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MOTIVATIONS FroR A MULTIMODE  GQUANTUM  ANALYE(S

In 1we  conTexT  oF THE QUANTUM AFFkoAcH To

THE  FEL- OSCILLATOR, DYNAMICS , THE STuDY oF THe svo-
LUTIoN  OF THE COUPLED LONGITUDINAL MODES 1N Twe

FEL RESONATOR HAS A.Two-FouD MoTivaMon :

a) THE OPERATION wiTw A4 BUNCHED &-Bsam
PRoDUCES A puLsE STRUCTURE /N Twe cmTTeDd
RADIATION WHICH CAN Be aps QUATELY TREATED

BY A  nuLTimoDe FoRMALI 5™

B) EVEN WITH A  CONTI NUOUS E-BEAM | SucH AN
ANALYSIS 5 PROPER =~ FoR  Tue STARTING

STATE  (THE YAcCuuM STATE) can Bf

WRITTEN AS AN INFINITE  SUPER POMITION

OF LONGITu DiNAL MODES

_OVTLUNE  OF  THE  TAk

a) W& WRTE THE SCREDIMlER EGUATION  gurn  Fug

CouPLED ELETTRoN - Eiecos MYWTEN, n rwe PR ANS Oom R

oK RoLtTiMops MNOM - RBLATIVI AT 4 HAMiLTONLAN,

X

b) WE  3ovE or To THE FIRST  oROER N Iwe giécrion

REeon Twis cm.mrm»‘rJ TAVS  Gerring TwEe PrRopaar -

UTY  AMmpLiTULE oF  EMITTING e;-- PHoTons M;

e ;'- "  Mopf&

~

c) WE ProPose A SELE - CONYISTENT FORMALISM Te

EYALUATE Tus TME Evocyrtion ©F TN EFL

LADIO TON FiELL FRom THE AUANTUM Te TwE

QARSMICRL prGine .
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SINGLE -MobE ANALYSIS IYNTHESIS ©OF Tug LEsSULTS

. Fok AN INiTIA L VACUUM s‘m*rt‘_J THE  GAIN 1%

FOR THE DEVIATIONS

ReAPo Mol BLE FROM THE Tyncatro

AND STATISTICAL PRo PERTIES ThE

CONE RENCE -y
1

CONVENTIONAL  LASERS, IN FACT ,WE EmnD TwaT

a) THE  FEL  sTATEs Do NHOY EVOLVE  INTO  (ONERENT

GLAVBER OMNES

B) THé PPoraBiLITY o©F EMITTING ¢ PHOTGNS  Doss

MOT DISPE B L E ACCORDING To A POItAO MIAN,

<) TME  FeL  sTaTES EXHIBIT GENOINE  GuAATUM

EFFecTs SUCH A% Buncan G (oR AnTIG uncHinT,)

AND SQUEL 21MG

Fok AN ARBITRARY  INiTIAL COHERGNT STATE ALSD N
. ]

ARSERCE  ©oF G AN THE CORERENCE 1S NOT PREJERVEL,

®

FEL H‘FHLTONIAN PICTUORE
IN A PMOVING FRamé WHERE THE ELECTACNS Can Ay
bescni B ED AS  NON- RELATIVIATIC PARTICLES , TuE
QuANT UM MOLTIMODE - SIMGLE LARTICLS NARILY e MiAN
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LAY%NS OF

CONBELVATION .
PUYMCAL INTERPRETATION oF TNE YARIOUS TERMS "
) !
- TWE FEL HAM I LTONIAN :
THE FEL HAHILTONIAN ALLOWS FoR TwOD LAWL GF
b
A » CONSERVATION : :
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FEL ATATE FUNCTION
ASSUMING
o
1\5 - O $= 4, N
WE  CAN EXPRESY THE  FEL WANE  FONCTION § AS
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SIMPLI FICATION OF

THE  SU, RAMAN -NATH EGQURTION
In AMY  EAPER! MENTAL SITUATION "
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| FIfsT -ORDER  SouTioN ©OF Twe pn EQuATIoN
-
c.) THE  FEL . STATE
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ThERE FORE
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TIMNE EVOLUTION OF THE FEL RADIATION
AFTER THE m-th  pASt | THE  FEL  STATE Car w £
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