) WA S S W NP PO T A o Ze SR A B Y
N P

; s T = 1=
T iR T ==

= 7




T, TR

EoM

-

0&) R - 1K

B AR

&t |25 W
28

¥
®
B

=

A B BB H H AR 3



COMPLEMENTS DE NIATHEMATIQUES
AL’USAGE DES
INGENIEURS DE L’ELECTROTEGHNIQUE

ET DES TELECOMMUNICATIONS
PAR
ANDRE ANGOT

N B R E

FEERRANFEL, AR EBLIROIRENBE— RIS
WEBEPRIERS, AEXFLELREERT2REN—EEET AR,
L4348, AR — FERK, . SENEETEEHS; =, &
BIER, W, S A, REHERESRIER; KN, MBS
. WHNERER A, BREMBG . HERRKER: 1. BREREME
. FEE-FARMLELESR ETRBE, BERIEEN A& KRS
ViER iR, BAFEHIERIHJBASHEAR, B2 EFAFLEY
R BRI E R hRRA M.

BT, BETEMESE
b A
) M7 - £k %
TR ir
EEE ..
maa  RR

AR MK HIKR
REREH 20 5
b 3B R — 7 BN R
FieBEleRRITH R
EHFEEBRELE
FFA, 850 % 1168 1/ 197948 7 A—IR
ENk: 14%5W%k: 228 19794£ 7 AdbE—REIR
F¥. 372 T+ EN% = 1— 91,0004}
gi—BE, 15045+ 5229652205
EHrs 1.607T




J-__]?;

EEE, BFFLEE, HE2ENTRNF NS REE
AR RAFHE R AIM T,

H=A4EE, PEEENIREMRERZTZHR N MR o4
W, mORf#Rm, B2, B4EMFTNERAEATRBIE
BEHHBEZLA, B AmEEEPEFHEEHARTTED
R RIS, Glniksodr. BERETE. ZEHFRHFHE, BT
EM; HBZEMERS FBRMEEHE. W, £5%2Ed, ¥
FIREE R IDIEA 6B 70 4 i R BE 1B TR I X S ¥ o b L o

LHE, FERZEISNBEAMEENRSHEREREELWHA
R, XRPEHEAELEEGTHBREEMT B, Fxl, Tk
i1, EHHBEHARTTEN, TELEBE 2 Mk BREY
. WESVHHHRERS, HPEHTEIMY S BRNEE
BB TRERE AXSLLELTRRNERRBH RAEEN
fTitEn AMEEMREBIEHATIHBIERIER, FRENKR
HWEERARL, BXTFEREDEG—SHES> T hEMEED
HENBRYH— R HERD, B FTLASREE R H— e F TR UL, 4
ZoTRBERARFRIGE, HEBN, RAAERLBRTARES
ML TIEMEETNHEE,

ESNE, BB EXEE, BEARFHNARSEEEMTES
R, BT ENNE, ¥TEFROTERMYRES
WRAERR, XWEEHATTEENRETROEE, % AR
FORE 2R AR P AV IE S, FHFH kR BGX BT R 5 R LER R
ME, BABRUEER AT ENEEENBRBRLE XA,

Y SO T3

=



A RERESIAFSH6E, RRERESANAX B H 2T
B, ZBEFEN, XHARERAKNSEEER, B 055,

B, MERSERRREIRHNE b TR S TR N A
Fo—PB R, HHR 2, XR—AE R LIRS N,
HEEEBTNEHEL, EHATESE, HTFRAME TREE
TR, MENEMER. BPRRESHRGIEYE, FHYTLIRE
BESHHEE, BEZHIRIATE, AN FLHTELXS
HEXERRER R, BATRHAKLHER, hamgE, &
REBBRTABENGI, TAERZHNELE, BEREREX
B, MEREATHAIGRERIES, REHD,

BHERIAMNER. EEEYL. BEHBESNEK. 2B
B, EERY. ARt SRR RS H .
BRAY, SHRNEFRAEMPLIERY., BEMHNZE, BEE
t, ERETHRRERE LR, A TEHEERIERESHE
LR, R, W0 TREN B, EaERENNRYE, b
BENEBT ERREREMERRIHSHTES &,

BEBREEHRT, AETERBSH, BLE, LTLliEcHEs
BYBEE, HAILRYEZNEIS WX BT It 2 0 25K
Fo MYBEEMM TR -8, XFBHERETXNLEDR
MERBEHH.

W5 - Bk
(Louis De Broglie)
1949 TR



% -2
=
- n

ABRR—BELTHEFEYE, BIALIRETFERYH
xR, BALEAEER B THARPHBENA, FHnE
EHMEUSE BB BB LSS, REBTHEAF
B TR AEA Both# 155 i SR A H M E MR I,

Ak BH, ARBEEEFRGIEY, mREE D E 2 Bk
B, ERMREARE LBRHIEY, IR 2EEFE T
LM EERSE XERPATIEE,

—ATEB—BRAERESEBEHRTRERER R, Bl
DEE, BEMX—K, SBEARENEEAE, miiEEEE
EXRBTHLAN, ALREFRERAEBEXFRLBEOR RS,
MR, HRLARRE: TERUMEERE, H#FkiERE; WE, %
EFEBFEMSTERGNBZIROET, ERBHRBERT, e
BME LB EARMTGAEERM B ENRE D, EREE
1, BREIEM A R MRE X,

EREBRBEARB RO T, HUEHTHIRFREER
BEH—EAKR., KigfthL, ETRRES, SRR REXE
TRRZERE,

FHALASE—~ATASH,

REBRBEABREEL, BRERBIEABEY. BEZY
R RESE, BIFEBETELEXTHILERH—E,

REZ - RXK
(André Angot)
1949 £ TEER

¢ 5 e



B B w

BAREEBEFRMGIR, E, ELUEMRLRS, B4
BERMBEBRIET KENER, BHEATIEREHRE, Biaz
R R — 1R, CIPHALE, AR RERH—ERBEHER—
T

FTREEMETS#—SHER, MinTEMRETERMY
FRMHBUEROGA TR, Wb, TH—EH—s ARERER
FPR L PR B BE AR R (Laguerre) BT,

ATEMBMWE ST, FIBRRESSNRER.

1972 £ FHER

R B
(André Angot)
1972 £TER



B

FRERIOE IR 1949 FEHIRAY, 1952 FMP TR, BERE
W 1957 LB ESIREE, HEBEAXBH E WETET
MERIfE, FNOURE 1972 EBEAMGER T B3R,

XAPE Y FRMOALRR, RN «fih TRAEFTIRE
U AR RSB R T i, RINBBROFASRAEMH LR, AT,
AR EBUGREEOER, RRENZEEE, RIEE
MR TR RIBL RS, MBERROSART AR, 2F
BBt bR, RETHALHN—RiRER sy — sk
AR, BERBETEBZE, HABRE, FBEAMEARBHTIY
THIH R, WERRAE. BEHARTER, URER
MBERR, HEERIPEME S 04N, BEHRIXEREHE
ATRURS BN —AH AN ST AS. RITEE, k5B
HAEMTRETR, TR TEURE I TEOBSEERAAL
KL, HFHEREHBEERAARDE — RS ENE.

BAVEBEBRRIONLY, RTRERNASREAT 1,
RN TFUEORERRRSL %R, BXE—ATiY, FiE
EEGARBEESHPREE, FUXSEL AT KT, &
5h,, MTFRITRBETEMERE, FPUARBE LM, KERE
REWTEAR X BAE, BETFSRFETARFDRARIM, X
ABPFHHEHEE. RIS FE, FEESSHRETIER
BB, AIEAGE IR ABRAEAE T M.

BAERADBET BB HAG— %R, BE, RIS
XK FEAR, BEAPREEHBRAZHRS, BREREIIH
THEIE,

B



—
L S S e e e S S VY S Y :_‘
. . . . . . . . . . . . . §=_
e e T e e T e e YR e S U U iy ‘,W 3}

b
[5G

R o T o R T S TGy S G PO
P

. . . - .
B RN N NN N
N - . . . . .

N D O B W N e

W 00 ~ O U1 W D e

.10
.11
.12
.13

..........................................................................................

..........................................................................................

.................................................................................

aazdiok 2 N0

Bl -

FEUHE  veeeerneserescrersoressenessinanssesseeeressssns sessessenneeasesnaes
FERE B IFILERIEL ovversorresreserneerennesnnninssesnenssressnsrennens
REABRHIBISY T BLISY  vrveoressnsonsnericnesensnsasssnssossessorsnsans
RMEREZREHZ AR e
5lg - .

B WA RUBT: - S
BT B TR overreens

-3 -3 (=] (=2 (1) £ (5] (S} — [

w oo

Eﬁﬁ.ﬁﬁmgz@ﬁ:%%qqmﬁfﬁ .................................
eens]2
eeer18

014

w15

17

.18

11



1.3 BAFBRE vevereererrreniiii s 26
FEEEHE creverrerinneieiriniian e e e e svereeens 06
BB BRI oeverernriic i s s s e e 26
TETN(E LAY B --orevreoreenerrrerrmriiirrriire s seesssssans 29
g 1 E2CE - T OO SN PR 32
3 = ST L P P PN 33
A% BT R

12 BREBUFE, B A e e 37
13 FASBIFE BB AL oo 39
B T | T R OT
A5 B MBIIRR AR BBIRI FH oo eeeeerreennrnensoreiieninnennnenand]
L3.16  ZEH BFILF cererrerrerrnniien e e e anane 43
A7 AREEELJRILE  corevrerererriieii e s a0 44
NAZRKITHE RS

2%

1.3.21 fo f(cosB,sin@)d0 FUFI4Y «revvernrornnntrircnniiniriesansiniin i
-0

1.3.22 f_ FO)dx BIBRSY corveremrienniisnninsnistssnsesst i sesssnneane 52

[ T T S e

. . .. . . . . . .

LW W W W W L W W W
. N N N N N . . .
W 00 N O Ul i W D ke

I e T e T e T e T e T R T S
. . o . . . . .
LY W W o W W W W W W

.

1.3.23 f"f(x):;’:m,dx IBUSY wvreresesiersssarnonsanssrsossonsessonsasssnn
0

1.3.24 f:x“f(,;)d” ?’éﬂﬁ}...................-.................-................54
1.3.25 FEARBEFERBII e

e 2 .



1.4.2 (ST BE B BB o oererrrrernrersronsrioninennnsnesssennesissssnness§3
14,4 HEEZEAHL vrevrrrereremmionisriciisninrsor o ssisieseresserasssenssssanans7 1

BoE WEIBEGMEHEIL o ooorenereneensonsnsisnesng]

2.1 BRI e 81
B IEAS RBLRIEL ooerreresrrstrameeerarasnrisssnsnnnnsenssnsnensenns 83
YepR1E T - Sesteensnsairarsratarettasienniosenrsrasssnsrerssssasernes8y
BoaksH - S =3
ﬁ%%&ﬁ@%ﬁmﬁﬁﬁnmmﬁ% ST
ammamm@gw%ﬁﬁﬁmmnoaﬁ%mg --------------- 89
El’ﬁ]ﬂ‘)j&r“ cereanies seansessasases cessarearaces

Eﬁ@%ﬂ"o .. B P PR . ).
10 AR B REOFE AR MRS RBOTFIE e 96
11 EEM RN BRI o eeeereressensienininisneeng7
’F@E”ﬂﬁ ..................................................................... 98
BRI YL ITE IR verrrerrrrreermni i v seassssssisns 98
BEHBYBEBIZR v 101
FEELER T F seeesesresserssttinmmuniioniieiniiescnrasssensnsannansans 103
BRI ceeverrereresniniiiiiiiiaiiiiii et et s cs s ssessnsenses 106
BRI RT croveressenmmnninniiiniiiiiii s s ansesesee 113
B AL ceorereaiiii i e e s sra s 113
8 BB MBI IL S worersvessessnises s ssesnnsnineniisscsssse 117
10 FHBERIEGE  cvcorremnniiiiniiiniiiiiien e 119

NN NN DN [ C TN - T SCI oG S B Y

. . . . . . . . . . . .

[ T T T T S O e S S SRS
W O NN M U AW N =

(3%
no

[SCI CIE O N ST R R R X
NN NN DN NN N
W 0 N O U o W N e



%Eﬁ %ﬁﬁﬁ ................ bersentsasrectonirans teecertionssoraentrnsaersanss 1922

3.1 HiHE, R&. Y

W&

3.
3.

1.1
1.2

xE

3.
3.
3.
3.
3.
3.

1.3
1.4
1.5
1.6
1.7
1.8

HERE -

s 122

JEAREL coererer et e s e e s e e 122

LA vevererrriiinniniii Seresaaseetiaienereesaaiene 124
SAGE G, 5,8 BYTEFE orrvrerrerercanmininrannneineianeancn 126

ARG A D IHGH oorerrrermmerirmmmani e nrviene e

rEEH
BB A FARE FAITRRL s e e e e 126

W o W W W W W

.1.9

.1.10
.1.11
.1.12
.1.13
.1.14
.1.15

3.2 REMMYZER

BH

3.2.1 REMBE, MEIFH oo
3.2.2 HEBME GBS e
3.2.3 BMBETARE e
3.2.4 RERELY oo erersnninrenin

REWHIE

- 127

BEBLJIER  eerrorerte it e e e e e 127

RER
ZAREHIEAR

- 128
- 129
w131

SARENTHEERB s 132

PRONTE ¢

3.2.5 BAEE creerrenviiiniiiiiiii i,

3.2.6 FEIEISEL coererrreerrnions

3.

2.7

ﬁi,ﬂﬁﬁ%@ “reecestsssritasoreresnans

3.2.8 KB gradf lREKZ Y ererereen

* 4

L Y TR R TR PP

......................................................... 132

ceeres 137

teereerseisesisreniincseissnacees 138



.2.9

.10
A1
.12
.13
.14
.15
.16
17
.18
.19

W W W W
[S=T W)

W W W W W W
(SO SCR SR U C I T SR ot

3.3.1
3.3.

jJ/rP estessereraratesssasistintte

BOotr R
HiCHE B e BE
TR E DR KR
“ﬁ 7 DeV R B 752 -
AR
ﬁ?ﬁiﬁ@f&!d;%ﬁﬁ(

— P ERBRE

EETYRTTRY

e, @
F A
BB — I e

sevaresrearraveroeaere

AR

3.3.3
3.3.4
3.3.5
3.3.6
3.3.7
3.3.8
3.3.9

BT R AR IR oo

ssvsssssitessan

Grnebeseabbateanabiididindad titaNEIIL
eseessecree

csserceressonense

.................................
sesanns

Y TRy PR TN YT TR

I TR Y Y YR AT PR Y YR YT Y

%%Eﬂ\&} ...... Ao tasetsatserssteasasansonttroasaestanesnsaetarierss PRTTTTIN .
%ﬁm%iﬁﬁ sesissscasiriattisasasansaeonrinene
2 %Eﬁ‘gﬁﬁ .................. PR NI R TR TR R IRTIITRITI I erenee veve

vesssaserreuneerrsrsatre

ﬁggﬁf‘]‘/&\i& L T PN

BEEEHI AN
HEE, HUE, EEREMAEHE -
HBHaX -

%ﬁﬁ%ﬁ}b seecserrnrcaisertnsacnsertes

W, F# 3% 77 Y A

3.3.10
3.3.11
3.3.12
3.3.13
3.3.14
3.3.15
3.3.16

3.4 IEXMHELGRR -

HEHfy  eeererrerriaennssssinnnanianesanis

BRI
BARGE  eoreeveeassnteenensenenes

---------------------------

ssesemessetsecacrsettatreases

cosn .
. e ene . .
. Ty s X3

Dy O R T T P Ry T T T

LRI e

RIEER
EuHHHER
[ R Wagla ¥ ol %4 o SR 4

Trererrerrrn e sreesemitraranan

Cetesersersseaststsrertertanernans e

139
139
140
140

» 141

143

- 147
ceer 147

150
151
153

154
154
154

155

+ 157

159
159
159
160
161

164
166
167
167
168
169
170

- 173



3.4.1 EX -

5.4.2 ERMBAREWHAEH - e
—BWIBEN LR @%él:h\?%

.3

W W W W W W W oW W W W
[ - S N - [ L= L= LN (=
.

EmE

IS
N N N O S
oo s s s s s S, Tl I

o e S Y v T T
« s s s e s « e v e « e

.
(=23

e
[Z=T- T - 2

T .
W o =3 M 1 dx W N

.11
.12
.13

[ e o
(4 NV I e )

HEeiRR -
R b % -

FRAREE IR B TR oo
WHESLIRR

IR 55 A b

" hdmdiRR

MRATERSHHE, EXHmELnRibH
S T oy DTSR
EMEITE

A G HIBY woeer e

G R TETLL o oveverrerererreeeorierermsineecoans
FEAHREFITRBL corrrreveroetoronionsinimninenireiomenminnmmenns
FAAEBE TSR B vrvrsrrrerrnt st st e e
HET“ T 20 BEETJA] coeerermreeeronasnieserioninetrininins sremresrne aes
B GEPEBHEEE crrveerreeernrericreeneniieetenenisteressenneenanae

FASERE BT oo eeee

EMERFHRDE e

SEREFRE  weevvreererreenenens

S BRIEREHI KA BREEBE oo oevvveveereesnrnnes
SREERE  eeereerennrenaornneans

FFRBEIERE  covverrerrereesvnnanns .
TSR, BIEEE cooveerrrorerreresmrnessnninanns

#@%tﬁﬁié{é%% .........................................................
@%#@%ﬁ%ﬁ% ...............................
%&ﬁﬁé%ﬁ% ..................................

_&i@%mfﬁé&ﬁ: - KCLRTTTTITPTPTTPIOPTIT

.......................
.......................

-----------------------

.......................
...........................................

.......................

.......................

A, BIFHGREA: orvrererrrrerreressrnmrerenssnnnressensnenens
BE/NBLIEHGF wvvveeereersnrnereecinsnnnneeisranneseisionsssesnsaees

veseens 173
= 177

weee 178
- 179

180
182
183
184

- 185
veer 187
< 189
e 191

193
194
194
194

- 195
« 195
- 196
eeee 197

199

- 199
- 200
+ 200
= 201
s+ 201
« 204
- 204
ceee 205
- 205



.16
17
.18
.19
.20
.21
.22
.23

-‘xk»&b»‘k»ﬁ-»&h
Hh—lb—l!—dl—‘b—‘b—lb—‘

HEEERB REE e

MRS verrerereeeone

TERAE e ceverenremmiiniiniiii s
Ex&&ﬁ‘]{ﬂ% Iiﬁ‘s?’é IR T TR T R T TR T TR TP

%ﬁﬂﬁ& 18]

1.24
1.25
1.26
1.27
.1.28
1.29
1.30
1.31
1.32

[ N N - - N~ S - N

ZRH

4.1.33
4.1.34
4.1.35
4.1.36

JEGEHEAERE  vroererrrreraonssronneininrinisnssensenieanns

HERE a Byt A e en e

BRI RE T corereerrerennnenonnnns
BRI IETSAS B vevererereersrenserveencre vonunes
ERE MM ATE, S EH IR IE IR cvevenerrevenrereravinns

BAE FRREDHEIR  wovvevereneens
B T ReAES MAIIERE  «oeer
B ERER R &t

Eﬁﬁﬁlﬁ%ﬁﬁ{ﬁ&ﬁﬁ[ﬁm ...................

WRHET v
TR e

B HITE TR A correervrree s e snenessns
Eﬁﬁﬂ LR D T T T R P P D T LT TR R TP TR TTR TR TRY

HEEHH

.37
.38
.39
.40
.41
.42
.43

L R L N
[ I = S S G Sy

ﬁ&ﬂ{]% B LT T T T P PP TR P S S

YLFE LB E T e eremnenens

HEBE S, BEARSLIEE T cvevereremreisineininns

%Eﬁ}i ereeseertasesirnenes
HERERIFETE  veverererrreecaenn

BEREHG AT BLTE  voervvreeeeernsns s sette e s e e ctre e nsneeaes
SERE MR LA LI EL  creeveevrsenrermmrrnnnrensines

A EREREE OB ERME  reeevreerreremneessssniisnene

FEBAERE  oovveerorveersrnseriostsieiintie sareeene enaee
BB @ (B JERE  oereerreerieecereenneesernien e sie s se e st s
7 FRAERERRER YL 5 FRLL  vovooreererrnmrsnsnnassanienns

206
207
209
212

- 214

216
217

218

- 218

219
220

e 221
e 222
223
+e 225

225

creees 297
- 227

229
230



4.1.44

2 R TR B L 2 e cvrrreremeecinnnnnns

S 1 WAk o A BRI 7 AR R T

4.1.45
4.1.46
4.1.47
4.1.48

GARE Iy T TSS  wreverevesnesnenns

—Hr e H BRI
WERE W RE

2 By B ER ereriee e

...............................

244

247

o 247
- 250

4.2 SEREFFELLGRIFA oovveeveesensemeieniesseesessnesesmeeecresessenserses
I 3% B 4% B 5

GE ML cereerentii i i s e s e e e s b e ensbesee

4.2.1
4.2.2
4.2.3
4.2.4
4.2.5
4.2.6
4.2.7
4.2.8

DU S 4 B B3 wonveeeereneenene

PO LR B TEIE <vvevrrvnsronsnenssniens

DU 38 FRER B BRTDE «oeereonrenrensssesseriosstnnneesssnnnsssssseneecnssnns

PO B4 R B R G oveeeveee
FERA PR BT FIERFAEL «voevereerersrrenens

%‘}ﬁmﬁr‘ém% severscersonces

ﬁﬁ;mﬁ%mg& .............................

el B 3 Y 4 K

2.9
2.10
2.11
2.12
2.13
2.14
.2.15
2.16
.2.17
2.18
2.19
2.20
2.21
2.22

L e T T G G G G NN
e e e . e . e e & s e a

L)
oo

<

RE—A LB BRI e
AE-AIF B G R -

L I MY s A 4

TR T FSPLRER LS covvereenaneecens

XTI -
BEZR

VOS2 o BB B oo

FIETURRILE  worvvenesesisnereessnesns
BETGIEIEIR  wervrevrrmrernvosisinnorinia
PSS IS B SRS  orvereeresrenmnorsonene

Ba%s B iR i B — s SR a5

TR R BB B AYHTIGE  creeremnenn

BEFhsPERERik

...............................

...............................

...............................

...............................

»+ 261

254

263
263

senee 264

...............................

265

» 266
267

...............................

BFEREFRSREMIET -

267

ceee 272

...............................

...............................

...............................

...............................

273
275
278
279
283

o 287



4,81 BEBIER oo erecmnn i s

5.1

g&iﬁﬁ ....................................... Ceveercssiiiianantentetaaenses

et R BEE, MEEE

UT gy o Oy O Ov v o o Ot

ok re s e e e b b b
W 00 =~ O YT o W N

10 A ch B R RRIR B BT

1 EX ........................................................................
v 292

Ards Z Yy T4 ceeoes
b‘}z,jeigo TS 53 Bl eeveererererner oot s e
BB B U eerenrsnnniinscotues i s e s e s e e
élzﬁl‘éfﬁeﬁiﬁﬁ'ﬂfﬁﬁiﬂéﬁ .......... Ceresesreraaicatesseiareeenes creves
SEER L AT BR eoererercersreommnumnimns s bt e e e
yﬁ{rﬁ ’ﬁr‘}i’r’r&‘&ﬁ‘?ﬁﬁtrﬁ .......................................
BRI A oo

KEZH

5.1,
5.1,
5.1.
5.1.
5.1.

5.2

[>T B ) B < ) NS IR ) B 52 I3 B ) B3y |

[NCIE SURE N N N ENCT U (3% [\CT o)
- . » . . . . . .

.10 i&%g;’;ﬁmg%i segsessasceraserasarraney

11 FA KR ER A
12 REMKS

13 ;@& .....................................................................
14 L&Qﬁﬂ‘é{i} ...............................................................
15 RERIERHFEIA
ﬂ]é&é&ﬁ‘%*ﬁﬁ%i ...................................................
BB AR ERAE X, Mgk, ARFRIE rorereeinaiinn
EEMEKRE -
$%§&H%$M§%%%ﬁﬂﬁgm§&
ﬁiﬁﬂ:%a’}%k ......................................................
Eﬁdﬁ&%% ............................................................
1E35 iR B AR IETE ooeeee ceerenarressestiisrone
[ﬁ]_%ﬁmwg‘gﬁﬁrgﬁi ..........................................
%&i%ﬁfﬁi‘k’% .........................................................

W e N D U e W DN =

291

295
295
297
300
301
302

. 304
e 305

s 307
seeenss 307

308
308

= 309

310
310

veers 312
313

314

csreenas 314

315

eresee. 316

316
317

«+ 318



