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FOREWORD

This report was prepared by HTL Industrles, [nc., Duarte, Ci.,
under USAT Contract No. F33615-80-C-2042. 'The contract was Initiated
under Project 3048, '"Fuels, Lubrication, and Fire Protection', Task
304807, "Aerospace Vehicle Hazard Protection'. This program was funded
with FY8Q Aero Propulsion Laboratory Director's Funds with G. Trask Beery
and Thomas €. Hillman as project engineers.

This report is a summary of work completed on this contract during
the period, May 23, 1980 through March 23, 1981.
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SUMMARY

This program was undertaken as a logical follow-on study of the design concepts
proposed in AFAPL-TR-78-84,and with the particular aim of measuring and evalu-
ating the performance of optical fibers in the short wavelength, U.V. solar blind
region.

Specified components were obtained from commercial sources and evaluated for the
properties relevant to both the design concepts of wide angle and long reach opti-
cally coupled systems,

It was found that, in the U.V. solar blind region, there are severe limitations on
the field of view obtainable in fiber optic coupled systems. These restrictions are
such as to make further consideration of the wide-angle system concept unprofitable,
particularly against a background of changed trade-off parameters such as significant

welght reduction in direct viewing sensors,

Long reach systems were modeled with a variety of input optical systems. Signifi-
cant optical gains could be made, but only at the expense of further restriction on
the angle of view. This effectively limits the use of such systems in fire detection

to applications where the precise location of a flame can be predicted.

It is concluded that the performance of optical fibers in the U.V. solar blind wave-
lengths is such that the trade-off gains proposed in A¥APL-TR-78-84 cannot be
realized in practice.
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INTRODUCTION

The Air Force has maintained a continued interest in optical methods of
detecting engine nacelle fires for over 20 years. During this time there
have been several developments in technology, making it possible to now
provide systems with true volume coverage of a fire zone, with fast response
o a hazard, while remaining unresponsive to other radiation signals present
in the aircraft environment. Such systems have reached the stage of flight
demonstration on high performance aircraft and are currently configured to
utilize gas-discharge electron tube flame sensors for direct viewing of the
potential hazard volumes. The sensors operate in the range below 280 nano-
meters wavelength and are not sensitive to solar radiation. It has also been
realized that there may be penalties associated with the use of direet viewing
sensors, including (a) the number of sensors required to "see" all parts of
an obstructed veolume, (b) the sensor weight, particularly when comparing
early U.V. detectors with in-service thermsal detection systems, and (¢) the

wiring required in the fire zone, with its weight and cost implications.

A potential method of reducing these penalties of direct viewing sensors is
the use of fiber optic coupling from the hazard volume to a remotely located
sensor. This may provide a method of both reducing the number of sensors
required and eliminating aircraft wiring within the fire zone. These concepts
are discussed in a study of the Applicability of Fiber Optics to Aircraft Fire
Detection Systems (AFAPL-TR-78-84). The results of the study indicated
the need for gquantitative test data, particularly at short wavelength U.V.
where there was a lack of published data. It was the objective of this follow-
on program to determine the specific limitations and capabilities of current

U.V. fiber optics and coupling techniques for aircraft fire detection.

The work described in this report falls into two main parts, the first concern-
ing measurement of the transmission of U.V. radiation through commercially
available optical fibers and the second, the investigation of model flame detec-

tion systems including input and output optical coupling.

The theoretical considerations, practical measurements, and applicability of

results to fire detection systems are discussed.
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THEORETICAL CONSIDERATIONS

It was shown in Reference 1 that the optlical gain through a lens system between

a source and a detector can be expressed as:

p N . (As)/9Y2 Tg (1)
p(})b Ab j\ dg

where: P A)g is the power coupled to the detector (at wavelength )

via the optical system with input aperture at distance
dg from source.

p(M)y is the power coupled to a "bare detector" at a distance
dy, from the source.

Ag is the effective aperture area of the optics system.

Ay is the effective sensitive area of the bare detector.

Tg is the lumped transmission coefficient of the optical
system.

Therefore, comparing a bare detector and the lens system at the same distance

from the source (dy, = dg) the maximum possible optical gain (’1‘s = 1) is:

p(M)g _ Ay _
p(Vy - Ap - GV )

This quantity can be made very large by using large diameter input apertures.
However, large apertures necessarily intreduce restrictions on the field of
view of the system. It can be shown that (Reference 2):

o]
R
M

< 1.0 (3)

Z
=%



where a = objective aperture diameter
d = detector diameter
N'= refractive index of medium adjacent to detector

« = half angle of field of view.

This is a theoretical limit and its derivation makes no assumptions about the
optical system between the input aperture and the detector. This system can
include any type of optical component, e.g., lens, mirror and light pipes.

In practice, it is difficult to design systems to approach theoretical perform-

ance, and a more realigtic limit is:

ax £0.9 (4)

Equations 3 or 4 can be combined with Equation 2, assuming a circular detector,

to give a relationship between optical gain and maximum field of view:

(5a)

or « 5 N {5h)

Equations 5a & 5b are plotted at Figure 1 for an air immersed system (N' = 1}.

The effect of seeking large optical gain in a system is seen to be that severe

limit ations are placed on the field of view available.

The implication of this in a fiber optic coupled fire detection system is that
optical gain may be used to compensate for transmission losses in the fiber
and retain the performance of a bare detector in terms of sensitivity, but only

at the expense of severe restriction of the field of view.



MEASUREMENT OF FIBER PROPERTIES IN THE U.V,

It was recognized in the previous study (AFAPL-TR-78-84) that inadequate
data was available on optical fibers in the U.V. solar blind region, and that
guantitative information should be acquired before design concepts could be

pursued.

A prime task of this program was to develop the required data, and that work
is recorded in this section of the report. The fiber samples were obtained from
commercial sources and performance data developed in the U.V. short wave-
length region, with particular emphasis on the measurement of Transmission
and Numerical Aperture, key factors in determining the potential application

to fire detection systems.

3.1 Optical Fibers Tested

1 Silicone coated silica fibers manufactured by Jena Glasswork
Schott and Gen. (obtained from Schott Glass Ltd., Drummond Road,
Stafford 8T16 3EL, U.K.). These fibers were made up into

fiber bundles with protective metal or plastic sheathing.

2) Silicone coated silica fiber manufactured by Quarts et Silice
(obtained from Nuclear and Silica Products Ltd., 44-46 The Green,
Wooburn Green, High Wycombe, Bucks, HP10 OEU, U.K.). This
was in the form of a single fiber type QSF 300 with a protective
Tefzel coating.

3) ESKA acrylic optical fiber manufactured by Mitsubishi Rayon
(obtained from Optronics Ltd,, Cambridge Science Park, Milton
Road, Cambridge, CB4 4BH, U.K.). This was in the form of a

single fiber with a protective coating.

A summary of the manufacturers data on these fibers is given in
Tsable 1.



3,2

3.2.1

3.

2.2

Experimental Details

Fiber bundles of type 1 required noc prepsaration as they were supplied
with finished ends and end fittings in three different lengths. However,
fibers of types 2 and 3 were supplied as sample lengths with no end
preparation. They were therefore cut to suitable lengths and the

ends mounted in an epoxy resin and the cut surfaces polished flat

with diamond grit to reduce scattering losses at the input and output.
The quality of the polishing was tested by measuring transmission

through the fiber with visible radistion.

Transmission Meagsurements

Transmission measurements were made in the U.V. st two discrete
wavelengths, 254 nm and 214 nm. These wavelengths were chosen

as they fall within the bandwidth (200-260nm) of gas discharge tube
detectors currently in use as solar blind flame detectors. The source
for the 254 nm measurements was a mercury discharge lamp (Philips
Type 0Z4W), used with a narrow band filter to select the 254 nm U.V,
emission line. The source for the 214 nm measuremenis was a zinc
hollow cathode lamp, again used with a narrow band filter to select

the 214 nm emission line, The experimental arrangement used for the
transmission measurements is shown in Figure 2 (a). The input numeri-
cal aperture for the system was very small ( « < 1 degree) so that the
transmission measured was essentially for parallel illumination perpendi-
cular to the end of the fiber. Measurements were taken of the input
intensity of illumination by placing the detector behind the input aper-
ture. The overall transmission coefficient was then obtained by measur-
ing the intensity of radiation at the end of the fiber. The attenuation
of the fiber, as a function of length, was investigated by measuring

the transmission for different lengths of each fiber and assuming that
the input and output losses were constant. The detector normally



3.2.2 (Continued)

used was a photomultiplier tube with a U.V. extended sensitivity
photocathode (EMI Type 62563). Some measurements were also made
with U.V. extended silicon photodiodes (RCA C30843; E.G. & G. 444B;
Centronics OSD 100-1). These measurements were, however, less
satisfactory, as the output from these detectors was always due in

part to the visible radiation produced by the sources, even with the
narrow band filters present, so readings of U.V, intensity were made
by inserting a glass plate into the input beam, which removed the U.V,
radiation, and recording the change in output signal of the detector.
This procedure was not necessary with the PMT, as the output signal
due to the visible radiation present was not significant. Measurements
were also made using an unfiltered tungsten lamp as source and a silicon
photodiode as the detector as a check on the experimental conditions.
These measurements are for a band of wavelengths in the visible and
near infrared, probably biased to~ 0.9 um because of the lamp out-

put and detector sensitivity peaking in this region.

3.2.3 Numerical Aperture Measurements

The field of view of the optical fibers was measured with the source
arrangement shown in Figure 2(a) except that the input end of the
fiber was mounted on a rotation table and the input aperture was
removed, shown schematically in Figure 2{(b). Measurements of the
transmitted radiation were recorded as a function of the angle between
the direction to the source and the normal to the fiber end. Measure-
ments were made at the same wavelengths as the transmission measure-

ments, 214 and 254 nm, and with the broad band visible/I.R. system.

3.3 Resulis

3.3.1 Transmission Measurements

The measured transmission values for the fibers tested are summarized

_6_
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3.

3.

3.

1

2

(Continued)

in Table 2. No transmission in the U.V. could be measured for the
ESKA plastic fiber. The Quartz et Silice P.C.S. (plastic coated silica}
fiber had measurable transmission at 254 nm (30%) but no transmission
could be detected at 214 nm. The Schott fibers, however, had appreci-
able transmission at 254 nm ( > 40%) and at 214 nm { > 10%). The error
values given for the transmission measurements in Table 2 are the
standard deviations in the values obtained with different detectors.
The transmission values for the different Schott fiber bundles have

been plotted in Figure 3 as In (T/100) against fiber length.

A measurement of transmission at 214 nm,as a function of temperature,

was also taken, using the 2 mm diameter, 255 mm long Schott fiber bundle.
The central 170 mm of the fiber was heated in a tube furnace and measure-
ments taken from room tempersture (23°C) to 120°C, the maximum tempera-
ture specified for this type of fiber in the cladding as supplied. No
significant difference in transmitted intensity was detected over this

temperature range.

Field of View Measurements

Typical field of view measurements are shown in Figure 4 and 5 for the
Schott 2 mm diameter, 500 mm long fiber bundle. Figure 4 shows the
output signal plotted as a function of angle of rotation of the input end
of the fiber with respect to the source direction for 254 nm wavelength
radiation. Figure 5 shows a similar plot obtained with 214 nm radiation.
From these curves the field of view has been measured as the full width
at half maximum ( 2= _5) and the full width at 10% of maximum (2« 4 1),
and these values are listed in Table 2. The collected results for the
Schott fiber bundles are plotted as a function of fiber length in Figure 6.
These results were all obtained using the photomultiplier tube as the

radiation detector.



3.4

3.4.

1

Discussion

Transmission Measurements

The transmission results shown in Table 2 indicate that of the fibers
tested, only the Schott fibers had useful transmission throughout the
band useful for solar blind flame detection. The Quartz et Silice fiber
had some transmission at 250 nm, more than expected from the manu-
facturers data (shown in Appendix A of Reference 1), but the lack of
transmission at 214 nm agrees with the steeply rising attenuation
through the U.V. shown in the manufacturer's data. The disagreement
in absolute transmission values is not unexpected as the manufacturer's
values are for long length measurements ( > 250 m). Ower the much
shorter lengths tested here, likely to be typical of fire detection instal-
lations, higher transmissions would be expected.

The Schott results agree well with the manufacturers transmission

values for comparable lengths at 250 nm, the shortest wavelength the
manufacturer provides data for. From Table 2 and Figure 3 it can be
seen that there is a8 marked increase in attenuation from 254 nm to 214 nm,
although there is still some transmission at the shorter wavelength. At
shorter wavelengths the transmission values become more dependent on
length and more variable between individual samples. The length depend-
ence should be due, at least in part, to the increasing attenuation of the
radiation in the silica core. From Figure 3 the attenuation ceefficients

can be estimated using:

Io exp (-8 L)

fransmitted intensity
input intensity
length of fiber
absorption coefficient

Inl = In T = -8L
To 100

The difference in the value of B at different lengths is estimated in order
to eliminate end effects.

where

= ot

<
[V I T ||
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(Continued)

This gives values for gof & 0.3 m 1 at 254 nm and of 0.4 - 1.2 m~1
at 214 nm. The higher values are probably more reliable as these are
consistent with the measurements from the two fibers which are more

gimilar in the visible/IR measurements.

The difference in transmission between individual fiber bundles is
contributed to by variations in input and output efficiencies (reflec-
tance losses), scattering due to faults or impurities in the fibers and
possibly changes in refractive index of the cladding material. All of
those effects might be expected to become more important in the U.V.
causing the variation between samples to increase. Included in the
transmission losses at all wavelengths is the absence of fibers over
some of the input area due to the packing fraction and the loss of

some individual fibers due to breakage.

Field of View Measurements

The results show that the field of view, or the input numerical aperture
of a fiber in the U.V., is very restricted. The field of view for a

fiber is determined by the refractive indices of the core and cladding

materials;
N.A. = ny Sin « = (1'112 - n22) 1/2
where N.A. = numerical aperture.
n, = refractive index of ambient
ny; = " 1" " core
ng = " " " cladding

n; and n, are functions of wavelength and tend to become closer together
at shorter wavelengths; therefore, the field of view progressivelyreduces
for shorter wavelength radiation as demonstrated by Figure 6. This
obviously restricts the area a fiber alone could survey but it also places

restrictions on any optical system designed to collect radiation to increase
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{Continued)

the transmitted signal through a fiber optic to a radiation detector.
There is also a tendency for the field of view to decrease with fiber
length, due to higher attenuation for rays with higher input angle,

and there is some suggestion of this tendency in Figure 6.

Implications for Flame Detection

For a flame detection system, considering a detector sensitive in the
band 200-250 nm, collecting all the radiation output from an optical
fiber 1 m long, the transmission possible with Schott fibers would be

of the order of 25%. Thus, if there were no input optics to the fiber,
and the fiber area is the same as the detector sensitive area, the effec-
tive sensitivity in the fire zone would be only 25% that of a bare photo-
cell at the same temperature conditions. The use of fiber optic coupling
does enable the removal of the detector to a lower temperature environ-
ment, but the loss of sensitivity with temperature of the detector is not
large. Typical sensitivity at 260 °C is still greater than 70% of that at
20 °C. It is seen also that the 25% transmission through the fiber is
only operative over a small angular field of view of approximately

*5 degrees. Thus it would require many fibers feeding into the same
photocell to cover the same field as a bare photocell (typically *45 degrees).
To increase the sensitivity, either the fiber optic area could be increased
or an input lens system of larger aperture than the fiber could be used.
In both cases, however, the field of view would necessarily be restricted
according to Equation 3 and Figure 1. In the first case, there would

have to be an optical system transferring the radiation from the fiber
output to the detector for good transfer efficiency, and this would be

difficult and complicated to arrange for many fibers feeding into the
same detector. In the second case, it would be difficult to increase the
field of view over that of a bare fiber and increase the input signal
simultaneously, even to the limit of Equation 3, as the numerical
aperture of the fiber puts severe constraints on the design of the

-10_
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(Continued)

optical system. Thus, it would appear unprofitable to pursue the

"wide angle" design concept, as the system would become necessarily
conplex to match the performance of a bare photocell in terms of sensi-
tivity and field of view. Additionally, it is noted that other programs
supported by AFAPL, particularly the development of a U.V. Advanced
Fire Detectian System, have significantly altered the trade—off data.
Bare detector weight is now realistically 0.12 1b. compared with over

7 lbs. premised in the previous study (Reference 1).

It does seem possible, however, to design an input system which has

higher sensitivity along any one given direction, the "long reach" system
discussed in Reference 1. This system would have to have a gain of at

least four times to overcome losses in the fiber (or at least three times,
allowing for loss of cell sensitivity at fire zone temperatures up to 260 °C),
but much larger gains than this are theoretically possible according to
Eguation 2. The construction and testing of a model system is described

in the following section.

- 11 -



4, TESTS OF A MODEL LONG REACH DETECTOR SYSTEM

4.1

4.1,

1

Design of System and Test Procedure

Input System

The input system used for significant optical gains must collect radia-
tion over a relatively wide aperture with respect to the fiber aperture
and channel this radiation into the fiber over a small numerical aper-
ture. The simplest possible input system would be a single converging
lens focusing rediastion from a distant source onto the front end, but

the numerical aperture of the fiber limits the aperture available, as
shown schematically in Figures 7(a) and 8(a) for lenses of focal lengths
50 mm and 25 mm, respectively. The obvious way to improve this situ-
ation is to use a second diverging lens close to the focus of the first

lens to reduce the angle at which the light is fed into the fiber. The
improvements in available aperture expected using a 2 mm diameter

fiber bundle for & 50 mm focal length lens combined with a -4 mm focal
length lens is shown in Figure 7(b). This combination of lenses is
referred to as System 1 below. A similar diagram for a 25 mm focal
length and a -4 mm focal length lens, referred to as System 2, is shown
in Figure 8(b). The properties of these four arrangements were investi-
gated using synthetic silica lenses with high transmission down to 200 nm
and 2 mm diameter Schott fiber bundles of length 500 and 1000 mm.

The input systems were tested initially for "optical gain" by measuring
the ratio of outputs of the optical fiber with the PMT with and without
the optical system at the input. The source used for all the tests was
the zinec hollow cathode lamp producing radiation of 214 nm wavelength
at 600 mm from the input aperture. The optical system under test was

adjusted to give maximum output for this source distance,

_12_
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1.

2

{Continued)

The "system gain' was then determined by measuring the intensity of
radiation at the input position using the PMT directly. The measure-
ments were carried out for a range of input apertures by placing a
variable aperture in front of the objective lens. Field of view measure-
ments were also taken for each system by rotating the system about a
vertical axis through the objective lens and measuring the output as a

function of the angle of rotation,

Tests with Gas Discharge Photocells

The only types of photocell currently in use as a flame detector in
aircraft are gas discharge photocells. These photocells present some
problems with regard to collecting the radiation from the optical fiber
output as the sensitive area of the photocathode is relatively small in
one dimension, non-circularly symmetric and at the center of a glass
envelope so that fiber ends cannot be placed close to the cathode.
Thus, for some of the tests using this type of photocell as the detector,
a short focal length lens was interposed between the fiber output and
the detector in order that a demagnified image of the fiber output was
produced at the detector cathode. The detector used throughout the
iests was a Graviner D6100 photocell in which the cathode is 0.5 mm
diameter wire approximately 7 mm long. The sensitive area of the
photocell is smaller then this in individual photocells by a variable
amount difficult to determine. The tests were conducted by measuring
the count rate of the photocell at the input position and then measur-
ing the count rate with the photocell at the output position of the system
under test. The signal strength measured at the two positions was
compared by correcting the measured count rates to the equivalent
count rate at zero dead time in the associated operating circuit. The
results are therefore quoted as the signal strength as a percentage

of the bare photocell value. The source for all the tests was the zine
hollow cathode lamp at 60 cm from the input to the system.

- 13 -
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4.2.1

Results

Input System

The best optical gains obtained with the 50 mm focal length lens
alone and with input system 1 are plotted as a function of
22/D° where:

u

A = objective aperture diameter
D = fiber bundle diameter = 2 mn

in figure 9. A similar plot for the 25 mm focal length lens and
input system 2 is shown in Figure 10. For zero losses in the

input lenses these curves should follow a straight line of gradient
1 and this is approached for the single lenses at small apertures.
However, the limitation of the useful aperture due to the small
numerical aperture of the optical fibers is readily apparent.

There 1s obviously an improvement in the useful aperture introducing
the second lens into the input system, but there are more losses
introduced into the system as evidenced by the lower gradient of the
straight line proportion of the curves for system 1 and system 2.
This means that higher gains are obtained with a single lens at small
apertures but that higher gains can be obtained with the two lens
systems at larger apertures, although the useful aperture limit on
system 2 at 12 mm diameter is okvious, and even system 1l becomes
progressively less efficient at large apertures.

Similar results to those shown in Figures 9 and 10 are shown in
Figures 1l and 12 for the different input systems, however, plotting
system gain, i.e., including lesses in fiber transmission, directly
against objective aperture diameter.

The fields of view of the four input systems are shown in Figures 13
and 14. These are very restricted in all cases but the addition of
the second lens caused a marked reduction of the field of view of
both system 1 and system 2.

- 14 -



4.2.

4.3

2

Results with Gas Discharge Photocells

Results obtained using gas discharge photocells as the radiation detector
are shown summarized in Table 3 for line of sight measurements. These
resulis show the same pattern as those obtained with the PMT, the largest
signal levels being obtained with the input system 1. The addition of the
lens between the output of the fiber and the photocell improved the

signal by a factor of between 2 and 4, depending on the input conditions,
the greater improvement being obtained when the input numerical aper-

tures of the fibers were completely filled as in arrangement §.

The field of view of a fiber bundie alone coupled to a gas discharge photo-
cell by 2 10 mm focal length lens is shown in Figure 15. The field of view

is similar to, but slightly less than the same fiber bundle with the PMT as
the detector. Figure 16 shows the field of view obtained with arrangement 6
from Table 3. In this case, the field is narrower than that obtained with
the PMT.

Discussion

The results obtained with the various input systems show that significant
optical gains can be obtained along & particular line of sight, but only at
the expense of extremely limited fields of view. TFields of view are some-
what improved with shorter focal length lenses, but in this case it becomes
more difficult to use large apertures and thus obtain high gains. This
effect can be guantified by considering the optical input system as pro-
ducing an image of the field of view at the optical fiber input and apply-
ing the Lagrange Invariant (see for example Reference 3) at the object
and image. The Lagrange Invariant, I, is constant for any optical

system and is defined by:

- 15 -



(Continued)

where I = hnu = h'n'u’

h,h' are the heights of the object and image

n,n' are the refractive indices of the mediums that
the object and image are immersed in

u,u’ are the angles that rays at the base of the
object and image make with the optic axis.

Clearly, at the input to a fiber, h' cannot be greater than the radius
of the input area and u’ cannot be greater than « or light from the
object is not transferred into the fiber. Therefore, for a given fiber
there are restrictions on the possible values of I and therefore on the
possible optical systems that are able to transfer radiation to the fiber

from the object.

In particular, if we consider the experimental conditions used above
of a Schott 2X 1000 mm fiber bundle with a source of 214 nm wavelength

at 600 mm from the input eperture.

I € 1x1x3.7 mm degrees

at the image.

Therefore at the object

hu £ 3.7 mm degrees.

i.e., if h is large, u must be small and vice versa. h defines the field
of view and u defines the useful aperture at the objective lens. Thus,
this relationship can be converted to a graph of field of view against
available optical gain, and this has been done in Figure 16. This
graph has the same form as the general restriction on any optical
detector shown in Figure 1 but produces much more severe restrictions.
The experimental values obtained are also plotted on Figure 17 and show
that the performance obtained is approaching the limiting values, parti-~
cuarly at smaller apertures. At larger apertures the efficiency of col-

lection of radiation is lower, as demonstrated by Figures 9 and 10.

_lﬁ_



{Continued)

Obviously, any increase in aveailable numerical aperture in the U.V.
would be very valuable in terms of increasing the available optical
gain and/or field of view. However, as observed in Paragraph 3.4.2,
such increases are more difficult to achieve in the U.V. than at longer

wavelengths.

The severe restrictions on the field of view and gain produced by cur-
rently available fiber optics mean that, for conventional fire detection
systems, any line of sight gain is of little value. Gains in signal level
are only obtained for point sources whereas most fires are extended
sources and only a small part will be on the line of sight of the detector.
For example, a 5 inch panfire at 4 feet occupies an angular field of

view of approximately * 3 degrees, and a detector with a field of view

( = ) of 0.6 degrees would only respond to radiation from 4 percent

of its area, Thus, a line of sight system gain of 25 would be required
in order to produce the same signal level as a bare detector at the same
temperature conditions. Allowing for a loss of sensitivity of less than
30 percent for the bare detector if operated at temperatures up to 260 °C,
then the required gain is modified to about 18 to achieve the same signal

level.

Nevertheless, there may be situations where the narrow field of view

is relatively unimportant compared to, for example, the necessity of
"piping" radiation from inaccessible volumes, such as wing dry bays

of aircraft, provided the source intensity is sufficiently high. The
practical application of fiber optic coupled fire detection systems appears

to be limited to such situations.
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SUMMARY OF TEST AND EVALUATION RESULTS

5.1

5.2

9.3

5.4

Currently available silicone coated silica optical fibers have useful
transmissions (~ 25%) in the U.V. wavelength range of interest in
fire detection over lengths of the order of 1 meter.

The numerical aperture of these fibers is small (approximately 0.07),
however, and this places severe restrictions on the field of view
avagilable.

Line of sight optical gains of the order of 25 have been obtained with

model input lens systems but with very restricted field of view (approxi-
mately 0.5 degrees).

Larger field of view can only be obtained with similar gains if optical
fibers become available with higher numerical apertures in the U.V.
This would require new cladding materials that maintain a higher
refractive index difference between cladding and core into the U.V.
wavelengths. However, very large improvements would be required,
and there is presently no indication that such improvements could be
obtained easily.
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CONCLUSIONS

The over-riding conclusion from this program is that the field of view obtainable
through fiber optic coupled systems in the U.V. solar blind region is much more
restricted than had been assumed during the conceptual study recorded in
AFAPL-TR-78-84.

Specified components were obtained and evaluafted in the U.V. solar blind region
for the optical properties essential in both the wide angle and long reach systems,
Severe limitations were found in the field of view obtainable at short wavelengths

which made further consideration of the wide angle concept unprofitable.

The best sample of optical fiber was tested to an environmental temperature

of 120°C and showed no change of performance. The environmentsl performance
of optical fivers is likely to be governed by the cladding materials rather than
any inherent limitation of the core material.

Long reach systems were modeled with a variety of input optical systems. Eval-
unation showed that significant optical gains could be made at the input system
but only at the expense of further severe restriction on the angle of view.

This effectively limits the use of such systems as flame detectors to applications
where either the precise location of a flame can be predicted or where the fire
event is so widespread as to provide a large probability of radiation along a

narrow line of sight.
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TABLE 1

MANUFACTURERS INFORMATION ON FIBER TYPES TESTED

FIBER TYPE AND
CONSTRUCTION

Schott. Silicone
coated silica

100 um fibers made
up into bundles

2 and 3mm dia.

R N .

Quartz et Silice QSF 300 )

Silicone coated silica )
300um single fiber, )
Tefzel coated )
ESKA )]

Polymethylmethacrylate )

coated with fluorocarbon )
1 mm. dia single fiber. )

TRANSMISSION NUMERICAL WAVELENGTH

%
1000mm length

43
52
55
nfa

70

a1

~ 50

TEMPERATURE
APERTURE NANOMETER RANGE
n/a 250 -40 to +120°C
0.26 366 as sheathed
0.35 540
0.42 860
500 -50 to +250°C
Q.27 Not
specified
250
400 -30 to +80°C
0.5 Not
specified
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TABLE 2

TRANSMISSION AND FIELD OF VIEW OF FIBERS TESTED

Wavelength 2« 5 2« 1 Numerical
Fiber Diameter/Length  Transmission Nancmeter degofees deé)r’ees Aperture
{(mm) % '

ESKA 1/330 38 Vis. 44 54 0.37
(plastic) (single fiber) <0.02 254
<0.02 214

Ruartz 0.3/775 70 Vis. 10 18 0.09

et silice (single fiber) 30 254 8 16 0.07
(PCS) <0.3 214

Schott 2/1000 66 Vis. 41 66 0.35

(PCS) (2mm dia. bundle 43+1 254 8.0 16.4 .08

of 100um fibers) 11.5%3.0 214 7.4 12.0 ¢.065

P 2/500 64 Vis. 38 59 0.325

(Zmm bundle) 4141 254 10.4 16.86 .09

142 214 8.4 13.4 6.075

" 2/255 66 Vis. 40 68 0.34

(2mm bundle) 54+3 254 9.6 16.9 0.085

28110 214 7.2 12.1 0.065

" 37255 53 Vis. 52 68 0.44

(3mm dia. bundle 40%3 254 11.4 18.2 0.10

of 100um fibers) 157 214 9.5 15.1 0.085
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TABLE 3

SYSTEM TESTS WITH A GAS DISCHARGE PHOTOCELL

System Sensitivity

Input Fiber Output % of Base Photocell
None Schott 1000 x 2 None 2-3
None Schott 1000 x 2 F = 10mm lens 4-6
System 2 Schott 1000 x 2 None 202
9.5mm dia.aperture

" " " F = 10mm lens 60+12
System 1 " " None 56
20mm dia. aperture

" " ! = 10mm lens 180+12
F = 50mm lens " " Nomne 17
20mm dia. aperture

113 " " F = 10mm lens 71

_22._
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FIGURE 2  Experimental arrangements.
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FIGURE 3 Transmission of Schott fibre bundles as a function
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FIGURE 4 Field of view of Schott 2x500 mm fibre bundle at 254 nm.
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FIGURE 5 Field of view of Schott 2x500mm fibre bundle at 214 nm
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FIGURE 7 Input arrangements with a 50mm focal length objective lens.
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Input arrangements with a 25mm focal length objective lens.
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FIGURE 10 Optical gain versus aperture area ratio
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FIGURE 11  System gain against aperture
o 2x1000mm Schott fibre bundle system?
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FIGURE 12 System gain against aperture
o 2x1000 mm Schott fibre bundle, system 2
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o 2x1000 . . ., 25mm lens only
x 2x 500 . P . P
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FIGURE 13 Field of view, 214nm

o 2x 500 mm Schott fibre bundle system 1
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FIGURE 14 Field of view, 214 nm
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Field of view., 214 nm
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FIGURE 16 Field of view, 214 nm

2x1000 mm Schott fibre bundle, system 1
D 6100 detector, 10mm output lens
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PRODUCT
INFORMATION

Fibre Optics

Flexible UV Light Guides
Flexible UV Cross-Section

Transformers

UV light conducting fibres are pro-
duced by a speciat technique 1n which
fused quartz fibres are optically insula-
ted with a plastic sheathing. Unlike
normal light conductars madeé entirely
ol optical glass. they can also transmit
ullra violetlight al wavelengths down to
approximately 250 nm,

Flexible UV light guides consist of
bundles of the above fibres, the ends
beingtightly securedinferrutesand the
whole heng protected frem mechanical
damage by sheathing

Single, mutti-branched, and cross-
section transformer ight guides can be
used to transrmit ultra-violet light alang
a chosen path Typically they can e
used to transmit UV light into inacces-
sible areas such as those experienced
in arralysis, measuring techniques and
medicineg.

Multi-branched hght guides have
many vaned vses, In fluarescent light
barniers ultraviclet hght can be trans-
mitied by one arm of the light guide and
the fluorescent light from the subject
guided 1o the recewver by a second
conductor arm




- Standard Type —
Technical Data

Fibre,
Type: Uy
Fibre Diameter 100 micron

Numerical Aperture NA

and Maximum Aperture Angle 2y,

are dependent on wavelength and light
guide length:

Types of Sheathing
Melal
Chrome plated,
withstand temperature 120°C.
Metal/PVC
Metal sprayed with PVC,
withstand temperature — 40°C to
+ 80°C

Dimensional Tolerance:

Light Guide Length

1000 mm

1800 mm

Light Ginde Length

Tolerance

Wavelength
{nm} NA 2iyy NA 2y
366 0.26 30.1° 021 24.2°
540 0.35 41.0° 028 32.5°
B8O ' n42 43.7° 0ar 43.4°
— . . E e 3
80
Length (ramy 500 | w000 | 1800
680 _ll. | 1 i
P oo [PTEEETIN ~.—..*:4.~.~,,.:~J:
o
. 40
-
[ =
! .
g 20 -
E |4
2 K
s
oo
250 300 400 500 800 700 BQ0

{mmj} {mm])
250, 500 + 10
1000 + 15
+ 25

1800

Single Branch
Flexible UV Light Guide

Wavelength nm

Typrcal spectral transrmission of flexible UV light guides for vanous lengths

Fibre Bundle

Facryle Sheathing Dia

Light Guide Length

Dia Cha gy [mm) [mm}
_En?rln_)_ _(nfﬁm I s “gi}%‘}/ ;250' 500 10§0 1?}
1 4 6 7 C < O ®]
2 . T s 71T o o o o
3 & 10 o o o
4 5 7 8 O @ o o
") 5 o o
6 a 10 T < O _O_
8 o 13 14 o o O
10 i2 15 16 &) O O




Flexible UV Cross
Section Transformer

MPVC = Metal/PVC Sheathing
M = hMetal Sheathing

Further details available:

301 b
- — l—
I s A
-0.1 T\\T/
Cross Secil‘oﬁ ) o [ _LigH: Guide Le_ngm -
Oimensions® i {mm]
= s =,
i o] @ @ o]
axb g d g g 4 250 500 1000 1800
1 ox 2 2 4 7 8 10 Q O O
1% 7 3 4 7 & 10 O O @] O
1 %12 4 5 8 7 24 O O 0
1 x20 5 7 10 9 24 O @] O
16% 5 3 4 7 6 10 @] ] O O
1.5x% 8 4 5 8 7, 24 | Q O O
15x12 5 7 0 g 24 l 0 Q O
1.5% 20 6 ) 1 0 24 o *MO é
25x 5 4 5 g 7 10 | O O O
—— e .. —_— - P rversmal i . .i..__ g - P .
25x 8 5 710 g 24 | O O O
25105 6 & 1 10 o4 | O O O
25%20 a 0 14 13 24 O O 6]
* Tolerance to DIN 7165,
We reserve the nght to make technical
alterations.
Schott Glass Ltd. JENAER GLASWERK SCHOTT & GEN,
Drummond Road Sales Dept. Fibre Optics
Stafford ST16 3EL PO 8 2480, D-8500 Mainz
Tel (0785)46131 Teiophone (06131} 661
Telax: 36685 Telex: 4187401 smz d

Cable address. Glaswerk Mainz

07 e /780 P,

Prnted in Wesl Germany
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Two Branch
Flexible UV Light Guide

Fernde diameter d, and sheathing
diameter d; are identical 1o the corres-
ponding dimensions of the single
branch flexible light guide {see sheet 2).

Three Branch
Flexible UV Light Guide

Ferrule diameter d; and sheathing
darneter d. are identical to the corres-
ponding dimensions of the single
branch flexible ight guide {see sheet 2).

dg ME05
_l_ | T
=+ -
- — F-— :
= S -1 -
T S
d4
I
|
I — o .
Fibre Bundle  Fibre Bundle Ferrule Light Guide Length
Dha DCia Dia {rmm)
d‘ d. d5 = = . = [
{rnm} {mm) {rnm) 250 500 1000 1800
1 1.4 4 O O 9]
2 25 4 O O ®]
3 4.2 6 O C @] O
4 5.7 O @] O

Fipre Bundie

Ferrute

=

Fibre Bundia Light Guide Length

Dia Dia O {mm)

g, d ds —_——— —

{mm} {rmmj fmm) 250 500 1000 1800
1 17 4 @] o Q
2 is 5 @] < O

L3 5.2 7 O O . O

4 89 8 O O O




ESKA® OPTICAL FIBER AND =
ASSEMBLED FIBER OPTICS FROM,

MITSUBISHI RAYON

(1) INTRODUCTION

ESKA® is the tradename for an acrylie optical fiber and
its fabricated products of superior optical properties devel-
oped by Mitsubishi Rayon.

ESKA s made of core of ac¢rylic polymer !polymethyl
methacrylate] sheathed with a special fluorine containing
palymer which has lower refractive index than the care.
Light ravs mnput from one end of KSKA travel in a zigzag
through ESKA by means of the total internal reflection at
core 'sheath interface and output {rom the other end.

ESKA bulk fiber and cut bristle are available in diameter
from O.lmm (dmil) to 3mm (120mil). ESKA light conducting
cables consist of single hulk fiber or bundle ol several
hulk fibers, jacketted with hlack polyethylene of wire ~ ca-
ble grade.

An advantage of ESKA product lines is that ESKA is a-
vailable in the form of assembled fiher aptics such as light
puides, line circle converters, photo-
couplers and panels and displays. Sample quantity of these

light sensor heads,

assembled fiber optics can be manufactured at our labor-
atory for testing al customers
There are two types of ESKA optical fiher! ESKA in-

dustrial grade and ESKA I display grade. ESKA indus-
trial grade has excellent optical properties. especially low-
er loss and fess vellowing of transmitted light. It is man-
ufactured and shipped under the strict quality
its optical and physical properties,

ESKA I display grade has enough optical and physical
properties for display uses and 15 reasonably priced enough
tu he competitive with other plastic optical fibers.

The advantages of ESKA over glass optical fiber are het-
ter flexibility and toughness, lighter weight and evasier han-
dling, easier fabrication of assemblies and lower prices.

The advantages of ESXKA over polysiyrene optical fibers
are lower loss of light, less colouring of transmitted light,
higher physical properties such as tensiie strength and flex-
ihility, better durability such as weathering and heat sta-
hility, and easier fabrication.

ESKA has excellent optical and physical properties and
durability serviceable in a wide range of end-uses from in-
dustrial to display uses.

1
Fig !l Struclure of Op!mol Fiber and Total Internal Reflection from Sheoth
Path of Light Ray in the Fiber .

)N
N

.

Sheath Core
flowar refrackive index] (higher refroctive index)

[ Fig-2 Cross seclion of ESKA F light tonducting coble

CH4000

control on -

(2) TYPES OF ESKA
Bulk Fibers

Industrial Grade ESKA

Type Diameter Meters/Spool
CK-10 0.25mm 8,000m
CcK-20 05 mm T " B.000m
cK30 o 75mm ' "2.700m
CK-40 1.0 mm 1,500m

Dusplay Grade ESKA DO

Type Diameter Meters/Spool
JK-10 ) 0.25mm 24,000m
JK20 05 mm ~ 6,000m
JK30 | 0785mm | 2,700m

T k40 ] T T 70 mm I 1,500m
T k60 15 mm T 700m
JK-80 a0 Tmm T 250m
JK-100 25 mm _( ~ 250m
JK-120 | 30 mm | 150m
Fiber Optic Cables
Type Fiber Dia X No. of Fiber | Qutside Dia. Remarks
CH-400 1.0 mmx1 22 mim |
-(_II-_I:EOO?‘ 05 mmx7? 2_8_mT_rn_: & Jacketed
CH-2012 | 05 mmx12 3.0 m/m | with Black
CH 2016 05 mmx16 - 3a7mim | | g";;(‘)”::::;”
CH-1016 0.25mmx 16 __2_:3_mf | pack for Al
CH-1032 0.26mm¥x 32 28 mim | L
CH-1048 0. 26mmXx 48 3.0 m/m |
CH-1064 0.256mmx64 3.3 mim |

Cut Bristles

Industrial Grade ESKA Display Grade ESKA II

Type [ Diameter Type Diameter

CK-10C 025mm ! JK 10C ' 0.25mm

~ CcK-20C 05 mm | ikz20c” ] 05 mm

CK30C | 075mm | JK-30C | 0.75mm
T ck40C 10 mm +  JKa40C | 1.0 mm
] - | Jkeoc | 15 mm

o JK-BOC | 2.0 mm
T o JK-100C | 25 mm

Standard Length: 500mm. Standard No. per bundle:

Fiber Optic Sheets

1,500

Industrial Grade ESKA Display Grade ESKA I

Type [ Diameter Type | Diameter
CK-108 0.25mm JK-108 | 0.25mm
T CK-208 0.5 mm JK-208 0.5 mm
CK-308 ©075mm JK 305 0.75mm
TCK40s | 1.0 mm JK-40S T 10 mm

Standard Sheet Size: 100mmX 1,000mm

Assembled Fiber Optics

Assemblies of ESKA partly shown in P.2 are availabe on
reguest,



(3) TYPICAL APPLICATIONS OF ESKA'

Al Light guides
csafety lighting, without heat and electrioity. (rom
mote fight souree
partition of light
pin-point hghting
B. Hlumination panels

re-

from ane light source

road signs
signs at public spaces and pathways
control panels
simulaters
panels for exhibitions and the like
industrial 1llumination panels
. Autamaotive
tHuminations of switches, knobs and other driving n-
struments on instrument panel
illuminations of air conditioner panel and radio set
panels
illumination of various meters
iHumination of ash travs and ignition key holes
tail light and head light meniters
. Electric apphiances
illuminations of dials, switches, pilot lamps. panels,
ete. for radio sets, TV sets and casette decks
E. Optical, medical and dental instrumentations
lighting devices
image guides
optical sensors and transducers
7. Industrial uses and automation
optical counting devices [or rotations and numhers
optical sensing for level, position and distance
sensors for color, brightness and turbidities
optical sensors for defect inspections
other optical sensors and Light puides for aulomaltions
and canvever lines
remote monitoring applications
industrial optical data links without electromagnetic noises
fi. Informatiyn systems and data processings
card and tape reader heads
mark, cord and chracter reader heads
line cirele converters
optical devices for copy machines
light pens
“optical data links
H. Decoration displayvs (with ESKA 11}
decorative lights and X mas tree decoration
illuminated displays in waler
displays in bars and restaurants
interior displays
[ . Advertisement displays {with ESKA 1)
show window displays
POP displays
- eye catchers
s displays of trade names and marks
J. Assembly kits and toys {with ESKA 11
assembly kits of illuminated flowers and decorative
lights
“illumination in plastic models
Hlumination in tays such as vehicles, rebots and animals
games and puzzles
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(4) OPTICAL PROPERTIES OF ESKA

Numerical Aperture.Acceptance Angle

Core Refractive Index 1495 (o}
Sheath Refractive Index 1402 (n)!

Numerical Aperture (N.A) 050 {N.A.=. n¢—n?)

Acceplance Angle 607 (Acceptance Angle=25in""{N.A.)
Relative Qutput Intensity vs.

Output Direction
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Advantages of ESKA'in
Optical Properties

tal Lower loss of light, or transmission of light over
longer dist ance.

th! less colouring of transmilted light.

fe) High, uniferm transmission through the whole visible

region of spectrum.

These advantapes of ESKA are largely attributable (o
the improvements in optical purity of core polymer, and de-
sigming of sheath pulymer and the construction of sheath
core interface. All individual fibers of ESKA indusirial
grade are produvced under the special guality contral pro-
cedures including non-destructive light transmission Lest.




(5) PHYSICAL PROPERTIES OF ESKA'

High-and low-temperature resistance

Breaking Stress and Strain

Table 1
: Y n
fype | FiberDia —-QBLT;I"-Q - g reking.,
CK-10 0.25mm 0.5~ 0.551200- 1300 3.9~ 40 50-60
CK.20 T 050mm 1.6-~2.0 900-1100 3.0~3.6 50-80
CK-40 "0 mm 57-70 1700-900 27-29 50~80
CH-4001 | T.0mmePE 1113 I N

Flexibility

Table 2
|Bend Radi- Bend Angle Relavve Light
T T i
rpe us (mm) (degree) lb%n;?:‘s‘;sonljfle(
; | 20 I 100
Bulk Fib 0.25 - Tmm¢ & b J—
il B 180 100
Fiber Optic | - | 90 100
CH-4001 [ _
Cable ( 180 100
Temperature B Bembing Usele Thend sec
[eig B
s T 5N A
|/ ‘{.'.
A
- ~ A
180 . ;
‘ ]
[ ¥

Weatherability

There were no noticeable changes in light transmission
and physical properties of KESKA after 200 hr.exposure by

weather-O-meter.

Chemical Resistance

Toble 3 Relative Light Transmission
Bulk Rber Fiber Optic Coble
. (CK-20) | {CH-4001)
Water (R. T} 1007, /'ml30days) | 1007,/ m{ 30days)
S (60°C) 1007, m{30dcys]_' lOO“’ofmi?:Odoys}
Boiling Water | 80 ), m{lOdays} 207,/ ‘mi10days)

Mochine Qils(R.T.) |

3

Diluted Sulfic Acid ( )|
) ()

Gasolines
Orgunlc Solvents
Acetone, Ethyl Acetate
Benzene, efc.

Decrease

Decrease

' I OO”K,Im{ 1 Odays}

1007, /m{10da ys)

- IIOO” ‘ml Sdoys)

‘Oncondition
thal the jacket
an rensl these
\erganicsolvenh

‘ 100%/m

|

While intermittent exposures Lo temperatures of around
1007 can be tolerated, the maximum continuous service
temperature is limited up to around 801" because of slight
thermal shrinkage thereabove. {Fig 6]

There was no change in hght transmission of ESKA afier
the low lemperature test at —30°C for 30 days, and ESKA
retains flexibility even at — 3070,

Na eracking at fow temperalure bending test, down 10 =300,
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Advantages of ESKA' in Physical
Properties.
{al ESKA has high flexibility and

wide range of temperature.
As an ijllusiration of its {lexibility. it
tightly at room temperature,

(b) ESKA possesses higher durability in terms of thermal
resistance, wealherability and chemical resistance than
polystyrene optical f[ibers.

{c] ESKA is not attacked by epoxy adhesives.

through a

toughness

can be knotied
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SF g@ﬁﬁ@g low-loss, large diame

Qluartz & Silice

own production ol high purity The ttigh homogeneity of core Radialion resistance

fused silica s used for the malenal combined with the unigue 15 very high, and has been confirmed
manufacture of FIBROPSIL fibres. drawing proceedures ensure thehigh  in independent governement trials
Maximum uncut length of fibre s tensite strength of FIBROPSIL fibres. 1o be better than all other

greater than that obtainable from any available fibres

other source The rugged extruded coaling

Typical attenuation 1s offers unequalled flexibility

<5 dBfKm (820 nm ) in fibre handling.

o Lowest foss of all PCS fibres

e High numerical aperture

o High tensile strength and flexibitity

» Excellent radiation hardness

¢ Extremely long uncut length

« High power handling capabilities with superlarge cores
e Best coupling efficiency with superlarge cores

e Ideal for UV and IR light transmission

e « New improved tolerances

» o« New improved low temperature capability

Recent advances in the drawing technique low temperature PCS fibre.

have enabled the guarantee of + 4 % core  For applications down to — 56 °C,
tolerance, with the added capability of FIBROPSIL fibres are available on special
+ 2 % on speciat order. The continual order with limited attenuation increase,
investigation of new materials have led to a  exhibiting no optical cutoff (ref : QSF-LT.}

Trade QSF 125 QSF 200 QSF 300 QSF400 QSF 600 QSF 1000

5
, o
Numbers ABC ABC ABC A C A C A C <
Core
diameters um 125 200 300 400 600 1000 .
Standard silicone - . j
resine coating m 300 380 440 550 750 1250 2
Slandard Tetzel® - :
coating m K 420 600 650 650 1 060 1550 3
Max uncut - .
length km * . i 25 .25 12 5 3 I 4
Attenuation Max 55 1050 <5 <i0<50 510 50 5§ 50 5 50 . 5 50
dB/km 0,82 Typ . 5 8 030 48 7 30 45 6 25 35 25 3 25 3 25
Na Theoretical - 0.40 040 0,40 0,40 0.40 0.40 5
Steady state 0.27 0,27 0.27 0,27 0.27 0.27 |
Typical bandwidth - N ‘ .
MHz/1 km (NA.O.1). 30 ;o 25 20 15 9
Minimum b,enfl'abh;; ' o I '
radius mm . 7 2 3 19 -2 15 25
| Weight kg/km = . 0210 - 0,490 0.860 1,250 1950 3,900 B
1

All fibres are proof tested at a minimum lensile strength of 25000 psi (17,3 daN/mm ) ‘

- 50 - }



ter, silica cores

The high NA

and low attenuation combine o
provide higher power oulput than
for all-glass fibres.

The superlarge
core FIBROPSIL fibres
{400 - 1500 core diameter) have all

of above advantages and in addition
display bigh power troughput
capabilily {>> 100 waltts)

Thus they find apphcahons in laser
surgery and in weapons/explosives
research,

The excellent filling coefficient

and the supernor UV/IR transmission

of pure silica allow
replacement of hbre bundles with
improved performance.

Notes

1. Core diameter tolerance

+ 4 %

2. Cladding diameter tolerance = 8 %

3. Core, cladding and coating dimensions may be modified upon request to suit
specific requirements.

4. Fibres are currently shipped on a polystyrene reel with 325 mm barref diameter and
100 mm traverse. Fibres QSF 125-200-300 can be shipped on a plastic reel {DIN 8559)

with 212 mm barrel diameter and 91 mm traverse. Fibres can be croswound with each
end marked and accessible with a minimum attenuation increase.

5. Attenuation measurement is determined by comparing the transmitted light power
through two different fibre iengths.
6. Theoretical NA (calculated at 20 °C) = V (1.4585)2 — (1.405)2 = 0,391 = 0,4,
Steady state NA measured at the 90 % power output level on 1 Km length.

7. Fibre bandwidth is determined by using a frequency domain approach and is
specified at the 3 dB optical power point on the fibre frequency response piot.

Typical allenuation VS wavelength
A standard QSF.A
- B superdry QSF.A (upon request)

Mad | G wet QSF A (upon request)
db optical 615 72 89 13 19
B b db optical L}j
\ 12 5/|[0| o 50 mhz
£ &) + —t fofog i 4 -
-4 L]
.3\ \\
.2 '
3 \ -3
Ot
=3 “\x\ 300y 3 km
j X 2k —
-6
-4 3km
5 4km
HB,_ ...... Ltm‘ S'km
5 -

Typical effective power output when launching N.A. is
greater than theoretical N.A. Attenuation 1s 4 db/km at
0,82 1. Reference level {0 db) was choosen for QSF 200 A
at 0 meter length 51

Attenuation /Bangdwidth characteristic of
QSF 200 A, 0,27 N.A_ input.







