| | LMI- z,@
H : @C@PE ch MBLLMJMUB /gm@ ﬂp% ‘L’) mm/ gl%mmk&a/ [Wé%/m AYp,

Crucigl, fox JASER_ gt
, 5 )
L?)ﬂg —/’}mf/{f,@@%m )3/ He Shuddty Lpmssion ﬂa‘xﬁ Redlstion
lu'ﬂev — Nz~ Wt Nz >N, ﬂfﬂ% LW‘”/ [ML ﬂf %ﬂmmj{pa/)mmm z{n%ﬁ/w
Jywer N, hew Simdafed L5101

They. A%Lgr At L /énf /g/ém Imetastible state |

% atms e g wut
 Therma %uili}m'am/ Sifuow ok m}w}a No< N

" o bbbl s o oty lid oo o ey ooy




LNI—I«
OYJinﬂy Bibton o< Ny)

Absorbing medium (N, <N )

NARAAANAA AT s sk
o ° Alomg n fw«w Al 1
(o T,0) o

Y

{YZ%V A%ﬂy}rné /M/mv L) - €~D<L
) @“M@ by
JEA)?& P“J[ ~ B Uw) = %#WI Ulo) [A L gj

W T
S
Tgﬁﬁfk




ain, | Aclve) A, Medin,

Amplifying medium (N, > N, )

tew T,0) - L) o7t
=0~ (Nz 'N}>‘ (/}m@’)n/

NM% Nz 7 N ) ﬁg——
\/\/—w Léfﬂf
m«‘b}ﬁ Pouilibrivom,

[ popMLfm z%vf%)%)

LMI-T-

o Alows /}u(pﬁ:gelf Sk ]

o Alows in Moy Al 1
(E)



LML I )

Pulsed Lager | f? Wzl// 3-nel operaﬁm (54 /ggsz%mz]

First Lser (1940) [re Clales H. Jpones
| 5%/]} ZZW ) [l /954 inerted

Maser

A
T T Wionsave. (=) 35
| From /4//&7/74[ "Maz/@m%smj W (j | A/ZL a;fc)
The original laser, built by Maiman lat LAMET T //4

the Hughes Research Lab. The ruby [ ‘’ A o L) 3:}
rod, about 1 cm in diameter, can be 2/

seen inside the coiled flash lamp. [/?64‘ /\/Dé 5//27/6]
Wa}ay ALOs with Cr (chvomim) a8 WW[M 0,17
Z%Zﬁg %fajﬂz Z@Wﬁ /@Vdé n 8)“%2% M Mz&;



b I3)

ga emﬁm / 5 ‘/&\/@L SZLMU
7%( /&V@L n Af}w&/ 1074 ,é7<< xnerg/ a%mm

/0 ﬂl)‘ oye & | A | WY. M@JMGJ(AL)Q
/D 0 /) %[WLW?Z \ Metastable 5 :
Ihversion cots My
All a/tems . i ¥
By weorssmrsssssssssssnssssorsses t—ostee s MRS

Equilibrium After pumping Population inversion ,

- Shon upin ;?em)/ ﬁk Disin

il /

%?AJL fér /7“7”)71”5) o?ﬂ&z!/};{ aclim @Mk
[)&«)’?5 @Wf}?/ m/’“i] Mﬁb N > /\}2,

f/uz% ﬁzz o At o]
Lpa e Hpser )



Ruly Lasor el pup s [ P‘”"P'%I@

ings due To Cr jmpunit 4
Laging: due o Cr mem 8 Fla.Sz/hlamp ( pumping, 1o Achiows ppuldfion imersion)
Ruby Partial (294% Tﬂﬂ@{}tw&%’)

rod \ | t
) / Mmirror

errgr ascr

e . 2222 cuimu A= o
T wﬂaﬂ RSN W (doap ved eolur)
-~ bach-aud- forﬂv (0.2-03m pds)
| ﬁ)éhmxdm% - o qu omofbmm)

noré, éM(% o Energy-storage 0]

capacitance

— —

Power supply
| ||||

[From Ta Lor e al, "My Mm 7))/4 14 ]
T T idm m\() Wmology ”f W‘F 4 ,@er st ation ave o dhsawsed hovp




3 |
Cosider~ (Short-lived)

- (actually, o group of stafes) LT
3 /&Vds 2 l % On%%%fm |
i Crjon,  (melastablg t - -?wmpin@ by aksorption [ ,Qf.@‘}fy)’“ "]

punp e of Hashlamp lighh (159 /.

/b”[ %/0@/2 (4rtund) - :gm&% éz&:z) (,APgntm@Mj

WPLIY tet

= y Hpg > posible o buldd up
T~l) s - No > N
or tloctiie divole 3 C populatiam nversion)
Alfpwed /@/mjgwm
L5507 2
’SMW AE= 1 7lef
2 A~ 4w




Bﬁﬂqa / A]Lé/,)& ZLO;QL)ML

GFK,

2 WW@U@.
%«m}u’nj AV A

lasi
L2

LNI—L@

o Mirrors C’Ericbbt df%'%m)

o enhangg ’Eriggering of am
* Qigtance belueen minrors [Arzful(g g = 2_1/2%

o s constmctive inférfmna@ of |
Wfbp% YQﬂZded W Cmove, derdetional; monachmmfic)

 Riglt, after Mng, N\ and Ni 7, them comes Na< N

> lager action ends > Pulged Lager (» 00 106)

oy, inge, Aashy of Lc'ghlﬁ needed [Hedh gm@mﬁm]
' Mo of instantmneous power ~ [00kW

1" s groumf Yo ( ?Wm/// _}zm\sé /zﬂpﬁzg@/ ) > fad b W/}vzlm'ru o =

need o ot nany e ol ﬂj 1" (consiame, ach.-ene 7/)



LMI-T ‘Q@

Confinaoue- wonre [ ew) Luwr: 4 ol a/)@mﬁ@/é’%ey@[ A;éz_l@m

A)m‘t’/&.vetl Eq —— s — ; :4.
Meushable 3 N ' SENUNDENUEISE - R VAR V)
. Metastable ~ _1_0_—8; Ng ‘ V—V_—)
Na,
,&W‘Ef\(&l Ep— T 2 W/ ]ZW
| | Audin &lﬁm |
All atoms
E, e et eeseeses  —eor—sos—ereo—ssor—sros | 342
Equilibrium After pumping | Population inversion

’ ZMZ‘%L feliean 3 %2 > (4, W/'nl[ﬂ/m Ns > No (22 alomh 1 2
de-oxech 3 1 ()w/)/ by Asonlanesus emisim) 4

* Noad b punp may Aot out of ;W%/ At | /WWWKW)
0 ﬁ})@mj@ . ZL/W%!/ o ‘More %f&/@ﬂf



?MUCI héL ’Pum/amﬁ ﬂna} /&Alnég fﬁ;@lﬁgr
) (etuglly 4, ¢ mm slates, short-livel)

3 i | Rapid decsy to metastahl oinfy 3
?’u,mp'mgu Laser transition (8 mudﬂfea( emigsion) Yhon 3% 2.
Ma nﬁm/}%
po2 L (shorb - lived state) // Ns >NV,
>>f77 | lmpw/ dety back t ground dialy (o omae

atomg iy 61%@ 2)

@u 5,!2 NIV dﬁm& m /SWZ 2" }75{ /)m/hZLA/')?M
/\//> Na [;%m/a%m Iwersion) ’ v
> confimugns i s action



/EX&OM) @5 ew Awer s Helim~ Neow Lpaer | 7z Lusey) e
5/5%@% M, xZLm ogﬁ He and Ne 948 . ;zm fibe.

%LV@S A= (33nm ééZLmJ«%

ad) e | (Unlizge cj}ﬁzrmd/)

also with s N> o
mmpomm a ot w%t . %""’W‘Z"’ —— %’“‘““"’”2‘?’ >V£/€c7[7za

Mo bd - 0
issmw 2 He(850)- Nem (57) S ” ”éyﬁdd “5 1
o Schematic di faH ;N 1 o > @ yons Cﬂ[[ld/&
chematic 1agramo a e € 14Ser.
 with He atyne
Lyl ﬁ?é% fo an

o Buitud heliym, abe A llide. vscfh, Ne ams KT St

and fmmfer 209 Ty peite N o
A b "3



Collides o Neowatow (helmm + heon-> hellam +n€0n*) Iy
iy @TIW" d §tabt
'\Y\dAﬁ a‘" 20.61 eV (‘i@- /m : 0551 3"
5&Q) Lst2st . i ) ‘
heliiom) e = m ( %15%% ) zz% allion
[G\PAT(Ud 18.70 eV - 23 2" |
I th&
E[&tﬂ,(; | S SR 25531
| Jlsc‘hﬂ fﬂ# Mjh'
(eant be done b% géflo“"
phelth, At |
[cdl(de withy mgh;
sped lectns] 9 |

Sequence of transitions in a He-Ne laser. -



Sehematre &mmﬂy ; H@ Ne | gper

The level initially pumped in the
He—Ne laser is in the He atoms.
Collisions transfer this energy to a
level in the Ne atoms, which then
produce stimulated emission,
terminating in a nearly empty
excited state.

He levels Ne levels

Excited state >- :
2 Transfer by
collisions , Laser
: Y transition
Excitation by ——
electric Decay back
discharge to ground
state

Ground state

A

INT-T-(%



MT- T )

| ol i
Semicoduchr Laser (olid slaty Joser) P /% » W/gf@a

" M&'% d@cZLrom'a /51547&% Zw@ﬂiﬁ { NMWA/(?M/J)

‘ o NN iy shas
¢ ?mﬂ /ﬁmfcmula cZLa VB {ém}ﬂ% (B ( wmlm%m g\m@ /

(J% es i s g%

b5 7%[{?3 ?ﬁ’ncz'/)/ﬁ ?/Z/Zi/ VB ( \/4]5}7!@ Eﬂnﬁ
" ,,20/9@( ﬁ@ml'malazﬁk& | |
almios CB o em |
L . o m/”l;
———— s ﬂ%‘%
VB /// «/ﬂ}“@// ; \/B // @més/éj/@d//
, /Yy
%-ZL)//M; (a’@/}éa’) A@M/WJJK P'ZL//% (] @P&J) ont CMJ&/L%%K



LM-T )
“ b-n émcﬁ'm i e

it 7@—%@@ 4 /M%D@ Jﬁﬂﬁ@ﬁw i j pge
) fmfd@ L [gdm% ( }u?/wr n m@w) fm@@i ,@m/ylt/ /QZZZ / novrone )

ab indae.

e )@ﬁht DMEiems

‘41 /&Mt LED ( /6%%%»71%/? a//'@ol@>

. /770)7@%/ Jw?n&/ (ziem/ma)ad[ﬂz Wéf}
A Lonitl ﬁ;%ﬁzﬂﬂjyﬂ/&/ Z/ M ;4/2



LMT-I-(3)
Final, Remark

* Mothod and Kesulls o “IMT" module are ;&/J/DZ/MM@ LLO
Y/ WD [ bt V/Jl%m  omission) WLe 1 dLmQ@ wilh, atler

" AW@ ( ZLMWZ[/OV% %ﬁ?m %W/c /%W%)
“ /M”/W/z% (fmwsiitm}% %@l[mm Wﬁfﬁmw /gfﬁ@

[ ﬁ//W ‘mﬁzﬁmu
) éﬁlf{()& { ZL}”AW}/&M %0}%/ Wt/!}?&? zﬂm/ 2[0 [ﬂna}aaﬁ'&ﬂ Aﬂ}m/ ZMZW@WC%)Z;



Bfoms

M feabnerd o Tow-dopndoit P, T

’ gr[ﬁ/ﬂw/kaméw 7848;5 AM/@} E yanﬁao}e}p&a Jmc}m/'m% éﬂﬂ)&

’ de'y, n itvoducion To the ﬁﬁéﬂ/ and &/7/7[/2&7(/'@% ?Z Quarion, Wechis’
[WMM[ ﬂ}?pwdu, Move ons sy W/m/m? Sewioidm @@J

" Mare fmm Iox o, Laser

A Vv, b, Elchois” [0, it f 4 gk

[ Ym Shod] fave He @w}z;mm] ia "ad \fan'v}s /w/e]

: /)ZLOM[L “Physize |
0 % ];)0 IL, %ZLOWZ Wy siss” ({b\/? 4 - Eeg/hn%ﬁ/ /2&6?}%0[0@#/ /&V@D
<M, T, A At gm’o/@ o Atmie Physizs” (~ Y73 9 Vi 4



