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ASSTRACT

The present Project Terminal Rerort jeals in comprehersive manner with
its vesious atizibutes and brings out 2ogently the significant technical
contridbutions related to the project performance. The important results

obtained are civen in subsecuent paragraphs.

Witkin the framework oZ the project DP/SYR/86/011, an Optics echnolc-
cv Wing (OTW) of contemporaxy standard has been set up in 2 premises which
was untill Decembexr 1987 only a vacant workshoo hatl already constructed a2s
basement of EIAST Computer Center building of SSRC. OTW is now reverberating
with sophisticated technical activities supported by commiiment, corfidence

ané enthusiasm o the National counterpar:- ZZ Lteams.

The activities of the project have resulted in the estabiishment of
Zully operational optics tachnology . laboratorzes and workshoos which can

justifiablv be corsidered as a Nationa! Center of Bxcellsnce in this key

Somain.

The droject a2s dDeensucoessinTiyexecuted in accordance with its set plans.

It is worthnoting that all the i4 outouts incindéd in project doctment are

2ccomplished in £oll
CTW is now well ecuipped Zor Zabrication cf mipiature to macss size (w

to 100 mm working diameter) lenses, prism tzains, proof plates , test spherss,

ané cther types ol standard precision optical elements.

The prime benifits optained through the execution of the present prciect
can be -cized z2s: ', _

e Istablisnment of the reguired infrastructural facilisies ané Naticnal
base for providing technical t:'a.;n:.nq and pursuing research , desicn,
and development in the Zield of inst>ument2) optics and technology.

¢ Generaticn of 2 cadre of Natiopal stalf well versed in complex ..‘.echnoloq*
ical processes by way of Zfellowship training abroad , complete interaction
with internationzlly recruited professional project personnel/LI™O
experts, and access to advanced technology in developed countcies.

= Realisation of the fi-st Syrian made precision optical components,.og’ -
kit, and prototypes of three versions of educational microscopes with

8ifferent levels of sophistication. .




Creation of awarenesss and capadility in the National staiZ for
ttempting to undertake in JutuTe: (2) design ané cCevelopment

cf advanced versions of student microscope ané other types ol

optical instruments presently Deing imoorteé in the count~y,

like, ;rsjec:ion, pedical, t=lescopic and sucveying irstruments;

and (b) experimental batch production to catex for refinement in
product design and adaptation foxr mass production.

The technology developed has immense potentiel in vocational training,
emplovment women, know-how <ransfer, .import substitution, ané regional

co—operation.




1.

INTRODUCTION

A UNIDO executec UNDP Project entitled

"Strengthening the Capability o the Syrian Scienzific Stucdies
ané Reseavch Center in the Field of optical Technology™ has been in
operation at SSRC, Damascus since December,1987.

The project received special consiGeration since it was

felt that this can provide a good basis for regional and
inter -regional TCDC cocoperation and generate employment
opportunities for women.

The develoobment obiective of the project is to contribute

to the scieantific anq'technological development of Svria, throuch

the establishment of the Center for Optical Technolocv Development.

The immecdiate objectives of-the project ave: (i) Sstablishment

of physical Zacilities i:e workshops and laboratcries—Teguired for
Optical Technology Develoument; iii) Deveiopment oI reiated scienti-° -
fic techricues for production oi.microscopes,educational optics kits
and assortes optical components; (iii) Development of prototvpes oF

ci ecucatioral optical instruments ané components intended Zor know-
how transfer to the incustry; and (iv) Utilization of the estatlished
facilities for on-job-t~aining of local manpower i.e czeation of a
cacre cZ scientists, engineers, technicians ané artisans well versecd

in éifferent optical :échniquesrand reinforcement of the local traizing
throuch the awaxzd of individual ané czoup fellowsnip t=zining ané study

tours akroad.

PROJECT DETAILS :
Project No. DP/S!R/§6/011
. Primarvy Tunction: Institution Building

Govt. Implementing Agency: Syrian écientific Stucies & Research Center,
Damascus.

Support Agency: United Mations Development prograimne (UNDP).

Executing Agency: Onited Nations Indust-ial Development Organiz-
ation (UNIDO).

ONDP Input: Us 8 1,877,284

(including Cost Sharing)
Govt. Contribution in kind: Svrian Pounds 4,078,000.




SACKSROUND INFORMATION

3.
3.2

3.2.

Scientific Studies and Resea~ch Center. Dama2scus

Scientiiic Studies and Research Center (SSRC) is a public
2utonomous institution estzdlished in 1969 at Damascus. A
b:;.nch oI SSRC dealing wit: "avionics™ is established in
Aleppo.

SSRC is involved in education and appvlied scientific
research. It has a staif membe: st=ength of ebout 1000
persons. The annual budget is ai'>ou: 120 million Syrian Pounds.

SSRC is sub-divided into:

=_Resezrch and develovment depaztments covering prime<=il

<

the fields: applied physics, electronics tecanology ,
computer technclogy, e_.‘.e:t:onic data2 processing, cata
auzomation, remote se.'.';s;ng, applied mathematics , tele-
:cﬁlmnica‘:_‘.cn, precisx:én mechanics, chemistzv, biclogy ,
economics, and optical sciences.

= Eicher Institute Joxr Applies Sciences and Tecanology (EZAST).

This Iastitute is ruaning 2 S5-year regular decgree level
course in informatics with an aanual intake of about 60
students. Upon completion of the common course of 3 vears
at ZZAST, the chosen students are sponsored Sor advanced
trainiag in France.

SSRC is 2lso actively involved in Intermztional cooperaticn
Srocrammes, like, seminar sessions of the A:aa Scacols Zor
Sciences ané Technology: scientific and technical cooperaticn
with Zuropean Economic Commmity., Algeria, Fraace ané othex
concerned regional organisations.

Center for Technology Develooment

Upon reguest from the Syrian Govezament, in 1984, ODA engaged

Fulmer Reseaxch L;boratories of UK under 3ritish Aid Arzangements
to aévise the Government on the feasibility of establishing Center
£o5r Technology Develcoment (CTD) at SSRC, Damascus.

The consultants concluded that there is an imperztive need Ior
the establishment of CTD at SSRC. It was suggested that TTD must

be involved in long term apolied research; product and process




develq;men: ané engineexing; organization of trainine procza-

Zmes anc Teandering short-term techriczal services. Turthex ,

witkin the ambiz of CID, in the long run, Zacilisias should

e V.

-De established in a number of technclogv areas which can event-

ually sexve as "skill centess”. For generation oI enouch

conZidence, the beginning can be made with low zisk projects

~ pessessine high probability of success.

‘Tecanclogical Studv Revort &= Kombinat Veb Carl Zeiss, Jena (KCZ)

In 1986, under contractual obligations, a technological

STucy report was submitted bv KCZ, which coverec technical
details Zor the establishment at SSRC of optical and opto-
mechanical yorkshops at laboratorv level.

In 198¢-87, 2 Consultant mission was Zieldeé by UNIDO t2

Teview ané assess KCZ report. As a result of critical
sczutinv, the following retomaencations were made:
= The stucy repor:t susmitted by KCZ is verv comprehensive
ané contains wealth of infcrmation. It cau be macde use

of by the proiect in plaaning the layout of the optizal

workshops Sor propex work flow, understancing the basis

of preparation of- cptical desicn data sheets, manufactur-
inc tecanclogy, cuality assurance ané other ccnnectaZ
technoliociczl aspects.

e XCZ Cepor= mav however not-be suitanie dirzectly for
implementation 2t SSRC Icx:the following reasons:

(i) It does not provide enéugp scone Zor the creation
¢ inéigenous :eseaic&fané develooment base.

(ii) The optical elements identified Zor production would
not lead to the creation of the capability of total
svstem develooment.

(iii) I~ is considered difficult by SSRC to mobilise Zinan-
cial resouzces £o the tune of 4.5 million US dollacs.

Keering into view the above aspects, in cooperation with
local-zuthorities, a drafs project document Zor tecnnical assist-

ance was then dreparec. The Consultant was later invitec =5




.Giscuss it in-depth with the concerned authorizies:in the
Regional Bureau of Arah States located at UNDP OfSice in
New York. This PRODOC then became the basis o future work
after incorporatior of necessarv modifications as were
Gecideé¢ by UNDP, taking into consideration further Govern-
ment inpuss.
PREPARKTORY WORK .
In 1987-88, a Consultant mission was again fielded by UNIDO

to carry out preparatorvy work for the project. The tasks broad-
ly covered under this mission includeé: Preparation of the plan
of the Optical Tecanologv Wing of SSRC, Damascus; Identification
of the National staZf for the project ; Descxiption of the duties
and reguirecd gualilications 6 ON volunteers in éiZferent 2reas
of ootics technology; Drasft éuﬂ;'.nes of the terms of reference
of the sub-contract; Job Desé:iption of short-term consultants;
Placement o recuisitions foi’ exoendable and non-expendable
ecuipment; Fellowsfip nominations; and recommendations on study

tour procrammes.

' 4.1. Plan of Opzisal Technolocv Wing (CTW)

A docupent entitled "Plan of the Optical Technologv Wing
of SSRC, Demascus” was prepared. It zuas into 62 pages and
describes in det2ils civil encineering, electrical, utilities
ané ecuipment recuirements of different laboratories, their

tendec purpose and graphical :’:"epresentation of the relative
locations of different items. )

The pian was developed \mdg.:: the boundarycondition that
it has to be accommodated Ir thé vacent workshop hall (33.45
x14.20 sc. meters floor area) already constzucted a2s basement
of EIAST computer center building of S3RC.

OTVW has provision for: entrance hall; optical store; mechan-—...
ical store; change/rest room, common room, glass inspection/block-
ing and deblocking room: mechanical bureau/drafting and dimension-
a2l metrolocy; mechanical workshop; optical surface generation ané
¢rinding room: fining and polishin§ room; lapping and high speed

polisning room; centring/edging ané shop floor test room: optical




tecknologists burezu; optical thinfilm coating; cleaning
ané chemical treatment; characterization ané optical
2ssembly; graticulation; optical design ané National
Project Director bureau.

The lavout of each section has Surther been elaborat-~
eé under the headings: intended use; room condition recuize-
ments i.e. loading capacity of ceiling, floor, construction
ané ambient atmosphere; lighting and electrical connection
requirements; connection to media; description ef items;
their guantity and dimensiors;aml schematic representation
of relative locztions of &ifferent items.

OTW sexve mainly as technical work sections. Allocation
of additional built-in roogs in close proximity of OTW is
made housing: optical des:rgn and systems encineering, opto—
mechanical Gesign; opticalf alignment ané testing laboratori-
es; and bureaus for National a.nd International staff assian-
ed to the project.

Construction of the new optics technology .laboratories
largely in accordance with the above document is completed.
Minor vazriations in placement of machines were affected for
smooth work flow. ?ené:'._ng icstallation of 2ir-conditioping
ané dust contzol ecuipment in accordance with revised Getailed
olans, as short term meastze, window tyde a2ir-concitioners.
and ’double_ ¢lass wincows have been provided in clean areas.
Water drainage svstem has furthpr been improved by providing
baffles. Compressed aiz lines have Deen l2id in the basemeat
with prot::qdation points at :fu\“_ved places_in different
laboratories. Water chilling plant and other ancilliary equip-
ment has also been housed in the basement for minimising noise
level and conse_v-ﬁtiop of £ree space in laboratories. Sodium
vapour lamps have been installed Zrom above in polishing rooms;
thus enabling checking of job surface acczuracy against proof
plate in situ. Electrical comnections in diZferent laboratories
2re provided through ovexr-hung rails.

Conceptually, OTW has been planned around following consid-

erations:




« Entrance hail will meet the reguirement cf check poiat
ané explaining to the visitor the facilities set-up 2al
work output.

« Easy transport of materizls to and Zrom opticzal and
mechanical stores.

+ Change of appa~els/shoes, placement of personal axzticles,
in the change room. '

¢ Group meetings, lectures, technical demonstrations, depezt-
mental lihrary and snack in the common IOOm.

e To the extent possible , accomplishment of initial grow
tzzininc of Natiop2l st2lZ in +he right wing of OIW.

o Rest-icted movement in work areas particularly in clean
zone.

& DraZting services of 2 full time st2¥: member in OTW itsels

responsible for propex paintenance ané cleaning of the premises.

4.2. Nationai Staff ] -

28 Zull time National staff members comprising ol B.2./M.Sc./

- BPh.D. - 7; 3.Sc. - 5;- and technicians - 16 were ijepntified in the
PRODOC.

The Government project personnel in position 2né their field of
occupation 2re given in Table 1. -

The availability of a full time sénio: co-ordinator :ego:‘.;’m;:-to
National Project Director and éxclusively resposible for the aiffu-
sion ané transier of develope& technologies to the local private and
public sector industries, Gove':nmeﬁt departments and academic institu-
tions remains-vet to be provided.

4.3. U.N. Volunteers

7 ON Volunteers in different azeas of optics technclogy were
identified in the PRODOC. The fields of ~specizlisation covered




are: optics {abricatiop, thin Zile coeting , optical desicm,
optical testing, optical 2ssembly and r=pair, optical toolinc
anc mechanical fabrication, ané mechanical design.

As 2 result of special recruitment efforts made by UNV,
Geneva, © experts (excsptine post with specialisation in optical
design) joined the project. Exver: in 2ssemdly, testing and
Tepair could sexve the project only for 9 months. Recruitment of
the vacant posts had to be abondoned since the tenure of UNV
cannot be less than 2 vea-s. |

4.4. Sub-contract o

For speedy implementation of the project and to tap 2ll sources

cI expertise available in Geveloped and developinc countzies which

Can De prolitably utilised for meetinc the set goals, provision is

made in PRODOC of sub-contzact.
Suggestiopns for realisarion of twinning arrangements with

established institutions in the world well known for excelleat
outOut in the 2-e2 0f inst~umenta) ontics ané technologyv; anc
clese technical collaberation between SS?C anc Cen%zzal Scientific
Instruments Organization, Chandigark, India aze fuzther iacorperat-
ed ia PRODOC.

Tre sud-contxact No. £2/44 wes ertered into with Leningrad
Institute of Pracisior Mechanics a2ad Coptics (LITMO). The sub-
cont~actor has provided 10 man-months of exdest services ia '
éifferent optics technolocy areas;l5 man-months of grour fellow-
ship training; and complete know-how packages of 2 models of
microscopes. )

The sub-contract was run duTing the period May 1989 to June
1991. The total amount peid is US $ 120,000.

4.5. Ccnsultants

A provision in made for 13 man-months of short-texm conzultants
in PKODOC. The areas of specialisation initially identified were:
optics far;:ica:ion, thin £i1m coating, optical testing, and technical
cooperation.

A consultant in cptics fabrication and measurement facilities

sexved the prciject from 10.12.1988 to 9.2.1989. The expert ia optics




4£.6.

fabrication served the project Curing the period Mav, 1989
o October, 19€9. The expert in optical design sesved =he
Droject in Octoder, 1991 for two months.

The details of internationally recruited professional
DITject versonnel are given in Tahle 2.
Equioment : _

For procurement of expendabls 2nd non—expendzkle equisment ,
zn expenditure of US § 980,491 is llade.. T

During the constltant missien in 1987-88, recuisitions
were nlaced for: 7

(i) Nom-expendahile equipment for total estimeated cost of

US § 656,600 against the provision of US § 680:000 2nd
(ii) Expendable equ;u.e.n‘.: for total estimated cost of US
£ 121,600 ageinst the provision cf US § 140,000.

These :ec_uisi:iéns covered: Glass sawing machine; lens :cund:'_ng.
zachine; lens curve generatsy; universal millinc machine;
c=inding, smoothiag ané polishinc machines; lers centriag machine
with laser centring device; precision soherometer; autocsllima-
tor; Abbe refzactometer; lens collimater; Tizeau iaterferometer;
test targets; UV-VIS-NIR spect~ophotometer with absolute specular
reflectance atitachment ané sofiwarze progzamme of cata handling
routines; meastring :.nst:umeuts (outside micrometer, 'f'.-.oau’.ng
czrriage micrometer, dedth mic:éone’.:a:, vernier callipers, dial
indicator with macnetic stand, universal bevel protector, thick-
ness and dial cauges); opticai.t-é::ess analyser; vacuum coating
plant; ultrasonic cleaning ané drying equipment; laminer flow work
stations; sphericazl twrning attachment; flat tools; electzic oven:
standard optical components (optical flat, cube and square);
optical glasses of different reZractive index and Abbe vzlue;
ophthalmic glass plates; float glass plates; abrasives (carborun-
dum, emery, aluminium oxide, cezium); polishing pads; diamond saw
blade and wheels; optical blocking materials; optical cements; and

optical coating materials.




During 1989{ Zield recuisitions were further orepaved for
balance expendable and non--.xpeadab-le equipment for total estima-
ted cost of US § 104,100. These covered: books, technical digests,
video tapes and :efe:gnce_ts:aqéa:és; opticel polishing pitch;PYReY
7740 OR DURAN 50 DISCS; further supplv of ovhthalmic glass and
odptical glass plates; silicon ca:éide aﬁzasive: lens paper; spare
and wvear parts of DAMA optical production machines; diamond-tipe-
ed hollow drills, hot plate; éiamond bem:il pocket size magnifiers;
spare parts of Lambda 2 OV-VIS-NIR ‘e:k_n Elmer spectrometer;
smocthing and poliskbing machine for processing with ‘loose abrasives
micro-lenses; lens centTing device for proper aligmment of lens
eiements éu:incv cemt_ng: spare an:'. wear paris of LOE optical
proéuction machines; cen::*_ng cancks o Universal WG laser zmachine
for smell diamerer lenses- ootv.ca. glasses (FK-3, LaK-25 anc SK-4);
Izis ciaphragms; ;os*:.:ve wo:’i'_m: Dhote 'esz.s:s. spave paxts oaf
Zdwerzds E 306a coater anc evaporation sources; photoresist stinner;
UV exdosure unit;. reference graticules Ior—miczoscopy wozk: ancle
510«-.'; set; and stereomicroscope. ’

Duzing 1920 and 1291, a Zew other ecuipment items fornd necessa-
=¥ Irom operaticnal ms-u:a tion were ordered vpon recammendation
‘'of National Project Director.

List of equioment alveady received at droject is given in

':‘ab-e 3. These are now fuily ooe.:a...ona.
Existing ecuipment and nacb_nas am.a..le 2% SSRC relevant o
Sroject Tecuirements nave ‘ur:ha. been Zully iatecvated with it,
Rotzble examnles avre: laties (s:hanh_.a 1zs, TOS-SN 40 B) ; univer-
s2l milling andhomqncn...ne Ml FP 4M); drilling machine
(Aciera 22 s1), Edwazds E 306A vacumm ¢o2ting plant, camputer
terminal with plotter; optical design software procrammes
(genexzai ray t-acing, optimisation, analysis: spot diagram, MIT,
DOTF, GOTF); focometer cum optical spoerometer  (Moller-iedel) etc.
4.7. Tellowshins
A provision is pade in the PRODOC for fellowship training ovecseas
. of 17 SSRC stafi pembers in the areas ¢f opticzl workshop tecanoclocy
thian 2ilm tecanologv: optical met-olocy;: optical desicn and svstem enci-
neering; optrical assembly andé repair; ¢raticulation; mechanical desigan;
mechaanical workshop and tooling: dimensional metsology; foundry and
metallogrephy: and technical cooperatior. Fellowship training of i7
National sta’s memders for€i.1 man-montis is al-eadv aczomplished.
Dezails are civern in Tabie 4, '




4.8. Studv tour

5.

A provision of study tour is made ir PRODOC for uvpgrada-
Tion of the experience of 4 SSRC senior managers in acquaint-
ing withk modern Gevelopments in optics tecanclogy.

Study tour of 2 senior scientists of S3RC %o USSR, GDR,
-Austria and India wvas undectaken Guring the period 19.2.892 o
15.3.89.

Study tour of the Nationa' Project Director to USSR, FRG
and Avstria wes undertaken during the period 5.12.89 to
23.12.89.

Deta2ils are given in Table 4.

For the achievement of the forr imediate abjectives (stated

on d2ge 9 , para4 , of thef_gresent repcrt), 2 total of 14 outouts
2re contained in the PRODOC. The activities to be pursued oz
Tezlization of these sel coals ave Surther interwoven in PRODOC.

The procress of diZferent outputs is civen beliow:

Qutout No. i

el ——————
Outout details ‘civen in PRODOC

Procurement, installation ané putting into coperation the machines
recuired for setiinc within SSRC the optical anéd opto-mechanical
workshops, optical design and svstem encineering, optical assemb—

ly and repair, and optical :h.:.nf*.ln technology labcratories.

" 'OutOut droczTess

- Optical and opto-mechanical workshops are fully operationel.

- Optical design and system engineezring facilities set up. System
desicn of junior level micToscope / optics kit completed.

- Edwaxds 306 and 610 A coating machines ave installed and fully
operational. Durable reflection and anti-reflection coatings ave
realised.

- Optical zssexdly and repeir activities started after receiving

fabricated optical parts-of the microscopes and some optical

instuments from National Zstablishments.




Ousput No. 2

Outd>ut details given in PRODOC

Estabiishment of the techniques of pattern m2king in wooden shop;

ferrous castings in foundrvy shop; optical wooling, jigs and

fixtures in opto-mechanical workshops, precision optical -elements

in optical workshops and reflection/anti-reflection coating in thin

film technologv laboratory.

Outout procress

- Pattern making techriques established.

- Perrous castings for optical tooling and auto-collimator stand
Tezlised. - -

- Optical tooling (spherical and plane), jigs ané fixzures fabri-
cation technigues established. '

- Optical elements fabrication technigues through singie lens
working ané block pclishing realised.

- Samplies of reflection,mrlti-layer ..R coatings,Fabry-?erst
£ilter made on = 306 and E 610 A coéting plants.’

Outout No. 3. '

Oc it details civen in PRODOC

Establishment cf the tecnnicue of replication of reticles.

Outdut Drocress

- Laboratory rremises to the roguired standavés copst-ucted and
furnished.

- Laminar flow work station , nl::‘,'ionic cleaner, photo resist

spinner, and inspection microscope procured and installed.

- Master pattexns procuzed. ’

= Replication of miczometer graticule and other standard patterns
realised, following chromium vacuum deposition photoresist process
which combines ext~eme precision with high mechanical durability.

- Spectzoscopic grade standard rectangular slitsof height 9.7 .m
and width 0.8 mn made by photo-etching process. The slits were
needed for coupling with Jobin Yvon 2 20 IR monochromator
available at project .




.=~ Fellowship training of the concerned rnational stasZ in
_gzaticulation at CSIO, Chandigach, incia for 3 man-months.
Outout No. 4

“lQutohut details cgiven in PRODOC

Develovment of capabilities in optical design through the

application of available real!l time computer and software

programne.
" 'Output progress .
* = Computer .terminal installed. Software programmes written for

cemented/zirgap double‘.:.n.nd three cemented components design.

- Thorough practical on-job training oZ the concermed National

- staff towards : full utilisation of the available ray trac-
ing and optimisation p:og:ames, basic understanding of lems
design Iundamentals; :'.nitié._'lisa‘:.i.on of the desicn process:
Frogressive refinementiin Jesign vliimately suiting pre-delined
performance cxiteria; ané tolerancinc.

- Turther indepth training ci the concernec National stall in
total development of the optical Gesicn of real systems . The
exercises rslated to the design of microscozic ,telescopic,

TProjection and photogzapbic iastruments.

Output No. 5 -

Outout details given in PRODOC

Development oi system e_n'ginee:ing:jaes.ign capability which shall

comprise working out specifications of the varions sub-systems
against the civen functional racuiremerts.

T .Qutdut Drogress -

- Systenm engineering design of junicr model of microscope/optics
kit completed. :

- Cricical study of the system designs of BIOMEM and LABPLAN
microscopes: pmvidé Ey LI™0 , their adaptation for prototyoe
development, and carTying out necessary modificatiors suiting

.fabrication and assemtly processes.




0;:;}11: No 6

“'Outout details given in PRODOC
‘Uogradation of the li.ﬁra:y se.rv::‘_.ces in optics technologvy by way of
suSs;:iption of J.nte:na“-_‘onz.l technical jonmals/suletins in the
suéject 2rea, and procurement of reports , patents, ané standard -

=25 Books, 15 Technicazl Digests, 14 Standards, and one Video Tape
bhave been procured.

- Cpt.xcal design data sheets of t.'_xe.fo.l.lowi_ng:.'elmenfs have Seen
worl;ed out at project and finalizegd.
- lenses, mirvors, prisms, glass sl’aé, ground glass scTeen for
optics lﬁ'.‘.: - - )
- Optical devices, like hand held magnifier, achromatic cemented
doublet/tripiet, lens combinations.
- Miczo-optics: 10X Euvgen's evepiece; 5,10X oﬁjecdv&; zeflect-
* Optical design data sheetsof thé different optical elements: of
3IOMEM and IASPIAN microscopes Wwere provided by LI™O0 whica
__ weze critically stndied hy p:oj;ct personnel for execution.
A mm. 8 P P T
“"Outout ‘details given in PRODOC
Developmment of design data sheets of optical tocling, mounts,jigs,
fixtures anc mechanical hardware together with tolerancing and

surface finish reguirements.




Outaut Procress

- Desicn data sheets of optical toolong = yeized in Zabrica-
=ion of elements of optics kits and microscope optics
wozked out.

Output No. 9

Outout details civer in PRODOC

Development of prototypes of optics kit, student microscope,
2né assorted optical components.

Output Progress

= Tabrication of the following optacal eleménts- and svstem is
completed:

- 20 Nos. Eéucational Opt.xcs Kits comprising of 13 optical
elemeats: 5 lecses, 4 mi.::;o:s, 2 prisms, 1 glass slab,
and 1 screen.

- lLenses Sfor micToscope cbjectives ané evepieces:
i0 Nes. - 5X cbjective.

7 Nes. - 1CX cbiective.

20 Nos. - 10X evepiece.
- 4 junior microscope proTotypes.
- 3IOMEM microscope Optics. .

- LASBPTAN microscope opiics .

Outout No. 10
Outsut details civen in PRODOC

Preperation of tecanical manuals a.nd know-how éocuments of optics

-

kit and student microscope.

Output Proczess

- Optical design data sheets of different-élements of optics kit
and details of experiments which can be conducted ut:lizing
these components have been worked out.

- Detailed manufacturing érawings “for junior level studeat:

microscope completed.




- Detziled manufacturing érawings o BIOMEM ané LABPiIAN
micToscopes drovided by LITMO.

- Preparation of the technical nanuals/l;now-hov Gocuments
of 211 the above items - |

‘Outout No. 11

enara‘.'_ion of txaining schadnles illystrating methods ol
‘abncat;ng oot:.cal and me.cm.xca_ mmonencs to the pre-
set saec*.ficaf_xons and snb—s.age .nsnecta.on, final quality
checks and e.ssemly.

-Outdut ‘Progzess

- Upgradation of ..hexa!'lde..ae of Natiomal stafi in the
different aspects of ooqu technologv tZxrouch the
dedium of periodical lec '-tn:es.

~-Distxi _hnt.on of wzitien no'tes for futore raference.

- Period’c2l otjective type tests t5 monitor understanc-
ing level.

- Practical demonstraions and e.xu:c.ses on:

« Optical design of sx, A0X, ohje tives.
+ Optical desicn of h_nocula_ objective.
4 Cptical and mechanical designs of shop autocollimator.

‘Outout No. 12

- Outout details civen in PRQADOC

Training of 100 scientists, engingers, tecanicians and artisans S
from SSRC, industry ané academic :nst.:.:ut;ons througt. special
seminacs,’ woﬁshops ané short-tera +txzining souzces.

"Ogtout Procress

- On-job specialised trzu.ning of 46 National staff in complex

optics technological processes is conpletcd..
- Training services are being extended to other beneficiary
orgam.sat..ons and potential entrepreneu<s, both in public

and private sectors.




Outout No. 13
Oulput details civen in PRODOC

Seventeen SSRC st2Zl members trained overseas in the areas OI:
optical _workshop technology, thin £film technology, optical
design and system eagineering, optical assembly and repair,
graticulation, mechanical design, mechanical workshop and
tooling, &imensional metrology, foundry and metallography

and technical cooperationm.

Outdut Progress

— Fellowship training overseas of i7 National stafi members
for 81 1 man-months in differsnt optics technology areas
is completed. 7

- Due to exigencies of work , M. Domien Abbasi -tnder- -
went fellowship training c;n three di::‘e:ent occassions to
Bulcaria, India, ané USSR for a total pexioéd of 9.5 man-months.

Ous>ut No. 14

Outdut details civen in DPRODOC

Upgradation of the experience of four SSRC senior membders in
acguainting with modern Gevelopments in optics technology
throuch andertaking study tour ts industwialised countries.

Outout Progress

- Study tour of two senior scientists of SSRC to USSR, GDR,
Avstria and India was undertaken during the period 19.2.89
to 15.3.89. )

- Studv tour cf National P:oject:jni:ector To USSR,FRG and Aust=ia
during the period 5 to 23 December, 1989.

OPTICS KIT ’

The optical elements incoréora.ted in the optics kit were chosen
on the basis of demand survey and feed vack f£rom Physics faculty |
members of SSRC and Dadbascus University.

The optics kit presently contains unmounted lenses, mirTors,

prisms and miscellaneous components of varied specifications.. At




2 later stage, -upon recelving affizmarion £rom the vsers'
departments, it is-alsoplanned 20 include mounted elements
So 2s to be directlv amenabie for conducting optics experi-
TeAtS.

6.1. Lenses

Five single eleménts of configuration egui-convex,
plano-convex, egui-concave and plano-concave zre contained
Dresently in the optics kit. Constructional data (radii
of curvature, surface shape, centex-thickness, edge thickness,
diameter, nominal and back focal lengths and glass tvve),
tolerancing pazrameters (Giameter. . thickness, raéii, suxface
£inish, centring accuracy, coating, focal length, ané genmeral
Teguirements) .are civen upon opticai desicn data sheets (ODDS)
in each case. X

For prover selection of experiments, as 2 guide, the Zollow-
ing ceneval remarks ave :u:ther included in the relevarnt ODDS:

= Zgui-convex lenses are best suited in Zinite conjucate

imaging applications up to m;gnification of £ 5. At or =
near 1:1 conjugate, coma, distortior and lateral chromatic
aberration are almost totally eliminatec.

« Plano-convex leses are best stited in finite conjugate

imaging applications-whersmacnification ratio exceeds =
. Curved suxiace is alq;ys pesitioned towards loncer .-
copjugate.

= Zzui-concave ané plano-concave lenses ars vsed in combia-

tion with other types of.lenses €0 increase the systea
focal length. The correct configuration is determined on
the basis of residual aberrations of existing systemn.

« Plano-concave lenses are commonly used to diverge

collimated light. Curved suxface is always positioned

towards the more collimated beam.




6.2. Mirrors

Round flat,rectanctular Ilat, concave and coavex sphezic-
al mirrors are contained presently in the optics kit. Constzuc-

tional data (Cimensions, center and edge thickness, Zocal

length, radius, material specifications), tolerancing varameters

(Giametex, thickness, size, focal length, surface accuracy

and finish , coating and general requirements) are civen upon

ODDES .in each case. '

The general remarks made in relevant QDDS are:

* Tlat mirrors are used in fol&ngwg the light beam. A
.left-richt reversal of image is caused upon each reflection.

= Spherical concave ané convex mirrors act like positive and
negative lenses :espec‘:,'_:;vely regarding their image Zorming
Properties. Mirzor sn.’fé.ce_ geometrysuits better in certain
apelications compared to eqmvue.n: class lens systems.
Besides, since no Cispersion eflects are involves, zellecting

svstems remein completely Zree ZI-om chrometic aberzation over

the desired spect~el bané wiéth..

‘Prisxs

Zguilateral and Zight angle prisms are contained presently
in the optics kit. Constructional data (size , terial specili-

cations), tolerancing parameters (dimensions, angular tolerance,

.surZace Zlatness and finish, coating and general recquirements)-are

_ given upon ODDS in each case.-,

The general rematks mace in relevant ODDS are:

¢ Prism: is essentially a".%xon—i:qage forming optical element
used¢ for two main purposes, namely to create savelength
dispersion of i.nqidem: lignt into its constituent colours
and to deviate the light path to any desired direction.

= Ecuilateral prism is commonly used as dispersion device.
Hicher the index of refraction of prism matezial, 'g:ea:e:

is the deviation of incident light and usually more




separation between £isperssd colouss.
= Richt ancle prism, with ancles oI 43°-90°-45° can be
used as total internal! rellector and as constant deviat-
- ion prism. The angular deviaztion is 90°/180° when light
rays are incident normallv on prism face/hvpotenuse. In
corstant deviation prism, regarcless of incident angle,
the entering aré emergent beams remain paraliel.

6.4. Miscellaneous comoonents

Rectancula~ glazss slab ancé sguz2re grouné glass sczeen are
contzined presently in the optics kit. Constructional data
(size,wxhicimess range, material speciiications), tolerancing
Darameters (dimensions, ‘:'.hickness, suzZace finish, ané genexzl
recuirenents) are civen i;;;;on ODDS in each case.

The general remarks l;ade in relevant ODDS are:

- @ Paraillel size :ec:;ngulu class slab can be used Zcr setting
w experiments in relraczion, total internal reflection,
anc¢ light displacesment.
= Grounc glass screen can be useé o study licnt scattering,

vistal observation of image, and in proper alicmment 5%

7. OPTICAL DEVICES

Utilising largelv the stock optical elements ané/or optical
tooling, desicn of some simpler ;:pt:'.cal devices have further
been worked out. These are bané-ftseld magniZier, achromatic
cemented couvblet, achromatic cenente: triplet, and cementeld
lens comdinations.

7.1. Magnifiexr
The design developed is based on a stock element. Constzuc-
tional data (zadii of curveture, face shape, center and edge
thickness, diameter, focal length, magnification and glass tvpe):
tolerancing parameters (diametezr, thickness, radii, surZace
accuracy, centTing accuracy, coating, Zfocal lencth, and genezal

recuirements) are given upon ODDS.




The general resarks made a~e:

= Macnifier 5 2 positive lens whose function is to increase
the size of the retinal image over anc above that which
is formed with the tneided eve. It forms an erect virtual
image of the ot-tjec:.

« Hanc-held magnifier can thus be used as 2 convenient
real.nc glass. With its 2id, the task of zeading small
orints become easier.

« Unlike evepieces, macnifiers do not have fixed exit pupil.
Eve positior can thus be variadle. In other words, the
periormance of macrifier mostly remzins insensitive to

pu2il shift. An ectl-convex form is promising choice

for the puzdose.

« The present optical“t device has sufficiently large £ield of
view and provides 5X magnificazion (smell variatior in
macnilication cavsed cdue to change in distance Detween eve
‘to focusing plane Zrom 250mm to iafinity is usuallv ignored).
In spall diameter versions and with suitable modification of

mount desicn, it can even Ze tsed as pocket macnifier or watcsh-
maker's loupe. i
7.2. Docblet
" The design Gevelopes is based on availatle optical tooling. It
is an achromatic cemented doub_'let, corrected for the red (656.72 -m)
and blue (486.13°mm) lines of hycrogen. Relative aperture is 8.5,
effective focal length 374.5 mm and back focal length 363.0 mm.
Constzuctional data (:ad.u of curvature, surZace ‘shape, centex
thickness, clear aperture, diameter, and glass type); tolerancing
parameters (Ciameter, thickness, radii, surface accuracy, surface
£finisk, centriag accuracy, optical cement, coating, focal length,
and general requirements); and technical specifications (type, relative
aperture, effective and bacYy focal lengths) aregiwven upon ODDS.
The general remarks made ave:

o Achromatic cemented doublet comprises of two lenses of




differinec reiractive index and Abbe value, paireé such
T the chromatic abé::a:ion oroducec by Iront element
is compensated by the rear lens. In adéition, good
spherical sberration:ané caga correction can be obtained.
= Well-corrected zchromatic cemented Goublet finés numerous

aopplications e.g. collimpating lens at infirite conjugate

zatio, microscopic and telescopic-systems design, low

power laser beam manipulation etc. Agein, collimator in

itself ané in conjunctior with other accessory devices, is

widely used in optical metzology, alicament, lens testing

anc as target projector.

= As collimating lens, the achromatic Goudlet can be used to

focus incident parallel raciations to a2 well corrected point

image ir the foczl plane. Gwerszly.,2 collimator can be used

~in reverse Girection to transiorm &point source of light inato

Daxallel buncle.
Trinlet

The design develicped is based on available optical toolinc.
It is an achzcmatic cemented t=iplet corrected for C and T lines.
A high index svmmetrit £lint element is sancwitched between two
icentical low index crown elemeats. The device is conceived
Sasically to serve 2s 2 superior cuality magnifier. Useable

relative 2perture is £/10, ESY - €1.9 mm, 3£l - S3.7 mm ané

dagrification - 4X.

Constructional data :a-.éii:, surface shape, center and edge .
thickness, éiameter, and glu£ types); tolerancinc parameters
(Giameter, thickness , radii, surface accuracy, surface finisa,
centring accuracy, optical cement, coating, focal length, and
general recuirements); and technical specifications arze given
wpon ODDS.

The general remarks made are:
= The svmmet~ic achromatic cemented triplet provides several

innerent advantages, e.g. (1) at or near unit conjucate




ratio, coma,distortion anc lateral chromatic zherra-
tion are zlmost totally eliminateé; (2) pezformance
remains rezsonably well Irom uni: conjugate ratio
up t0 2 magrification (or demacnification) of approxi-
mately 5., (3) lenses ave reversible permitting theixr
utilisation either siGe ur., and (4) there is no prefer:-
ed conjugate plane at any specific conjugate ratio.

« During its usage as 2 magnilier, the present device
"provide sufficiently large working distance with wide
field of vision. Purther, the focus position ca2n be
suitably chosen enabling viewinc of object with a relaxed

-

eve. -

= 3ecause of the specification of single racias o curvature
for 211 lens elenen;s_, with consequent mizizum expenciture
toon reguired optical tooling, the device shall be amenadle

to fast procuction with caeap costs.

-~
.
h
.

Lens combinztions

The design developed is based on stock elemernts. Two Tvdes
of cemented lens comdinations (CLC) of zero Dower are conceiv-
ed. Constzuctional Cata (radii, suriace shzape, center and edge
thickness, diametez, efl ané material specifications); and
tolerancing parameters (diameter, tiaickness, racii, suzZace
finish, cent-ing accuracy, Iocal length, anc generzl reguire-
ments); 2re civen upon ODDS. -

The genexal remazks made a.:e

« I+ is well known that ingsertion of a glass plate with plane

parallel faces placed orthogonal to the axis in an optical
system causes only longitudinal displacemen:t of the image.
Eowever, when the plate is tilted in nom-collimated llignt
fna.m, abezrations are introduced. It has further been
suggested that astigmatism and coma so introduced could

be minimised by the use of a plate having between its faces,

a little lack of parailelisa wisely chosern.




e In the above context, for better claritv and undes- -,
standing, it is considered interesting to5 study tnder
identical conditions, the aberretional characteristic

. o the above two tyves of CIC vis-a2-vis eguivalent
tkickness plane parallel crown glass dlase and compaze
Tesuls. Neglecting manufacturing deiects, and assum-
ing the intermediate cemented surface to form continuous

. homogeneous medium of same refractive index, CIC !
essentially can be visualised as eguivelent to thick
class plate with plane pa=allel end faces; and CIC 2

2 meniscrs lens having fzont suzface concave ané rear

-

surface convex.
8. EDUCATIONAL MICROSTOPES
8.1. Junicr levetl mocdel

craent

_Por utilisation ia schools, the ootical system design of

2 portable junior level microscope was cdevelopes. It incorpo-
rates 3, ané 10 X ozjectives, anc 10 X Suvgenian evepiece. A

sohexical concave mirror is provided enabling proper illuxina-
tion of the semi-transparent obiect placed on the microscope
stage. Constructionat data, tvleranciac-parameress,tecanical
specifications ané ées.u_:n details ave civer in relevant ODDS.

Ecygenizn evepiece is composed of two air--separated plano-
convex lenses with .plane faces of both £ielC anc eye lenses
facing towards human eye. Poczl plane remains located between
the elements. Ratio . of the g&u:s of two lenses is appropriat-
elv chesen-tominimise come and spaerical aberration. Spacing
between the elements is adjusted to eliminate lateral colour.
Magnification is 10 X, zpparent £field diamater - 10.5 mm and -

rrel diameter - 23.2 mm.

Microscope objective 5X is csmented achromatic doublet
correctzed for C and F lines. Numerical aperture is J.!, work-
ing édistance - 22.3 mm and focal length - 25.5 mm.

Microscope cbjective 10X is of Lister type. It is composed




8.2.

cZ two widely spaced achroaetic Goublets. Numerica! aperture
is 0.25, working distance - 7.5 mm and focal length - 1€.0
o,

The objectives are coz~ected for a mechanical tube
lenctk (&istance from the resr snoulder of the nic:oscope
objective flange o the microscope tube end) of 160 mm.
Mounting thread form is scandavd RMS (Whitworth 36 TPI).
Agvanced wmodels

Design and Gevelooment of another two acvanced versions
of microscopes (coded 2s LABPLAN ané BIOMEM) h2s beea
oursued in collaboration with LYIT™O. The newly desicned

achromatic series of ocjectives Zor LASPLAN provide saarp
and well-Gefined images over 21l objectives i.e. 4 0.1,
1070.25, 470.65 and 10071.25. The objectives are of CT
ciass i.e. flly corzectes for chrometic aberzation.
Soherocarometisn and secondary chromatic aberrations 2re
nea=lv zero without usiac optical glasses or crystals.
Rwot mez2n sguare wave Lront aberration of 2] ocbjectives
is 0.07 Lamdca2 on-axis anéd 0.17 Lampéa off-axis. Well
correczec wide Zield ‘evepieceilX with larce exit supil
Cistance (25 mm) is providec.

For cest reduction, in 3IOMEM mocdel 2lternate set cf
objectives viz. 4" 0.1 ,10-0.2$'and 40°0.65; and evepisce
10X is srovicdeéd. In contzast tQ LARPLAN, no optical cozrec-
tions for latezal chromatic ab:::ar.ion,. secondarv caromatic
2berration and image cu:'vat:::e; is made in this case. The
illumination svstem of LASPLAN is cf Xoehler type i.e. it
comprises of 2 collector leas, auxiliary lens system, plane

irror, and swing-out concdensexr. Condenser makes it possible
t> provide optimum illumination for observation with the
objectives of low power (4, 10X) to high power (40,100X) by
simply encaginc or disencaging the top lens. In 3IOMEM, the

illuminazing svstem comprise only of a plano-concave mirror




10.
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ané swinc-out congenser.
The basic tecanical parameters of the wwo models of
misroscopes 2r= civen in Tablz S. The salient Doints to be
notec are:
= Moduiar design concept permitiing incorporation of
3ditionz! attachements in future.
= Sturdiness of instTusent achieved throuch Iixed
cbserveticn tube anéd focusing by stage movement.

= Graduzted é=ive control knobs provided co-axially
Lfacilitating e2sy operation.

From interzihangeability and standariization corsideTa-

tiors, mechznical tohe lencth for all abjectives is kent

160 mm: ané pa~focality {c:stance between ocject dlane and
cbjective calliar plane) < 45 mm.

For upcradation of theoretical and praczica! kaowledge of
the National st2<f in optics technology , 2 scheme of deriod-
ical lectures celivered bv the Intevnations! team was introguc-
ed. The topics covered 2re given in Tabie 6. These can hroad-
ly be classified into the categories: fundamertal cptics, ceomet-
rical optics, tyvical ogt:cal systems, optical test iast-urents,
cptical metzdlocy, ané qualily assessaent; ovtical wozkshop
technolocy; opto-mechanical workshop technology; cleaning, and
care of optical components; and_-:optica.". systems assemdly.
Objective tvpe tests were f\ir:he: conducted for ceceiving
<he feeg!back. In some cases, even written notes in Zaglish and
Arzbic vere d:stributed to the participants for better compre-

hension .

OTEER “SIGNITICANT TECENICAL CONTRISUTIONS

In this section, elzboration is made of other significant
technical ccntzibutions not covered elsewnere in the nresent

Tepcrs .




10.! Micrcscoves: Desicn ané Manulacturine Technologv

Drazf:t Final Repor:t submitted bv LIT™MO to the Prcject
can he trsateZ as exhzusted Technical Documentation in
Microscopes Design anc Mantfacturing Tecandlogv. It can
serve 2s a mocdel in futtre Sor elfective trarmsmission o
technolocy and preperxation o know-how packages. This
Renort comprises 2 title page, 2 table of contents ané

twenty rine (29) pages of text ané (7) Annexes (1 througr 7).

The Zollowing salient points of the above Technical
Documentation 2re worth aotiag:
= Document2zionr is fulfilled in accordance with the

Is0 spec‘_‘ica:ini:s .

"e

= Documenzztion "is” suitable Zfor the microscope cotical

ané mechsnical fabrication on the machines ané ecuis-
ment available a2t the SSRC.

= There 2re 1o die-c2st, plastic or presses parts sucgest-
ed during smrotoTypes IsDrication stace.

e During the fabrication some modifications or cozrections
ol the npicroscope paris may be possitle o suit SSRC

workshop facilities, iZ necessary.

The Optical know-now package contains:
i. Optical tool érawincs Zor Zadbrication o the set cf

. objectives.

va'e e

2. Test zlates drawings .Zor all optical elements, standaxd
contzol ané working f:es: Dlates in pairs.

3. Technological process ¢to0 manufacture objectives, .,evepiece,
condenser and illumination system.

4. Technological zrocess o manufacture prism and mirrors.

3. 'fechnological process of lens cementing and coatinc.

The Mechnical know-how package contains:

1. ManufacTuring technclogy of all mechanical parts ané work-

pieces of miczoscope prototypes.




2. Technolocizal process of assemblyv ol focusing mechanisa,
stages, nosepiece , stanés , confensers, Dases with
cont=cliex.

The Oovto-mechanical know-how peskace cont2ins:

1. Route charts of tecanologiczl process of fixincg ané
centring cbjective lenses in mounts for sach lens
sezarately.

2. Route cha-ts of technoiogical process of assemdblv ancd
2éjusting objectives , eveniece , condenser.

3. Aéjusting tables for otbjectives 40 X 0.55, 100 X 1.25.

4. Detziled techrniczl documentation of adfitional eguipment
Sor mizzo-cptics, ceatsinc ané adjustinc is as Sollows:
centrinc chucks :(two types); 2utocollimation tude ;
inspectior microscope for checking objectives paziocal

éistance and c::i-.:ing.

LY}

. Dzawincs of toois ané accessories Zor gpiczo-objectives
assem>ly such 28 set o hclcders Icz centriac chucks,

pounting jig , threac busning , wrenches.

Tecarnical cocumentation Sor final testinc anc pesormance
evaluazion of r’ic:a_—o‘éjec“_‘ves, eveziece ané 3IOMEM -S,L
DToTotyves contains:

- Tecanical reguirements, testing reculations, test meidods,

list of ecuipment for micToscope testing reguired for micro-

scope per=ormance e;valm:ion .

The developes know-how packages cifers the following
advantacges:

1. Advancec method of fixing cbjective lenses in mounts by
cementing using hermetic cement.

2. New eZfective process of centTing lerses in mounts bDased
on autocollimation which provides high precision indepencdent
centring auéd efficiency recuizing no special worker's
cualifications.

3. Bigh cuality, reliability ané efZiciency ¢I the opjective
asseaclv and adjustaent 2re achieveé throuch the use of
adjusting tables and dezziled tvpical miczo-objeczive

instscTion.




4.

A Sizple ané reliable methwé of f£inel testing and
DexIormance evaluatior of BIOMEM - S, pPrototvoes

The know-how packages cont2in 2 Ggetziled anc clear
presentation oi document covering the assemblv anc
mancfacturing technology of all parts and units of

the picroscope prototydes.

The following technical features of the two modeis
microscoves develope 2re finally recallecl:

achrom2tic series cbjectives and wide-field evezniese -
10 X. The objec:._:‘.'ves have 2 verv small image cu~vatuze
with lazeral chrometisa being fully corvectss , and
spheroch~ometic 'ané seconda-y chropatic abes=ation -
zoproximeting ze.—o All objectives and the evepiece
concaia oniy ordinarv types oI opticel glass witaoct
using specizl glasses or cryssals.

The Illmminating svstem is iz line with the best models
available; it is czpable to provide tniform Zllumination
of t-ansperent micro-cbjectives in brignt fielé of t=ens-
mitted light. This svstew has 2 simple desicn and pexmics
conTiauous oﬁse:va:iec Zzom low ¢o high magnificacions
with m:'ort.a'x.:le copezation. The lignt source uses 5V - 20W
long-life.bulb, considerably simplifving time consumizg
bull;: Teplacement. :

The high evepcint design, drive cont=ol Kaobs and indicezion
facilities ave in agreement with ergonomic standards and
engineering physiology, providing comfor: for long period of
ok;se_'ntion._

Stuzdiness of the miczuscope design and its individual mecheni-
cal components allows r~eliable long-time cbsesvation.

The modular design concept underlying the avazilable 3IOMEM

models permits ts fu-ther develcp certain other mocels of

miczoscopes, like , polarising, phase-cont=ast etc.




10.2. Compuzerized Ootical Desicn (COD)

The activities in the area of Computerized Optical

Design were further strengthened duving the consultancy

- mission of ProZ. Serguei Rodioncv -to the project £rom 2
October to 3 December 1991,

The Zcllowing computer facilities are available to

the prsjec:
+ Leanord - 386, IBM compatible, personzl computer, main

processor 3:i386, no methematical co-processor, 1 MB RAaM,
Monochrom monitor , 10 MB HED, 1.1} MB FD. '

e Zenizh - 386/367, I3M compatible, personal computer main
Drocessor i386 SX,.20 ME, mathematical co-processor 1387

SX 20 ME, colour monizor VGA, | ME RAM, 10 M3 MD, 1.1!

M3 ©D.

e There is alsc miai Vax computer in the SSRC (not in the
optical design section), 2né Leanord computer may De used

as Vax tezminal.
Software Packages availahle Zor COD are:

= Imperial college (Znglancd) optical packace, including >Toc-
ramme .Z0r optical systems tolerancing aad lens libra-y Jor
selection of initizl construction of optical system. This

package is installed at.Leanor¢ and Zenith personal computers.

» Reading University (’-‘..ngl_énd) pa.cl-cage "OPAL" for solving
rious gzoﬁlens of opﬁéal design. This package is installed
at PC computers as well as Mini-Vax computer. PC versions
now provided solving only sim:le problems such as rays twac-
ing and synthesisof thin cimponent optical svstems. Total

capacity of this package can be utilized at Mini-Vax compute:.

« LITMO package "OPAL" is installed at Zenith 386/387 compucer.
. The main advantages of the package aze friendly interZace
wizh designer , powerZul methods of optimization , useful
practical methods Zcr beam's size determination, and new

conception of aberration's evaluation.
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Practice in COD included development of ezl svystems.

Typical examples axre ‘given below:

Telescope svstem desiaon

Telescope tube with prism erecting system was designed in

The mzin specifications: Magnification M=8, ENPD-10 ,
TYop-5, AIFS = 10 , AGFS = 5 , F- number-5S.

Four variants of objective were Gesigned: two cemented
doublets, one separated doublet and one cemented Goublet dlus
singlet. Two variants of evepieces wexe designeé - Kellnexr
and sympetrical type. Final design - cemented doublet with

Kellnex evepiece has good near diffraction limited guality..

&

Microscope svstem desicn

For microscope, two variants of micro-objective 10 X
macnification were 'aesiqned.

Also illuminating system (XKohler) was desicmed, including
collector ané condenser. ~ -

Ané binocular attachment for "BICMEM”" miczoscope was design-
ed including relay lens and binocular prism system.

Also micro-cbjective 2.5 X macnification with parfocal distanc-
es 45mm was designed for miczoscope "BIOMEM".
‘Photogrephic 'objec:*’.ves ‘desion

Decalled investigation and design of photographic cbjectives

were fulZilled, from simple "triplet® to very complicated "Inves-

ted telepnoto”.

Using powerful computer programmes, we c2n obtain more simple
design’, for example , it was possibie ) me expensive
optical glass (lanthanum glass) with ordinary glass without“loss
of system guality.

The first design was "Triplet” type. Using optimization, it
was possiﬁle to ohta.i.n two vacsiants with difZerent glasses of
normal cuality Zor F=4.

The seéond was "Tessar". Several designs of "Tessar”, with

good quality for P»2.8 were developed.
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The third was nigh.speed otjective "Planar” or "Zouble-
Gauss”™ type wiih T=1.4 ; several variants cf this type wese
designec, using varicus kinés cZ cglasses with gool image
qualicy.

The nex:t was “Telepnoto” cbjecive with specification:
EFL=500, =5.6, TOTAL iINGTE /==i=0.75. Fouxr desicns w~ithout
sopecial classes were developed.

The last was "Invertef Telephoto™ with specification: ZT0-

23
La

., BFD=12, F=2.

Miscellaneous

- Por moniterinc rhe thickness o ocptizal thin Zilms during
evaporazion , aa iicenious me=20¢ has since been developeld
which iavolives coub-_ng the output from ESdwarisOptical
Mopitor (Model OF™-3)extermallv with Jobin Yvon = 20 IRMcnochzo-
D2tor ané side-on proto-meltilpier. The present technigue
allows perter spectszl cont~cl compared To Tthe insertion

cZ &iscrete arrzay cf interference filters i light beam dath.

—

- Zacineer Khaliid Mava is pursuig since Septemder 12982 Ph.D.
work under sn:é*v:s-on oZ 2roZ. . Putilia (¢f ZI™O). The
sroblem relates to The design ané development ¢ rmucate I
Zilzters suppressinc sidelobes over broad spect—al recions

with maintenance of the stop band reflectance. Co-deposition
o two materials, e.z. ?ns -~ McFj, Si0p - £€i0, is being atiampt-

e Zcr the purpese.

- Mx_ Anmaé Kamal Jalal has been socnsored by dismpc Universicy
for car:iving out experimental work since Januazy 1962 Zor M.Sc
decree under supervision of Ir. Khalid Maya. The work relates
to the Gevelopment of su.taole AR coating for sclar cell. Zx03/
Ef0g, single laver AR Zilm has been deposited Zor the purpose.
2£0q coating has been subjected to the recuirei environmen
cenditions ané foundé curable.

-

- Mr. Domian Abpasi is undergcing aévanced ctraininc since

Aucust 19292 Zor cne vear at Changchun Institite of Opiice =




Tine Mechaniscs {(CIOM), Changchun, China. Zis work relates
to the design ané development of the mechanical svstem of
ar interlercmeter Zor testing aspheric suriaces du-ing

orodr.tion.

- The Junior Level Microscope Gesicned and cevelopecd earlier
2T the project has been frrther reiined by effecting imnrove-
ment in focussiac mechanism ané utilisinc mouided mechanical
parts. Prototypes based on this modiZfied Gesign have 2also

been mace. It i1s now amenable Zor series production.

- The Prcject has collaborated wizh Dr. Almas Fvdar (cf SSRC)
in prowviéinc durable nickel coatinc by thermal eveporation
process upon the exterior surface of solid ceramic cvlinders

reguired ir development of temperzture sensor.

- The Prrject nerticipated in the XXXIZT Science Week Ixhnimiticn
helé between 7-12 November, 1992 2t Damascus OUniverssity. It
genezates lot o interest amoncst visitors; became an eZlicient
source of incuirv “for develcping specific prodgucts ané Zor
estaniishing in future meaningTul co-cperation with private and

vzlic sector organizations.

t

e Prciect has estadlished close? technical collazoration on
Silaterzl basis with CSIO, LITMO, and CIOM. This can ia the long
san lezd towasds setting up active twinning ar~ancements in speciiic

arees with these established instituticns in the worlé well kaown

for exceilent output in the a2rea of instumental optics ané
tecanolocy.

- Upon invitation, Professor Xue Minggiu of Xian Institute of Cptics
and Precision Mechanics, Xian, China, delivered 2 series ci 3

lectures 2t SSRC between 26-28.4.23 on the followinc topiss:

(i) On Development of Applied Optics.
(243 On Application of Coptical Svstem in Space.
(L1} Zngineering Optics in China.

e lectures were followed with stimulating éiscussion with

faculitv members.
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DEVELOPMENT SUPPORT COMMUNICATION

As a Icllow up of the statements made under Sections J, page
19 of ProbDoc ané the recoumendations made in Tripar=ite Reviews,
the NBD ané senior faculty membecs of the Project in associa:ion
with other concerned staZf memders at SSRC have made continuous
strenuous eZlorts to establish active linkages with private ané
public sector organizations. The resultis of these eilorts, whichn
in essence can se czlled 2s° "Development Suppor: Communication®

ave summarized below:

[
[
(=3

‘Linkaces with Public Sector Iastitutions

I-i- Sealth Ministcy: Dr. Nijmeh the Director of Oppthalmzic

t
0
'd
l-‘v
Y
)
UK A

-~ Maintenance ané repair of opticzl Iastruments.

-

- Bevelooment of retinoscope (currently uader develooment!.

I-2- Ministry of Irzicacion: Dr. Malakami

- Recuirement o sterecscope 2ac€ magniliers (>i00).

I-3- General Compary for Techpical Studies andé Comsulzaticn:

Znc. Sexih Al- Buni

- Develotment ¢ suzveyving instruments(level).

- Zstabilishment oZ ceéte: for maintenance, repair andé
calibration of op:;;al ipst—uments with the collaboraticn
of Naticnal Center of Calibwation, (NCC). A ministerial
stocommitsee 'is Sormed (Dr. 3Bizzi is 2 memder). Cuzzently
2 survey is undergoing (Eag. Al-Buni) to determine the

recuirement from NCC.

I-4- Damascus University: Dz. A. Bosazy

- Repair of microscope (mechanical ané broken optizal
compenents) .

- Puschase oi cptical ccmponents (sincie lenses, prisa ,
reticles and aicromezer for microscopes) . Currentlyv we

have an ozdexr fcr 110 sinclets




-
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I-3- Allepo Universizy:
The coating Zacility is vsed for cthe practical work o
MSc. degree in the application of solar energv (anti-

-

reiiection coating for photo-veltaic cells).

I-€~ Ministrv of Education: (School Technologv Center,STC)
Prof. Talo

- Joint production of the student micIoscope. Purchase o

optical comoonents. feasibility studv for the establish-

t of optical workshop in the STC.

I-7- Genexal establishment of Geolocv ané Minerazl Resources:
~ Purchase of pocket sterecscope. Develorment o mizTor
stersoscove.

-

- Maintenance and repair of microscope.

I-5- Atomic Znergv Commission:

- The use cf coatiac facility tc develcop supersonducToI.

- Manuiactiriag o class cube Zor spectral analvsis (9000 So).

- Development and meanufacturing of objective and mechanical
noider for Photo/Gamme camera (20.000 SL). (uncder procucticn

- ManuZfacturine ¢f 6 protein azalvsis devices (utnder procducti

- Develorment ané manufacturing o2 laser Beam Zxpanders.

(uncer éesicning). .

Develovment and Mamufacturing cf laser mirrorss.

»

I-8- Salhas Suger Factory, Homs

~ Tine lapping and pelishing of glass window Zor Zurmace

(18 pcs 500 SL each)

Linkages with Private Sector

As 2 result of our participation in the Exhibition of
Scientific Instument neld during the Science Week orzanized
Sv Damagcus University , we were contacted bv several privace
incustzy and trading centexs. The curreat outcome of this -

conltact was:

\
’

-s o




-

II-i- Coampany Zor Metallic Production (2aleppd:

The prcduction of lanses for projection system :in
mactines usec for metazl cutting. These machines 2-e ouwt ¢ -
production anc the company can not cbtain the replacsment
Zor brocksn lenses in the projection inst= t.This order

is 4X8 singlets at 90.000 SL.

II-2- Badawi (LIIAC) Companv for Importing ané Manufacturing
mecdical inst~uments:

The develooment and production of condernsers and concave
mirrors Ior locally manufactured instrumen:t-Ior general ear

examinacion (1ogés 2000 Si each). (unéex production).

II-3- Laboratory-ané Teaching Instruments Trading Center:

segotiatiég the pessibility of cc-operaticn in the
Droducticn o : Slide projector - overheaé projector and
other opticael iIastrumenss.

II-4- Al Attar New Zstablistment for EZfucational Riids:
- 10X Linen ané Procduct Tester witn 100 am class scale
(under procuction).

- Tachnical assistance in microscope zroductiorn.




The Iirst Tripartite Review of the project was neld a2t State
Planninc Commission in Damescus on 6.1.90. This was attended bv
the experts Zrom the Goveramen:, UNDP, UNIDO ancé SSRC. The overail
assesspent ol the progress uptill 51.12.89 was rated o be "more than
Dlannec”. It has been considered as one of the succtessSul proiects.
UNDP, Damescus hed further identiZfied orly the project DP/SYR/86/

00! from Syriz which had cbtzined clear and cuantifiable visible resultis

in 1989. ™is information was requivesd byaehd_m.s tTatorts OfZice in

New York for the presentation of 198% annual report contairinc ten years

Derspeczive cI UNDP. z
The following decisiors ané management actions to be taken wevre

dentifiesd:

(Rl

[ &

. Pollow-up mission of the CTA either throuch converzing the

remainine 7 m/m into sglit missions or offering him a cne

vear contract, as Sound expeciernt for the prject.

~
.

A-rance Zor t—zining courses Zor meintenance and repair o the
ecuipment purchased Scr this project.
ONV posts SYR/V/!3Z

g

3. Discontinue the eZZorts Sor reczunitment
ané 137 (zalance periogd).

4. Chance in 5D and fieié cf specialization of short-term comsulitant
Srse Optical Testing %2 C:> tical Design.

5. StTengthen twinning a:—a.ncemeuzs with Le:'.;:u;'a.d Institute and
consider TCCC co-ope:a:*.on with other zes/cencers deal-
ing with optics ané opriéal tschnologv in develoding countries.

6. Znsure the establishment of production of optical compecneats
which will save foreign currencv. In addition SSRC should give
more emph2sis for prototype eguipment and strengthen its capabilici-
es in spall batch manufaczurine (limited scale produczion).

7. Optics kits produced at SSRC should be exhibited in Kuwait Fai-
incrder to Jetermine degzee of acceptability and competitiveness

in the regional market.
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Seconé TPR

The seconcd TPR of the orcject was helsd at the State Planning
Comxrissionin Damascus on 13.2.91!. The list of participants is
civer beliow:

STRATES PLANNING COMMISSION

~ Dz. R. Yasminen , Direczor, Zconomic, Scientific and
Tech. Coop. Dep./International
Relations .

- Mx, B. Sibai , Deputy Dizector, Economic, Scientific
anc Technical Relations.

- Mz, N. Shakbazof , Assistant, Deputy Director.

SSRC

- Dx. T. Mousselly , N2D

- Mg, M,  Kallas , ScientiZic Tech. Cop. Dep. , S3RC

GNZTD0

- Mg, K, Lieni , - Avea procramme OfZicer

- M>x_ M_ 3outoussov , 380

- Dr. 5. Przsad , CTA

UNDE

- Mr-_ =, Eagone , resicdent Representative z2.i.

- Mx_ K. allousa , Naticnal procrzamme Oflicer

- Ms_ N. T2k , Senior Procramme Assistant

The Zo.lowing Jecisiors, recommencaztions ané managexent actions =2

be taken were identifieg:

The TPR pembers excressed appreciation Zor the impressive achieve-
zents of the project in terms of RaD optical technclocy capabilities
estanlished In the SSRC and fcf?:he sraductior ¢ prectotypes ¢ educa-~
zional optics kit, junicr level microscope and biomem microscope
{advanceé version). The TPR reached the fallowing decisions, conclusions
ané =ecommendations: '

1- Having establishec the recuired infrastructure and technical
facilities, the project snould make conczete efforts for:
Identificaticn of other optical inst=umeat(s) which are recuiced
2 be develoved in Svria ané initiacion of RDAD activities there-
upon, integration with potential enc-users: and commercial adaprta-

wion cZ the technclogy developed.




i

2- Sstablish 2 unit within cthe SSRC which wouls in the Zuture

be respopsibie for the raguireé promotion/commerciil adapta-

tion, know-how transier ané development.

3- Develor a2 comprehernsive strategy on how to identlily octential
ené-users, demand ané supply imcerlinkace, etc. which should
take into account not only suvev aspects but developmental

aspects as well,

The TPR recommended “hat-an in-depth evazluation o the techni-
cal a2ssistance rendered bv the UNDP to this op-going drTject be
carried out. UNDP was recuested to draf: the Terms ¢ Relerence and

clear it wit® the other concerned partiss.

“In-Denth Evaluation )

During the seconc TPR cI the procject, it was recommended that an in-

Ff

Gepzh evaluation o the technical assistance rencdereé by ONDF o This on-

coing sroject shall be carried out.

-

The terms of relerance cZ the joint evaluaticon missicon ¢ the Govern-
pent ¢ Svria/UNIDG/UNDP of the project were Sormmlated by UNDP ané clszred

with the concerned pariies.

The EZvaluation Team comprised ol
- Mr, Caxl Zrik Wegener, Develovment Manacemen: Consultant, aad Team Lezder,
Rerresentating UNDP.
- Dr. J.L. Nidetzkv, Managing Diredtor of Laser—Consulzing a2nd Sngineering
Technologie, ané representinc UNIDO.
- Dr. T. Tazbadax, Prolessor ia Ont:.cs, Un.:.ve_s-- of Damascus, . renre—

senting the Governmentof Svrian Arad Reoubl.c.

The work 0f the mission was cazried out in Damascus durinc the period
17.4.93.%0 6.5.83. CTA, NPD, Dr.N. Bizzi and other copcezaéd National counter-
D2zt staff srovided sudstansive back up assistance to the Evaluzation Tezmr in
itzg activities concerning all aspects of the Project impiemencation.

T™e léacer of the xnission azebared Executive Summary of the DraZi:

Zvaluation Report (DER). This was discussed with UNDP, Damascus on 5.3.%3,




The relevant extracts from DER 2ve listed helow Ior referencs du~poses:

Quote. " Within the Zrame werk of immediate objectives, the p=oject hnas
been 2 success.

The laboratories and workshoos of the Optical Grovp 2t the S5RC z2re now
estzhiished in modern, well designed and wellecvipped building on the SSRC
premises. The ecuizment foreseer in the pr::jéc: document nas been purchased
and instalied, with a fev minor modifications. Additisnal ectuipment has
been supplieé by SSRC. With assistance of the intermational experts the
choice of the eguimment has been based on sound criteria delivered by
international supciiers o cood reputation. All ecuipmenz 2re in operation.

A prototype of 2 high stanéar: microscope has been Geveloped incollanora-
tion with a well kaown Russian Opcical Institute. The prototvpe has been
produced by SSRC. During this ccllaberation technological caparilities-and
skills have been trapsierved :o-'- SSRC which is now Stllv capable of mocify-
ing the &esizn o the protctvoe andé to develop complete nsw trototype ol
instruments at the same Oor inferior standarz.

The eptical Grous has 2 cualilied stzil as Zcreseen i the prcjest document:

some Zields at intermational levei. The cuzlificaticns have been obtainer

i

throuch on-the-jor «2ininc in workshops ané laporatories undex the cuvilance

Z iacernztional experts ané throuch Zellowships 5 intermaticnally well’

4]

kacwn Institutes a2né meanufacturers. The staif zppezrs nicnly notivated.

An imporatant cort=ibution TS the spcocesshas desn the hicgh scientific and
technologica! gualifications of the project mansgement ané the CTA as well
2s their efficient mutual coll"_‘aona.on and their collaboration with the
Syrian authorities axc UNDP?/UNIDO.

The OG has star=ed its commercial activities as 2 consultant to5 vsers cI
optical eguipment in the public ané private sectors. 3ut there is still a
way to go before the expected break-through in technoiocy tzansfer to the
Svrian industry is realised. What is needed is relianle information ol <
éemand f£or optical equizment arid of potential panufacturers of this ecguipment.

The mission reccmmends that the successiul ¢ompletion of the project is
followed up immediztely by 2 market survev which can provide a background

£cr the decision cf the direczion(s) in which the Optical Group shall now Iove.




The micTuscope prototyvdpe has sesved 1ts purpose 2s the instrument of the
transier o the techmoiccy to SSRC, .but it is act necesszrilv the mos:
“"aerketahle” produc:.

It is 2 guestion of Zincinc 20t onlv “"macketzble” ar=oducts, but 2lss
to cefine OG's future rTole in 2 much broader, iaternational perspective.

Unguote.

Detziled report of the Evaluztion Mission shall be written by the
leader Mr. C.E. Wegene> f-om the home base ané &irectlv submittes in its
Zinal) form to UNDP anc UNIDO who, by agreement, will ther submiz it o
the Guverament. -

-

14. 2=pozrs / PURLICATIONS

(U L I

During implementatiorn o e oroject activities, several <technical/
sexi-technical reporis were grepceé Upon comsietiorn of their assicoments,
The intermational experts 2lsc Drepacad exiizustive sexcris. INV'S submitteld
<2 the Proiect Autihorities Periodic Reporsts sumreriziac their work ané
ideatifviac their speciic contTibution/accomslishment. National stais
scomitied their Final Tellowsnip Repore.

Listiag of important Repor:is/Publications is made delow:

1. ?Prasaé, 5., 2ad Mousselly, T., ® Plan cf the Cptical Techncliocy Wing

of SSRC, Damascus,” 62 dages, Tebruary (19€8).

2. ?Prasad, 5., " Tecaniczl Report dontzininc fiandincs of the Mission
ané Recommendations”®, 112 cages, March (1988).
3. Siagnh, J., " Techrical Report contzininc Tiadincs o the Mission

ané Recommendations®, 18 paces,Tebruazy (1989).

"

4. Moussellv, F., 3izi, N., a2nd Prasad, 5., " Tinal Repor: of Stuéy
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TA3LE 1

Goverament projec: personnel
Entry on duty
Post Na. Post title Name and se= of incumbeat Full oc “lanae)
part Gme Sched. | Actmal(ex)
1 .:‘.ona.‘. Prcjecft Dx. M.F. Moussellv, all 13/67 ’ 12/ €7
Director & Head, |Docteur - Ing., Male. .
Cotical System
[Testing Seczion.
2  |Bead, Ootical - Mz, Nfda) Biw-i | ful 1/90 11/90
Desicn Sectionm.
3 Head, Thin Pilm Mz. Xhaled 'Mava, . =~ Tl 12/87 12/87
- - 'Technology Section| Diplcme &'Ingeniervr, :
- . jMale. .
4. |Eead, Mechanizal |mMr. Domian abbasi, Tall - 2/88 2/8e
Section. 3.2, Male, )
5. |Sead, Optiz2) Work|M=. Aywan - Obeid, 3.Sc.] il 12/87 | 12/87
-shop. Male. - °°: ’ ’
& jechanica) Wezk+ |Mz. Monamad “Natoez, .
shop» Zngineex. 8S.2., Male. Fall . 5/s0 3/90
7  |lopticel Thin Pila [Mr. Massoun AtSen Partz time
Desicn Engineer. |3.E. Male. -
. 8 Technical issista-{Ms. Nadza ‘Rajab, 3.5¢., Fnil 5/e8 | i/8%
nt Cptical Testing] Pemale. . i ) A . .
9  |mechnical Assit. |Mr. Tizihiz Shalesh, Tul: s/se | 2/e9
Coticzl Desigr. 3.Se., l'.?.le'. ’ ]
- 10 Technician- Optical Mr. ‘Na=lix !:'enou, il 5/8¢€ 5/88
Testing. D‘.nlmf. Asst. :ncinee.
Male. )
11 |Sead, Mechanical |Mr. Maimoud Al<Zmad, Full 2/28 2/e8 5/9¢
Workshops. 3.2., Male. H ’ . )
12 |rechnician, Optical Mr. Acabi - Saddad’, - Fuil 2/88 |. 2/38 8/¢2
Workshoos. : Diplomz Asst. Sngineec] T
Male. ) ’
13 Tecinician, Cotical Mx. Ziad Safien, Ealal g a/88 2/88
Wozkshops. . Diploma Asst. Engineex] ' :
Male.
14 Technician, Optical Mr. Mouchaf Scni Mirss Pull 2/88. 2/88
’ Dinloma, Ha.le.
15 Technician, Cotica] Mr. Ahmad A.-Abdul.an, Tl +3/88 5/88
Wozkshops Dinloma Asst. Zngineex :




:l -
. Goverament project persoanc . _:;:;
. . =;n“ oa dury " Depanare -,
Post Na. Post titie Name 304 sex of incumbent ant time daic) (aase) -
pan ime Sched. | Actual(=x) | if appbcable
16 |Technician, Shop Ms. Banady Shams Al- ™ "s78e - | 5/88 /93"
Ploor Testing/ peen, Diploma Ass:. - "
Optics Fabricas! ineer, Female.
/Assexbly. -
17  {Technician,OptitalMr. Ahmad Kredli, Tecind & Full % /90
Woxkshop . —c2l Bach ., Male.
18 |Techaiziar,CoticalMr. Maged Kasszb, D. Feld 3/90
Wozkshop. . st.Tech. , Male.
19 |Technician,OpticaiMc. Ahmad Al-Solk, D. Pl 8/90 | &/91
Workshoo. | ST. Tech., Male.
20 |Techniziah,OpticalMr. Bassan Al-Azroent, Toll 10/90
¥Wozkshcp. ) st. Tech; , Male.
21 Tecnrician- Thin - Ahmad Al-salab‘ . Pl 12/87 2/87
Film Technolocgv. iplana Asst. Shgine =ngireer
le.
22 Technician-Thin Monz Saxz, Dizlcma Tull 12/67 |. 12/87
Pilm Technoiogv. t. Zncineer, ‘Female i
23 |Tecanician- M-, M_X. Abo-Dhahab) Te1d 2/88 2/88
Grasiculation. Dinloma -Asst. Eng, Maie -
2¢  lmecanician. Mr. Xhalid Tarazi) T pen 2/38 2/36 -
© . Pirloma Asst, Eag Malel T
25 [Technizian- Mect . Tady Xaston,Dif) kAl 2/88 2/88
nica) Design. hsst. 2ng, Hale. ©
26 |meshnician- Mecha-Mrl EKhalid Atoubv, Teil 2/88 2/88.
niczl Workshcps. .pPiploma Asst. Engi Male
27  |Technician- Mecha-Mr. Moussa Souidia, " Pull 2/88 2/88
nical Workshops. Piploma Asst.. ?.ng Malel _ .
28 |Teshalcian- Mecha-Mr. Nazir Reslan, . | - Ful 5/88 4/88
. nical Workshopos. iulona AssT. Bx ng7s eua_a ’ C S S
29 |Project secretary.Ms.'Salem Shams, 3.A. Pull 5/88 . 1/e9 |, .. .
' ’ﬁg..sh Literature, .
emale. } , .n
30  |Prcjec: Drives . Mohamed Did~Zlatah,|  Full 5/88 4/82
. 1 e. . - .- -
21 |Belper / Cleanex Riad Azarah, Male Full 5/88 11/82 -
2 Mechanical Design Georte Al-3anocon ™l - 11/901
Zngiaeex Z. Male T
35 7 Mecinicisn Ootical [Mr. Ghasan Al-Ratis Tuil - 1/92
Wworksncp Diplcwa Asst.Zng. Male ‘
24 Tecin_cian Optizal . Mohamed Rzker Tull
Werksaco Technical 3accalaur-

eate, Male,




]
in
v

'

‘TAZLE 2 <

Post No. Post titke e amben . sif;ﬁi“,“‘léﬂt.‘?a.) Schodt. |.(

P o
I - n 3 Imf - l - -a

11-01 cTa Dr. Jacdish Prasad, 4/88 (12.12.87 7/88 i1.3.se”

) Male, Indian. 11/88 1.1.89 $/90 K3i.12.38)

1:-50 Consulzant-. | Mr. Rvmill abell, 4/89 |30.4.2% 1c/ee 25.:0.5%
Cotics Fabrica- | Male, Aust=alian, .

Tion.

1:1-34 Consultanz- . Jagpal Sinan, 11/89 |:0.12.38 1/8¢9 $.2.8S
Cotics Pabrica- | Male, Indian, -0
tion & Measure— -

t Tacilities .
14-01 ;- Cotics Mr. Jing Jiapng Xis, 12/88 l11.:.29 §/20 10.1.¢1
(SYR/V/131}Pabrication. M2le7 Cuinese (3.R.) . )
14-04 - Cptics Mz. LLJum,. - - 12/e8 |i1.1.8¢ 9/90 10.10.8¢
(SYR/V/137)Assexbly, Test- | Male , c:x..nese (‘-”‘m)\ . .
g , Tepals. - -
14-05 DNV- Cptical Mr. Jing Cui "u. 12/88 |11.1.89 9/90 10.1.¢51
(SYR/V/134)testing. ’ Male , Chinese . (p,_:,_) - i .

14-07 ]NV- Optical Mr.Xsan Ming, - 12/88 {11.1.89 er90 tG.1.8t
[fooling,Mechani- Male, Chinese (P.R.) ' '

2l Fabrication. B 1a 19 a1

1402 [INV- Thin Pilm | Ms. Shu Mei Yang, 12/89 |20.12.89 12/91 | rE-is-E0

ting. Female, Chinese (P.2.)
14-06 NV- Mechnical | Mr. Zheaggul ‘Yao, . 12/89 11,1439 12/91 10.12.2:
. Desicn. Male, Chainese (P, (P_R.) .
ii-t CT Dr. Jagéish Prasad, . 5 . 701 ¢ e .z
Male, zndian._ 31.8.91 1i/01 i1.A831
1:-30 Lecesulzant - Dr. Sercuei Rod.oncv - Z.10.°91 11/¢1 1.12:%8
"' loptics Design | Mile, Russian
12-01 CTa Dr. Jagdéish Prasac, - 15.4.¢3 - 24.3.¢:2
Male , Incdian




STA3LE 3
Equipment
Equipment cm® " Comt Delivery dasc Remark:
{Give country of origin, il alscady known) -} Budga Actual Sched. Acteal (csL) {include order daic)

1. Lambda 2 UV/VIS spectroseter- 21,000, | 31,493, 10/88 11/88 |P.O.NO-15-83-80742
with accessories and absolute . ded 30.6.98.
reflectance attachment, 1 sec, ) : X

2. Moller precision spectrometer | 4,200. 17,722, 9/88 - 11/88 |P.0O.No.15-8-80744
°spheromatic” serial No.121, : ) atd 30.6.88.

~ F237 303, 1 set , FRG. ) .

3. Accessory for Schaublia 125 2,000. 6,253.| ~ 8/88 11/88 {P.0.No.15-8-80763
lacthe: spherical turning attachi- 4 awd 7.7.88.

-a2nt £ 125-53.000, 2 secs, :
Swiz=ezland. : : . .

4. Liens rounding machine type RMD 3,000, :“ 41,797 12/88 11/88 |P.0.NO.)5-5-300867
150, serial No. 88/028310 wich |~ o ded 10.8.88.
sct of clamp plates, coolant - > - - rorone
tank type KT 120F, succion devi cer -
ané diamond tool INO., FRG. .

5. Smoothing and polishing machine|14,270. | 25,965. 12/88 11/88 |P.O.No_15-8-3C867
type SP? 200-4-D spindles with ’ dzd 10.8.88.
double eccenter, serial No.88/ .

‘028400, complere with accessor- . -
{es, INO., FRG. ) . N it

6. pouble eccentsr smoothing and [17,775, |23,S28. 12/88 11/28 |P.0.No_15-3-30867
polishing machine, type SP? 300 . ded 10.8.88.
-3, serial No. 88/027930, g
complete with accessories, INO.

FRG. ) . %

7. bouble eccenter smoothing and 13,100, 22,125, 12/08 11/88 P.O.NO_15 —0-!!0!36:
polishing machine, type SPY 500 | z e ‘leta 10.8.88. -
-2, serlal No.-88/027210, ] :
complete with accessorles,INO.,

FRG. x -

8. sonorex fiper RX 1028 Bw ultza-| 4,500, 3,068. 1:/88 1/89 [P.0.N0.15-8-81094
sonic cleaner with stainless . ... jata 7.10.88.
steel inset baskec and lid, 1 v 4 - . -
sec , FRG. - . -

11. Abbe refractometer; leas collim {16,000. }12,972. 3/89 5/89 |P.0.N0.15-8-0750
-acor; optical scress analyzer; . dcd 6.7.88. ’
] set each, CDR. . . S

12. Eleczrical oven, max. temp.150°| 500, 1,600, 3/89 15/89 |p.0.¥No0.15-8-80764
C, concrol = 2°C, | sec, CODR. . d &.7.00.

13. Job trays, 40 PCS, COR. - 743. 3/89 | .5/89 |p.0.No.15-8-30761

- td.6. 7.0,

14. Opcical blacking, cementing and | 7,500. [19,793. 3/89 . $/089 .0.¥0,15-3-80762
coating materials, 1 loc,COR.’ , td 6.7.88.

17. Opcical glasses, types XJ3,PSX 1,25,000. 21,598, 2/89 5/82 |p.0.No.15-3-30760
Bard4, paFs,Baf7, Qcy 300 Xg; ded. 5.7.38.
ophthalmic glass plates K53,
30x30x20mm thick, JO Nos; floac
glass plates J0x30x12,19, 25mm
thick, SO Nos each . 1.loC. COR.




S nem® . Cost Declivery datc Remarks
ccmwdmlwuerm» Budgat Actusl Sched. | Aqual(a) (iackede vrilcr daic)
18. cocical Glasses, Types HC,DF, | 25,000. |28,360. 3/29 3/89 .0.N0.15-8-80752
Epr, BSC. Qty 550Kg, Inmdia. -~ - cd 7.7.89. -
19. optical glass, Type CB2259, 1,000, | 1,225, 10/88 10/98 0.NO_15-8-B0751
JOOKg, France, ' ’ ndment A,d:d
R - .9.88\
20. opcical Glasses, Types BK?7, .| -6,000. | 9,942. 3/99 3/89 .Q.NO. 1:—3—30750
=%, SF13 and ST 14;QTY 250 Kg| . td 1.7.88.
QK. - - :
22, »ac cools- Oppical Plac, Cube | 5,500. | 7,807 10/88 3/929 .0.NO.15-8-307<3
and Square; 1 Jot. India. : td 7.7.88. -
23. paards S610 A:Vacuom Coating | 75,000, :|189,007 3/99 2/29 .0.NO,15-8-30796
Planc. Cowplete with acceasor- . A cd 20.7.08.
: ics, 1 set, U.XK.- q = ’
24. water Chilles, Flowcool Model | 5,000.7] 78,727 i/es 5/89 |p.0.NO.15-9- 0289 ¥
1C 50 wich water pumo, | set, E ed 8.2.89°
UK.
25. pulizning Pads - 7000 PCS, Pad 2,000. 1,400 4/89 6/89 .0.NO.15-9-0420 v
Dispenser- 2°CS, Job Trays- i dAcd 14.3.29.
36 PCS. Denmark. . . ;
32. cClass working Machines, all 123,685. J213,682; 12/88 5/289 lp.0.NO.15-8-30865
fw YRC. a. Sawing Machine TR4- acd -10.8.88.
7001 complete with actessories.
L. lens Cusve Generatsr RF-1 -
cumplece with -acs=ssoties. "
c. Universal Milling Machine
WM vizh-2 angle milling unics.
d. Sacothing and Polishing - .
Machiine VLP 600 wizh accessor- ’
iz,
€. bouble .Pedal Machine VLP ) i
T 1) with accassories. -
Y. Cacothing and .Polishing
Machine VLP 300 vith access-
ories. - ‘
. Universal Centring Machine - ..
WG Laser with accessories.
33. -cacothing and Polishing Tools, 5,000. | 38,25%. 4/89 5/89 |P.0.NO. 15-5-0290Y
1 loe FRG. |, &, - ag, w.2.89. -
34. mcroqnc, 40‘0xg , USA 7,000.1 2,3)a. 8/88 6/89 [p.0.NO. 15-8-50745
_ Taed.30.6.8e.
37. Autocollimator Telescopes [C 53,000. { 38,190 9/880 4/09 p.o.m.ts-e-aomo
IGOC(Z\mi.:) -Cac. Nc‘. 401115010 ded 14.7.88.
1 see, -
Plane Surface Incerferomecur
Cat,.NO.191002000, ! sec.
Mussuring Unit for Pocal length
und Resolving Power Decerxina~ .
tidn , 1 sec.All from FRG.

[}
(X}
(¥]}
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Egmipment
- Declivery date Remark:
(Gmmsq:m?mm Budge: cr‘ Acwal | Sched | Actmal(ext) |  (inclhede order dasc)

38. iamina- Flow Wock Station, 1sey £,00C. {10,2353.| 11788 2/89 ° |P.0.No.15-8-5100L
FRG. ; , asd 19.9.88.

39. rnm Optical Demonsimation Kit, - 20,923. 1/83 | 11/89° |P.O.No.15-8-31350;

! set , OSSR . i ded .15.12.88.

40. nuustona_ Mezsuring inst~uments 3,000. ~298.| .10/88 3/82  [P.0.No.15-8-BO74&°
1 lot, U.X. - -7 . 1 ° - t!t:d 30.6.88.

41. spareparts Zor Lambda 2 ov/vIsS ~. Pe15,.899) 1/90 e/9%0 [P.0.¥0.15-5-1534;
SpectTochotometer and an Epson y . dtd 9.11.89.

PC, 1 lot, FRG. : . i :

42. spereparis for ?.xist_ng mu/c:. - P49 | - 1790 2/90 [P.0.No.15-9-1637.
1 dot, °®G. 2 |- usg | . 13.11:89.

43. 11995 Lens paper 6xB in book" -= 4 2/90 2/90 -0.Mo0,15-8-1712

128K/?XD13 , 5 ks , USA. . . t=2 15.11.90.

44. 13 501 128 motolate 12xi2Ceremt} = €30 1/90 2/90 .0.No.15-5-184<
TP 240V014., Qty=i. Dimzmond for - 9.11.90
vriting cn glass 016. Qty 10. R R S . ’ .

45- si11con Cacbide Abrasive,-160Kg] -  },987.00] -12/0s 2/20 .0.%0.15-9-1712"
oS . - . e 15,11,

46. cyz pisk o Desza 50. % lot , -  Pe5438 | 2700 /¢  -jp.0.Ro.15-5-1792
TRG. T . 2 24.33.89.

47- snsre Ophthsimic Coown Glass in| -~ - $6I,e75] 1700 4/20 .CHo.15-0-17€3
uvowozked, unpolished st=ip fora . ae2 27.11.89.
Aporox 9C0rm300mrx24-26am thick|
-pess, 3 Plates, Ploat Glass in
300mxx300 Plates thickness 12
=m, i%mm, 25mm, 50 2lates each. .

u.x. - )

48. Mic-oscope Stereomaster IT Dual - €i5: /90 8/s0 F.o.uo.zs-o-csos
ILL 15xT°014 , Qty 1. Step Down © Hlsd 10.4.90.
Transforzer 150 Wat:015, Qty 1. 9
iy .

49. Izis Diaznragm I MM 25 M4 4OMMOD - FX10s5. §/20 e/90 .0.¥o._15-0-050¢.
gty. 50, 0.X. E . PBtd 10.4.90.

50. Optical Glass in Random Slabs, - -’9137 - 8/90 10/90 .0.No.13-0-0506

© XS, LAX9, SK4, 20 Xg each.,FRG. - td 23.4.90.

51. Sparepazts fcr X 306a Cozter, . - 5‘1‘3334-3‘2 8/90 | 0/%0 .0.No.15-0-0S1%Y
1,125 Xg, G.X. td 24.4.90.

52. Graticules Asszd MicToscove - 24 .0G 3/9%0 7/90 .0.No_15-0-0572
Accessozles., 72 g , U.X. . . . td 26.4.20, .

53., Angle 3lock Sez 10-3505. i set, - TGZ210Y 5090 |. 8/90 .0.No. 15-0-050S:
ox. td 10.4.90.

. 54. 012-380 PRS:4Z Phots Resiss - 4131S 6/90 12/90 .0.No . 15-~-0-0S0T7"
' Spianer , 1| pet, OK. ) . ’ : +d 10.4.90.
[ oM
+ 55. Grinding & Polishing M/C PMI & - 105,483, 7/90 .0.No.15-0-325v ,
Accessories. Plastic Chucks, ‘ td 19.4.90.

! loc, ?RG.




- © Eumipewas Bem® Delevery dute - . Remarks
18 sove ey of veiga, i alsasdy Xaswa) Budgn Assusl Schad, Acsal (cn.) linctude wrdcr dasc)
D

- - -
. .

56. Csating Matevials,illot,TRG - 10,758, - ‘'8/91 D.0O. Nc. 15-1-0551y
- - . 3y B “dss 12.4.91.

57. container for LiguidNitroges , = 11,083 - 8/91 No. 15-1-0233¥
2 ¥s.Trance. _ .des 13.2.91,

58. 3zez=ings,.! lot, UK. - STG 4:5 - 4/2

‘9
Fofie
o8
=¥
'3

59. Op:ic.al Fileers, ! lot,0X | - _ |ste 1275 - S/91

f

-"U-— :u ety
offe
°¥
IR
)
:
X}

60. Boring Tools, 1 lot, FRG. - - |pd 1950 - 5/91

India. TR I 8
62. Optical Scuipmeat, ! lot, ! - +: 7,300 - 5/2% 2.0. No. 13-1-08B4Y
63. Vacvum Ssuipment, ! lot, G.XI - STG £33 - . 7/90 P.0. Bc. 13-0-CSilY

B
g
fof
¥

61. Opticzl Glasses, ! log, - R .-

64. Quartz Crystal Contwolles; l T - Sre
i lot, U.X.
65. Six Pesiticn Test Glass - L-c. 527C - 1723 ®lo.

66. Soecalaz ReZlactance ] - DM 373¢ - 1/¢2 bp.O.

67. Piber Optic Cadble, § 1oz, 1 -

.......

[}
. |

68. Scacs Parts Temescal STIS- - G
270-1 =8 Gun, ! lotT, U.X. | i

69. Colourec Giass 3locks, - PM287I.4 - 1/€2  2.0. NO. 13-i-1474T
1 loz, 7.2.G6. : I B FeZ 3.12.9:8.

i 3/e2  2.0. NC. 15-1-i5iI¥

o e a

70. Miscoposiz 5-:1400-27 i<, - %‘:1:11:5-:“, © -
loz , U.X. . i ’

H]




PASLE 4
T reini
.- Name and sex of fcliow(s). Staned . Complcted . -
" Fellowship, traming courc, Dutu?l‘ l! mrtzl-dauku {datc) act {daic)
smway tome o s | ’ 2ad iastiamtion of sindy Saed. | e Sched. (e} .
Pellowship ,mcrunxcaq 2.5 _Ipnr. mahmoud AL—HAMAD, e/88 |21.08.88| 10/88 |i17.1:.88
workshoo. _ " |male, Bulgaria,RDIA ) < 1 B
" |Scieatific Instrumenta
-tion, Sofia. i
Fellowship, Mechanical] 2.5 |#r. Domian ABBAST, Male, 3/99 |31.08.88| 6/89 [17.11.88 -
Design. Bulgaria, Sciencific . : -
Inst..—u-_enadoa. Sofia .
rellowship, Optical 6 Mr. Aysan OBEID,Male, 6/88 |29.09.88| 12788 |01.04.89 .
wocrkshco Technology. GCDR/FRG, VES Carl 2eis : . - .
. S} _ |Jenaniiihels Loh Wez=l- Lot
w? r; Dama Optikaeschin-
en Darmstadc,
Fellowship; Opcical 6 |mc. a-abi maDOAD,Male,| 6/88 |25.09.e8f 12/88 |01.04.89 -
" workshop Technology. COR/FRG, VES-Carl Zelss : L et
. Jena/MWilhels Loh Wer=1- : -
ar; Dama Optikmaschin-}
: en , Darmstadc.
Fellowship, Optical 6 Mr. Ziad SAPIZH, M2le, a/88 25.0%. 881 12/88 01.04 .82
workshop technology. COR/FRG, VES CarlZleiss S
Sena/Milhelm Loh Wet=l— .
r: Dama Optikmaschin-
) en, Darmstadt.
Fellowship, Opcical 6 Mr. Mourhaf Soui, Male] &/98 25 _0c.eg8| 12/88 101.04.29
workshcp Technoloqgy. - COR/FRG; VES Carl Zeiss
Jena/vilhels Loh Sec=l-
" -|ar; Dasm. Darmstadz. -
Fullowship , Thia §.3 . |mc. mnalid MAYA, w2le,| 6/88 ' |29.09.88) 12/88 08.04.2¢
" Film Technology. CDR/UKX, VES Carl Zeiss
Jena/Scdwards High Vacu-
. us Incernacional:
Fellowship, Thin Film | 6.3 |Mr. Ahmed AL-SALXBI, 6/88 |29.00.88| 12/88 [08.04.89
Techinology . male, GOR/UK, VES Carl
Zeiss Jena/Sdwards
High Vacuum Iatecnatio
- -nal.
Pellowship, mechanical 4 Mr. Domain ABBASI,Male - 20.07.89 - 02.12.99
Dezign. India,CSIO—-Chandigarh.
Slwdy Touz of two SSRC| 1.7 Dr. B.P. MOUSSELLY,. 12/88 19.02.891 12/88 15.32.85
Senior Mansgers. . - (for |National Pzojecc
T hoch) |PifecsOTr  + DT .N. B8IZRY
Senior Sciencisc SSRC -
pndepucacion at Read-
ing University.USSR/
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' Training

: - . Name snd scx of fellow(s). Started

. Fellowshig, training course, | Duration If training uadertaken {dasc) (date)
) stody lour of in-scrvice training | (months) abroad indicate country

and institution of stody Sched. l (e)

~ - | cor/nse=tastnata. |
Litmo, Leci at Lining-. ) L
rad/ VES Carl Zeiss T
Jena/ ONIDO/ ITT ) o
NPL at New Delhi;Csaw/]- - -

Labo/?0 & IDDC at : N R
. Ambala Cant:. . - S o
SToacéy Toux 0. Dz. M.?. Mousselly, . - (¢es.12.e9h - - (23:12.25)
[ Nationa2l Projecs . o
) © | pirector.-USSR/TRG/ ' T .
Avst—ia. Litmo/Wilheln] g -
ioh Wetzlzw; Spindler ’ S DR
Boye= GO“'-.ingen/UEDO. . . - :
Pellowship, Optica? 4.5 lhllaﬂ -abdalzh, Male, )

Fellowship, Optical 4.5 |Eanad: -shems al-Deen, - |(8.3.90) - sy
Workshop Technologv. Femzle, Litmc. ' '

(1}

Pellowskin, Optical 4.5 |Naca'Rej2b, :eng_e, - {(6.3.9GC) - (--.7 90)
Testing & Assezdly. Livwe, . o ST

T

Pellswship, Optical 4.5 |MNaziz X-enbeh, Mzle (€.5.90)
Testing & Assezbly. PR~ F

Pellowship, Opricsl 4.5 | Drzaiz shalesh, - . Je.s.50 - (21.7.90).
Design. M2le, Litmo, : -

Fellcwship, Mechanical 3 Doua_nlboa.s-, nLe. - gz.12.90] - (22.1.81 )
Praduction. . Tiems.” ) "

| Pellowship, Graticula-| 3 |M.X. Abo-al Dhahed, T o ety - (2.1 o 90)_
tion techniques. Male, CSIO. . - : =

... Taijowship, Miczo lecns h) Avaman Obeid, Male, - (29.5.9%) e
Fasbrication Technology LIT™0. ) | -

. .?e’.lovship. Opto- ' 2 Khileé Alavoubi . - (1.3.23) .-: '

- Mechaaniczl Workshop ) Male, CSIO. . .

| Technolocy.

A s = esi ! - faaen| -

] : Tellowship, Opto- 2 Nazi-r Reslan, Male 2
[ Mechanicai workshop -CSI0. e
‘Rechnolocy. o5
! . | I3 - M - 3 -

Peilowship, Thiz Film 2 Mona Sax2, Fema2le, 1.3.93)

Technclecy.

o mem e e - —i e S

- ——




TABLZ 5: Basic techrnicael! DParameters oI LASPLAN and SIOMIM

Att=ibute LASPLAN
Maznification range 40-1000
Mechanical tube length, mm 160
Paxfocal distance, mm 45
iLccation of image plane from tudbe end,mm i3
Set of objectives 4x0.&,10x0.25,40x0.25

100x1.2S (0il immersion)

Objective image ZielC size, mm 18
Eveziece 10X

Condenser swinc-out tvpe with iris

2perTure diapnrzcm ves
Condenser Ni for 4x0.1,10x0.25 _ c.3
Condenser NA for 40x0.€3, 100x1.25 0.9
Coarse Ifccunsing adjustament ves
™tal movement :angé , o 20
Mova: t range Zcr one rotation,~=m €.0
Tine focusing acjuscment ire_s
:;‘gcgl movement range, mm - 2.3

Graduates increments, ma 0.0C2

Mcpocular evepiece tvbe inclination 30 éegrees

Cross slide motion
of. 25«75mm with right
hané cont~ois; vernier

reading ©o 0.1mm provided.
30 Gegress

In-base illyminactor, 6V,20W
hzalogen lamp, built-in t= -
former ccllector lens (4
elements), auxiliary lens,
reflecting mirror, izis field
diaphracm.

-

Mechanical ‘stage

Rotation angle of stage

IZlmeination system

Quadruple revolvinc mechanisa
with roller bearings.

390+400+220

Revolving nosepiece

Over2ll! édimensions, mm

xx Movement range for one rotation, mm 0.25

3I0MEM

40-400
180
45

13

4x0.1,10x%0.25,40x0.0.65°

i8

6.0

30 Geczees

Scuare plane
stage with
soring clamzs

Plane ccncave
mirror,
natural light

156+240-200
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TA3LE 6: Tovics o Lectures

FUNDAMENTAL OPTICS

-

ergat's principle; rellection law: -si-acsion law: reifraczive iacdex ané
Rbpe value (Dispersiom).

GEOMETRICAL OPTICS

Single reiraction sucZace; thin lens; twe thin lssssysten ; el
dperture diadhvagm; "Zield stovp (entrance and exit pupil, entrance and exit

wincow) .

TYSYCAL OPTICAL SYSTEMS

Zumar eve; macnifving iens; microscope; telescope.

OPTICAL TOQLS TOR TESTING

Collimetor (Autocolliaator); measuring microssos; prism.

OPTICAL TZSTING

Dimensional parameters (central and edce thickness, caamer iencth, éiametsr);

homogenizy (strsss, stwain, RireSrinceace, budtles, stvais); rafractive incex;

éispersion; Abbe valve: focal length (Zront, back, equivalent);r2dif ¢f cu-ve-

tore; magnilication; numerical aperTurse; surlace contotr; cazfiaal doints

(princisal, focal anc nodal points); Zielé- size; denth of focus: centwinc exTor;

drisa ancles.

QUALITY ASSZSSMENT

Sphericz! aberzaticn; chromatic rxaticn; <ome; asticmatism; éiscortTion:

resolving power; startest ;knife-edge test.

OPTICALL WORKSZOP TECENOLOGY

3ackczouné information

rt
n
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&
»
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Coticzl wozkshop lavout; optical materials (sheet ciass, Zioa

~glass, Iiiter glass, optical glass anc cptical crystals); properties and

varieties of optical glasses; shop testing of cprical glasses.

Auxiliarv materials for precision opotics fabrication

Optical tsols and fixtures (specifications, usage; maintenance ané storage);
cutting materials (abrasives, diamond tools, pclishing powCers ané pastes);
blocking, cementinc and cleaning materials (pizch dlaster of pairs, acdhesives

Dolishing sads).




Technical requirements of optical comoonents

ClassiZication of opticzl components and their crapnizzl represenctation:;
fahrication errors (surface coptour , 2aculiar, suzZace delfect and Toucnness,

cent=ing , and cerenting errors); unde-standinc of optical desicn 42tz sheexs.

Ootics fabrication -

Detailed stucdy of all available machipnes an€ attachments; dlane blank produc-
Tion (slitting, plane surfacing, blocking and clearing); circulaxr hlank

oroduction (sounding, cusve generating ané develling); prism ané fla: produc-
<ion (blockiag, smoothing, polishing and deélocking): lens procuction (block-

<, s2o0thinc, polishinc ;-ceblocking, ceatrinc ané edcing); cementing.

by

VI QPTOMECIANICAL WORKSTORS

3ackcromc infcrmation

Workshcp organization ; comEon 2w materials: common c2tiinc tocls; materials
Zor optical tocls; detaiied stady of zll available workshcps machines and

atzachmencs.

Mechanical érawiacs - .

Inzvoductory remarks rsgasCing pechanical encineering Srawings: what is mechanizael
encineerinc érawing?; readinc of mechanical encineerinc drawincs; sxercises

o simple Techanical drawincs.

Tolesrance concedt

f
)3
v
[
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"General iceas; how <0 speciiv tolierances?:; inist speciZication;
tslerance cziculation.

Calculiazicn methods

Commer c2lculation methods ;special patierns calculation; spatial co-ordinates.

Dimensicnal metzologv

Generzl ideas; measurement instrumeats; iant-oduce typical measurements;
{(longitudinal, outside/inside, cvlindrical, gTrooves measurements); threads
measurements; measuvrements and calculations (axial éistance between Two hole's

centers,sonerical workpieces concave/canvex; ancular measuremaent).

Mechanical Zakbrication:

Introcuczicn cf basic technclogy processes; hnow to make wcrizieces?; procduc-

ticn examzles; how to make specilal workpieces:
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CZEANING AND CARE OF QPTICAL COMPOKENTS

Common cleaning agents and tools; precautions in hanéling oI optical
components; how to clean optical components? (menual, ulctsasonic cleaning,

érying) ; testsofcleanliness; packing ané stcrage of optical components.

ASSEMBLY OF OPTICAL COMPONZNTS

Dimensiona! checking of optical and mechanical parts; cleaning anéd éxving

of optical and mechanical parts; assembly of singlets' (macnifier); 2ssembly
cf Goublets (cemented, airspaced); assembly of triplets leps combination

(enlarger) ; assembly of pTism; a2ssemblv of graticule.

ALIGNMENT AND CEECICNG

Condeanser lens; Buvgen's evepiece (10,13X) ; RamsGen evepiece (10X); Xellner's
evepiece; miczo-objectives (10,40 | and 100X)

SYSTEM ASSEM3LY

Viewing magnifiers; student micrescope.




