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Calibrate the equipment if needed
Run the reproducibility study of the equipment
Run the repeatability of operators

Commence production and sampling in accordance
with a predefined sampling plan

After the collection of the first twenty samples and
plotting them in the reselected SPC control chart,
check the stability of the process (all the points inside
the controf limits )

. Conduct the short-term capability study {calculate C p
and C plg

If the process is under statistical control (ali points
within control fimits) and the two indicators are above
| {that Is to say they are within specification), then the
production can continued. If no, then with teamwork,
corrective actions should be taken to bring the
process under control and within specifications

i2. Conduct of long-term capability study (calcufate P p

i3

and P pk)

Continue production targeting stabilisation and reduc-
tion of variation.

As a final conclusion it can be mentioned that is quit

im

portant to know the capability of the process and the

process variation. It is also important to know the refiabil-
ity of the measuring system and if is defivering accurate
measurements. The combination of the above two will
show up to what degree introversions are needed in

order to improve the performance of the process under

investigation.
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bands dominate spectral features throughout the visible
and near infrared. These are typically higher harmonics of
C-H {for PMMA and PFCB), impairing their use at
telecommunications wavelengths. Replacing these groups
with C-F and C-O {as in CYTOP and Teflon-AF {I3}}
offers lower material losses at 1550nm, but has not been
demonstrated in an optical fibre form. Issues of material
loss can be offset by reduced Rayleigh scattering {14} as
the polymer glass transition temperature is an order of
magnitude less than silica. Waveguide applications
demand that multiple copolymers are used from within
the same compositional family fimiting de-bonding, stress-
optic influence and birefringence, whilst ensuring chemi-
cal, thermal, and mechanical compatibilizy,

2.1 Refractive index changes induced at 325nm

The photo-reactivity of PMMA-based material is not as
apparent as for silica [15]. The foremost studies [6-19]
were directed towards inducing grating structures and
waveguides within slab polymers. Tomlinson et al {16]
reported that suitably prepared PMMA could exhibit a
significant increase in refractive index whean irradiated
with a He-Cd faser (325am). The essential step in the
preparation of the samples was peroxidation of the
monomer methyl methacrylate (MMA] in an oxygen-rich
atmosphere prior to polymerisation. Several reaction
pathways indicate [20, 21] a complex process that <an
include the polymeric peroxide (IH} formed by copoly-
merisation of oxygen with MMA and methy! pyruvate, a
photolysis product of the polymeric peroxide, which
increases the UV absorption of MMA. Polymerisation can
be initiated with a chemical initiator, typically azobisisobu-
tyronitrile {AIBN} (50-200 mgfliter) at 40°C. Large
refractive index increases reaching 3x!07" have been
reported with a resolution of at least 3000 fines/mm [16],
and temperature increases are known to accelerate the
index change but at the expense of the saturated value
[19]. The presence of high concentrations of free radicals,
created at low temperature, can lead to significant poly-
merisation. Therefore, the role of the peroxide is to act
as a photo-initiator, sensitive to light at 325 nm. PMMA
prepared from pure monomer using AIBN initiator only
absorbs very wealdy in this region and shows no photo-
induced refractive index effect at 325 am. Electron spin
resonance has highiighted the difference of free radical
concentrations in unirradiated and irradiated photo-reac-
tive specimens [19]. The spectrum of the methacrylate
propagating radical shows more than an order of magni-
tuede increase in free radical concentration under UV irra-
diation. The refractive index increase accompanies an
increase in materfal density [16], 1181 A proposition that
the density increase is attributed to cross-linking through
the monomer oxidation products [16], has failed to
reveal the existence of any cross-linking by-products [18],
and we conciude that cross-linking does not take place at
all. Colburn and Haines have observed refractive index
variations during volume hologram formation related to
density differences [22], resulting from disparities in poly-
mer concentration that developed during hologram for-
mation. Evidence links the density increase in the UV.pro-
cessing of PMMA with polymerisation of any residual
monomer and the absolute value of the index change,
with augmented polymer concentration in the UVirradi-
ated regions. Finally, the initial material density is inverse-
ly proportional to the refractive index increase, indicating

that weakly photo-reactive materials have higher initial,
densities than strongly photo-reactive samples. The ra
of UV.nduced polymerisation of MMA  decreases
markedly above 95% conversion, and polymerisation of
the remaining monomer necessitates heating beyond the
glass transition temperature (105-115°C) where aga
density increases occur.

What remains unclear is the exact role of UV-induced
heating during focussed laser exposure. The generation of
interference fringes, to produce a grating structure;
results in points of high and low UV intensity, and an
accompaniment of heat that may prove significant, Given
the low working temperature of PMMA, excessive
focussing can damage the polymer maldag it extremely
lossy and any grating unusable. Moreover, one will want
to minimise heating under grating inscription as the low
thermal mass of the polymer will resuit in efficient heat
transfer, to the regions where there is low UV intensity
this can resuit in slow erasure of the grating or a weak
grating with reduced modulation depth. It should also be
made clear that the primary effect in polymer inscribed
gratings is not heat refated; rather heating may contribute
to the polymerisation or even lock in the UV-induced
effects. This has been confirmed as the same thermally
induced increases in density can be generated by anneal
ing a sample that has not been prepared from peroxidised
monomer; however the sample is insensitive to an
photo-induced effects from the He-Cd laser.

The growth dynamics of Bragg gratings are often used to
extract information on the photosensitivity mechanism
[5], and parallel categories (Type | and Type H}) have,
been used with POF Bragg gratings [23-25]. However
these are not distinct grating types, but relate to the fac
that the core and cladding are photo-reactive unde
excessive UV-irradiation {unlike photosensitive glas
fibres [I5]): eventually leading to catastrophic fibre faii--
ure. Deductions regarding the physical properties of POF -
grating types cannot be made through their growth’
dynamics. Mowever, accelerated decay measurements
can usefully compare gratings inscribed in different poly-
mer faterials. '

2.2 Refractive index changes induced at other
wavelengths

UV pulsed excimer laser lithography of PMMA has also
been Investigated at 193 and 248nm, with two distinct
reaction pathways [26]. 248nm irradiation produces total
side chain scission and under high fluence produces main
chain scission and hydrogen abstraction, whereas 193nm
irradiation produces partial side chain sdssion and the
production of free methanol radicals. The refractive index
modification of PMMA can reach 0.8 at 248 nm for mod-
est intensities of 7m)lc’. However, these laser wave-
lengths are of little practical use as the penetration depth
in PMMA Is only ~ |0um, tens of microns short of the
optical fibre core. Femtosecond laser modification of
PMMA at a wavelength of 387 nm has produced perma-
nent refractive index changes of 4xi{’, offering the
potential of gratings in polymer optical fibre [27]. Gas
chromatography-mass’ spectrometry analysis of volatile
fragments and molecular ‘weight distribution menitoring
{size exclusion chromatography) suggested direct back-
bone cleavage and mofiomer formation.



















7. Resules

The tuneabie grating filter was characterised via joule
heating as current was passed through the thinfilm metal
coating; changes in wavelength due to current flowing
through the thin copper film, were measured using a
broadband light source and optical spectrum analyser.
The total resistance of the film encompassing the grating,
and the connection via copper wires was measured to be
3,202 Figure 12 shows the wavelength shift induced by
joule heating, with a negative wavelength to input power
coefficient of ~13.4 pr/mVW according to a linear fit to
the experimental data, and ~13.22 pm/mW, simulated
using equation (17), for which the model shows excellent
agreement with the measurerments, We have assumed a
uniform input power, the phase mask period ¢oincident
with the grating inscription, a grating fength of |lcm, and
the value of o evaluated by fitting equation (i35} to the
rise-time data. Throughout wavelength tuning the grating
spectrum remained unchanged, which is consistent with a
spatially uniform heating of the grating,

The measurement of e yields information regarding the
rate of heat flow aut of the fibre. Figure |3 shows the rise
time of a thermally tuned fibre Bragg grating, with data
collected for three different heating powers applied sud-
denly at t=0s, 45.8, 71.5, and 103.2mW. The curves cos-
respond to fits that use the single exponential form, from
which we have determined the time constant, a=1.7s",
There is no apparent or systematic dependence on the
applied power,

Using the geomertric and material properties of the fibre
{p = 1190kg/ry’, ¢, = 1450)/igK, Re = 120gm, K =
0.1 7WimK), F is found to be 175Wm'K, and Biis ~ 0.1,
this is compatible with our initial suppesition - a treat-
ment of the polymer fibre as a 1-D system.

8. Conclusions

V¥We have presented a detailed study on the development
and successfully demonstrated the first wavelength tune-
able fibre Bragg grating filter in POF based on thin-film
resistive load heating. The device was coated at room
temperature using VUY initiated deposition, this proved
important as there was no adverse impact on the grating
spectrum and the pracedure is well-suited to coating
cylindrical polymers with low glass transition tempera-
tures without adversely affecting light guidance. The fifter
underwent 2 wavelength shift of 2 for a2 moderate
input power of 160mYY, giving 2 measured wavelength to
input power cosfficient of -{3.4 pm/mW and time con-
stant of 175", A basic theoretical study verified that for
this fibre type one can treat the device as a one dimen-
sional system; the simple model was extended to include
the effect of input electrical power changes on the refrac-
tive index of the fibre and subsequently to changes in the
Bragg wavelength of the grating, the model showing
excelient agreement with the experimental measure-
ments. However, the model also indicates that as fibre
thickness increases one may have to account for radial
gradients acrass POF based FBG devices.
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4, CONCLUSIONS

In this paper a method to find the optimum window-to-
wall area ratio that minimizes the energy cost for cooling,
heating and daylighting is presented, A genetic algorithm
is used for this purpose, which is an optimum search
technique based on the concepts of natural selection and
survival of the fittest. The method is presented for three
different types of fenestration with single glass, double
glass and double glass for which the outer glass is reflec-
tive. The exercise was performed iadividually for the four
cardinal directions using the weather conditions of
Nicosia, Cyprus. The results show that for ali types of
glasses considered the maximum optimum window-to-
wall area ratio (WWR} is for the porth direction, fol-
lowed by the west direction whereas the smalfest WYVR
should be used in the east direction. In fact the glazing in
the south and east directions of a building affect to a large
extent the thermal characteristics of buildings and must
be used with care to avoid unnecessary thermal loads.
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comprehension, too much of it might be a hindrance
rather than help.

Finally, the science textbook is not exactly funwreading,
since the language associated with it is rather abstract
and rigid.

“Because the language of science is expository rather
than narrative, it tends to be more turgid, more informa-
tion ariented and more succinct than the reading materi-
als that children are more used to". {Reid & Hodson
(1987), cited in Wellington & Osborne 2001:43).

New scientists will also need to be taught how to be
effective readers, by becoming active in their own learn-
ing, rather than passive onlookers and solitary learners.
This - according to Davies & Greene (1984), cited in
Wellington & Osborne 2001:44 ~ can be done through:
firstly, having a purpose, being given a specific goal ; sec-
ondly by having a coach — usually the teacher — who offers
guidance and direction, and thirdly, by collaborating with
other members in a group.

“..passive reading occurs when reading tasks are vague
and general rather than specific, and when reading is sofi-
tary rather than shared. In contrast, active reading
involves reading for specific purposes and the sharing of
ideas and small-group work”. (Weliington & Osborne
2001:45}

In order to assist the science learner’s comprehension,
certain activities can be put to full use. Lunzer and
Gardener (1979}, and Davies and Greene (1984}, (cited In
Wellington & Osborne 2001:45) initially called these
DARTs'. These activities form two broad categories.
Firstly the Reconstruction or Completion DARTSs, which
mainly include problem solving activities such as: fitling in
missing words/phrases in a text or diagram, or sequenc-
ing information. Secondly the Analysis DARTs, which are
mainly activities focusing on locating and categorizing the
information in the text. This would include underlining,
labeling, recording, constructing, and so on.

A similar strategy to DARTs was devised by Wood
(1992), cited in Wellington & Osborne, {2001:51}, who
suggests practical strategies to guide the reader through
the text by providing three levels of comprehension:
The literal level, which involves looking for words and
statements appearing in the text.

The interpretive level, involving real comprehension and
interpretation of the text, and finally,

The applied fevel, where students are beginning to put
their comprehension into full use, thus making their own
evaluations and comparisons. Wood believes that learn-
ers should be able to distinguish and apply all three levels
progressively.

Mowever, apart from the conventional science textboolk,
new scientists will have to be made aware of other
sources of text avaifable to them.

There is indeed an incredible amount of science present-
ed in newspapers and journals which learners will need to
approach critically and evaluatively. in doing so the new

| DARTSs * Directed Activities Refated to Text {(Wellington & Osborne 2001:45),

scientist can satisfy {according to Wellington & Osborne
2001:56), certain objectives such as: |} He can refate Sci-
ence to everyday life, and identify the range of sources
available in eliciting information and knowledge, 2) He
ean acquire knowledge of current issues which are topic
in “newspaper science”, e.g. medicine, the environment
space, food, diet, cloning, poliution, energy sources, wasts
management and an array of other scientific issues. 3} H
can gain a starting point for exploring ideas further, fo!
distinguishing between claims and arguments, and becom
ing aware of scientific controversies, 4} He can be helpe:
to develop economic, industrial, environmental an
health consciousness.  5)Mis critical and active reading
analysis and discussion can be developed and fimlly 6) H
can acquire knowledge and awareness not only of curren
issues, but realizing also the possible limitations of sci
ence. Similar arguments were made by other researche
such as Jarman and Mclune who argued that:

“Newspapers as a resource for teaching and learning
about science.. almost by definition, they are up-to-date,
dealing with current developments in the subject and
contemporary issues in society. Indeed, this intrinsic,
topicality has prompted some to describe newspapers 2
“living textbooks”,. which can lend a particular relevance
for their reader.” (Jarman & Mclune 2004:186, in Braund
& Reiss {eds.} ). '

| have tried in this article to briefly outline issues relating
to reading science texts with understanding. | have also
presented some other potential sources such as newsp i
pers that can enable the fearner to discover science:
Futhermore | have suggested some strategies that could
help learners to make sense when reading science. Like
any other ability effective reading can only be achieved
through systematic teaching and practice. Moreover 2
fearner needs to be a proficient user of language. As
already outlined in this article all these strategies and
sources can be put to full use by someone who has few
language limitations; either in his own native fanguage o¢
more so in a foreign language.  Since most of the infor-
mation and sources concerning sclence are offered in
another fanguage, and most likely in English, difficulty with
Fnglish will inevitably lead to difficulty with sclence.
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* The more composite internal fayout encompassing
more spaces and surfaces facing south,

» Larger internal thermal mass whose position, size and
distribution reduce temperature fluctuations by retain-
ing heat within it

* When insulated, enhanced thermal protection on exter-
nal envelope as a result of the morphology of the two
more complex shapes.

* More useful exchanges through openings and surround-
ing walls,

Furthermore the study has shown that addition of inter-
nal mass incurs energy conservation of varied extent
according to the thermal behaviour of each shape. On
the contrary addition of external mass feads to higher
energy consumption in ali shapes. Whereas masonry
provides good heat storage medium within a space, it
readily passes the heat to the outside when added on
exterior walls. More analytically, the studies of shape and
mass presented the following observations,

(a) Addition of Mass Internally; The addition of internal
mass combined with the maximization of south glazing,
increases emergy conservation in heating for alf shapes,
The rectangular shape presents the highest amounts of
savings. This difference is attributed to the greater extent
of south glazing increase on this shape, the positive effect
of which was not apparent prior to the mass addition; it
seems that the position, the size and distribution of the
mass acted positively on energy conservation in heating
load when combined with the south glazing increase. The
addition of thermal mass also decreased the cooling load in
alf shapes. The energy reduction is due to the potential of
the mass to retain the coolness of the night, VWhen sum-
ming up energy consumption in both heating and cooling, it
is observed that the square shape retains its lead in being
the most economical house. The compactness of the
shape seems to overshadow the other tested variables.

(b} Shape and Addition of Mass Externally: The addition
of external mass affects adversely the conservation of
energy in all four shapes. The replacement of the 20cm
external brick wall with 20cm concrete although has
greater degree of density, however its thermal conductiv-
ity is also greater. During the summer the heat pene-
trates faster the collective surface and the potential for
positive results decreases; consequently the cooling load
increases. Based on the same transfer heat principle, in
winter the increase of thermal josses results to higher
heating demands.

3.2. MASS - IMPROVED DESIGN

The mass variable was also examined on a thermaily
improved building and the energy savings compared with
those incurring from an unimproved structure, The fig-
ures of decrease and increase of energy consumption
shrunk correspondingly for both the addition of internal
and external mass.

Specifically savings from energy conservation increase
when insufation is applied on the external surface of the
envelope, for both cooling and heating. The interception
of the sun at the very external side of the buildings! siin
in the summer resuits to the efficiency of external insula-
tion for cooling energy conservation, in the winter with

the positioning of the insulation on the external side, th
mass of the opaque elements of the structure is utilize
by storing the trapped solar energy contributing to th
efficient biockmatic operation of the building. The insula
tion on the exterior of envelope prevents heat stored i
the thermal mass to be conducted rapidly to the outside:

4. CONCLUSIONS

In order to determine the full extent of the effect of mas:
on the thermal behaviour of the building further analysi
is necessary concerning parameters such as:

{a) Collective and storage characteristics of the material
of the surface finishing,

(b) Location, quantity, distribution and surface colour o
mass,

{¢) Orientation of internal surfaces.

{d) Diurnal and spatial temperature swings. :

{e) Combination of window sizing and extent of therma
mass,

However the mass parameters tested on the curren
studies were sufficiently indicative as to determine thei
effece.  The addition of internal mass was positive and
thus employed as energy conservation measure adopted:
in building bicclimatic designs. '

5. APPLICATION IN THE BIOCLIMATIC
DESIGN FOR THE STUDENT HOUSING
OF NEW UNIVERSITY OF CYPRUS

In this section effective and beneficial aspects of applica-
tions of mass in the buildings as well as in open space ele-
ments for the designs of the Student Mousing of the New
University of Cyprus are presented. The bioclimatic
design is consciously integrated Into the whole planning,
siting and architecture of the scheme.

The siting of the buildings and treatment of open spaces
utilises the natural topography and environmental features.

5.1 MASS AND THE BUILDINGS

in alf buildings, the shape, the mass, the orientation, the .
fayout and the openings have been designed to meet the
conditions of bioclimatic architecture.

The buildings are oriented on Fast-West axis, to provide
for favorable winter solar gain, summer shading, year-
round day lighting and natural ventilation. All blocks of
buildings feature fixed external passive shading devices, In
addition, four of the blocks are beneath 2 fixed canopy
shade, with slats spaced and angled to aliow for winter
sun exposure and summer sun protection, complement-
ing the passive solar design of the structures. The designs
also promote natural summer cooling ventilation, utilizing
the prevailing summer wind direction as well as enhanc-
ing stack-effect ventifation. These are assisted by rock-
bed pre-cooling in the buildings, and rock and screen
evaporative cooling structures upwind from the buildings.
The buitdings on the West Side of the plots, due to the
natural contours, are raised at a higher level. The space
between the ground and the underside of the buildings is
filied with loose rubble stones, encased in metal wire. In















