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ABSTRACT : This report treats of the properties of fiber optics, its use in
science and practice and the methods by which the usefulness of macromole-
cular matter in fiber optics has been realized. 1In this report the results
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MEASURING THE PERMEABILITY OF FIBERS
MADE FROM ARTIFICIAL MATTER

I. Cabak, A. Martoch, and A. Stupkova

Summary

This report treats of the propertins of fiber optiecs,

its use 1n sclence and practice and the methods by which

the usefulness of macromolecular matter in fiber optics has

been realized, In this report the results measured on poly-

metacrylate and polyamide fibe.s are compared,

Recently in the pages of our periodical, reports appear which.de-
scrilbe newly originating lines of optics-~~fiber optica, We deal here:
especially in the use of light conductive bars or discs which have al-

ready been used in technical practice for some time,

Light conductior by a smooth glass bar or a bar from any other
transparént material is made possible by the total reflection of light
cn the inner walls of the light-conductive bar, For total reflection
1n the fiber (that is what we will call a very thin bar), the follow-
ing equation is generally valid (Pigure 1)

u,au.-n,d--?.

(1)

c.-undn:!.
»
where £ m 18 the smallest permeabie anglé of incidence on the fiber

wall, For the ray on the fiber, the following condition must then be

FID-HT-66-442/1+2+}4 1
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G othe refleetion Ifndex In the medlum surrounding the lober;

E Lo BIU8L

oo relraction 1adex ol the tiber, and £ 15 the angle of incldence

| cro b wall o of the iber,

" -f. .
Fuioa llght ray to be able to /}7 B ;:?:=“~=:;::£l::%*

suiftii this conditlon, it must

1 , Figure 1,
[ il on the face of the flber at a

definlie angle /g, which must not exceed the value given by the ratio

sin 3 == ny ein P* == ny coe €,

(3)

5 = avcsin T — % ,
In practice, incldence angleslf?on the face of the fiber in the range
or values from 0° to 10° are used,

In order to preserve the total light reflection on the walls of
the fiber, the surface of the fiber must be polished as well as possl-
ble, and the fibers must be surrounded by a medium whose refraction
index 1s smaller than the refraction index of the fiber. In practice,
this condition 1s realized so that the flbers are double layers, 1. €.,
they consist of a core and a cover, whereby the core of the Iiber has
a great refraction index, and the cover has a lower refraction 1index,
These fibers are poured 1lnto a special eleastic cement so that bonds

| will be formed with an oval or circular sectlon with dimensions of per-

% haps 20 x 50 @, Then the proper fiber optics form from them, usually

in connection with lens optics,

An additional factor which affects the properties of fiber optics
1s the absorption of light in the fiber material, It 18 ¥nown that
glass cf a greater refraction index (which 1s required for fiber cores)
igs colored; it also has a more substantial absorption, where for exam-

% 5 ple, polymethylmetacrylate has an abosrption in the minimum visible area,

FTD-HT-66-442/1+2+4 2




abhsarption In the

T O VT I O e L

% b e ehen pe s - - 4 ™, ;'
Ciber depends on the path oof the light ray., Thic :
B

sl lnereases directly portional to the angle of incidence on the !

¥

Taue o) the Tibher i

Leo .Ml b

: Vit sine (4) g

ey

zrt: L s the length of the ray path, and 1 18 the length of the f{iber,

Likewlse, with angle the number of reflected rays from the walls

54 the fiber increases., Thils number also increases with a reductlon in

the dlameter of the fiber,

The following equation 1s valid

] sinc ( 5)

N T

s,

where 7 1s the number of reflections, and d 1s the diameter of the fiber,
The permeabllity of the fiber 18 determined by the coefticient of

light‘permeability given by the relatlonship

J 6
A (6)

where I 1s the passing light stream, and I i8 the incident light cur-
o

rent,

The amount of light which will pass through the filer 1s given
by the expresslon

.‘.l_:_z-kaL (7)

kml__, (8)

Tl e— 'Vr, — ainte

where k is the absorption coefficlent which includes the absorption
coefficient of the fiber material and the absorption coefficient at

each reflection,

From these qonsiderations and samples, it 1s evident that for

fiber optics it 1s necessary to carefully select a material which has

low absorption in the given spectral area; 1ts surface is gurficiently
polished, and it 1s sufficiently hard so it will not come to mechanical

FID-HT-66-442/142+}4 3




woBwriace contamdnaticn, which considerably increases light
v ooroeven completely ciiminates the passage of light,
A% L necessary Lo emphaslze that fiber optics also have certain

ancitionnl dmportant limitations, e, g,, the flexibllity of the volume

L

15 not arbltrary, and the radius of the bend R must be zither equal o

ot preater than the value glven by the somple

R == d Ang = M M (9)

2 ny ~——Hz

B e L

iy
-

wheo: N, i8 the relrsction index in the medlum surrounding the fiber;

ny 1s the index of the fiber refraction, and d is the diameter of the

ARG IO I

TN TR RN

iher, An additional limltatlion is that the section of the fiber cannoct
he arbiltrarily reduced, because with dlameters close to the wavelength
of light, the wave propertles of the light prevent 1ts passage; also

light losses increase disproportilonately,

’r:"'l'(-‘—""‘" ‘F;f; s A c

“-EE= e

{ . J

- i i
Figure 3, ' %

The use of fiber optics 1s very extensive, In technlical practice,
certain TV problems can be solved, e. g., 1lncreasing the differentiat- :
ing ability and picture contrast [1], and ernabling the transition of
color TV, Fiber optics can also be used in electréluminescent pilcture
amplifiers, where for example, it 1s possible to amplify the picture
with conical fibers. In nuclear techpology riber compositions made
from scintillation material can be used for forming and determining
detectors for some other particles. 'Compositions with fiber opties

enable reviewing reactor channels, etc, Acoording to reports from Ja-

pan and Gefmany, the photographing of fiber volumes is used as an

FTD-HT-66-442/1+2+4 4
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CusownjJecidves. I the constructlon Inguatry, tluer on-
veven ] . e d oy b R LR P - ey - . "
used Lo stugy tho ceifectivensss of muchlnes at lnacceeszsiblis

o Mlber optics willl also find great value in quantum light gen-

’ aiors, For medlelne, fiber optles are of the greatest importance, 2
i Cocsuse 10 could much more periectly compensate exlsting endoscoplic ;
j

3 Geviuei, which would be Fisxdble and thin, with a great distinguishing i
ii st alty, and thelr use would be much less palnful, %
i :
51 Tho 1960, ror exanple, Hett and Curtlss [2] announced that they %
, 2
3- coistructed a ureteroscope which differentiates 20 lines/mm at a length i

4 of 70 em and a thickness of 3.5 mm. The flexibillity of the system en-
% abled an examinatlon of the kidney pelvis, which was impossible to at-
z

il t.:n with other instruments. The system was o optlcally perfect that

it was possible to photograph the organ on 8 mm film, The device was
constructed so that the volume representing the system was enveloped

in light conductive fibers which conduct the light from 1ts source to
the investigated body cavlty. According to Lynch [3] it is possible

to uce fiber optics for the observation of the living heart and the

construction of a needle with fibter optics for the study of muscle fi-

bers, blood corpuscles, etc,
e

> ',
v J | &
. a0 / | , :2” | "':ég”
80 l ‘g f ' g 1
) by 13 30
0 1[ &7 Ei,
2 IR oke, ength of fiber
1/ o | Atkr . ) - ongin ot
TI000 5000 7o00 12348567840 lad AT
Figure 2, Figura 4, Figure 5.

Materials from which fiber optics are formed must be transparent

and lustrous and must fulfill certain mechanical requirements, It 1is

therefore necessary to turn attentlion from the classical glass mater;als'

FTD-HT-66-442/1+244 5
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Shohnve s ocornovantly greater appli-
Errrd Lt e b e - Siv g4 e . 4 .
CROOnD subaboneos there arc cultable materdalc manulactured
vunis of polymethylectacryliote and polyamlde, and 1t 15 thereforse
cersasyp - vy, RITTTE ST K + '
LYot nsure whets +UoAu pessible acvually to form fiber optics
Lher 3Us o optlead propertlos are sultable.
Yoo

us list some propertles of these organic substances: Poly-

methy. natacrylate (plexidpglass) 1s a £irm and elastic plastic substance

e T R B o s < e b

with vory pood mechunlcal, electrlcal, optical and chemical propertice.
It 1s = thermoplastic substance, andé its plasticization temperature de-
pends on the polymeric depree and content of plasticizers., The maximum
tenper2ture at whilch 1t can be used cconstantly, is perhaps 80°c. For
the purpose of fiber optics, they are used-mostliy in the form of circu-
iar sectlon filbers, Plexiglass 1s more trénsparent than crystal glass
and wlil pass a minimum of 92% of the visiple light., The graph of the
dependence of permeablllty on the wavelength 1s glven in Figure 2. The
amount ot the ultraviolet light passed depends on 1ts wavelength, and
its terminal value 1s perhaps 2800 K for nonsoftened plexiglass, and
perhaps 3000 R for softened plexiglass. The absence of color and the
transparency do not change, even with a prolonged light effect. The
refraction index at 20°C is 1,490 for nonsoftened material, and 1,405
for softened material, The critical boundary angle for plexiglass-air
is about 4203 the relative dispersion is 58, fesp.‘53.7, Fibers made
of plexiglass by traction can be made into greater surfaée dimensions
by refining and pollshing.

Polyamldes are macromolecular resin producte, In industry, thepe
are various types of polyamides prdduced‘under the titles: +tesil, 1so-
tesil, silon, etc, These are thermoplastiec, rigid and firm mnre‘dr
less transluscent and colorless {according to type),'mith.a‘retnacticn‘
index of l 50-1.55; they have excellent mechanical,properties and are

physiologically irreproachable, Their mechanical‘pmqperty dgpends mm
FID-HI -66-442/1-+2+4 6




The permeability of polyamide ls lower than In plexlglass. -

3
&
volume off the eryotal phage, snd this Lo apgaln dependent on the %
doat ol vooiityy the sweit,  Highly orlented polyamides are rigid and i
¥ H L < ‘*: (IO S R N “ oo . N 'E
otitransparent; the less orlented ones are flexibie and also more trans- 4
poagent,  Thelr strength in traction drops with the humidity content, %
{: In alstlnetlon frem the rest of the thermoplostics, polyamides show .
o {;«
5% proater ductlbility and resistance apalnst friction. The treatmant %
[ £
P vy 4 %
¥ temperature accordlng to the type of polyamide 1s about 200 - 400°c. %
= i
¥
! 53
I3
1%
[

In our laboratory we explore the possibllities of utilizing or-

EEA IR L I LIV ST Y

STRSERHIES SRR VI SR

ranic substances in fiber optics. Among other things, we also measured
fibers from plexliglass and from different polyamides. In a later sec-
tion of this report there are glven more detalled data about their

measurement.

Measurement was done by two methods, for which we had suitabls de~-

vices and equipment at our disposzl. 1n both instances the light cur-

rent energing from the fiber volume was transformed into photocurrent.
In the first case we measured this photocurrent with a sensitive mirror
galvanometer; 1in the second case we guided the photocurrent origlnated
by the light incident to the volume and the photocurrent which origi-
nated bythe light leaving the volume of fibers tothe input of a double-
beam oscilloscope, and measured thelr dimensions. As a radlation re-
ceiver, we used elther a photoelectric cell or a photomultiplier.

A method of measuring the permeability of fibers
. by measuring the photocurrent with a galvanometer

A diagram of complling the equipment and .devices for this method
1s shown in Figure 3. The markings in this picture are: K~-collimator,
F-interference Piltér, C-circular”disphfagm, S-volume of fibers, FC-
phoﬁén and G-mirror galvarometer (titroscope).

The collimator used consisted of a tube, 1n which there was an

FID-HT-66-442/1+2+4 7
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AN LA i)

SYolem oo 1 o Uy e cnd oo bulh or 35 W capaelty charpsed with
cenaosbabllived sourse,  Behlnd the collimator an interfzrence
Cwas anstalled, which aelected only monochromatic light from the

contore tlpht spectrum,  Circular dlaphragm C placed behind 1t, limlited

G tlybtocurrent only for the purpose of volum: S placed clogely be-

ind 113 the excess was shaded, Let us disregard the bend on the cir-
culoar dlaphragm, The volume was [lxed so that light rays fall on the
photon FC provided with a small diaphragm having a‘diameter aperture
o' O,u mm, The diaphragm limited the light fall on the selected, op-

cum sensitive area of the photocell and enabled measuring the indiv-~
1dual light rays of the rear face of the fiber volume with a magnitude
or 0.282 wn, The diaphragm and the photon were fixed on a stand which
moved In vertlical and horlzontal directlons, by turning a mlcrometric
screw; 1t was also possible to accurately deflne the position of the
measured points, In our case we measurcd the emerging light current
on straight lines golrig by the center of the body of the fiber volume
at points 0.5 mm apart. This current was guided by the photon to a
current whose value we calculated by a mirror galvanometer, All the
measuring devices were fed from a stabilized source., First, we have
determined what the difference in light intenslity is during the pas-
sage of light through the volume,

Table 1. ) Table 2.
-_I-)éllz:n ::':;lken I)! Pmpz,‘l;:)noa Dé'k(:n 'Vr:')‘k"' PNP(:/:;Mlm
—TE— o —
L N S s a8
_. g 4oL 158 U Tuse [ Twsas
a0 lem T S A M
U L SO T L _ 1 625
482 | am 95,5 00
308 | 4249 48,0 93.0
1) length of fiber, (mm); 1) length of fiber, (mm)
2; permeabllity, (%). 2)4permeability (%S.

FTD-HT-66-442/1+2+4 8
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photocell wan placod behind the Ciber volume, and all the :
s ol a ostralght line passing through the center of the volume were

wesdured,  In order to measure the entire volume, measurements were

mude for geveral azimuths in the volume and it was determined that light
lnvenalty decreases from the center 1 all directions equally; tnere
Wit no dnomaly, '

From the measured photocurrent values which are directly propor-
tilonal to the light current passed, we formulated a graph (Figure by,
on the ordinate axis we plotted line points with the initial point on
the perimeter of the fiber, and on the abscissa axis we plotted the ratios
of the photocurrent which correspond to the light currents passed by
the ineldent current. In this way we ootained a point diagram of the
measured light intensity of the length of the diameter of the vol:ne.
For all azimuths the dlagrams were the same,

Then we measured the permeabllity of the volume in dependence on
the length of the volume, The photocell was placed in the center of the
volume, and the passing light intensity was measured, After each meas-
urement we reduced the volumg, polished the body of the volume, and
adjusted the volume 1n a preparation, From the order of measurement,
it was then easy to formulate a graph where we plotted the volume
length o1 the abscissa axis and the permeability values corresponding
to the individual volume lengths on the ordinate axis, By this means,
we obtaiﬁed a permeabllity curve of the fibers depending on the length
of the fibers (Figure 5).

A method of measuring the permeadllity (passability of Pibers
’ a double-beam oscllloscope

The diagram of equinur.-at and installations is given in Figure 6,
where the following designations are givén: K-collimator, F-interfer-

ence filter, FC, and FCz-two i1dentical photons, RD-rotational diaphragm

9




The LOwr nermoents ST S N TN SR, o1 R
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Gatlrler booum oscllloscope D 81, with an ampilfiicer, :
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2T W

Figure -6,

O

The rotation diaphragm RC served for interruptiqg the light cur-
rent., In this way the signal on the oscillograph picture obtained an
appro~imately oblong characteristic so that 1t was possible to measure
the value of this current well. The photon FC1 served for creating a
so-called normal. The second signal coming from F02 (during the use
of 1dentilcal amplificaﬁion) was smaller by the effect of 1ight losses
in the volume., From the ratio of signal magnitude, we determined the
premeapility., From the values measured, we formulated graphs analog-

ously as we did with the first method{

ol

2%
% 50 ‘
&
iw
» ‘
T ;?2:7' - o
* Figure 7. :

‘a) permeability; b) 1ength of fibers. S R
The convenlence of using both methods appeared in the fact, that

in both cases we obtained almost identical results, different only in

the 1limits of the errors observed, _
We measured the polyamide fibers and the polymethylmetacrylate

fibers by both methods, and hwere we give examples of the measurements.
' For example, to measure the polyamide we used: tesil fibers with a
diameter of 350 um cempounded into the volume, The volume with a

FTD-HT-66-442/1+2+}4 10
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ver ol 8 oaen, conbLaloed 120 figers,  Purified, polished Cibors were

cvered by a thin layer of plexigliass, whoge thickness agalnot the dlia-
wmirtor o the Ciber was inslignificant, The volume formed from prepared
fliers was pourced into a protective cover made of dentacryl, We cleancd
atd pollshed the face of the prepared volume, For adjustments of the
Yiver laces, two abraslive gystems were constructed. At each roduction
of" the fiber volume, 1t was neceséary to grind and polish the face of
the volume so that the measurement conditions did not change.

"he bhasic length of a tesil fiber volume was 17.37 mm, We measured
rhese volume lengths: 17,37 mm, 14,40 mm, 11.49 mm, 6.80 mm, 5.82 mm,
442 mm, and 3,08 mm., The measured permeabllity values are given 1in
Table 1. For measurement we selected a light wavelength'/l = 550 mm,
The permeabllity graph of tesil fiber volume depending on the length
of the volume i3 given in Figure 7.

Further measurements were made on polymethylmetacrylate fibers.

In comparison with tesil fibers, these fibers are much more permeable,
Their surface 1s more polished, and alsc the quality of the input and

output_fiber faces 13 better. In Figure 7 there is shown a fiber per-
meability curve which depends on their length, Measured values are

in Table 2.

Measurements have shown that polymethylmetacrylate is a subatance
very convenient for fiber optics in the visible area, much better than .
substances of polyamide. Graphs of both measurements show that the per-
meability of polyamide 1is not too convenient for purposes of fiber op-
tics in the visible area of the spectrum. Their mechanical properties

are so sultable that it is required for the chemical 1ndustry to. pre-

pare compounds which would also have good optical properties dur;pg the - . .

preservation of selective mechanical properties,

FTD-HT-66-b42/1+2+4
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