients. Now, we consider one concrete
coefficient.

For example, in order to obtain the
Fourier coefficient a,, we multiply a

periodic function cos3@? to the function
as shown in the figure.
Then, we calculate considering the

orthogonality.
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6. As a result, only the integration relating

BSLTRONERED Y b, a, R E L

a, remains.

THRY £
AR Fd s g - o HBLo 7
a, LIS o1 1 52 5 oo AU All the coefficients except a, become
9 (E 2B LT E9. zero due to the orthogonality and
disappear from the expression.
8. IL S e A 8. . .
DR E kT2, a, &b 1TTHH By generalizing this process, a, and b,
0)%%0) i) c:g,{ SN ET. are given by this expression.
e kL 9. In the integration of the product of f(¢)
'S { =%
SO A LT eosnaot &7 TR Z S and cosnwt for wvariable ¢ , the
vrsL  uvss pegs o s . . .
Ty ERRT D & R a, 1RV, a, KM coefficient a, remains. By this process,
bhEd. .
we can obtain a, .
10, “hidn=0m L x zg)%i/v“cw =3cnl 10. This calculation includes the case of
n=0.
11. vo 11. ) .
2% LT b R T, f(?) \2%F L Csinnot This process is the same for b, . From the
ﬁ' s s 0: integration of the product of f(f) and

ANIRG U v Aty S N T
sinnt, we can obtain b, because only
Th, BonET.

b, remains in the integration.

3 TE{ER)
r,E\{ZFJ IZ concretem H/?JJ = example JAREY %“C ,E{L %J

Nl T

IZ concrete example & VY9 Ib%"ﬁi
T
70 ET, TIUL, B0 2 SOEFNE S OBF 2SI % 35 0mETT,

HUA

X7 Tay)

X8 la, &b,
“‘I_‘— é/\/”\ “I“— I‘; » & <« I:v_‘ I_; » fcﬁ E‘&i){iﬁ(y}\i_ﬁ_

Z W Z EoBA

W2 DR TN, x| WIEORE S AR OELINT UTd & 1 CHEAE D B0+ 5

[\
ke

7

SLRBVET, BIRIE. Ta,) & “m— RY—7 LFTI 0B ET
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3 three A —
4 four P e
5 five T7A7
6 six VT A
7 seven v7
8 eight A b
9 nine FA
10 | ten T
11 |eleven | A L7
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IMAY E MAUTD

6. [BREM LS AT

BEH-FEHDOEED7—ITEH

BEZ A BARL

1 1P ' ! )
08 ym?{rﬁ 1 nafp ﬁﬁﬁﬁ
06 B 06 il
04 1 04
02 1 02

0 0
-02 1 -02f
-04 -04
06 -6
-08 -08
-1 -1

-6 -4 4 [ -8 = -2 0 4 3

fE0=50 JED==11)

@ ) _q-f/z _
@ = ?Jlo f(H)cosnamtdt b, =7 f(#)sin neot dt

L H & DA 5 <HMAT S f/ W) . . .
L—jL Z ST BEIE N, ﬁggzgz TE"@ oo 1. The expressions of coefficients are

3 Hn VAR ) DAY < D

A jt[cif AR ‘b < ET. simplified when a given periodic function
1s an even function or an odd function.

SnLr s N 2. The even function is symmetrical about

W oK TH Y,

N N) C

B3

~
o

"l

i

B
<

the y -axis and has the relation of
f(=t)= f(¢). For example, the value of
f(-3) isequal tothatof f(3).

T

F(=t) = f(0) Bk 0 o % b > o

EYAN

SEEROVET. BT F(-3) 0T 1 F3)

@?’”e”ﬁu (YES
FATA L5

T gg;& X B KRR O gg;& <Hv, 3 The odd function is symmetrical about the

f(=)=-f(t) iﬁﬁfc ) j/)‘i’féf%%/)%éijw) origin and has the relation of

- LaE W £ (- 5)@&%0){ 3 f(-t)=—f(t). For example, the value
of f(-5) isequaltothatof — f(5).

hi—f(5)@1ﬁ &ﬁl‘/ /=

ChmATS 4, In the case of an even function, the

DA, t N
el G J@)ic cosnemt &2 integrand which is the product of f(¥)

172



10.

11.

12.

13.

3,S>/um/u§ ) N )

I Hlkk B f(¢t)cosna t bR L 22 Y
F7.
7595 L RS TR LS BT R o

Wormn £, Uknoc, BOSEHEH
DO~T/2L, Z0E¥% 2T o 2o
MTkﬁni m WZRVET. ZDEH720

NS 1Y 2N i S

N

~

A

FoTT—U=E e FoDL D AT E

n

SNET.

b HOT— Y Kb, T
sinnat % H =B
S 20 2

T, @)
%5 5 f(t)sinnwt 3

x AT X g

=R IE B b B R o HE B R 7 D
M5 T,

FEEE AR R L 2 T eSS
I S 0100 £
FEE OGS LA 2 5

)

= O DTS 1, B T s P B

AN )

L7y, 77—V % ¥a 130 L2 F9.

n

10.

11.

12.

173

gdooooo0ooooooooboo
00000 Nagoya University 2010

and cosnw t, is also an even function.

Then the area obtained by the integration

is symmetrical about the y axis.
Therefore, the Fourier coefficient can be
obtained by multiplying 4/7 to the
integral for half of the interval [0. T/2].
The concrete calculation is simplified by

this.

Therefore, the Fourier coefficient a, can

be expressed as this form.

In the case of the other Fourier coefficient
b, , the integrand which is the product of

sinn@wt becomes an odd

f(t) and
function
This is because the product of an even
function and an odd function becomes an
odd function.

Since an odd function is symmetrical
about the origin, the integrals in the
—T7/2 to 0 and 0 to T/2

cancel each other and the total integral

intervals

becomes zero.
For an odd function, we can follow the

same process.

The Fourier coefficient @, becomes zero

in the case of an odd function, because the

integrand becomes an odd function.

The Fourier coefficient b, is expressed

in this form since the integrand is an even
function.

Now, we can confirm the integrations of
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ﬁ“ﬁ ir % /D%)/ijg‘) %a’:ﬁﬁn AwC xF L7 an even function and an odd function.
14  HoXL, /%'e nfciééﬂﬂb\f{id%%ﬁ@ \Cs 14, Let us solve a problem wusing these
FLr formulas.
F—J—K
- BERE Sy RS - fH R, - ArBA%K, oy LR, o SRR
BN

BT & A
r?%l b [ b J_I'F'%)% LB Lno 2: . Homigzan s e (strangeness novelty) &9 E Bk b
BT T, ThbOWT - HiE,

\
%’5'7/& (chance) . ﬁ%\é (accidental) . w@? (miracle) . %ﬁ/v%ér
(novel) 72 ENH 7,
595 I 5

hnb 2’)0)?%%@%}%561 “%{” 75§4%L< L. EFnFER [ME# (even number) . F%Zﬁ | (odd number)
£ o IR Y E T .
r%%%liw%(wm)@r%ﬁhrw§%Jir%JQMJ®r%ﬁka5:tK&@i¢o

n i e TEoHuy

\

ZOESIT. WD 1 SOWEFBEHD 2 SOMTFN R 5 S EERIT 5 3FOBEN DY £,
(1) J@ teeth + l:% doctor = {WE#H dentist
T engineering + % faculty = ' ’?EEEB faculty of engineering

X3 Tf(=)=—f(@) )
“LT (Bol) YAFTR Fhg— LA A F A T (hol) T4 RELHEBET,
%%@W@F—J%F+J@ﬁﬁm_k%ﬁ%Wa@)kéw\ﬂﬂkﬁ&af—Jiﬁﬁkgwiﬁo
“IE” 13 Z T plus AAY) ;é-‘g%@{ﬁ%/”?é‘(’g"o fiic 4 . L (correct, (moralistically) clean, good,
honorable) EWVVIF u«ﬁﬁ’?f%% EE) nET,

“ﬁ” tl “IE” @ﬁﬁ@a%@ %“C minus kb\5%%j? <7, ‘ ZH. i%\ 7% (tolose) <‘:b\9
ﬁm¢%%%%@i¢

fragesniit, i0h Rt R G Lo RBFE G EEA, plus & HABORBIIC L
“7§X~”@\mmm%ﬁﬁ% HBINC LT A F A~ PSR B A E T

34 T f(t)iZcosnwt &)
SH L& Cro&xrd

HY “/MFE” (product) D% B CF, “~Iz - EMNT D7 LS B Ick Y £, AT,
K%DT“X”%“'”&&®ﬁv#ﬁbh\A~X~WQNVﬁﬁ§K&Di?O
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BT o 4.

We will consider example 1.

The rectangular wave shown in the figure
is a periodic function. The problem is to
expand this in a Fourier series.

Let us first check the period of this
periodic function.

The period is denoted by 7 in the figure.
When we draw linesat 1 =0 ¢=-T and
t=T , we see that the same shape

appears.

Next, since this function is symmetrical
about the y -axis, we see that it is an
even function.

Fourier

Therefore, we derive the

coefficient using the formulas for an even
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function.

The Fourier coefficient a, is given by

this expression as mentioned before.

Since the interval of integral is a half of
period T, 1itisintegrated fromOto 7/2.
As f(¢) has the constant value a from
t=0 to T/8, we put f(f)=a in this

interval..

In the other interval from 7/8 to 7/2,
the calculation 1is simple because
f()=0.

From this definite integral, we obtain
2a-sin(nx/4)/ nrx.

We already know that the Fourier

coefficient b, is zero.

Finally, we will calculate the constant

term a,.
Term a, can be obtained by substituting

0 for the expression for a, .

Since cosnwt is 1 for n=0 , the
integrand is f(¢).

From this definite integral, we obtain
al?.

In conclusion, the Fourier series of f(¢)

o0

a 2a
is given as —+—z (smn—)cosna)t
4 7m'3n
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a 2a = 1
(smn—)cosna)t
4 Taan
<hzohET.
F—7—K
- FR, - X, - EFET,
GBS L

X5 1t=0, t=-T t=TDOELIAT]
LA LN 5%%% (noun) 1%, 3535%43'% (point) o Liﬁ‘ﬁi HLEL;F'E/EVJEI%fOCi/V EL#M #1. ; point of time)

n» 3 H

sz GR ; place) O ORTkA B £ B LT TECBE LB £
() % % 5% < i Mnsfebo & 2 5T, (H)

SNBSS DA

TR B A 7 & = AT TN TS0, (5

i

ZITR, Tt=0, t=-T t=TDEZ%] BRDOT, ) TiEBNT L a T B

)

LS BRI £,

X5 [2a-sin(nx/4)/nrx )

G e (B HAY (o) LA BAD X AL (hoIUD) bD X
£ R P LEBET,

Eo¥AD L5 cEVb0Ici s L, BEGLOREMAI S0, B ¥ TEREA I, Bl
RLEET “CoR” “CoOX3RER RELEPILE I EBENE S T,

177



[FALELS

gdooooo0ooooooooboo
00000 Nagoya University 2010

T Wy

8. FVIRBRRETAJILDEE

FyIRABRRETAVILDEER

| oL nes |
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1 | 1
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(ripple)lE, WDOETE/NEGE  WTHEDEBRAZEDEE, E
A4 AN FRXIEFEHEIZINERT S,
HSX|FTT7—Y ::14&7*:; F;'?]ﬁ‘é %ﬁ% L ﬁ:_*L Next, I will explain a phenomenon and a

waﬁﬁbi#
T T Lo E T b X

f@ﬁn&if@%f%%hibk'ﬁm
BV, n&2EOLTN L, T ShE

%%mf&ﬁmk%éﬁiﬁ@i#i
£o¥5 e, 7~)zﬁ%ﬁ%§&¢a
BB < = E RS0 £

BlziE, n=10 0 & x [ HREE T T,
n=100 0 & X [T < 72> TNET

UL, t=-T/8 &t =T /8 BRI
BE TR EY y L ENNETR, Z0
BTN SE THS < A0 EH A
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theorem related to the Fourier series.
f@) s
then th partial sum of the Fourier series.
As nm

Function approximated by

increases, the accuracy of the

approximation improves.

Then, we see that the shape represented
by the Fourier series approaches to the
rectangular wave.

For instance, the approximation is rough
for n=10 , but it becomes accurate when
n=100.

However, overshoot errors called ripples
exist in the proximities of t=-7/8 and

t=T/8 , and this does not die out as n
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increases.
6. ThE¥yTABLELL WET. 6.  This s called the Gibbs phenomenon.
DX TF 4V 7 1/0) ;qgf%&_ob\“( u}ﬁgﬁ L= Next, I will explain Dirichlet’s theorem.
KR . %U\’C ﬂ’“?“( i‘\? éi’b“(b\é Fﬁ@ It is assumed that the function is
X1z, IXéj\E’j #‘" SVAEYAS E‘é%{fﬁ i gﬁﬁt)ﬁ Z continuous piecewise but has
HLoTWnHELET. discontinuous points as shown by the
straight lines in the figure.

8. X oAk clik f() oERONE4 8 We consider the limit of the finite series
‘%‘ 2 approximation of a function f(f) at

these discontinuous points.

9. ZoORTIE EziEt=T/8 CAdkiThk 9. In this figure, we see that the point is
Do ET. discontinuous when t=T7/8.

10. T ﬁ-f,hfc;: ,ﬁ T3, ZE i) g 0) j (Ejﬁi <ISE L Hyﬁx 10. At this discontinuous point, the limit from
Ny o A LN A the left side and that from the right side
D0 £7. converge to different values.

. EF, (=T/8Ik B ll% % 25 11 The limit from the left side at ¢=T/8
Ll Iz uy ﬁ [ converges to a.

12. ’ff[ﬂfﬁ'fzg 325 ZAHL 0l Lﬁf%j‘é 12.  Next, that from the right side converges
-l &73)%373“9 7. to zero.

13. Iﬁ@éjﬁ‘iﬁzb%n %Eﬂgﬁlﬁ% L7 ;E'—j , 7— 13. When the number of terms 7n increases
) :r_ﬂ@’zﬁ %F’;ﬁiﬁ 3 2 5|z /ﬂﬁ Ci& ﬁ% L to an infinite value, the Fourier series
ER expansion converges to an average value

of these two finite values.

14. = @?ﬁjf“&ia &0 @iﬁﬁﬁa/2 Wz i&)ﬂ% LE 14. In this example, it converges to the
T. IhET 4 U7 1/0)%;33%2: WWVET average value a/2 between a and O.

We call this Dirichlet’s theorem.
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the periodic function shown in the figure
can be expressed by a Fourier series.

Let us think about a non-periodic
function.

Such a graph of a non-periodic function is
generally called a square pulse or a pulse
wave.

This response appears only once during a
certain short time period and is not
periodic.

Therefore, this response is a non-periodic
function.

We cannot express this non-periodic
function by the sum of periodic functions

as a Fourier series.
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7. =T, Z :“C @Lﬁﬁ,)%%;mO)gjg%ﬁﬁ’Bﬁjbq 7. Now, we assume that we can obtain this
OLw )& AT A . . . .
L~ ﬂ: 2N T OEEMERTH B & z non-periodic function by making the
i 9. period infinite in this periodic function.
8. 20595 1 & This Fourier series is expressed as
7 — U Tk T, EaOZ(ancosna)tJr---) : P
- i —a, Z(an cosnawt+---)
< 2‘% é j/bji Lf: 2 n=l1
Y X pT X TS A Ly5Z9 . . .

9. VBRI 7 Ek Ay D £ S T, 9. This 1is an assembly of discrete

components.

10. ——y if;%% Da - bonRTE 2 54 10. The Fourier coefficients are given by this
F4 ;L'EL?:,: i %ﬁ%@ j,%&é\ SV E R T A expression. In the case of non-periodic
. . . . . .
Kiciemt b & %: T function, we consider that this period T

becomes infinite.

11. —Z oL %, ;L]Eﬂﬂ;q %ﬁ;ﬁ Vot Jéf; 5w L7~ m;}v @ 11.  If we can express non-periodic function by
L@%’”/m\) %E Tz enTENIT, ﬁﬁ%ig %;;? A assembling continuous component, we
%%{U ;TT X/ iz E9. can represent non-periodic function in an

integral form.

12. —oZtx7— i% JAS LWV ET 12.  This is called the Fourier integral.
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=395 BESA

10. 7—)I{E#HBLT—ITES

J—ITHRHMNT—IES~
fl= ;ao + zm:(aj,T cosnwt + b, sin nwt) J— T

n=1

1 o0 ejrcvt + e—jrwr - e]rcor —j.?“CUt
FO= e e bt ) EREER)
r=l
2 ) 2n
= jmx‘ jra)tAw Am=""
Z;n Z [ /iy ] Q0
&= a-jb _ 1 J-m Sl cosrof — jsinrot)dt = . J@/(l‘)e_mdt
- 2A@  TAa T 4 e Q’
— a0

;JLEL% iﬁ;ﬂk@%é%) %%%M%’g" 5121, 77—y = 1. We use the Fourier integral to express a
%%\V% Fif E3c non-periodic function.

=7, 2‘65&0) ﬂﬁ;@ E@%{O) 7 — 1 = % %7 2. The Fourier series expression of a periodic
TZb5 @iﬁ‘(“ %% ENnFELE. function is given in this form.

We express cosnwt and sinnwt with

e
@

. _ oL
ZDcosnwt &sinnwt ZF AT — DR . ,
complex numbers using Euler’s formula.

ICkoT, MEEKTE LT
T5 &, 4. Then we can obtain
1 0 ]rwt +e—jrwt ejrwt _e—jrwt 1 0 ]rwt _l_e—jrwt ejrwt _e—jrwt
H=—a —jh —— H=—a —jb
J@) 202:,( 3 Jb, 5 ) S 2();( 5 Jjb, 5 )
L0 ET
S AR W) 5.
ZzLT&bHiZa,, a,, b, oY <f;?\4§ = FZ Then we replace the coefficients of a,, a,
B E T and b, by F..
Concretely, replacing (a, — jb,)/2 by

HIKRNCIE, (a, — jb)/2 % F L Bx £ -

o

we can obtain such an expression
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after rearrangement.
The number 7 1is an integer which
changes from the minus infinite to the
plus infinite.

Then we can transform it to such a simple
form.

Now, we introduce A@ which is an
angular velocity corresponding to the
fundamental angular frequency.

2/ T

later

(Note:

operation of

Aw is equal to
considering the
T — oo, we use the notation Aw instead
of w.)

We transform the expression to the form
including Aw.

As Aw was not included before, we
write it both in the numerator and the

denominator.

By considering Aw@ as the integration

variable and replacing Z to I , wWe

can express a non-periodic function by the
superposition of the continuous frequency
components.
We transform the part circled considering
it as a coefficient.
Since F, is (a, — jb,)/2 , we obtain
a, — jb,

2Aw

We substitute the expressions of the
Fourier coefficients into a, and b, .
We can write the expression including

cosrwt and sinrw t.

Furthermore, we rearrange this using

Euler’s formula.
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19. =575, 19. Then, we obtain
1 ¢ri2 ot 1 err2 o
-+ [ f@e ™ ar gim f@)e ™ dt
L0 ET

20. TR -T/24» 5 T/2 F<TolXf < 20. This means that f(f)exp(—jwr) is

integrated in the interval from —7/2 to

f(t)exp(— ]@t)%wft“(% S4Bz iRy

T/2 by t.

E3c

21, ZzZ T, 5“2 ﬁ@bfgx%fﬁ,ﬁﬁ T %%ﬁﬁj& L 21. As mentioned before, the period T is
¥4 DT, T/2iF+0, —-T/2iF-oI(Z extended to infinity. Namely, 7/2
?%%f% LFT. becomes +o© and —7 /2 becomes — .

22, 1L TCZ0ow v(%é KnTW3 %éjg(% F(w) 22 We further denote this expression
2:2?)? - - g including o as F(w).

23. _g){#;i F(o) bz onaims 7 —y = 23 We call this integration given by F(w)
%%ﬁ L ﬂ?'()\iﬁ‘ the Fourier transformation.

24. 2 UC F(w) BBl E LT A7 f(t) 7t 24 S(0) can be expressed with F(w) as its
ﬁ/\?&ﬁﬁb N Fr/ < 2% éﬂiﬁh coefficients.

25. ZokHCw “(% 29 c &4 L 25 In this way, we could express f(f) by a
T&EE L. form of integration with .

26. THET—U TR LN ES 26. We call this the Fourier integral.

27. L/LJ: X @ 7—J= f’i% -7, 3'5{5 ,% 27. In conclusion, we understand that the
E@%Ub) ‘va U7 BRI 0 o FFpk 5y o & non-periodic functions are given by the
NEbETLEZ Dz L b0 & L. summation of components with a

harmonic continuous angular frequency.

F—7—F
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f’%%Ji&mwﬁ&%5%%f4ﬁ%ﬁﬁm\ mﬁ@mw%rﬁﬁ_ﬁwiﬁ‘% E%

Ok DA L&

ﬂ%LMWﬁ%EwﬁﬁLOwT l@ﬁt%&b@ﬂ%ﬁO%ﬁTTo::Ti i@&
‘BE< ﬂiuB LFUOD ‘iﬁf’%ﬁb%\ét . wui?‘ e f’%%@ﬁj LEnE L7,

(ZH6] R “Z07 (this) iL< @%@%T’N’ETW% 5 (demonstrative pronoun) T, %JIEEE’J
K§%®%<@%@%m?%_%ﬁwiﬁﬂuf<W@XETMT%tW@%mT%%%@iﬁg%ﬂ

186



gdooooo0ooooooooboo
00000 Nagoya University 2010

Lk 3 H

(noun) (TfF< & &1k “Cp~" kb\ﬁ%ﬁgﬁ%%b\iﬁ—fﬁ g.é“%éff FHEA T s AoE
ﬁoit\%ﬁ%@ﬁ%ﬁaégé‘“hﬁ”%@wi#

S eR i 72 £ 0 b (point of place / time) EAT L X D BHEOET H25C1T here &
“5%&T?01@$%i%%%ﬁ%%%$bfwi#

fR A B, e, B iwL<@%@%r¢ BO”. B LFELTNEADZIED LD L
oS 1 ij%t%jéi%’:ﬂ“ﬁ‘ “Z 07, BEfE (question word) ® “E D &by 4N H Y

i‘a—o

bbb ZD gV nb ZZ

P b b biLh hE o

P z0 zh nn 7z

JEXrS Lo yh yr
S E e Y

(44 5 —) EADLEIT. Buler % AAZHOHELIFIC LT=b DT,

Fﬂﬁjwréjmpmmamaﬁ%ﬁﬁ‘%k%ﬁ”&wab&ﬁﬁﬁbiﬁ LidsosT. A
§€ M}@i@ 1%0)'43& ot<%n%7h7zit (formula) &9 EBRIZZARD £,

187



gdooooo0ooooooooboo
00000 Nagoya University 2010

nhEN

1. HIEE(2)

151 %E(2)
HIZRIERMERET—)IRS TRE.

Fie)

a

-7 0 T

f@)=

F(w)= % f; Fe " dt = ﬁffa e/ dt

a (-T'<t<D)
0 (<-Tx>T1)

J—IEH

E :
_a {e”’f} _a e’ —e® asinel
2z|-jo| . 27 7w
FAS—D R
Jjal _ _—jaT
f(t)——_[ sin @] SMOL ot g sin T — ;
J

ORI AL A ThHY, BTO®Y
5 EDAT

IR -
Wl 5 —T 50 T £ o il 1HiEkka 2 &
D EFn, RO TIZ0E L Y £

XS

AR T O T T — U THS A 0 E

188

Finally, let us solve example 2.

The problem is: Express the non-periodic
function shown in the figure with a
Fourier integral.

As you can see, this function is a square
pulse, and it is a non-periodic function.

It takes a constant value a from —7T to

T and zero in all other cases.

We use a Fourier integral since it is a
non-periodic function.

To get a Fourier integral, we first
calculate a Fourier transformation which
corresponds to the Fourier coefficients.

The Fourier transformation is given as
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F(o) = % f‘; f(t)e " dt

Since f(¢) takes a value of a only in
the interval from ¢f=-7T to ¢t=T, it is

expressed in this form.

We will calculate this definite integral.
Using the

exponential function, we obtain — jw,

integral formula of an
which is a linear differential of — jwt?, in
the denominator.

expression  after
and -7 into the

integration variable ¢,

Rearranging  the
substituting T
we obtain the
expression which has the difference of
exponentials.
This form can be expressed using sinwTl
after transforming by Euler’s formula.
We obtain
Flo) = asin T

Tw

as a result.

As we could determine F(®), f(¢) is

given as this integral form.

This is a Fourier integral.
We have learned an outline related to a

Fourier series and a Fourier integral.



gdooooo0ooooooooboo
00000 Nagoya University 2010

B AzEfEER

bbb
§C2 [+
muhu BN (ORI

@Jﬂ@nnwﬁ/ (1mperat1ve form) T, ﬁbb\j\lﬂ “C&ot@ }E&L< unwﬁ"éﬂ%ﬁ ot L
3, fllic ﬁ%@%%ﬁfﬁbﬂt@ Yoich (dause) & LTHbhizy LET,

PoLD

(fF) 1&H @ﬁji (conjugation pattern)
O n—>71
"% RE R
CRY I B R b
Orn—7r2
< wxEy WG
it EHET B
Ol
*% kET kv
7% LET LA

M TUMTWD

OFIE (negative form)
BV HEEA BB
By BxEWA OB A

(1)

g#<%1/ﬁ%%_%'i%f:%7ﬁ)lﬁéo‘(b\é%o (ﬁbb\@ji%aL)
%@td%k&4m%ﬁéﬁ%ﬁo ik
W *ﬂa%ﬁ%ﬁ% e EbE L, )
PPESY, - e U FIGYNGY L £ RS DIR R SN C)

X8 lt=-Tn»6t=T F£7T|

(5] Fok (start point) %%%’9"@3%% (particle) T, [F T 114 5 (end point) %ﬁ%)ﬁ‘ﬁbﬁ%ﬁ
TF, BHIconTThH, BfconT TR A ET,

(1)
AR B o b HabE T 0 £, (H£FH)
XD D BB E CHERR T 2B < B U D E 5 ()

190




 
 
    
   HistoryItem_V1
   AddNumbers
        
     範囲: 全てのページ
     フォント: Times-Roman 10.0 ポイント
     オリジナル: 中央下
     オフセット: 横方向 0.00 ポイント, 縦方向 28.35 ポイント
     前置文字列: 
     後置文字列: 
     レジストレーションカラーを使用: いいえ
      

        
     
     BC
     
     5
     TR
     1
     0
     1240
     301
     0
     10.0000
            
                
         Both
         21
         1
         AllDoc
              

       CurrentAVDoc
          

     0.0000
     28.3465
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.9a
     QI+ 2
     1
      

        
     0
     21
     20
     21
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     範囲: 全てのページ
     フォント: DefaultJapanese1 10.0 ポイント
     オリジナル: 中央下
     オフセット: 横方向 0.00 ポイント, 縦方向 28.35 ポイント
     前置文字列: － 
     後置文字列:  －
     レジストレーションカラーを使用: いいえ
      

        
      －
     BC
     － 
     1
     Jap
     1
     1
     1240
     301
     0
     10.0000
            
                
         Both
         21
         1
         AllDoc
              

       CurrentAVDoc
          

     0.0000
     28.3465
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.9a
     QI+ 2
     1
      

        
     0
     21
     20
     21
      

   1
  

    
   HistoryItem_V1
   InsertBlanks
        
     場所: 現在のページの前
     ページ番号: 1
     現在と同じ
      

        
     1
     1
     1
     2228
     334
            
       CurrentAVDoc
          

     SameAsCur
     BeforeCur
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.9a
     QI+ 2
     1
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     範囲:   22ページから  ページ 22
     フォント: DefaultJapanese1 10.0 ポイント
     オリジナル: 中央下
     オフセット: 横方向 0.00 ポイント, 縦方向 28.35 ポイント
     前置文字列: － 
     後置文字列:  －
     レジストレーションカラーを使用: いいえ
      

        
      －
     BC
     － 
     22
     Jap
     1
     1
     1240
     301
     0
     10.0000
            
                
         Both
         1
         22
         SubDoc
              

       CurrentAVDoc
          

     0.0000
     28.3465
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.9a
     QI+ 2
     1
      

        
     21
     22
     21
     1
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     範囲:   22ページから  ページ 22
     フォント: Times-Roman 10.0 ポイント
     オリジナル: 中央下
     オフセット: 横方向 0.00 ポイント, 縦方向 28.35 ポイント
     前置文字列: 
     後置文字列: 
     レジストレーションカラーを使用: いいえ
      

        
     
     BC
     
     26
     TR
     1
     0
     1240
     301
     0
     10.0000
            
                
         Both
         1
         22
         SubDoc
              

       CurrentAVDoc
          

     0.0000
     28.3465
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.9a
     QI+ 2
     1
      

        
     21
     22
     21
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 全てのページ
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 無し
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20100303142849
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     700
     512
     None
     Up
     3.4016
     0.0000
            
                
         Both
         3
         AllDoc
         14
              

       CurrentAVDoc
          

     Uniform
     595.2756
     Left
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.9a
     QI+ 2
     1
      

        
     20
     22
     21
     22
      

   1
  

    
   HistoryItem_V1
   InsertBlanks
        
     場所: 現在のページの後
     ページ番号: 1
     現在と同じ
      

        
     1
     1
     1
     2228
     334
            
       CurrentAVDoc
          

     SameAsCur
     AfterCur
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.9a
     QI+ 2
     1
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     範囲:   3ページから  ページ 3
     フォント: Times-Roman 10.0 ポイント
     オリジナル: 中央下
     オフセット: 横方向 0.00 ポイント, 縦方向 28.35 ポイント
     前置文字列: 
     後置文字列: 
     レジストレーションカラーを使用: いいえ
      

        
     
     BC
     
     1
     TR
     1
     0
     1240
     301
     0
     10.0000
            
                
         Both
         1
         3
         SubDoc
              

       CurrentAVDoc
          

     0.0000
     28.3465
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.9a
     QI+ 2
     1
      

        
     2
     28
     2
     1
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     範囲:   29ページから  ページ 156
     フォント: DefaultJapanese1 10.0 ポイント
     オリジナル: 中央下
     オフセット: 横方向 0.00 ポイント, 縦方向 28.35 ポイント
     前置文字列: － 
     後置文字列:  －
     レジストレーションカラーを使用: いいえ
      

        
      －
     BC
     － 
     29
     Jap
     1
     1
     1240
     301
     0
     10.0000
            
                
         Both
         128
         29
         SubDoc
              

       CurrentAVDoc
          

     0.0000
     28.3465
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.9a
     QI+ 2
     1
      

        
     28
     158
     155
     128
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     範囲:   29ページから  ページ 156
     フォント: Times-Roman 10.0 ポイント
     オリジナル: 中央下
     オフセット: 横方向 0.00 ポイント, 縦方向 28.35 ポイント
     前置文字列: 
     後置文字列: 
     レジストレーションカラーを使用: いいえ
      

        
     
     BC
     
     27
     TR
     1
     0
     1240
     301
     0
     10.0000
            
                
         Both
         128
         29
         SubDoc
              

       CurrentAVDoc
          

     0.0000
     28.3465
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.9a
     QI+ 2
     1
      

        
     28
     158
     155
     128
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     範囲:   61ページから  ページ 194
     フォント: DefaultJapanese1 10.0 ポイント
     オリジナル: 中央下
     オフセット: 横方向 0.00 ポイント, 縦方向 28.35 ポイント
     前置文字列: － 
     後置文字列:  －
     レジストレーションカラーを使用: いいえ
      

        
      －
     BC
     － 
     61
     Jap
     1
     1
     1240
     301
     0
     10.0000
            
                
         Both
         134
         61
         SubDoc
              

       CurrentAVDoc
          

     0.0000
     28.3465
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.9a
     QI+ 2
     1
      

        
     60
     196
     193
     134
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     範囲:   61ページから  ページ 194
     フォント: Times-Roman 10.0 ポイント
     オリジナル: 中央下
     オフセット: 横方向 0.00 ポイント, 縦方向 28.35 ポイント
     前置文字列: 
     後置文字列: 
     レジストレーションカラーを使用: いいえ
      

        
     
     BC
     
     59
     TR
     1
     0
     1240
     301
    
     0
     10.0000
            
                
         Both
         134
         61
         SubDoc
              

       CurrentAVDoc
          

     0.0000
     28.3465
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.9a
     QI+ 2
     1
      

        
     60
     196
     193
     134
      

   1
  

 HistoryList_V1
 qi2base





