
STUDIES ON PROPAGATION EFFECTS IN SINGLE 

MODE OPTICAL FIBRES AND DIRECTIONAL COUPLERS 

by 

RAMANAND TEWARI 

Thesis submitted 

in partial fulfilment of the requirements of the degree of 

DOCTOR OF PHILOSOPHY 

DEEM 

Department of Physics 

Indian Institute of Technology, Delhi 
January, 1985 





I C 

This is to certify that the thesis entitled, 

"STUDIES ON PROPACTION EFFECTS IN 5INGT MODE OPTICAL 

FIBRES AND DIRECTIONAL COUPLERS", being submitted 

by Mr. Ramanand Tewari to the Indian Institute of 

Technology, New Delhi, fir the award of the degree 

of%..)CTOR OF Philosophy, is a record of bonafide -research 

work carried out by him. Mr. Ramanand Tewari has 

worked under our guidance and supervision and has 

fulfilled the requirements which to lur knowledge 

have reached the requisite standard for the submission 

of this thesis. The results contained in this thesis 

have net been submitted in part or full to any other 

University or Institute for the award of any degree 

or diplQma. 

is 
( Dr. K. THYAGARJAN ) 
Assistan_ Professor 
DeDart -Gent of Physics 
Indian Institute of 
TE;chnology, 
New Delhi - 110016, INDIA. 

( Dr B.P. PAL ) 
Assistant Professor 
Depart .ient of Physics 
Indian Institute of 
Technology, 
New Delhi -- 110016, INDIA. 



ACKNOWLEDGE-'TS 

I feel it a great pleasure in expressing my 

gratitude to Prof. TK, ghatak for his keen interest and 

constant encouragement during he course of this work. 

I am greatly indebted to Dr. K. Thyagarajan and Dr. P.P. Pal 

under whose invaluable guidance and deep involvement the 

present research work has been carried out successfully. 

I am also deeply crateful to Dr. I.C. Goyal for 

helpful suggestions from time to time. My thanks are also 

due to Drs. Enak-hi K. 3harma, Arun Kumar and Anuraq Sharma 

for their kind held at various stages of this work. 

I ce also thankful to Drs. d.D. Gupta, A.D. Sher-ma 

S.I. iosain -'nd to y colleagues P.K. Mishra, 1.R. Shenoy, 

R.K. VarshnLy, S.11. Sari,.r, A.t. Raul and 	Subrahamana 

for their valuable criticisms and constant help. 

I can hc7rdlv find words to express my gratefulness 

to my parents for their constant support and encouraoe-

ment at all stages of this work. 

2inancial assistance from the Council of Scientific 

and Industrial Research, India is eratefully acknowledged. 

Finally, thanks are also due to Mr. Ashok Saini 

for efficient typing of the thesis and Mr. 	S. Gupta 

for drawing the figures neatly. 

Rawa,la,A 

( RAmANArD TEWARI 



hbs _ract 

hinli code iEibres; are ccnsidared to be the 
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trictsd sz Cf. 	 only. How- 

	

duri 	the fire frawin 	ti-E profile 

of a F,incle code fibre of:t,En rfievi,,Lte.3 from an ideal 

ste indenrofile and yields a sai-ftwhat „raded index 

1.Drofile inside the core; thus it is very essential to 

study the 	characteristics of such fibres. 

In this thesis, we have studied various propagation 

effects in sinc.le mode, cirajed index fibres and also 

in single made directional couplers. 

tra-nwerse - 1oJal I eld distribution in a 

single mode .Libn7, is oac of thE very important 2ara-

meters which ch,--;pactorises a sirale mode fj_hre. he have 

aevelope6. FJ, vEiritionl theory by approxiTatine the 

modal near-fi 11. wi.fn a Gaussian 	(GE) 

trial field to obtain etc moJal f.ld distribution 

uf graded orofiled sinle ff-lode :ibres from its far- 

field radiation -ort.trn. AE have oresen.ted the results 

in the form of universal curves from which one can deter- 



mine the modal field distribution of the fundamental 

mode, and also the index ex-Donent 'q' which determines 

the profile shapo and the normalised freuency V of 

a sinol€ mod fibro. 

We have also 	c an ini2,-penO:ent study of 

the main 	tion 	aract& 	of the so called 

scloothed-out prpEiled fibres 	ex:.iioitin the above 

mentioned GE trial field for the fundamental mode 

and have shown that for this class of fibres, the GE 

approximation yields the sodal fielO, the normslised 

prouagation constant, the norrialised group delay and 

the normalised dispersion ,71.rameter to a ::rcat accuracy 

and in ::,artioular, to a much better accuracy than the 

widely used Gaussian a.,_,- roximation, through out the 

single mode rooion. 

A parater which is often taken, both for 

theoretical and exerimEntal ur-:)cses, as representing 

the near-field is the so called "Petermann s,:iot size 

of the fundmental mode ield. It is well knoyn that 

the wavolength 	pendence of this spot size can be used 

to study the various propagation effects in single 

mode fibres, such as splice loss, microbendino loss, 

dispersion and so on. We have evaluated this spot 

size by fitting a two parameter Gaussian-iiankel (GH) 

function to the exact near-field of a single mode fibre 



simulted by numerical calculations. We have also 

sho n that this GH fit to the near-field yields the 

sp:ct si:3e to a, vcr hich decree o.f accuracy as compared 

to 

 

r 	Lyand p.,:ten -esed Caussian function 

fit to the siL:c) 	e iseve also shown that 

by fit hap 	':.,=eLLen _p 	fsr-field epression 

of a graded 	 can obtzin the near- 

field/spet size of the fibre simpdy by [Ieasuring the 

main lobe ci a single, mode fibrs far field 	The 

orcoosed theory 117.s boon checked by carrfino out actual 

measurLments on a sinele more fibre. The measureent 

of the 	 hemp relative ly simpler than the 

near-field, our -roposed method should be very useful 

in characterisinc sincle mode fibres. 

Further, we have rovided an accurate theoretical 

analysis to 	 ti.7:ate: the fundemuntal moee excitation 

efficiency in z:raded core sincle mode fibres when 

excited by lenses which si7iuliztes the cost 	common 

optical syste.m used Tor excitine and testino 

mode fibres, Go hove shoe tht the rower launched 

into the fundantal mode is highly tolerant to lonoi- 

tudinal misaliennent 	latLral misalionment is 

quite criticl, 

finally, we have obtained the couoline chracteris-

tics of a fibre directional coucler consisting of two 



identical oraded profiled sinola mode fibres. Using 

the coupled mode theory for weak coupling cases, we 

have obtaihcd the variation of the normalised coupling 

lencth with the fibrc-fibre so r-tion 	e have 

formulate 	e:',7iK-ical relation etween one normalised 

couoliha ienoth and normalised scoration. This 

relation nuor be usciul Ion analysing directional 

couol0rs with variabh:: ogacine. he have also rorescnted 

an analytical study to ohtein the orooagation characteris-

tics of a jircctional coupler formed by two channel 

wavoguides with araled index orofiles, fabricted on 

chalcogenie extoaghous smiconductor films by to 

electron beam writihai tochni-:ue. We have aooroxi=ted 

the refractive index distrjcution of the wavequide 

by a secant hya)craolic ._;rofilo and obtained their 

normalised orH7)aoation constants as well as the nor- 

cu2ling iccoth, 
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