A THESIS
ENTITLED

NVESTIGATIONS OF SOME GPTICAL

CHARACTERISTICS OF A GAS LASER BEAM

Presented by

EBTIHAG MOHAMED ABOU ELNAGA
B.Sc.

For

M.Sc. Degree

Phyeics Department
Faculty of Science

Ain Shams University

)

1968

Central Library - Ain Shams University

e




Lol OOW T E D IR I
I wish to express ay gratitude aad apprecistion to

Dr. &. Barakat, Professor of cxperiwentn~l physics at
Ain Shoas Universivy, for suggeetinz thoe problen ot
J 3 b Yo -

regearch, for his continuous supervision and holpiul

guidance throush oub this work.

T would 1ii. alsc bo express my thanks to Lr. F.
SieBedewil, Send ol btoe Physics Dopartoont Lor bils

Lnterest ond for regdering wony facllitics

Thanks are alsc due to laser groap for mach

Central Library - Ain Shams University




:

Central Library - Ain Shams University



aDBTL ST

Tntroductlon e, e .o .o .o .

'..J

CHAPLAER I

The¢ Theory of Lasing Action in he-Ne Laser and
Description of the Llain Components Needed for
its Operation.

T.1. Hegative Absorption of Optical Radiatlon
in Gases . .o . . 8

I.2. Lasing action in re-Ho Laser ... e 17

i
.
o
.
A
3
o

wmaln Components nceded for the
Opcration oi the Lascr ... “a 19

The Laser Tube .o . e .an 19
;e bources of axcitation e 20
The sesonating Savity ... ‘o 22

and aligsnment ol the Laser .. 26

T

Moo VR
CEarTER 1L
SRt et e S S

Liito
& o 8 I [
SO G
o v s PR o
Ciel.de Lonvrmination of bthoe Ldnes ol
Cpnstant daplitude . 5
T vl ede fmvoriaental Detoraination of
the Lines of Jonsbant
anpLlituce “ae ‘e Ca S

Central Library - Ain Shams University




S ol Tk ceCer Radiallaii. e
Al iirohion ot LabGeX TURR. s s s a s
Ti.S el T mfroct ol introducity; 2
Single Lens of Difrercuny
focal Length in the Fagssage

of & Laser Zeam 2w R e
IT.5e2. Ixperimentul Delbe roination ot
Lines of Raual Amsplitude
iAfter Passing Through a
Lens se. ane . e e RS
Ii.3.5. The Conditlon of Collimation
of & Lassr Beam Using TvO
Lenscs .os v e 4g

_,1

CHaFTER TTT

-

on oultiple Beanm Ianterfercnce Fringes
n igh Oorder Plancs of Localization Using

oG EI

Introduction and Frevioud oYk e s 5

The aiw of Presenb .ork ... veo . 5
Gdornstion of multiple Beam Lh Hloh
Order Dlanes of Localizoatlon  «.. 5e
Tli.tel. pho Case ol Slune Wave vronts
Tneidont “ormsl to thne

- oo

Mo hNorm

P
! T CoiLLi A=
e ~
1ot 1.8
E L I ) - 4 =

Central Library - Ain Shams University




o e Cpliie i
[ T
N
O
- . p— S s RS - T enen
T e ARG SRS ol a Laser oo PR, -

T

TTT  melelfor a Collimated Lascer Beam .
TLT .5 2, e Case of non—-Collimated

e An - R L] o

TII.7. Expoerimontal Obhscrvations and Results
Heferences ce e e cos e .

Arabic bunmary

——0Uo—-

Central Library - Ain Shams University

[




4 L T Tl & ERER < ot
- . = b 1 -
I F S R RTIUPRS U SR TN CE RS AN S L5
H S e A ~ . . . T b P <
Pen o UOnY , LDE il ot oana sc gustoenu 0T AR, .

An e¥coriments1l study ot The nropasstion, divergencs,

)]

foeusing and collizmavion of the lasor beam are carried
out. Corrclation belween Gheoretlcoal formalac by
pr.ovious autbors and the ewnerimental results obt sined

is made. The optical arranzement VoI collimation has

dcduced from theorcetical findings.

amplitude and surfaces o gaual phase have

. ad e by S e e S T
o eBRLALIICUG CRLLGII NGIID? 11y,

Laltiple—buan Tringes the laser hoanm

4 silvered air-

on ri.t arder guarisacs ol

P v P I R B L o o e - L e
sl nAan Loovo used ol Drinees oo located ab long
P R ot Yoo AnTor T ETC 5Ty ¥ Tt T

I SRR N SN AIA I BT I S TV ST LG -

Central Library - Ain Shams University




Do LW
, OraLetle

Ll
P “ 3 I
el AT
o1 1The SpeGlL

Grn caneiiaal glst
crmission of -

i
LR n I
Lion.

COOU ALe oS
The sSpeciflc proces:s ot
ging the

ook
rehaviouy

cRelbe-

5% a lascr above a well

1 ol 7 i j 3 8 oy Ry ) k4 0 ” < L
chreshold is distinguished from the seneral process G
stimulabed

1 Jdefined
cnlission.

e

The potation of stimulated cwls
Ainsted i

miseion was advanced DY
Cinite re;

R o

i
L

-

e
e

duce agplification wxerc
independently by Basiov, Frownorov,

e
L s

1A negative

R -
sabrikant

ST
5EAL The lowern
SRR SN i Tons wits
| '| = b 1 T Ll .

[ 5 . L B - z
=
L o i - Ji

Central Library - Ain Shams University




e : Y | . o A S L RV
SRR SN Lt R o R N L ) o IR

conbinuodl adoul PR TETI R U  ANE DU DU NPV AN

Lohawlow and LoEReS Zin 1655y analyzed Che MAanpy-—
perot inbterferowmctor as & Wiohly ovormoded rectangular

rosonator and concluded that optical maser action should

be possible using the F.P. interfercueter.

3

. o . . . .
waiman” in (1950) irradiated & runy crystal in She
feorm oi & rod with plane parallel ends coated with silvel,

with intense pulses of 1ight from =z flash lamp and feouand

above o oorthain thregnold of enersy of Lhw incident 1icnt,

4l il
5 y

wenall, SLYonR’ awplificestion O 7 sinale wave-Llangth 1o

She rod Lurt of Gho visitle sroctrin ot A= 0043 A

o ~ P e Tpr " T P o oy st e .
B chgeryation Fere Vely -410¢ cxtonded Yy
o v , e TR L)V - 1 - i1 i (AR .r»" <
- . cirt g RS Ll g e i AN AUV e g PRSP S 4 LN N
T oLl i U IR TR AR ST A Alroaticnt LAt
L < 1 T . fomiso obbeirves Do
B SRy - Ll o B iz IO Gy i
- b ¥y T
L LI .
} ~ i [P
11 e rs I L Lo f spvoctive—
- . 2 ‘ - -
ms D LX . RV i Bt HEFEARTE ] i
TR Sr =R AT U (L ART RPL SN O ST T SR SRR -4 N N z WOl

Central Library - Ain Shams University




.
: & L
a0 RN B CREE pd 3 - 1h
—p Sunetion LUEsE L { Lt ‘

- : JEC R
soltys, and wnrplson, Habian,

B S S

Lasher,

(uist, Hediror
and LolgwIs By 1r
a As
nerrowins accowpanied by strong
recombination radiation.

.13

Waysth &6 89i. have obbzinad
cwertatbion of

LLNOnR) «

Frint

Jopy larsoe

e e ‘ P
Wavebalg iror soout 1 owo 2D b
The unuasaally b i 0f ovel

P-n diocdes, theg demonstrated a striking

noul

farnner ol

" 3 “
S ERR (o3 e
Ly HEOR RS S TE N PO 4

BYI

Lill

injection aigh current densitics in

line

directionality of the

meser oscilliation by

oo /
2SeE N0,

ATZOn,

transitions at

wmers obbslined,

line of Xé nag teen Ouigdloa Ldw Se=do o minbure AL
'\il."_

- - <L . 1 1 .~ - = ~ e -

L DRI e J1bn o Sann Ll RSNSOI ! T masaer CAan o
T i P - o~ T
VT T 2t ALnOn it i e TaLle LT sclid
Lot TGEGY, kT PV Ile 51 EESIELe NSNS 5 SN
r i [N [P I . N R ‘-}LhL‘j,.:nff,'_lll..uili,!l;j HRALE

N - v - L o o .
R C R AR A A | e it oo Li B T [ Sk

Central Library - Ain Shams University

Heknorter,



- PR SRR T 0 R ETER SN SR TR § TR ARt /Y
v Al Torent pavts ol Lo
and the resulting coliiwmavion
4— parrowling band widtn

the abllity o atim 1t in the proper direction

N3

kole)

to extend bhe @&

‘L

in
@©
b

it possibls

rang

i

oT measurenents basce

nenochironsat ty leads te an iopr

of moeasurenuuts boged on o Irefuency Ccogngu.
laterteromstry witn ordinasry light zources is
poSsinle only waon Bhe patn diftercace doss ool ©F
few centineters, io=HG Lager Posonroe
rersiszibic path diffurence excoceds ny cunvenient

cherences of the light obtainable from 2 as
and precision
i cn interfercwmetry, wnile the high

oveorent of Tthe precision

CCad

ratory disteance.  buch & Lnager used to doteruine tue
Long ok of A meter bar by an wubomatis Iringe counting
me g . CoRAL b3 s L0k SR !
Intarlh RRE ] . Lyanent o ovelynato §f

Central Library - Ain Shams University




- REAUTIHEC SUPEEE N SRR R ISR S0 it
L b-oZE V LEQlrnLny CTeD ibns rodpech To LiEnT
e — 4 \ .
CronAs At Lon. L0 Snt ooniirmed o three times

the precision of Tho clasgicnl experiments thut there
is no ~nisotropy in the velocity of light ascocinted with

the mobion of the earth.

Also laser methods have been devised to determine
clectron densities and temperatures of plaswmas by measur-
ing cithber the index of refraction, i.c., @ change of
optical length, or the spectral line width.

Taser nenm was ased 1o spsctroscopls anolysis,  Hloute
GRmplcs eHn LU vaporized Hy focusingm Lo laser hean on &

gmnil 2006, AfGer varcrization, the saverisl may be ralscd

I ‘ iesion Spwotrosoopy oy A

- PR . I PO T e N -

rondo Coilowing the Laser pulsge.

5 oe el Pl HGGG wE Liont goarc.g ior telophoto

. S S O L sinators, wnd For bBioh-

1 coono rapnin 8L0tens, GG T L ons mhi S
37 ! [ I PR SRS 3! ey i dmmtd Dol PSRN

e af Lnscer roolm 595 Govelsl

iietipnotive Tealtures in comparison ann inooherasnt SCUICUS,.

Central Library - Ain Shams University




i - £ - 4 o
1 ‘L _ AP i e s Jm Lt “
. B 3 B
Vs woLiel y £
PR v A SR v - ENaE: P =i S T T S R S PO
Lame T D S LIS RO N o L. () TP T s orn o Do

Aelhicved wisher vignslly tor guallbscive gtudics or on a4

[ 6]

photograpibic plote or an clectrou—optical converter Lor
suantitative invoestigotions. Tuoe observed distribution
pattern remalns the same independent on the position of
the screen relative to the laser. It only chenges its
size wnich depends nonlinearly on the distance [rom toe
centre of radiation i.e. Ghe centre of the cavity
regonator for symmetrical reflecting wirrors. The

nonlincar variation in size of tne field distribubtlon is

associabted witn nonrectilinear prepasation of laser

radiztion.

Amor s She ocparscteristlilcs o!f laser radlabtion asscolated
vL chs oo iz ghen & La&Ser Dean 13
cLeos Lnoow lene oro o Lirror.  In oordlmary practioe with
eoTaLTraL ounloeh, slaced an onject Ptelors &
v EICEY T R N o Lol Ty We & leays
" SN L LI O i o Er [ 1 o

Central Library - Ain Shams University




- R R - - -
H ‘—:'— Alita Iy J.'.:}_. il }‘:\_L/A ! J 1;::.J L L ‘L T o e w2 AR 1_‘4‘
Rt LLoid b uriodd - SRR AT STAIREAT S B IF
Do Ll Toialbln 1t NLIOD Loae pardanceters ol Unis

hvperbola =ad the posivion of 16s asyumptotes depend on
the properties of the cavity and oo the positlon and

4

Tocal lengstu ol the lons.

A

Central Library - Ain Shams University



THE THREORY OF LASTIWNG ACTICWH IN He-Ne LASER AND
DESCRIPITION OF TH® #ATH COMPONENTS NEZBDED FOR
178 OPERATIOK

Chapter 1

Central Library - Ain Shams University



